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VACCINES FOR USE IN THE PROPHYLAXIS AND TREATMENT
OF INFLUENZA VIRUS DISEASE

[0001] This application claims priority benefit of U.S. provisional application No.
61/305,898, filed February 18, 2010, U.S. nonprovisional application No. 12/788,103,
filed May 26, 2010, U.S. provisional application No. 61/354,160, filed June 11, 2010 and
U.S. provisional application No. 61/385,083, filed September 21, 2010, each of which is
incorporated herein by reference in its entirety.

[0002] This invention was made with United States Government support under award
numbers U01 AI070469-02 and IRC1 A1086061-01 awarded by the National Institutes
of Health (NIH). The United States Government has certain rights in this invention.

1. INTRODUCTION

[0003] Provided herein are polypeptides comprising portions of the influenza virus
hemagglutinin, compositions comprising such polypeptides that can be used as
immunogens in vaccines and methods of their use to generate an immune response

against multiple influenza subtypes in a subject.

2. BACKGROUND

[0004] Influenza viruses are enveloped RNA viruses that belong to the family of
Orthomyxoviridae (Palese and Shaw (2007) Orthomyxoviridae: The Viruses and Their
Replication, 5th ed. Fields' Virology, edited by B.N. Fields, D.M. Knipe and P.M.
Howley. Wolters Kluwer Health/Lippincott Williams & Wilkins, Philadelphia, USA,
p1647-1689). The natural host of influenza viruses are avians, but influenza viruses
(including those of avian origin) also can infect and cause illness in humans and other
animal hosts (canines, pigs, horses, sea mammals, and mustelids). For example, the
HSN1 avian influenza virus circulating in Asia has been found in pigs in China and
Indonesia and has also expanded its host range to include cats, leopards, and tigers, which
generally have not been considered susceptible to influenza A (CIDRAP - Avian
Influenza: Agricultural and Wildlife Considerations). The occurrence of influenza virus
infections in animals could potentially give rise to human pandemic influenza strains.
[0005] Influenza A and B viruses are major human pathogens, causing a respiratory

disease that ranges in severity from sub-clinical infection to primary viral pneumonia
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which can result in death. The clinical effects of infection vary with the virulence of the
influenza strain and the exposure, history, age, and immune status of the host. The
cumulative morbidity and mortality caused by seasonal influenza is substantial due to the
relatively high rate of infection. In a normal season, influenza can cause between 3-5
million cases of severe illness and is associated with 200,000 to 500,000 deaths
worldwide (World Health Organization (April, 2009) Influenza (Seasonal) Fact Sheet
211). In the United States, influenza viruses infect an estimated 10-15% of the
population (Glezen and Couch RB (1978) Interpandemic influenza in the Houston area,
1974-76. N Engl J Med 298: 587-592; Fox et al. (1982) influenza virus infections in
Seattle families, 1975-1979. 11. Pattern of infection in invaded households and relation of
age and prior antibody to occurrence of infection and related illness. Am J Epidemiol
116: 228-242) and are associated with approximately 30,000 deaths each year (Thompson
WW et al. (2003) Mortality Associated with Influenza and Respiratory Syncytial Virus in
the United States. JAMA 289: 179-186; Belshe (2007) Translational research on
vaccines: influenza as an example. Clin Pharmacol Ther 82: 745-749).

[0006] In addition to annual epidemics, influenza viruses are the cause of infrequent
pandemics. For example, influenza A viruses can cause pandemics such as those that
occurred in 1918, 1957 and 1968. Due to the lack of pre-formed immunity against the
major viral antigen, hemagglutinin (HA), pandemic influenza viruses can affect greater
than 50% of the population in a single year and often cause more severe disease than
seasonal influenza viruses. A stark example is the pandemic of 1918, in which an
estimated 50-100 million people were killed (Johnson and Mueller (2002) Updating the
Accounts: Global Mortality of the 1918-1920 "Spanish" Influenza Pandemic Bulletin of
the History of Medicine 76: 105-115). Since the emergence of the highly pathogenic
avian H5N1 influenza virus in the late 1990s (Claas et al. (1998) Human Influenza A
H5NI1 virus related to a highly pathogenic avian influenza virus. Lancet 351: 472-7),
there have been concerns that the virus may become transmissible between humans and
cause a major pandemic.

{0007] An effective way to protect against influenza virus infection is through
vaccination; however, current vaccination approaches rely on achieving a good match
between circulating strains and the isolates included in the vaccine formulation. Such a
match is often difficult to attain due to a combination of factors. First, influenza viruses
are constantly undergoing change: every 3-5 years the predominant strain of influenza A

virus is replaced by a variant that has undergone sufficient antigenic drift to evade
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existing antibody responses. Isolates to be included in vaccine preparations must
therefore be selected each year based on the intensive surveillance efforts of the World
Health Organization (WHO) collaborating centers. Second, to allow sufficient time for
vaccine manufacture and distribution, strains must be selected approximately six months
prior to the initiation of the influenza season. Occasionally, the predictions of the vaccine
strain selection committee are inaccurate, resulting in a substantial drop in the efficacy of
vaccination.

10008] The possibility of a novel subtype of influenza A virus entering the human
population also presents a significant challenge to current vaccination strategies. Since it
is impossible to predict what subtype and strain of Influenza virus will cause the next
pandemic, current, strain-specific approaches cannot be used to prepare a pandemic

influenza vaccine,

3. SUMMARY

10009] Polypeptide compositions (“flu polypeptides™) are described that can be used
in a subject (animal subjects, including human subjects) to generate an immune response -
that is cross-reactive with a plurality of influenza virus strains of a particular subtype or
strains from different subtypes. In particular, the flu polypeptides comprise “core
polypeptides™ that correspond in amino acid sequence and/or structure to a region of the
long alpha helix of the HA2 subunit of influenza hemagglutinin described herein, or
modified core polypeptides.

[0010] The invention is based, in part, on the design of flu polypeptides that mimic
the structure and function/activity of the long alpha helix region of the HA2 subunit of
influenza hemag}glutinin. Surprisingly, immunization with a flu polypeptide
corresponding to the HA2 long alpha helix of a particular influenza subtype induces
serum antibodies that cross-react with hemagglutinin from multiple influenza subtypes.
The data described herein also demonstrate that animals immunized with a flu
polypeptide corresponding to the HA2 long alpha helix of one particular subtype are
protected against lethal influenza viral challenges with different influenza virus subtypes.
Accordingly, the flu polypeptides provided herein may be used in immunogenic
compositions (e.g., vaccines) capable of generating immune responses against a plurality

of different influenza strains and subtypes — in other words, a “universal” flu vaccine.
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joBtly  Whsle not intending to be bound by soy particular theory of eperstion, # may
b that despite the variability of HA by the difforent influensa sublypes, the long alpha
helix rogion of the HAZ subunit of influsnm hemagglotinin sontain 8 conserved
spiiopadsyrogion revognized by rare, cross maetive antibodies (e g, such s monoeclunat
avtibusdy 1201 which hus broad noutrsiising activity sgainst H3 influenes virases) Fla
polvpeptides prosssted o the Insorme system i @ construc designed o expose this
epitnpydregion in the proper confarmation wd confir snhanced imeumogenicaty to the
crosi-reactive ot “universal™ epltopedregion amd which can by ssed 0 generate 8 senam
antibody response in a subject, and prefembly 8 nootratizing response, against multiple
influsies subltypes.

[0011a] In particular the present invention provides an isolated immunogenic core
polypeptide comprising

(a) Formula I:

X1IX2X5 X4 X5 X6X7X8X9DX10X11X12X13X14WSYNAELLVAX1sSENQHTIDLX1sDSEMNKL

X17E Xis X19 X20RQLRENA (SEQ ID NO: 6),wherein:
Xi1is R or Q;

X2is Q or G;
X3zis D or N;
Xs4isLor V;
XsisEorl;
Xe1s K or N;
X7is Y or W;
XgisVorT;
Xois E orR;
Xiois T or S;
Xi11s K or M;
XipislorT;

Xizis D or E;
4 (Followed by page 4A)
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Xisis L or V;
Xisis L or M;
Xi61s T or A;
Xi7isForY;
Xigis Kor R;
Xwis Tor V;
and X20i1s K or R;

(b) Formula II: SEQ ID NO: 16;

() Formula III: SEQ ID NO: 17;

(d) Formula IV:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERVRX1QLRENA
(SEQ ID NO: 19), wherein

X11s a hydrophilic, basic amino acid;

(e) Formula V:
QIGNVINWTRDXi:MTEX:>WSYNAELLVAMENQHTIDLADSEMX3KLYERVX4KQLRE
NA (SEQ ID NO: 30), wherein

X11s a hydrophobic amino acid or a hydrophilic amino acid;

X21s a hydrophobic amino acid

X31s a hydrophilic amino acid; and

X41s a hydrophilic, basic amino acid;

® Formula VI:
QIGNVINWTKDSITDIWTYX:AELLVAMENQHTIDMADSEMLNLYERVRKQLRQNA
(SEQ ID NO: 42), wherein

X11s a hydrophilic amino acid;

(2) Formula VII:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERVRRQLRENA
(SEQ ID NO: 55);

4A (Followed by page 4B)
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(h) Formula VIII:
QIGNVINWTRDSLTEIWSYNAELLVAMENQHTIDLADSEMNKLYERVRRQLRENA
(SEQ ID NO: 56); or

(1) Formula IX:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEX1TX2X3QLRENA
(SEQ ID NO: 15), wherein X;1is Kor R, Xz2is Kor R, and X3is K or R;

wherein the immunogenic core polypeptide is less than 75 amino acids in length; and
wherein the immunogenic core polypeptide is capable of inducing antibodies that are cross-
reactive among hemagglutinin (HA) subtypes.

[0011b] In another aspect the invention provides a flu polypeptide comprising a core
polypeptide as described herein.

[0012] In other aspects, described herein are nucleic acids or vectors comprising nucleic
acids encoding a flu polypeptide(s), viruses and immunogenic compositions comprising a flu

polypeptide(s) and methods of immunization.

3.3 TERMINQLOGY

[0012a] As used herein, except where the context requires otherwise due to express
language or necessary implication, the word “comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to specify the presence of the stated feature
but not to preclude the presence or addition of further features in various embodiments of the
invention.

AL The torms “sbowt™ or “approximate,”™ when usid iy refirence to an grning aeid

poaition refer & the partivular smine sold position in 3 sequancs or any smime soid thal &

within five, Reur, thres, two or one residues of thet aming acld position, zither lnaa N-

terminal dirsetion or & O terminal dirsction,

HHHE] Ax el hersin, the torm Yabowt™ or “approximately™ when used in

sosgunction with a number refers to sy number within 1, 5 or 10% of the referenced

mmanher,

4B (Followed by page 4C)
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[O0I8]  The tenm “aming acid™ or any refersnce & 2 spocific amine soid is moant to
fndude naturally ovcurring proteogenic smine acids ax well ss nos-naturally esvurring
anvino acids such & arin acid snalogs. Those shifled in the art would know that this
dotfinition ncludes, unless otherwise specifically noted, naturally ossureing proteogemis
{L-aming avids, their oprivel {D)-isomees, chensivally modified amine soids, ncluding
ansino aold snsdogs such as pendeiflaming (emercapto-Dovalinel, nuturally occurring
no-profecgenis sming sords such a8 norlswing aad ﬁ-kﬁé&xis:aiiy synthesized swino acids
that have groperties known i the art to be charscteristic of sn amine soxd, Additionally,
the ferm “aming acid squisalent™ refom to compmmds that depart from the strsture of
the raturally ooonrring smino acids, by which hove substantially the strecture of an

anino sokd, such that they cen be sebatitpted within o peptide, which retains its biologica

4C (Followed by page 5)
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activity despite the substitution. Thus, for example, amino acid equivalents can include
amino acids having side chain modifications or substitutions, and also include related
organic acids, amides or the like. The term “amino acid” is intended to include amino
acid equivalents.

[0016] The term “amino acid sequence identity” refers to the degree of identity or
similarity between a pair of aligned amino acid sequences, usually expressed as a

LENYY

percentage. As used herein, the terms “percent identity,” “percent identical,”

“% identity,” and “% identical” with respect to amino acid sequence refer to the
percentage of amino acid residues in a candidate sequence that are identical (i.e., the
amino acid residues at a given position in the alignment are the same residuc) to the
corresponding amino acid residue in the peptide after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence homology. As
used herein, the terms “percent similarity,” “percent similar,” “% similarity,” and “%
similar” with respect to amino acid sequence refer to the percentage of amino acid
residues in a candidate sequence that are similar (i.e., the amino acid substitution at a
given position in the alignment is a conservative substitution, as discussed below), to the
corresponding amino acid residue in the peptide after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence homology.
Sequence homology, including percentages of sequence identity and similarity, are
determined using sequence alignment techniques well-known in the art, preferably
computer algorithms designed for this purpose, using the default parameters of said
computer algorithms or the software packages containing them. Non-limiting examples
of computer algorithms and software packages incorporating such algorithms include the
following. The BLAST family ofvprograms exemplify a particular, non-limiting example
of a mathematical algorithm utilized for the comparison of two sequences (e.g., Karlin &
Altschul, 1990,-Proc. Natl. Acad. Sci. USA 87:2264-2268 (modified as in Karlin &
Altschul, 1993, Proc. Natl. Acad. Sci. USA 90:5873-5877), Altschul et al., 1990, J. Mol.
Biol. 215:403-410, (describing NBLAST and XBLAST), Altschul et al., 1997, Nucleic
Acids Res. 25:3389-3402 (describing Gapped BLAST, and PSI-Blast). Another
particular example is the algorithm of Myers and Miller (1988 CABIOS 4:11-17) which is
incorporated into the ALIGN program (version 2.0) and is available as part of the GCG
sequence alignment software package. Also, another particular example is the FASTA
program (Pearson W.R. and Lipman D.J., Proc. Nat. Acad. Sci. USA, 85:2444-2448,
1988), available as part of the Wisconsin Sequence Analysis Package. Additionz'il
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examples include BESTFIT, which uses the “local homology” algorithm of Smith and
Waterman (Advances in Applied Mathematics, 2:482-489, 1981) to find the best single
region of similarity between two sequences, and which is preferable where the two
sequences being compared are dissimilar in length; and GAP, which aligns two
sequences by finding a “maximum similarity” according to the algorithm of Neddleman
and Wunsch (J. Mol. Biol. 48:443-354, 1970), and is preferable where the two sequences
are approximately the same length and an alignment is expected over the entire length.
[0017] “Conservative substitution” refe.rs to replacement of an amino acid of one
class is with another amino acid of the same class. In particular embodiments, a
conservative substitution does not alter the structure or function, or both, of a
polypeptide. Classes of amino acids for the purposes of conservative substitution include
hydrophobic (Met, Ala, Val, Leu, Ile), neutral hydrophilic (Cys, Ser, Thr), acidic (Asp,
Glu), basic (Asn, Gin, His, Lys, Arg), conformation disrupters (Gly, Pro) and aromatic
(Trp, Tyr, Phe).

{0018] As used herein, the term “core polypeptide” refers to a polypeptide segment
that corresponds to a region of an influenza hemagglutinin HA2 polypeptide, i.e., core
polypeptides as referred to heréin do not comprise an entire influenza hemagglutinin HA2
polypeptide. In a specific embodiment, the term refers to a polypeptide segment that
corresponds to a region of the long alpha helix region of an influenza hemagglutinin HA2
polypeptide. See Section 5.1.1 for examples of core polypeptides.

[0019] As used here, the tefm “fragment” refers to a portion of a particular
polypeptide. In certain embodiments, a fragment of a polypeptide (e.g., a core
polypeptide) is at least 8,9, 10, 11, 12,13, 14,15, 16, 17, 18, 19, 20, 25, 40, 35, 40, 45 or
50 amino acids in length. In some embodiments, a fragment of a polypeptide (e.g., a core
polypeptide) is between 8 to 15, 8 to 20, 8 to 25, 8 to 30, 8 to 40, 10 to 15, 10 to 20, 10 to
25, 10to 30, 10 to 40, 10 to 45, 10 to 50, 15 to 20, 15 to 25, 15 to 30, 15 to 35, 15 to 40,
15 to 45, 15 to 50, 25 to 30, 25 to 40, 25 to 45 or 25 to 50 amino acids in length.

[0020] As used herein, the term “modified core polypeptide” refers to a core
polypeptide that has been modified in some manner to extend or increase the half-life of
the core polypeptide in vivo. Techniques of modifying a polypeptide to extend or
increase the half-life of the core polypeptide are known to those of skill in the art. In
some embodiments, the core polypeptide may be modified by substitution of terminal L-

amino acids with D-amino acids, by pegylation of the polypeptide, by amidation of the
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C-terminus of the polypeptide, or by acetylation of the N-terminus of the polypeptide.
See Section 5.1.2 for examples of modified core polypeptides. ‘

10021} As used herein, the term “flu polypeptide” refers to a polypeptide comprising
a core polypeptide or a modified core polypeptide. In some embodiments, the flu
polypeptide consists of a core polypeptide. In certain embodiments, the flu polypeptide
consists of a modified core polypeptide. In certain embodiments, the flu polypeptide
comprises a peglylated core pélypeptide. In certain embodiments, the flu polypeptide is
pegylated at its N- and/or C- terminus. In certain embodiments, the flu polypeptide
comprises a core polypeptide acetylated at its N- and/or C- terminus. In certain
embodiments, the flu polypeptide is acetylated at its N- and/or C- terminus. In certain
embodiments, the flu polypeptide comprises a core polypeptide or modified core
polypeptide and a linker. In certain embodiments, the flu polypeptide comprises a core
polypeptide or modified core polypeptide linked to a carrier.

(0022} In certain embodiments, the flu polypeptide comprises one, tyvb, three or more
core polypeptides and/or modified core polypeptides and one, two, three or more or all of
the following: 1) one, two, or more T cell epitopes (e.g., CD8 T cell epitope); 2) one, two,
or more immunogenic polypeptides; 3) a polypeptide that facilitates multimerization of
the flu polypeptide; 4) one, two, or more protein tags that facilitate purification and/or
solubility of the flu polypeptide; 5) one, two or more carriers; and 6) one, two or more
linkers.

[0023] As used herein, the term “effective amount” in the context of administering a
therapy to a subject refers to the amount of a therapy which has a prophylactic and/or
therapeutic effect(s). In certain embodiments, an “effective amount” in the context of
administration of a therapy 1o a subject refers to the amount of a therapy which is
sufficient to achieve one, two, three, four, or more of the following effects: (i) reduce or
ameliorate the severity of an influenza virus infection, disease or symptom associated
therewith; ii) reduce the duration of an influenza virus infection, disease or symptom
associated therewith; (iii) prevent the progression of an influenza virus infection, disease
or symptom associated therewith; (iv) cause regression of an influenza virus infection,
disease or symptom associated therewith; (v) prevent the development or onset of an
influenza virus infection, disease or symptom associatéd therewith; (vi) prevent the
recurrence of an influenza virus infection, disease or symptom associated therewith; (vii)
reduce or prevent the spread of an influenza virus from one cell to another cell, one tissue

to another tissue, or one organ to another organ; (ix) prevent or reduce the spread of an
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influenza virus from one subject to another subject; (x) reduce organ failure associated
with an influenza virus infection; (xi) reduce hospitalization of a subject; (xii) reduce
hospitalization length; (xiii) increase the survival of a subject with an influenza virus
infection or disease associated therewith; (xiv) eliminate an influenza virus infection or
disease associated therewith; (xv) inhibit or reduce influenza virus replication; (xvi)
inhibit or reduce the entry of an influenza virus into a host cell(s); (xviii) inhibit or reduce
replication of the influenza virus genome; (xix) inhibit or reduce synthesis of influenza
virus proteins; (xx) inhibit or reduce assembly of influenza virus particles; (xxi) inhibit or
reduce release of influenza virus particles from a host cell(s); (xxii) reduce influenza
virus titer; and/or (xxiii) enhance or improve the prophylactic or therapeutic effect(s) of
another therapy.

[0024] In certain embodiments, the effective amount does not result in complete
protection from an influenza virus disease, but results in a lower titer or reduced number
of influenza viruses compared to an untreated subject. In certain embodiments, the
effective amount results in a 0.5 fold, 1 fold, 2 fold, 4 fold, 6 fold, 8 fold, 10 fold, 15 fold,
20 fold, 25 fold, 50 fold, 75 fold, 100 fold, 125 fold, 150 fold, 175 fold, 200 fold, 300
fold, 400 fold, 500 fold, 750 fold, or 1,000 fold or greater reduction in titer of influenza
virus relative to an untreated subject. In some embodiments, the effective amount results
in a reduction in titer of influenza virus relative to an untreated subject of approximately

1 log or hore, approximately 2 logs or more, approximately 3 logs or more,
approximately 4 logs or more, approximately 5 logs or more, approximately 6 logs or
more, approximately 7 logs or more, approximately 8 logs or more, approximately 9 logs
or more, approximately 10 Ibgs ormore, | to 3 logs, 1 to 5 logs, 1 to 8 logs, | to 9 logs, 2
to 10 logs, 2 to 5 logs, 2 to 7 logs, 2 logs to 8 logs, 2 to 9 logs, 2 to 10 logs 3 to 5 logs, 3
to 7 logs, 3 to 8 logs, 3 to 9 logs, 4 to 6 logs, 4 to 8 logs, 4 to 9 logs, 5to 6 logs, Sto 7
logs, 5 to 8 logs, 5 to 9 logs, 6 to 7 logs, 6 to 8 logs, 6 to 9 logs, 7 to 8 logs, 7 to 9 logs, or
8 10 9 logs. Benefits of a reduction in the titer, number or total burden of influenza virus
include, but are not limited to, less severe symptoms of the infection, fewer symptoms of
the infection and a reduction in the length of the disease associated with the infection.
[0025) As used herein, “Hemagglutinin™ and “HA” refer to any hemagglutinin known
to those of skill in the art, In certain embodiments, the hemagglutinin is influenza
hemagglutinin, such as an influenza A hemagglutinin, an influenza B hemagglutinin or an
influenza C hemagglutinin. There are currently 16 hemagglutinin subtypes of influenza

viruses that fall into two different groups: Group | and Group 2. A typical hemagglutinin
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comprises domains known to those of skill in the art including a signal peptide (optional
herein), a stem domain, a globular head domain, a luminal domain (optional herein), a
transmembrane domain (optional herein) and a cytoplasmic domain (optional herein). In
certain embodiments, a hemagglutinin consists of a single polypeptide chain, such as
HAQ. In certain embodiments, a hemagglutinin consists of more than one polypeptide
chain in quaternary association, e.g., HA1 and HA2. Those of skill in the art will
recognize that an immqture HAO might be cleaved to release a signal peptide
(approximately 20 amino acids) yielding a mature hemagglutinin HAO. A hemagglutinin
HAO might be cleaved at another site to yield HA1 polypeptide (approximately 320
amino acids, including the globular head domain and a portion of the stem domain) and
HA?2 polypeptide (approximately 220 amino acids, including the remainder of the stem
domain, a luminal domain, a transmembrane domain and a cytoplasmic domain). In
certain embodiments, a hemagglutinin comprises a signal peptide, a transmembrane
domain and a cytoplasmic domain. In certain embodiments, a hemagglutinin lacks a
signal peptide, i.e. the hemagglutinin is a mature hemagglutinin. In certain embodiments,
a hemagglutinin lacks a transmembrane domain or cytoplasmic domain, or both. As used
herein, the terms “hemagglutinin” and “HA” encompass hemagglutinin polypeptides that
are modified by post-translational processing such as signal peptide cleavage, disulfide
bond formation, glycosylation (e.g., N-linked glycosylation), protease cleavage and lipid
modification (e g., S-palmitoylation).

[0026] As used herein, “HA2” refers-to a polypeptide domain that corresponds to the
HA?2 domain of an influenza hemagglutinin polypeptide known to those of skill in the art.
In certain embodiments, an HA2 consists of a stem domain, a luminal domain, a
transmembrane domain and a cytoplasmic domain (see, e.g., Scheiffle et al., 2007,
EMBO J. 16(18):5501-5508, the contents of which are incorporated by reference in their
entirety). In certain embodiments, an HA2 consists of a stem domain, a luminal domain
and a transmembrane domain. In certain embodiments, an HA?2 consists of a stem
domain and a luminal domain; in such embodiments, the HA2 might be soluble. In
certain embodiments, an HA2 consists of a stem domain; in such embodiments, the HA2
might be soluble.

[0027] As used herein, the term “heterologous” in the context of a polypeptide,
nucleic acid or virus refers to a polypeptide, nucleic acid or virus, respectively, that is not
normally found in nature or not normally associated in nature with a polypeptide, nﬁcleic

acid or virus of interest. For example, a “heterologous polypeptide” may refer to a
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polypeptide derived from a different virus, e.g., a different influenza strain or subtype, or
an unrelated virus or different species. i

[0028] As used herein, the term “in combination,” in the context of the administration
of two or more therapies to a subject, refers to the use of more than one therapy (e.g.,
more than one prophylactic agent and/or therapeutic agent). The use of the term “in
combination” does not restrict the order in which therapies are administered to a subject.
For example, a first therapy (e.g., a first prophylactic or therapeutic agent) can be
administered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, | hour, 2
hours, 4 hours, 6 hours, 12 hours, 16 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1
week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before),
concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, | hour, 2 hours, 4 hours, 6 hours, 12 hours, 16 hours, 24 hours, 48 hours, 72
hours, 96 hours, | week, 2 weeks, 3 wéeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks after) the administration of a second therapy to a subject.

[0029) As used herein, the term “infection” means the invasion by, multiplication
and/or presence of a virus in a cell or a subject. In one embodiment, an infection is an
“active” infection, i.e., one in which the virus is replicating in a cell or a subject. Such an
infection is characterized by the spread of the virus to other cells, tissues, and/or organs,
from the cells, tissues, and/or organs initially infected by the virus. An infection may
also be a latent infection, i.e., one in which the virus is not replicating. In certain
embodiments, an infection refers to the pathological state resulting from the presence of
the virus in a cell or a subject, or by the invasion of a cell or subject by the virus.

[0030] As used herein, the term “influenza virus disease” refers to the pathological
state resulting from the presence of an influenza (e.g., influenza A or B virus) virus in a
cell or subject or the invasion of a cell or subject by an influenza virus. In specific
embodiments, the term refers to a respiratory illness caused by an influenza virus.

(0031} As used herein, the phrases “IFN deficient system” or “IFN-deficient
substrate” refer to systems, e.g., cells, cell lines and animals, such as pigs, mice,
chickens, turkeys, rabbits, rats, etc., which do not produce one or more types of interferon
(IFN)(e.g., IFN-y) or produce low levels of IFN (i.e., a reduction in IFN expression of 5-
10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90% or more
when compared to IFN-competent systems under the same conditions), do not respond or
respond less efficiently to one or more types of IFN, and/or are deficient in the activity of

one or more antiviral genes induced by one or more types of IFN.



WO 2011/103453 ‘ PCT/US2011/025467

[0032] As used herein, the numeric term “log” refers to logo.
[0033] As used herein, the phrase “multiplicity of infection” or “MOI” is the average
number of infectious virus particles per infected cell. The MOI is determined by dividing
the number of infectious virus particles added (ml added x PFU/ml) by the number of
cells added (ml added x cells/ml).
[0034] As used herein, the term “nucleic acid” is intended to include DNA molecules
(e.g., cDNA or genomic DNA) and RNA molecules (e.g., nRNA) and analogs of the
DNA or RNA generated using nucleotide analogs. The nucleic acid can be single-
stranded or double-stranded. As used herein, a nucleic acid may include natural (e.g., A,
G, C, orT) or modified nucleotide bases (6-dimethylamino purine, 5-fluoro cystine, 2-
pyridone, 7-deazaguanosine, inosine, etc.).
|0035] “Polypeptide” refers to a polymer of amino acids linked by amide bonds as is
known to those of skill in the art. The polypeptide can be a polymer of 5,6, 7, 8,9, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 250, 300,
350, 400, 450, 500, 550 or more amino acids linked by covalent amide bonds. In some
embodiments, the polypeptide is a polymer of 10 to 25, 10 to 30, 10 to 40, 10 to 50, or 25
to 50 amino acids linked by covalent amide bonds. In certain embodiments, the
polypeptide is a polymer of 100 to 150, 100 to 200, 100 to 250, 100 to 300, 100 to 350,
100 to 400, 100 to 450, 100 to 500, 100 to 550, 100 to 600, 100 to 650, 100 to 700, or
100 to 750 amino acids linked by covalent amide bonds. In certain embodiments, the
polypeptide is a polymer of 50 to 55, 50 to 60, 50 to 65, 50 to 75, 50 to 80, 50 to 85, 50 to
90, 50 to 95, 50 to 100, 75 to 80, 75 to 85, 75 to 90, 75 to 95, or 75 to 100 amino acids
linked by covalent amide bonds. In some embodiments, the polypeptide is 55 to 60, 55 to
. 65,55 1070, 55to 75, 55 to 80, 55 to 85, 55 to 90, 55 to 95, 55 to 100, or 60 to 75 amino
acids linked by covalent amide bonds. As used herein, the term can refer to a single
polypeptide chain linked by covalent amide bonds. The term can also refer to multiple
polypeptide chains associated by non-covalent interactions such as ionic contacts,
hydrogen bonds, Van der Waals contacts and hydrophobic contacts. Those of skill in the
art will recognize that the term includes polypeptides that have been modified, for
example by post-translational processing such as signal peptide cleavage, disulfide bond
formation, glycosylation (e.g., N-linked glycosylation), protease cleavage and lipid
modification (e.g., S-palmitoylation).
10036} As used herein, the terms “purified” and “isolated” when used in the context

of a polypeptide (including antibody) that is obtained from a natural source, e.g., cells,
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refers to a polypeptide which is substantially free of contaminating materials from the
natural source, e.g., soil particles, minerals, chemicals from the environment, and/or
cellular materials from the natural source, such as but not limited to cell debris, cell wall
materials, membranes, organelles, the bulk of the nucleic acids, carbohydrates, proteins,
and/or lipids present in cells. Thus, a polypeptide that-is isolated includes preparations of
a polypeptide having less than about 30%, 20%, 10%, 5%, 2%, or 1% (by dry weight) of
cellular materials and/or contaminating materials. As used herein, the terms “purified”
and “isolated” when used in the context of a polypeptide (including antibody) that is
chemically synthesized refers to a polypepﬁde which is substantially free of chemical
precursors or other chemicals which are involved in the syntheses of the polypeptide.
Accordingly, such preparations of the polypeptide have less than about 30%, 20%, 10%,
or 5% (by dry weight) of chemical precursors or compounds other than the peptide of
interest. In a specific embodiment, a flu polypeptide is chemically synthesized. In
another specific embodiment, a flu polypeptide is recombinantly expressed. In another
specific embodiment, a flu polypeptide is isolated.

% <C

[0037] As used herein, the terms “replication,” “viral replication” and “virus
replication” in the context of a virus refer to one or more, or all, of the stages of a viral
life cycle which result in the propagation of virus. The steps of a viral life cycle include,
but are not limited to, virus attachment to the host cell surface, penetration or entry of the
host cell (e.g., through receptor mediated endocytosis or membrane fusion), uncoating
(the process whereby the viral capsid is removed and degraded by viral enzymes or host
enzymes thus releasing the viral genomic nucleic acid), genome replication, synthesis of
viral messenger RNA (mRNA), viral protein synthesis, and assembly of viral
ribonucleoprotein complexes for genome replication, assembly of virus particles, post-
translational modification of the viral proteins, and release from the host cell by lysis or
budding and acquisition of a phospholipid envelope which contains embedded viral

[EIN13

glycoproteins. In some embodiments, the terms “replication,” “viral replication” and
“virus replication” refer to the replication of the viral genome. In other embodiments, the
terms “replication,” “viral replication” and “virus replication” refer to the synthesis of

3% <

viral proteins. In other embodiments, the terms “replication,” “viral replication” and
“virus replication” refer to the synthesis of new viral particles.

[0038] . As used herein, the terms “subject” or “patient” are used interchangeably to
refer to an animal (e.g., birds, reptiles, and mammals). In a specific embodiment, a

subject is a bird. In another embodiment, a subject is a mammal including a non-primate
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(e.g., a camel, donkey, zebra, cow, pig, horse, goat, sheep, cat, dog, rat, and mouse) and a
primate (e.g., a monkey, chimpanzee, and a human). In certain embodiments, a subject is
a non-human animal. In some embodiments, a subject is a farm animal or pet (e.g., a
dog, cat, horse, goat, sheep, pig, donkey, or chicken). In another embodiment, a subject
is a human. In another embodiment, a subject is a human infant. In another embodiment,
a subject is a human child. In another embodiment, a subject is a human adult. In
another embodiment, a subject is an elderly human. In another embodiment, a subject is
a premature human infant.

10039} As used herein, the term “premature human infant” refers to a human infant
born at less than 37 weeks of gestational age. '

[0040] As used herein, the term “human infant” refers to a newborn to 1 year old
human.

[0041] As used herein, the term “human toddler” refers to a human that is 1 years to 3
years old.

10042} As used herein, the term “human child” refers to a human that is 1 year to 18
years old.

[0043] As used herein, the term “human adult” refers to a human that is 18 years or
.older.

[0044] As used herein, the term “elderly human” refers to a human 65 years or older.
(0045} The terms “teArtiary structure” and “quaternary structure” have the meanings
understood by those of skill in the art. Tertiary structure refers to the three-dimensional
structure of a single polypeptide chain. Quaternary structure refers to the three
dimensional structure of a polypeptide having multiple polypeptide chains.

[0046] As used herein, the terms “therapies” and “therapy” can refer to any
protocol(s), method(s), compound(s), composition(s), formulation(s), and/or agent(s) that
can be used in the prevention or treatment of a viral infection or a disease or symptom
associated therewith. In certain embodiments, the terms “therapies” and “therapy” refer
to biological therapy, supportive therapy, and/or other therapies useful in the treatment or
prevention of a viral infection or a disease or symptom associated therewith known to one
of skill in the art. In some embodiments, the term “therapy” refers to a nucleic acid
encoding a flu polypeptide, or a vector, or composition comprising said nucleic acid
encoding a flu polypeptide. In some embodiments, the term “therapy” refers to an

antibody that specifically binds to a flu polypeptide.
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[0047] As used herein, the terms “prevent,” “preventing” and “prevention” in the
context of the administration of a therapy(ies) to a subject to prevent an influenza virus
disease refer to one or more of the following effects resulting from the administration of a
therapy or a combination of therapies: (i) the inhibition of the development or onset of an
influenza virus disease or a symptom thereof; (ii) the inhibition of the recurrence of an
influenza virus disease or a symptom associated therewith; and (iii) the reduction or
inhibition in influenza virus infection and/or replication.

[0048] As used herein, the terms “prevent”, “preventing” and “prevention” in the
context of administering a therapy to a subject to prevent an influenza virus infection
refers to the inhibition or reduction of onset or development of one or more symptoms
associated with influenza virus infection.

{0049] As used herein, the terms “treat,” “treatment,” and “treating” refer in the
context of administration of a therapy(ies) to a subject to treating an influenza virus
disease to obtain a beneficial or therapeutic effect of a therapy or a combination of
therapies. In specific embodiments, such terms refer to one, two, three, four, five or more
of the following effects resulting from the administration of a therapy or a combination of
therapies: (i) the reduction or amelioration of the severity of an influenza virus infection
or a disease or a symptom associated therewith; (ii) the reduction in the duration of an
influenza virus infection or a disease or a symptom associated therewith; (iii) the
regression of an influenza virus infection or a disease or a symptom associated therewith;
(iv) the reduction of the titer of an influenza virus; (v) the reduction in organ failure
associated with an influenza virus infection or a disease associated therewith; (vi) the
reduction in hospitalization of a subject; (vii) the reduction in hospitalization length; (viii)
the increase in the survival of a subject; (ix) the elimination of an influenza virus
infection or a disease or symptom associated therewith; (x) the inhibition of the
progression of an influenza virus infection or a disease or a symptom alssociated
therewith; (xi) the prevention of the spread of an influenza virus from a cell, tissue, organ
or subject to another cell, tissue, organ or subject; (xii) the inhibition or reduction in the
entry of an influenza virus into a host cell(s); (xiii) the inhibition or reduction in the
replication of an influenza virus genome; (xiv) the inhibition or reduction in the synthesis
of influenza virus proteins; (xv) the inhibition or reduction in the release of influenza
virus particles from a host cell(s); and/or (xvi) the enhancement or improvement the

therapeutic effect of another therapy.

14
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[0050] As used herein, the terms “treat”, “treatment” and “treating” in the context of
administering a therapy to a subject to treat an influenza virus infection refers to: (i) the

- reduction in influenza virus replication; (i) the reduction in influenza virus titers; (iii) the
reduction in the spread of influenza virus from one cell, organ or tissue to another cell,
organ or tissue; (iv) the reduction in the severity and/or number of symptoms associated
with an influenza virus infection; (v) the reduction in the duration of a symptom(s)
associated with an influenza virus infection; and/or (vi) the inhibition or reduction in the
progression of an influenza virus infection.
[0051] As used herein, in some embodiments, the phrase “wild-type” in the context
of a virus refers to the types of a virus that are prevalent, circulating naturally and
producing typical outbreaks of disease. In other embodiments, the term “wild-type” in

the context of a virus refers to.a parental virus.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Fig, 1: MADb 12D] reacts by Western blot with truncated hemagglutinin
constructs. 12D1 makes dominant contacts with the HA2 subunit in the region of amino
acids 30 to 106 (H3 numbering (see, e.g., Wilson et al., Nature 1981; 289 (5796):
366-73)). Diminished 12D1 binding without diminished GFP expression in the HA2
76-184 and HA2 91-184 truncations along with loss of binding with the HA2 106-184
truncation suggests that the binding epitope lies in the region from amino acids HA2
76-106. These 30 amino acids fall within the membrane distal half of the long alpha-
helix of HAZ.

[0053] Fig. 2: Monoclonal antibody (mAb) 12D1 reacts with the long alpha-helix of
HA2. Lysates from 293T cells transfected with GFP or GFP HA76-130 were incubated
with mAb 12D1 and pulled-down with protein G beads. Pulled-down fractions were
blotted with mAb 12D1 or rabbit anti-GFP. Anti-mouse HRP used to detect 12D1
binding reacts with the mouse Ig heavy and light chains within the pulled-down fraction
(A). Structural integrity of the 12D1 epitope within the HApep-KLH conjugate was
confirmed by direct binding ELISA. MAb 36A7 binds outside of the 76-130 region of
HA2 (B).

[0054] Fig. 3: Flu polypeptide (76-130)-KLH (“HApep-KLH") acts as a robust
immunogen and serum antibody elicited by HApep-KLH reacts with multiple

hemagglutinin subtypes. Sera from individual mice were taken 10-days post primary and
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[0057] Fig. 6: Sequence alignment between strains of various influenza A virus subtypes
including HIN1 (A) (SEQ ID NOS: 8, 9, 8, 8, 10, 11, and 8, from top to bottom,
respectively), H2N2 (B) (SEQ ID NOS: 13, 13, 13, 14, 14, and 13, from top to bottom,
respectively), H3N2 (C) (SEQ ID NOS: 16, 17, 17, 16, 18, 18, 18, and 17, from top to
bottom, respectively), HSN1 (D) (SEQ ID NO: 22), H7 (E) (SEQ ID NOS: 31, 31, 32, 33, 34,
and 35, from top to bottom, respectively ), H4 (F) (SEQ ID NOS: 20, 20, 21, 20, 20 and 20,
from top to bottom, respectively), H6 (G) (SEQ ID NOS: 24, 25, 26, 27, 28, and 29, from top
to bottom, respectively ), H8 (H) SEQ ID NOS: 37, 37, 37, 37, 38, and 37, from top to
bottom, respectively), H9 (I) (SEQ ID NOS: 40, 40, 41, 41, 41, and 41, from top to bottom,
respectively), H10 (J) (SEQ ID NOS: 43, 43, 43, 43, 44, and 43, from top to bottom,
respectively), H11 (K) (SEQ ID NOS: 46, 46, 46, 46, 47, and 46, from top to bottom,
respectively), H12 (L) (SEQ ID NOS:, 49, 49, 49, 50, 50, and 49, from top to bottom,
respectively), H13 (M) (SEQ ID NOS: 52, 52, 53, 54, and 54, from top to bottom,
respectively, excluding the consensus sequence), H14 (N) (SEQ ID NO: 55), H15 (O) (SEQ
ID NO: 56), and H16 (P) (SEQ ID NO: 58, 58, 59, 60, 60, and 58, from top to bottom,

respectively).
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binding to H3 or H1 hemagglutinin by ELISA. (C) Pooled sera from 20 mice taken post-
secondary immunization with LAH-KLH was tested for reactivity by Western blot with
purified A/Hong Kong/1/1968 (H3) or A/USSR/90/1977 (H1) subtype influenza viruses,
purified A/California/04/09 hemagglutinin (transmembrane domain absent), or with
Newcastle disease virus. (D) Pooled sera were tested for binding activify against H2, H5
or H7 HA by ELISA. LAH-KLH anti-serum has considerable binding activity against all
3 HA subtypes. Positive sera used were from mice infected with either a Group 1
influenza virus (for H2 and H5 ELISAs) or a Group 2 virus (for H7 ELISA) (see Steel
(2010) mBio 1(1):1-9). (E) LAHl amino acids 76-130 from the HA2 of different
hemagglutinin subtypes. Black highlight/white letters: residue conserved in all 5 HAs.
Conserved residues fall into one of four groups: 1)D/N/E/Q 2)I/L/V/IM 3)K/R 4)S/T.
Gray highlight/white letters: residue conserved in 4/5 HAs OR less stringent conservation
(R vs H near middle conserves charge but change in size). Bold text, white background:
partial conservation (3/5) OR less stringent (L vs A at middle, or F vs M towards left) (F)
Isotype profile of hemagglutinin specific antibody in serum pools from normal mice,
mice infected with A/Hong Kong/]/l968 (H3), or mice immunized with LAH-KLH.
Recombinant hemagglutinin from A/Hong Kong/1/1968 was used to coat plates for
ELISA.

10060] Fig. 9: Immunization with LAH-KLH protects mice in vivo. (A, B) Two
weeks following secondary immunization, mice were challenged with 4 x 10° pfu of X31,
a mouse adapted H3 influenza virus, (C, D) 500 pfu of the mouse adapted H1 virus PR8,
or (E, F) with 500 pfu of an H5 highly-pathogenic avian influenza virus modified to
remove the poly-basic cleavage site in the viral hemagglutinin (HAlo virus) (see Steel J,
etal. (2009)J Virol 83(4):1742-1753). Each experimental group comprises 5 BALB/c
mice. Because of differences in pathogenicity, survival was defined as 20% weight loss
for X31 (H3) and PR3 (H1) viruses, 30% weight loss for VN/2004 virus (H5).

[0061] Fig. 10: Antibody mediates protection afforded by immunization with LAH-
KLH. (A) Analysis of pre-challenge serum from mice infected with PR8 reveals a
positive correlation between hemagglutinin-specific antibody titer and increase in body
weight on days 1-3 following infection. (B, C) Pooled sera from mice immunized with
LAH-KLH, mice infected with H1 or H3 virus, or from mice immunized with KLH alone
were transferred to mice two hours prior to infection with A/Georgia/81, a seasonal:
human H3 virus, or with the H1 virus PR8. Lung titers were evaluated on day 2 post

infection. (D, E) Human sera taken pre or post-immunization with the TIV were
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evaluated for binding activity with the LAH polypeptide. Data shown are from serum
samples diluted 1:3000. (D) Subjects responded variably -to seasonal vaccination and (E)
serum demonstrates minimal binding activity against the LAH peptide.

[0062] Fig. 11: LAH-KLH antiserum reacts with both Group 1 and Group 2
hemagglutinin proteins while HA2 antiserum reacts with Group 2 hemagglutinin proteins
only. (A, B, and C) Activity of antisera against Group 2 hemagglutinin proteins. HA2
and LAH-KLH serum pools demonstrate comparable binding activity against the HK/68
H3 hemagglutinin but have different binding activities against other Group 2
hemagglutinins. (D, E, F, G, and H) Activity of antisera against Group 1 hemagglutinin
proteins. The LAH-KLH serum pool reacts with all Group 1 hemagglutinin proteins
tested while the HA2 antiserum does not. Positive control serum was from mice infected
with either the Group 2 H3 subtype X31 virus or the Group 1 H1 subtype PR8 virus.
[0063]

5. DETAILED DESCRIPTION

5.1 FLU POLYPEPTIDES

[0064] Provided herein are flu polypeptides. While not intending to be bound by any
particular theory of operation, it is believed that the flu polypeptides are useful for
presenting one or more .relatively conserved antigenic regions of the HA2 hemagglutinin
subunit (e.g., the HA2 hemagglutinin subunit long alpha-helix) to a subject’s immune
system in order to generate an immune response that is capable of cross reacting with,
and preferably protecting against, a plurality of influenza virus strains from a single
subtype or 2, 3, 4 or more different subtypes.

[0065] In certain embodiments, a flu polypeptide comprises a core polypeptide or
modified core polypeptide.

[0066] In certain embodiments, a flu polypeptide is acetylated at its N- and/or C-
terminus. In certain embodiments, a flu polypeptide is pegylated.

[0067] In certain embodiments, a flu polypeptide comprises one, two, three or more
core polypeptides and/or modified polypeptides.

[0068] In certain embodiments, a flu polypeptide comprises one, two, three or more

core polypeptides or modified polypeptides and one, two, three or more T cell epitopes.



WO 2011/103453 PCT/US2011/025467

[0069] In some embodiments, a flu polypeptide comprises one, two, three or more
core polypeptides or modified polypeptides and one, two, three or more immunogenic
polypeptides.

(0070] In certain embodiments, a flu polypeptide comprises one, two, three or more
core polypeptides or modified core polypeptides and a polypeptide that facilitates
multimerization (e.g., trimerization of the flu polypeptide).

[0071] In certain embodiments, a flu polypeptide comprises one, two, three or more
core polypeptides or modified core polypeptides and one, two, three or more, or all of the
following: 1) one, two, three or more carriers; 2) one, two, three or more T cell epitopes
(e.g., CD8 T cell epitopes); 3) one, two, three or more immunogenic polypeptides (e.g.,
Salmonella flagellin, see, Section 5.1.6); 4) one, two, three or more protein tags (e.g.,
His- or FLAG-tag, see, Section 5.1.3); 5) one or more polypeptides that facilitate
multimerization of the flu polypeptide (e.g., T4 foldon domain, see, Section 5.1.8)

[0072] In certain embodiments, a flu polypeptide comprises a core polypeptide or a
modified core polypeptide linked to a linker polypeptide. In certain embodiments, a flu
polypeptide comprises a core polypeptide or modified core polypeptide linked to a carrier
protein.

5.1.1 Core Polypeptides

[0073] In certain embodiments, the flu polypeptide comprises a core polypeptide. In
certain embodiments, the core polypeptide comprises one or more relatively conseﬁ'ed
antigenic regions of the HA2 hemagglutinin subunit long alpha-helix. In a specific
embodiment, the core polypeptide is capable of generating an immune response in a
subject that is capable of cross reacting with, and preferably protecting against, a plurality
of influenza virus strains from a single subtype, or strains from 2, 3, 4 or more subtypes.
The ability of a core polypeptide to generate an immune response in axsubject that is
capable of cross reacting with, and preferably protecting against, a plurality of influenza
virus strains from a single subtype, or strains from 2, 3, 4 or more subtypes can be
assessed using methods known to those of skill in the art and described herein (see
Sections 5.13 and 6, infra). In another specific embodiment, the core polypeptide is
capable of generating an immune response in a subject that is capable of neutralizing a
plurality of influenza virus strains from a single subtype, or strains from 2, 3, 4 or more
subtypes. The ability of a core polypeptide to generate an immune response that is

capable of neutralizing a plurality of influenza virus strains from a single subtype, or
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strains from 2, 3, 4 or more subtypes can be assessed using methods known to those of
skill in the art and described herein (see Sections 5.13 and 6, infra). In another specific
embodiment, the core polypeptide is capable of generating an immune response in a
subject that is capable of inhibiting or reducing the replication of a plurality of influenza
virus strains from a single subtype, or strains from 2, 3, 4 or more subtypes. The ability
of a core polypeptide to generate an immune response that is capable of inhibiting or
reducing the replication of a plurality of influenza virus strains from a single subtype, or
strains from 2, 3, 4 or more subtypes can be assessed using methods known to those of
skill in the art and described herein (see Sections 5.13 and 6, infra).
[0074] In a specific embodiment, a core polypeptide comprises the long alpha-helix
of the HA2 hemagglutinin subunit of an influenza virus. In a specific embodiment, a
core polypeptide comprises a portion of the long alpha-helix of the HA2 hemagglutinin
subunit of an ,inﬂLenza virus. In a specific embodiment, a core polypeptide comprises a
portion of the long alpha-helix of the HA2,-wherein the native conformation of the
portion is maintained. In a specific emBodiment, a core polypeptide comprises a portion
of the long alpha-helix of the HA2, wherein the portion maintains a native alpha-helix
conformation. One of skill in the art can determine whether or not the alpha-helix
conformation is maintained using any method known in the art such as, e.g., NMR, X-ray
crystallographic methods, or secondary structure prediction methods, e.g., circular
dichroism.
[0075] In specific embodiments, a core polypeptide does not include the amino acid

~ sequence of a full length influenza virus hemagglutinin. In certain embodiments, a core
polypeptide comprises or cons\ists of between 25 to 50, 50 to 55, 50 to 60, 50 to 65, 50 to
70, 50 to 75, 50 to 80, 50 to 85, 50 to 90, 50 to 95, 50 to 100, 100 to 150, 100 to 200, or
100 to 250 amino acids. In other embodiments, a core polypeptide comprises or consists
of between 50 to 55, 50 to 60, 50 to 65, 50 to 75, 50 to 80, 50 to 85, 50 to 90, 50 to 95, 50
to 100, 75 to 80, 75 to 85, 75 to 90, 75 to 95, or 75 to 100 amino acids
[0076] In a specific embodiment, a core polypeptide comprises or consists of amino
acids 1(£5) to 184(x5), 16(x5) to 184(£5), 30(x5) to 184(£5), 31(x5) to 184(%5), 46(£5)
to 184(£5), 61(25) to 184(£5), 70(x5) to 110(£5), 76(x5) to 106(£5), 76(x35) to 130(+5)
or 76(+5) to 184(x5) of a hemagglutinin polypeptide numbered according to the classic
H3 subtype numbering system. In some embodiments, a core polypeptide comprises or
consists of amino acids 1(5) to 184(£5), 16(x5) to 184(%5), 30(i5) to 184(%5), 31(£5) to
184(£5), 46(£5) to 184(£5), 61(£5) to 184(£5), 70(x5) to 184(£5), (70(£5) to 110(£5),
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76(£5) to 106(x5), 76(x5) to 130(£5) or 76(£5) to 184(%5) of a hemagglutinin
polypeptide numbered according to the classic H3 subtype numbering system, wherein
the core polypeptide is less than 300, 275, 250, 200, 190, 185, or 180 amino acids in
length. In a specific embodiment, a core polypeptide comprises or consists of amino
acids 76 to 106 of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system.

[0077] In another specific embodiment, a core polypeptide comprises amino acids 76
to 130 of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system. In certain embodiments, a core polypeptide comprises or consists of
amino acids 76 to 130 of a hemagglutinin polypeptide numbered according to the classic
H3 subtype numbering system, wherein the core polypeptide is less than 300, 275, 250,
200, 190, 1835, 180, 175, 150, 145, 130, 130, 125, 100, or 75 amino acids in length. In
another specific embodiment, a core polypeptide consists of amino acids 76 to 130 of a
hemagglutinin polypeptide numbered according to the classic H3 subtype numbering
system. |
[0078] In a specific embodiment, a core polypeptide comprises or consists of amino
acids 70(x5) to 125(%5), 80(£5) to 115(£5), 90(+5) to 105(x5), or 76(£5) to 95(x5) of a
hemagglutinin polypeptide numbered according to the classic H3 subtype numbering
system. In certain embodiments, a core polypeptide comprises or consists of amino acids
70(£5) to 125(=5), 80(25) to 115(=5), 90(£S) to 105(£5), or 76(x5) to 95(x5) of a
hemagglutinin polypeptide numbered according to the classic H3 subtype numbering
system, wherein the core polypeptide is less than 300, 275, 250, 200, 190, 185, 180, 175,
150, 145, 130, 130, 125, 100, or 75 amino acids in length.

[0079] In a specific embodiment, a core polypeptide comprises or consists of amino
acids 70(£5) to 130(£5), 70(£5) to 120(%5), 70(x5) to 110(x5), 70(£5) to 100(+5), or
70(%5) to 95(%5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In certain embodiments, a core polypeptide comprises or
consists of amino acids 70(%5) to 130(%5), 70(z5) to 120(%S5), 70(£5) to 110(x5), 70(3)
to 100(£5), or 70(x5) to 95(+5) of a hemagglutinin polypeptide numbered according to
the classic H3 subtype numbering system, wherein the core polypeptide is less than 300,
275, 250, 200, 190, 185, 180, 175, 150, 145, 130, 130, 125, 100, or 75 amino acids in
length.

[0080} In a specific embodiment, a core polypeptide comprises or consists of amino

acids 70(£5) to 130(x5), 80(£5) to 130(x5), 90(z5) to 130(x5), 100(£5) to 130(£5), or

21



WO 2011/103453 ) PCT/US2011/025467

110(£5) to 130(%5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In certain embodiments, a core polypeptide comprises or
consists of amino acids 70(£5) to 130(£5), 80(£5) to 130(x5), 90(5) to 130(x5),
100(£5) to 130(x5), or 110(£5) to 130(:5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbering system, wherein the core polypeptide is
less than 300, 275, 250, 200, 190, 185, 180, 175, 150, 145, 130, 130, 125, 100, or 75
amino acids in length.

|0081] In a specific embodiment, a core polypeptide comprises or consists of amino
acids 1-184, 10(£5) to 184, 20(5) to 184, 30(+5) to 184, 40(x5) to 184, 50(£5) to 184,
60(£5) to 184, 70(%5) to 184 or 80(=5) to 184 of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbering system. In certain embodiments, a core
polypeptide comprises or consists of amino acids 1-184, 10(=5) t6 184, 20(x5) to 184,
30(£5) to 184, 40(%5) to 184, 50(+5) to 184, 60(£5) to 184, 70(5) to 184 or 80(x5) to
184 of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system, wherein the core polypeptide is less than 300, 275, 250, 200, 190,
185, 180, 175, 150, 145, 130, 130, 123, 100, or 75 amino acids in length.

[0082] In a specific embodiment, a core polypeptide comprises or consists of the long
alpha-helix of the HA2 hemagglutinin subunit of the influenza virus strain A/Hong
Kong/1/1968 (H3) or a fragment thereof (i.e., amino acids 76-130, numbered according
to the classic H3 subtype numbering system or a fragment thereof), i.e. the core
polypeptide comprises or consists of the following amino acid sequence:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENA (SEQ 1D NO: 2) or a fragment thereof). In some embodiments, the core
polypeptide comprising the amino acid sequence SEQ 1D NO: 2 comprises at least 56
amino acids or more. The core polypeptide corresponding to SEQ 1D NO:2 cén be
modified at the N-terminus, at the C-terminus, or both. In some embodiments, the core
polypeptide is modified at the N-terminus. In some embodiments, the core polypeptide is
modified at the C-terminus. In a specific embodiment, the core polypeptide is acetylated
at the N-terminus. In another specific embodiment, the core polypeptide is linked to a
linker, such as a FLAG-tag, at the C-terminus. In another specific embodiment, the C-
terminus of the core polypeptide is linked to a linker, e.g., a FLAG-tag, and a cysteine
residue which can be used, e.g., to couple/link the core polypeptide to a carrier (e.g.,

KLH).
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[0083] In a specific embodiment, a core polypeptide comprises or consists of a region
of hemagglutinin subunit of the influenza virus strain A/Hong Kong/1/1968 (H3) or a
fragment thereof that corresponds to amino acids 79-134, numbered according to the
classic H3 subtype numbering system or a fragment thereof (i.e., the core polypeptide
comprises or consists of the following amino acid sequence:
LEKYVEDTKIDLWSYNAELLVALENQHT]DLTDSEMNKLFEKT
RRQLRENAEDMG or a fragment thereof).

[0084] In a specific embodiment, a core polypeptide is linked to a FLAG-tag and a C-
terminal cysteine residue, and such a polypeptide with the FLAG-tag and cysteine residue
comprises or consists of the following amino acid sequence:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENADYKDDDDKC (SEQ ID NO: 1). In some embodiments, such a
polypeptide is acetylated at the N-terminus.

[0085] In certain embodiments, the core polypeptide shares at least 50% amino acid
sequence identity with the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 60% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 bf the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 65% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 70% amino acid
sequence identity with the amino acid sequence of SEQ 1D NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 75% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering

system. In certain embodiments, the core polypeptide shares at least 80% amino acid
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sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 85% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide sharés at least 90% amino acid
sequence ideniity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 95% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 98% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain émbodiments, the core polypeptide shares at least 99% amino acid
sequence identity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
System.

[0086] In certain embodiments, the core polypeptide shares at least 50% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 60% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 65% amino acid

sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
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maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 70% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypepﬁde shares at least 75% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 80% amino acid
sequence similarity with the amino acid sequence of SEQ 1D NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 85% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 90% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 95% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 98% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and
maintains the native conformation of amino acids 76-130 of the influenza virus strain
A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbering
system. In certain embodiments, the core polypeptide shares at least 99% amino acid
sequence similarity with the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2 and

maintains the native conformation of amino acids 76-130 of the influenza virus strain
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A/Hong Kong/1/1968 (H3), numbered according to the classic H3 subtype numbe;ring
system.

[0087] In a specific embodiment, a core polypeptide does not comprise the long
alpha-helix of the HA2 hemagglutinin subunit of the influenza virus strain A/Hong
Kong/1/1968 (H3) (i.e., amino acids 76-130, numbered according to the classic H3
subtype numbering system), i.e. the core polypeptide does not comprise the following
amino acid sequence:
RlQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENA (SEQ ID NO:2).

[0088] In certain embodiments, a core polypeptide is not linked to a FLAG-tag and a
C-terminal cysteine residue which can be used, e.g., to couple/link the core polypeptide
to a carrier (e.g., KLH). In some specific embodiments, a core polypeptide described
herein does not comprise the following amino acid sequence:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENADYKDDDDKC (SEQ ID NO:1), wherein the FLAG-tag is represented by
the amino acid sequence DYKDDDDK. In some embodiments, a core polypeptide is not
acetylated at the N-terminus.

[0089] In a specific embodiment, a core polypeptide does not comprise amino acids
70(x5) to 125(+5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In a specific embodiment, a core polypeptide does not
comprise amino acids 80(%5) to 115(x5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbering system. In a specific embodiment, a core
polypeptide does not comprise amino acids 90(x5) to 105(£5) of a hemagglutinin
polypeptide numbered according to the classic H3 subtype numbering system. In a
specific embodiment, a core polypeptide does not comprise amino acids 76(+5) to
95(x5), of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system.

{0090] In a specific embodiment, a core polypeptide does not comprise amino acids
70(%5) to 130(£5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In a specific embodiment, a core polypeptide does not
comprise amino acids 70(%5) to 120(£5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbéring system. In a specific embodiment, a core
polypeptide does not comprise amino acids 70(£5) to 110(£5) of a hemagglutinin

polypeptide numbered according to the classic H3 subtype numbering system. In a
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specific embodiment, a core polypeptide does not comprise amino acids 70(£5) to
100(x5) of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system. Ina specific embodiment, a core polypeptide does not comprise
amino acids 70(x5) to 95(x5) of a hemagglutinin polypeptide numbered according to the
classic H3 subtype numbering system.

[0091] In a specific embodiment, a core polypeptide does not comprise amino acids
70(£5) to 130(x5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In a specific embodiment, a core polypeptide does not
comprise amino acids 80(%5) to 130(5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbering system. In a specific embodiment, a core
polypeptide does not comprise amino acids 90(x5) to 130(x5) of a hemagglutinin
polypeptide numbered according to the classic H3 subtype numbering system. In a
specific embodiment, a core polypeptide does not comprise amino acids 100(+5) to
130(5) of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system. In a specific embodiment, a core polypeptide does not comprise
amino acids 1 10(z5) to 130(x5) of a hemagglutinin polypeptide numbered according to
the classic H3 subtype numbering system.

[0092]' In a specific embodiment, a core polypeptide does not comprise amino acids
1-184 of a hemagglutinin polypeptide numbered according to the classic H3 subtype
numbering system. In a specific embodiment, a core polypeptide does not comprise
amino acids 10(x5) to 184 of a hemagglutinin polypeptide numbered according to the
classic H3 subtype numbering system. In a specific embodiment, a core polypeptide does
not comprise amino acids 20(x5) to 184 of a hemagglutinin polypeptide numbered
according to the classic H3 subtype numbering system. In a specific embodiment, a core
polypeptide does not comprise amino acids 30(5) to 184 of a hemagglutinin polypeptide
numbered according to the classic H3 subtype numbering system. In a specific
embodiment, a core polypeptide does not comprise amino acids 40(x5) to 184 of a
hemagglutinin polypeptide numbered according to the classic H3 subtype numbering
system. In a specific embodiment, a core polypeptide does not comprise amino acids
50(£5) to 184 of a hemagglutinin polypeptide numbered according to the classic H3
subtype numbering system. In a specific embodiment, a core polypeptide does not
comprise amino acids 60(%5) to 184 of a hemagglutinin polypeptide numbered according
to the classic H3 subtype numbering system. In a specific embodiment, a core

polypeptide does not comprise amino acids 70(x5) to 184 of a hemagglutinin polypeptide
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numbered according to the classic H3 subtype numbering system. In a specific
embodiment, a core polypeptide does not comprise amino acids 80(x5) to 184 of a
hemagglutinin polypeptide numbered according to the classic H3 subtype nurﬁbering
system.

[0093] In a specific embodiment, a core polypeptide does not comprise amino acids
1(£5) to 184(£5) of a hemagglutinin polypeptide numbered according to the classic H3
subtype number system. In a specific embodiment, a core polypeptide does not comprise
amino acids 16(x5) to 184(z5) of a hemagglutinin polypeptide numbered according to the
classic H3 subtype number system. In a specific erﬁbodiment, a core polypeptide does
not comprise amino acids 30(x5) to 184(£5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype number system. Ina specific embodiment, a core
polypeptide does not comprise amino acids 31(£5) to 184(£5) of a hemagglutinin
polypeptide numbered according to the classic H3 subtype number system. In a specific
embodiment, a core polypeptide does not comprise amino acids 46(x5) to 184(x5) of a
hemagglutinin polypeptide numbered according to the classic H3 subtype number
system. In a specific embodiment, a core polypeptide does not comprise amino acids
61(£5) to 184(£5) of a hemagglutinin polypeptide numbered according to the cléssic H3
subtype number system. In a specific embodiment, a core polypeptide does not comprise
amino acids 70(£5) to 184(%5) of a hemagglutinin polypeptide numbered aécording to the
classic H3 subtype number system. In a specific embodiment, a core polypeptide does
not comprise amino acids 76(£5) to 106(+5) of a hemagglutinin polypeptide numbered
according to the classic H3 subtype number system. In a specific embodiment, a core
polypeptide does not comprise amino acids 76(£5) to 184(+5) of a hemagglutinin
polypeptide numbered according to the classic H3 subtype number system.

(0094] In a specific embodiment, the core polypeptide is a generic core polypeptide
comprising the amino acid sequence:

[0095] X1 X2X3XeXsXeX7XsXoX 10D X 11X 12X 13X14X1sWX 16 YX17AELLVX 18X 19EN
X20X21 TX2:DX23X2aDS X 25X 26X27X28L X290 X 30X 31 X32X33X34QL X 35X36N X37 (SEQ ID
NO: 3),

10096} wherein X is a hydrophilic amino acid; X is a hydrophobic amino acid; X3 is’
a hydrophilic amino acid; X4 is a hydrophilic amino acid; Xs is a hydrophobic amino
acid; Xe is N, E or I; X7is a hydrophilic amino acid; ‘Xg is' K,R,YorW;Xs isM,VorT,
X is a hydrophilic residue; Xy1is A, G, Tor §; Xj2is F, I, K, LorM; Xj3is L, | of T;

X4 is a hydrophilic, acidic amino acid; Xsis a hydrophobic amino acid; Xjs is a
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hydrophilic amino acid; amino acid X7 is a hydrophilic amino acid; Xs is a hydrophobic
amino acid; X9 is a hydrophobic amino acid; X is a hydrophilic amino acid; Xz is a
hydrophilic, basic amino acid; X2 is a hydrophobic amino acid; X3 is a hydrophobic
amino acid; Xa4 is H, T or A; Xas is a hydrophilic amino acid; Xa6 is a hydrophobic
amino acid; X»7 is a hydrophilic amino acid; Xagis a hydrophilic amino acid; X2 is a

- hydrophobic amino acid; X3 is a hydrophilic, acidic amino acid; X3, is a hydrophilic,
basic amino acid; X3; is T or V; X33 is a hydrophilic, basic amino acid; X3is K, L, M, 8§
or R; X3s is a hydrophilic, basic amino acid; X3¢ is a hydrophilic amino acid and X37is a
hydrophobic amino acid. _
[0097] In specific embodiments X, is Ror Q; X2is L, Mor [; X3 is E, D, Q or G; X4
isDorN; XsisL,MorV; XgisN,Eorl; Xsis K orN; Xgis K, R, Y or W; Xg isM, V
orT; X10isE,D,KorR; X;1is A, G, TorS; XppisF, LK, LorM; XyzisL,Tor T; X1
isDorE; XsisV,lorL; XisisSorT; X;7isNorQ; Xjgis A orL; Xjois L or M; Xz
isEorQ; XsjisRorH; XazisLorl; XasisF,V,M,YorL; Xasis H, Tor A; XzsisN
orE; Xssis VorM; Xa7is K,N,RorS; Xssis Kor N; Xa9is Y or F; X3 is D or E; Xj;
isKorR; X;isTorV; XsaisKorR; Xsgis K, L, M, Sor R; X35 is Kor R; X36is D, N,
Q or E and X37is A or V. In certain embodiments, the core polypeptide is acetylated at
the N-terminus. _
[0098] In certain embodiments, the core polypeptide is a fragment of a generic core
polypeptide. In specific embodiments, the core polypeptide is a fragment of a generic
core polypeptide, wherein the fragment lacks 1,2, 3,4, 5,6, 7, 8, 9, 10(%5), 15(%5),
20(£5), 25(x5), 30(5), or 35(x5) amino acids from either of a generic core polypeptide’s
N- or C- terminus. In some embodiments, the core polypeptide is a fragment of a generic
core polypeptidé, wherein the fragment lacks 24(%5) amino acids from its C- terminus.
In specific embodiments, the core polypeptide is a fragment of a generic core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6,7, 8, 9, 10(£5), 15(«£5), 20(%5) or
25(x5)amino acids from a generic core polypeptide’s N-terminus and 1, 2, 3,4, 5,6, 7, 8,
9, 10(£5), 15(%5), 20(£5) or 25(%5) amino acids from a generic core polypeptide’s C-
terminus. In specific embodiments, the core polypeptide has an alpha-helical
conformation. .
[0099] In some embodiments, the core polypeptide is a generic core polypeptide that
is not full length influenza virus HA. In some embodiments, the core polypeptide is a
generic core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to
200, 51 t0 175, 51 io 150, 51 to 125,51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50,
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151037, 15t035,20t0 37,20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length.
In some embodiments, the core polypeptide is a generic core polypeptide that is less than
500, 450, 400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70,
65, 60, 55, 50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the
core polypeptide is a generic core polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65,
60, 55, 50, 45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in
length. ‘
.[0010()] In specific embodiments, the core polypeptide is a derivative of the generic
core polypeptide, wherein the derivative comprises a generic core polypeptide with 1, 2,
3,4,5,6,7,8,9, or 10(x3) amino acids attached to either of a generic core polypeptide’s
N- or C- terminus and wherein the core polypeptide maintains an alpha-helical
conformation.
[00101}] In specific embodiments, the core polypeptide is a derivative of the generic
core polypeptide, wherein the derivative comprises a generic core polypeptide with 1, 2,
3,4,5,6,7, 8,9, or 10(+5) amino acids attached to the generic core polypeptide’s |
N-terminus and 1,2, 3,4, 5, 6, 7, 8,9, or 10(£5) amino acids attached to the generic core
polypeptide’s C- terminus and wherein the core polypeptide maintains an alpha-helical
conformation.
[00102] In a specific embodiment, the core polypeptide is a consensus core
polypeptide comprising or consisting of the amino acid sequence:
[00103] RIENLNKKX]EDGFLDVWTYNAELLVLMENERTLDXzHDSNVKNLYE
KVRX;QLRX4NA (SEQ ID NO: 4),
[00104] wherein X, is M, V, T; X, is a hydrophobic amino acid; X3is L, M, §, K, R;
and Xy is a hydrophilic amino acid. na specific embodiment, X;is M, V, T; Xpis F, Y
orL; XsisL, M, S, K, R; and X4 is D,'N or E. In certain embodiments, the core
polypeptide is acetylated at the N-terminus. '
[00105] In certain embodiments, the core polypeptide is a fragment of the consensus
core polypeptide. In specific embodiments, the core polypeptide is a fragment of a
consensus core polypeptide, wherein the fragment lacks 1, 2, 3,4, 5,6, 7, 8, 9, 10(x5),
15(£5), 20(£5), 25(£5), 30(x5), or 35(%5) amino acids from either of a consensus core
polypeptide’s N- or C- terminus. In some embodiments, the core polypeptide is a

~ fragment of a consensus core polypeptide, wherein the fragment lacks 24(5) amino
acids from its C- terminus. In specific embodiments, the core polypeptide is a fragment

of a consensus core polypeptide, wherein the fragment lacks 1, 2, 3, 4, 5, or more amino
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acids from both of a consensus core polypeptide’s N- and C- termini. In specific
embodiments, the core polypeptide has an alpha-helical conformation.

[00106] In some embodiments, the core polypeptide is a consensus core polypeptide
that is not full length influenza virus HA. In some embodiments, the core polypeptide is
a consensus core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225,
5110 200, 51 to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to
50, 15to 37, 15t0 35,20 t0 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in
length. In some embodiments, the core polypeptide is a consensus core polypeptide that
is less than 500, 450, 400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85,
80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30 or 25 amino acids in length. In certain
embodiments, the core polypeptidé is a consensus core polypeptide less than 150, 125,
95, 90, 85, 80, 75, 65, 60, 55, 50, 45 or 40 amino acids in length but at least 15, 20, 25,
30 or 35 amino acids in length.

[00107] In specific embodiments, the core polypeptide is a derivative of the consensus
core polypeptide, wherein the derivative comprises a consensus core polypeptide with 1,
2,3,4,5,6,7,8,9, or 10(£5) amino acids attached to either of a consensus cofe ‘
polypeptide’s N- or C- terminus and wherein the core polypeptide main(ains an alpha-
helical conformation. ’

[00108] In specific embodiments, the core polypeptide is a derivative of the consensus
core polypeptide, wherein the derivative comprises a consensus core polypeptide with 1,
2,3,4,5,6,7,8,9, or 10(x5) amino acids attached to both of the consensus core
polypeptide’s N- and C- termini and wherein the core polypeptide maintains an alpha-
helical conformation.

[00109] In a specific embodiment, the core polypeptide is a group 1 core polypeptide
comprising or consisting of the amino acid sequence:

[00110] RXENLNKKX,X;DGFLDXsWTYNAELLVLX;ENERTLDXsHDSNVKNL
YX7KVR X3QLXoX10NX (SEQ ID NO: 5),

[00111] wherein X is a hydrophobic amino acid; X; is a hydrophobic amino acid; X3
is a hydrophilic amino acid; X4 is a hydrophobic amino acid; Xsis a hydrdphobic amino
acid; Xe is a hydrophobic acidic amino acid; X7 is a hydrophilic, acidic amino acid; Xg is
L, M, or S; Xy is a hydrophilic, basic amino acid; X is a hydrophilic amino acid and X,
is a hydrophobic amino acid. In specific embodiments, X, is Lor I; X M or V; X5 is E or
D;XsVorl; XsisMorL; XeisForY; X;isDorE; XgsL,MorS; XoRorK; Xpis D

or Nand X, is A or V. In a specific embodiment, this core polypeptide can be used to
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induce an immune response against group 1 hemagglutinin subtypes. In certain
embodiments, the immune response induced neutralizes 2 or more influenza virus group

1 hemagglutinin subtypes. In certain embodiments, the core polypeptide is acetylated at
the N-terminus. '

[00112] In certain embodiments, the core polypeptide is a fragment of a group | core
polypeptide. In specific embodiments, the core polypeptide is a fragment of a group |
core polypeptide, wherein the fragment lacks 1,2, 3,4,5,6, 7, 8,9, 10(=5), 15(+£5),
20(£5), 25(x5), 30(5), or 35(x5) amino acids from either of a group 1 core polypeptide’s

N- or C- terminus. In some embodiments, the core polypeptide is a fragment of a group 1
core polypeptide, wherein the fragment lacks 24(£5) amino acids from its C- terminus.

In specific embodiments, the core polypeptide is a fragment of the group | core
polypeptide, wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of a
group | core polypeptide’s N- and C- termini. In specific embodiments, the core
polypeptide has an alpha-helical conformation.

(00113}  In some embodiments, the core polypeptide is a group 1 core polypeptide that
is not full length influenza virus HA. In some embodiments, the core polypeptide is a
group | core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to
200,51 to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 30,
15t037, 1510 35,2010 37,20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length.
In some embodiments, the core polypeptide is a group | core polypeptide that is less than
500, 450, 400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70,
63, 60, 55, 50, 45, 40, 35,30'0r 25 aminb acids in length. In certain embodiments, the
core polypeptide is a group 1 core polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65,
60, 55, 50, 45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in
length.

'100114]  In specific embodiments, the core polypeptide is a derivative of the group 1
core polypeptide, wherein the derivative comprises a group 1 core polypeptide with either
1,2,3,4,5,6,7,8,9, or 10(x5) amino acids attached to either of a group 1 core
polypeptide’s N- or C- terminus and wherein the core polypeptide maintains an alpha-
helical conformation.

[00115] In specific embodiments, the core polypeptide is a derivative of the group 1
core polypeptide, wherein the derivative comprises a group 1 core polypeptide with either

1,2,3,4,5,6,7, 8,9, or 10(x5) amino acids attached to both of a group 1 core
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polypeptide’s N- and C- termini and wherein the core polypeptide maintains an alpha-
helical conformation.

[00116] In a specific embodiment, the core polypeptide is a group 2 core polypeptide
comprising or consisting of the amino acid sequence:

[00117] X IX5X3XaXsXeX7XsXoDX 10X 1 X12X13X14WSYNAELLVAX,;sENQHTIDL
X16DSEMNKLX 7E XX 10X20RQLRENA (SEQ ID NO: 6),

[00118]  wherein X, is a hydrophilic amino acid; X> is a hydrophilic amino acid; X; is
a hydrophilic amino acid; X4 is a hydrophobic amino acid; Xs is Eor [; Xe is a
hydrophilic amino acid; X5 is a hydrophobic amino acid; Xs is V or T; Xo is a hydrophilic
amino acid; X is a hydrophilic amino acid; X;;is K or M; X2 isTor T; X3 is a
hydrophilic, acidic amino acid; X4 is a hydrophobic amino acid; Xis is a hydrophobic
amino acid; X is T or A; X;7 is a hydrophobic amino acid; X3 is a hydrophilic basic
amino acid; Xyeis T or V, and Xag is a hydrophilic, basic amino acid. In specific
embodiments, X, isRor Q; X2isQorG; XsisDorN; XqisLorV; XsisEorl; Xgis K
orN; XsYorW; XgVorT; Xgis EorR; X!o isTorS; XpisKorM; XppislorT; X3
isDorE; XisisLorV; X;sisLorM; XigisTorA; Xi;7ForY; XjgisKorR; Xi9isT
or V and Xxis K or R. In a specific embodiment, this core polypeptide can be used to
induce an immune response against group 2 hemagglutinin subtypes. In certain
embodiments, the immune response induced neutralizes 2 or more influenza virus group
2 hemagglutinin subtypes. In certain embodiments, the core polypeptide is acetylated at
the N-terminus.

[00119] In certain embodiments, the core polypeptide is a fragment of a group 2 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of a group 2
core polypeptide, wherein the fragment lacks 1,2, 3,4, 5, 6, 7, 8, 9, 10(5), 15(%5),
20(£5), 25(£5), 30(£5), or 35(+5) amino acids from either of a group 2 core polypeptide’s
N- or C- terminus. In some embodiments, the core polypeptide is a fragment of a group 2
core polypeptide, wherein the fragment lacks 24(%5) amino acids from its C- terminus.

In specific embodiments, the core polypeptide is a fragment of a group 2 core
polypeptide, wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of a
group 2 core polypeptide’s N- and C- termini. In specific embodiments, the core
polypeptide has an alpha-helical conformation.

[00120]  In some embodiments, the core bolypeptide is a group 2 core polypeptide that
is not full length influenza virus HA. In some embodiments, the core polypeptide is a

group 2 core polypeptide that is between 51 to 511, 51 to 500, 51 to 450, 51 to 400, 31 to -
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350, 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51 to 175, 51 to 150, 51 to 125,
51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 1510 37, 15 t0 35,20 to 37,20 to 35,
15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some embodiments, the core
polypeptide is a group 2 core polypeptide that is less than 500, 450, 400, 350, 300, 275,
250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30 or
25 amino acids in length. In certain embodiments, the core polypeptide is a group 2 core
polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45 or 40 amino acids in
length but at least 15, 20, 25, 30 or 35 amino acids in length.

[00121}  In specific embodiments, the core polypeptide is a derivative of a group 2 core
polypeptide, wherein the derivative comprises a group 2 core polypeptide with either 1, 2,
3,4,5,6,7,8,9, or 10(x5) amino acids attached to either of a group 2 core polypeptide’s
N- or C- terminus and Wherein the core polypeptide maintains an alpha-helical
conformation.

[00122] In specific embodiments, the core polypeptide is a derivative of a group 2 core
polypeptide, wherein the derivative comprises a group 2 core polypeptide with either 1; 2,
3,4,5,6,7, 8,9, or 10(£5) amino acids attached to both of-a group 2 core polypeptide’s
N- and C- termini and wherein the core polypeptide maintains an alpha-helical
conformation.

[00123] In a specific embodiment, the core polypeptide is an H1 core polypeptide
comprising or consisting of the amino acid sequence:

[00124] RX;ENLNKKVDDGFX;DIWTYNAELLVLLENERTLDX3;HDSNVX,NLY
EKVXsSQLKNNA (SEQ ID NO: 7),

[00125)  wherein X; is a hydrophobic amino acid; X is a hydrophobic amino acid; X;
is a hydrophobic amino acid; X4 is a hydrophilic, basic amino acid, and Xsis a
hydrophilic, basic amino acid. In specific embodiments, X;is M or I; Xais L or I; X3is F
orY; X4is K or R; and Xsis K or R, This sequence corresponds with amino acids 76-130
of an H1 subtype hemagglutinin numbered according to the classic H3 subtype
numbering system. In certain embodiments, the core polypeptide is acetylated at the N-
terminus. In a specific embodiment, a core polypeptide comprises any one of the amino
acid sequences shown in Figure 6A (SEQ ID NOS: 8-11) or a fragment thereof. In
certain embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H1. In certain embodiments, the immune response

induced neutralizes strains of influenza virus subtype HI.
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[00126] In certain embodiments, the core polypeptide is a fragment of an H1 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of a HI core
polypeptide, wherein the fragment lacks 1,2, 3,4, 5, 6,7, 8,9, 10(£5), 15(%5), 20(3),
25(%5), 30(£5), or 35(%5) amino acids from either of an H1 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H1 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H1 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an HI1 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation,

“[00127] In some embodiments, the core polypeptide is an H1 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H1
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15t035,20t037,20t0 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H1 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodirﬁents, the core
polypeptide is an H1 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00128] In specific embodiments, the core polypeptide is a derivative of an H1 core
polypeptide, wherein the derivative comprises an HI core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(x5) amino acids attached to either of the H1 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00129]  In specific embodiments, the core polypeptide is a derivative of an H1 core
polypeptide, wherein the derivative comprises an HI core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(+5) amino acids attached to both of the H1 core polypeptide’s N- or C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00130] In a specific embodimeht, the core polypeptide is an H2 core polypeptide
comprising or consisting of the amino acid sequence:

[00131] RLENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYX
KVRMQLRDNV (SEQ ID NO: 12),
[00132] wherein X is a hydrophilic, acidic amino acid. In specific embodiments, X is

D or E. In certain embodiments, the core polypeptide is acetylated at the N-terminus. In
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a specific embodiment, a core polypeptide comprises any one of the amino acid
sequences shown in Figure 6B (SEQ ID NO: 13 or 14) or a fragment thereof. In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H2. In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype H2.

[00133]  In certain embodiments, the core polypeptide is a fragment of an H2 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H2 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5,6, 7, 8,9, 10(£5), 15(5), 20(5),
25(5), 30(x5), or 35(x5) amino acids from either of an H2 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H2 core
polypeptide, wherein the fragment lacks 24(%5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H2 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H2 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00134]  In some embodiments, the core polypeptide is an H2 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H2
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35,20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H2 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H2 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00135]  In specific embodiments, the core polypeptide is a derivative of an H2 core
polypeptide, wherein the derivative coﬁprises an H2 core polypeptide with 1, 2, 3, 4, 5,
6,7,8,9, or 10(x5) amino acids attached to either of the H2 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00136] In specific embodiments, the core polypeptide is a derivative of an H2 core
polypeptide, wherein the derivative comprises an H2 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(x5) amino acids attached to both of the H2 core polypeptide’s N- and C-

termini and wherein the core polypeptide maintains an alpha-helical conformation.
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[60137] In a specific embodiment, the core polypeptide is an H3 core polypeptide
comprising or consisting of the amino acid sequence:
[00138] RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEXT
X2X3QLRENA (SEQ ID NO: 15),
[00139]  wherein X is a hydrophilic, basic amino acid; X is a hydrophilic, basic amino
acid, and X3 is a hydrophilic, basic amino acid. In specific embodiments, X; is K or R;
X,is K or R, and X3 is K or R. In certain embodiments, the core polypeptide is
acetylated at the N-terminus. Ina specific embodiment, a core polypeptide comprises
any one of the amino acid séquences shown in Figure 6C (SEQ ID NOS: 1'6-1 8)ora
fragment thereof. In certain embodiments, the core polypeptide is acetylated at the N-
terminus. In a specific embodiment, this core polypeptide can be used to induce an
immune response against influenza virus strains of subtype H3. In certain embodiments,
the immune response induced neutralizes strains of influenza virus subtype H3.
[00140] In certain embodiments, the core polypeptide is a fragment of an H3 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H3 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6, 7, 8,9, 10(£5), 15(£5), 20(5),
25(%5), 30(£5), or 35(x5) amino acids from either of an H3 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H3 core
polypeptide, wherein the fragment lacks 24(%5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H3 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H3 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation. . '
[00141] In some embodiments, the core polypeptide is an H3 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is'an H3
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
"15t0 35,2010 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H3 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H3 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45

or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.

37



WO 2011/103453 PCT/US2011/025467

[00142]  In specific embodiments, the core polypeptide is a derivative of an H3 core
polypeptide, wherein the derivative comprises an H3 core polypeptide with 1,2, 3,4, 5,
6,7, 8,9, or 10(£5) amino acids attached to either of the H3 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00143]  In specific embodiments, the core polypeptide is a derivative of an H3 core
polypeptide, wherein the derivative comprises an H3 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(+£5) amino acids attached to both of the H3 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00144] In a specific embodiment, the core polypeptide is an H4 core polypeptide
comprising or consisting of the amino acid sequence:

[00145] RlQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERV
RX,QLRENA (SEQ ID NO: 19),

[00146] wherein X, is a hydrophilic, basic amino acid. In specific embodiments, X is
R or H. In certain embodiments, the core polypeptide is acetylated at the N-terminus. In
a specific embodiment, a core polypeptide comprises any one of the amino acid
sequences shown in Figure 6F (SEQ ID NOS: 20 and 21) or a fragment thereof. In
certain embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H4. In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype H4.

[00147]  In certain embodiments, the core polypeptide is a fragment of an H4 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H4 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5,6, 7, 8, 9, 10(£5), 15(%5), 20(£5),
25(£5), 30(£5), or 35(x5) amino acids from either of an H4 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragmént of an H4 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H4 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H4 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00148] In some embodiments, the core polypeptide is an H4 core polypeptide tﬁat is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H4
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,

38



WO 2011/103453 ‘ PCT/US2011/025467

1510 35, 20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H4 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H4 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, _50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00149]  In specific embodiments, the core polypeptide is a derivative of an H4 core
polypeptide, wherein the derivative comprises an H4 core polypeptide with 1., 2,3,4,5,
6,7, 8,9, or 10(x5) amino acids attached to either of the H4 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an aIpha-helibal conformation.
[00150] In specific embodiments, the core polypeptide is a derivative of an H4 core
polypeptide, wherein the derivative comprises an H4 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(x5) amino acids attached to both of the H4 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation. -
[00151] In a specific embodiment, the core polypeptide is an HS core polypeptide
comprising or consisting of the amino acid sequence:

[00152] RIENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDK
VRLQLRDNA (SEQ ID NO: 22). In certain embodiments, the core polypeptide is
acetylated at the N-terminus. In a specific embodiment, a core polypeptide comprises
any one of the amino acid sequences shown in Figure 6D (SEQ ID NO: 22) or a fragment
thereof. In certain embodiments, the core polypeptide is acetylated at the N-terminus. In
a specific embodiment, this core polypeptide can be used to induce an immune response
against influenza virus strains of subtype H5. In certain embodiments, the immune
response induced neutralizes strains of influenza virus subtype H5.

[00153] In certain embodiments, the core polypeptide is a fragment of an H5 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H5 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6, 7, 8, 9, 10(z5), 15(%3), 20(£5),
25(%5), 30(x5), or 35(+5) amino acids from either of an H5 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H5 core
polypeptide, wherein the fragment lacks 24(x5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an HS core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of the H5 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an

alpha-helical conformation.
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[00154]  In some embodiments, the core polypeptide is an H5 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H3
core polypeptide that is between 51 to 511, 51 to 500, 51 to 450, 51 to 400, 51 to 350, 51
to 300, 51 to 275, 51 to 250, 51 to 225, 51 t0 200, 51 to 175, 51 to 150, 51 to 125, 51 to
100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 t0 37, 15 to 35,20 t0 37,20 to 35, 15 to
30, 20 to 30 or 20 to 25 amino acids in length. In some embodiments, the core

' polypeptide is an HS core polypeptide that is less than 500, 450, 400, 350, 300, 275, 250,
225,200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30 or 25
amino acids in length. In certain embodiments, the core polypeptide is an HS polypeptide
less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45 or 40 amino acids in length but at
least 15, 20, 25, 30 or 35 amino acids in length.
[001S5] In specific embodiments, the core polypeptide is a derivative of an HS core
polypeptide, wherein the derivative comprises an H5 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(£5) amino acids attached to either of the H5 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00156] In specific embodiments, the core polypeptide is a derivative of an H5 core
polypeptide, wherein the derivative comprises an H5 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(+5) amino acids attached to both of the H5 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00157]  In a specific embodiment, the core polypeptide is an H6 core polypeptide
comprising or consisting of the amino acid sequence:
[00158] RlX]NXgNKRMEDGFLDVWTYNAELLVLLENX3RTLDX4HDANVKX5L
XsEKVKSX;LXsDNA (SEQ ID NO: 23),
[00159]  wherein X, is G or D; X3 is a hydrophobic amino acid; X3 is a hydrophilic
amino acid; X4 is a hydrophobic amino acid; X;s is a hydrophilic amino acid; Xeis H or
Y; X7 is Q or L and Xg is a hydrophilic, basic amino acid. In specific embodiments, X is
GorD; XgisLorM;X3 isEorG; XgisLorM; XsNorS; XsisHor Y; XsisQor L.
and Xgis R or K. In certain embodiments, the core polypeptide is acetylated at the N-
terminus. In a specific embodiment, a core polypeptide comprises any one of the amino
acid sequences shown in Figure 6G (SEQ ID NOS: 24-29)or a fragment thereof. In
certain embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H6. In certain embodiments, the immune response

induced neutralizes strains of influenza virus subtype Hé.
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[00160] In certain embodiments, the core polypeptide is a fragment of an H6 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H6 core
polypeptide, wherein the fragment lacks 1,2,3,4, 5,6, 7, 8,9, 10(%5), 15(5), 20(x5),
25(£5), 30(=£5), or 35(x5) amino acids from either of an H6 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an Hé core
polypeptide, wherein the fragment lacks 24(£5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H6 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H6 core
polypeptide’s N- and C- termini. In specific embodiments, the core pol'ypeptide has an
alpha-helical conformation.

[00161) In some embodiments, the core polypeptide is an H6 core polypeptide that- is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H6
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 t0 150, 51 t0 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15t0 35,2010 37; 20to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H6 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H6 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00162] In specific embodiments, the core polypeptide is a derivative of an H6 core
polypeptide, wherein the deriv-ative comprises an H6 core pc;lypeptide with 1,2,3,4,5,
6,7, 8,9, or 10(x5) amino acids attached to either of the H6 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00163] In specific embodiments, the core polypeptide is a derivative of an H6 core
polypeptide, wherein the derivative comprises an H6 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(x£5) amino acids attached to both of the H6 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00164] In a specific embodiment, the core polypeptide is an H7 core polypeptide
comprising or consisting of the amino acid sequence:

[00165] QIGNVINWTRDXMTEX;WSYNAELLVAMENQHTIDLADSEMX;3;KLY
ERVX4KQLRENA (SEQ ID NO: 30),

[00166] wherein X, is a hydrophobic amino acid or a hydrophilic amino acid; X is a

hydrophobic amino acid; X3 is a hydrophilic amino acid, and X4 is a hydrophilic, basic
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amino acid. In specific embodiments, X, is A or S; Xais Vor I; X3is N or S; and X4 is K
or R. In certain embodiments, the core polypeptide is acetylated at the N-terminus. Ina
specific embodiment, a core polypeptide comprises any one of the amino acid sequences
shown in Figure 6E (SEQ ID NOS: 31-35) ora fragment thereof. In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H7. In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype H7.

[00167] In certain embodiments, the core polypeptide is a fragment of an H7 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H7 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6, 7, 8, 9, 10(:5), 15(x5), 20(+5),
25(£5), 30(x5), or 35(x5) amino acids from either of an H7 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H7 core
polypeptide, wherein the fragment lacks 24(x5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H7 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4: 5, or more amino acids from both of an H7 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00168] In some embodiments, the core polypeptide is an H7 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H7
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15t0 35,20 t0 37; 20 to0 35, 15 t0 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H7 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H7 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00169] In specific embodiments, the core polypeptide is a derivative of an H7 core
polypeptide, wherein the derivative comprises an H7 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(=5) amino acids attached to either of the H7 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00170] In specific embodiments, the care polypeptide is a derivative of an H7 core

polypeptide, wherein the derivative comprises an H7 core polypeptide with either 1, 2, 3,
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4,5,6,7,8,9, or 10(x5) amino acids attached to both of the H7 core polypeptide’s N-
and C- termini and wherein the core polypeptide maintains an alpha-helical
conformation.
[00171] In a specific embodiment, the core polypeptide is an H8 core polypeptide
comprising or consisting of the amino acid sequence:
RINMINDKIDDQIEX,LWAYNAELLVLLENQKTLDEHDSNVKNLFDEVKRRLSAN
A (SEQ ID NO: 36), wherein X, is a hydrophilic amino acid. In certain embodiments, X
is D or N. In a specific embodiment, a core polypeptide comprises any one of the amino
- acid sequences shown in Figure 6H (SEQ ID NOS: 37 and 38) or a fragment thereof. In
a specific embodiment, this core polybeptide can be used to induce an immune response
against influenza virus strains of subtype H8. In certain embodiments, the immune
response induced neutralizes strains of influenza virus subtype HS.
[00172] In certain embodiments, the core polypeptide is a fragment of an H8 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H8 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6,7, 8,9, 10(£5), 15(%5), 20(£5),
25(£5), 30(x5), or 35(+5) amino acids from either of an H8 core polypeptide’s N- or C-
terminus. In some embodiﬁents, the core polypeptide is a fragment of an H core
polypeptide, wherein the fragment lacks 24(£5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H8 core polypeptide,
wherein the fragment lécks 1,2, 3,4, 5, or more amino acids from both of an H8 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.
[00173]  In some embodiments, the core polypeptide is an H8 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H8
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35, 20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H8 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H8 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00174]  In specific embodiments, the core polypeptide is a derivative of an H8 core

polypeptide, wherein the derivative comprises an H8 core polypeptide with 1,2, 3,4, 5,
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6,7, 8,9, or 10(x5) amino acids attached to either of the H8 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00175] In specific embodiments, the core polypeptide is a derivative of an H8 core
polypeptide, wherein the derivative comprises an H8 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(x5) amino acids attached to both of the H8 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00176] In a specific embodiment, the core polypeptide is an H9 core polypeptide
comprising or consisting of the amino acid sequence:

- (00177} RLNMINNKIDDQIQDX, WAYNAELLVLLENQKTLDEHDANVNNLYN
KVKRALGSNA (SEQ ID NO: 39),
[00178] wherein X; is a hydrophobic amino acid. In specific embodiments X, is V or
1. In certain embodiments, the core polypeptide is acetylated at the N-terminus. [n a
specific embodiment, a core polypeptide comprises any one of the amino acid sequences
shown in Figure 61 (SEQ ID NOS: 40 and 41) or a fragment thereof. In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H9. In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype H9.
[00179] In certain embodiments, the core polypeptide is a fragment of an H9 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H9 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5, 6, 7, 8, 9, 10(%5), 15(%5), 20(£5),
25(£53), 30(+5), or 35(x5) amino acids from either of an H9 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H9 core
polypeptide, wherein the fragment lacks 24(£5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H9 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H9 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.
[00180] In some embodiments, the core polypeptide is an H9 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H9
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 t0 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15t0 35,20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H9 core polypeptide that is less than 500, 450,
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400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H9 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50, 45
or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00181]  In specific embodiments, the core polypeptide is a derivative of an H9 core
polypeptide, wherein the derivative comprises an H9 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8.9, or 10(x5) amino acids attached to either of the H9 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00182} In specific embodiments, fhe core polypeptide is a derivative of an H9 core
polypeptide, wherein the derivative comprises an H9 core polypeptide with 1,2, 3,4, 5,
6,7, 8,9, or 10(x5) amino acids attached to both of the H9 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00183] In a specific embodiment, the core polypeptide is an H10 core polypeptide
comprising or consisting of the amino acid sequence:

[00184] QIGNVINWTKDSITDIWTYX,AELLVAMENQHTIDMADSEMLNLYER
VRKQLRQNA (SEQ ID NO: 42), wherein X, is a hydrophilic amino acid. In specific
embodiments, X;is Q or N. In certain embodiments, the core polypeptide is acetylated at
the N-terminus. In a specific embodiment, a core polypeptide comprises any one of the
amino acid sequences shown in Figure 6J (SEQ ID NOS: 43 and 44) or a fragment
thereof. In certain embodiments, the core polypeptide is acetylated at the N-terminus. In
a specific embodiment, this core polypeptide can be used to induce an immune response
against influenza virus strains of subtype H10. In certain embodiments, the immune
response induced neutralizes strains of influenza virus subtype H10.

|00185] In certain embodiments, the core polypeptide is a fragment of an H10 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H10 core
polypeptide, wherein the fragment lacks 1,2, 3,4, 5,6, 7, 8,9, 10(%5), 15(£5), 20(z5),
25(£5), 30(x5), or 35(+5) amino acids from either of an H10 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an HI10 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H10 core polypeptide,
wherein the frégment lacks'1, 2, 3, 4, 5, or more amino acids from both of an HI10 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an

alpha-helical conformation.
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[00186] In some embodiments, the core polypeptide is an H10 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H10
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35, 20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H10 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H10 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 63, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00187]  In specific embodiments, the core polypeptide is a derivative of an H10 core
polypeptide, wherein the derivative comprises an H10 core polypeptide with 1, 2,3, 4, 5,
6,7, 8,9, or 10(x5) amino acids attached to either of the H10 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00188] In specific embodiments, the core polypeptide is a derivative of an H10 core
polypeptide, wherein the derivative comprises an H10 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(x£5) amino acids attached to both of the H10 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00189] In a specific embodiment, the core polypeptide is an H11 core polypeptide
comprising or consisting of the amino acid sequence:

[00190] RINQLSKHVDDSVX;DIWSYNAQLLVLLENEKTLDLHDSNVRNLHEK
VRRMLKDNA (SEQ ID NO: 45),

[00191]  wherein X, is a hydrophobic amino acid. In specific embodiments, X, is V or
1. In certain embodiments, the core polypeptide is acetylated at the N-terminus. Ina
specific embodiment, a core polypeptide comprises any one of the amino acid sequences
shown in Figure 6K (SEQ ID NOS: 46 and 47) or a fragment thereof. . In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H11. In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype Hi1.

[00192] In certain embodiments, the core polypeptide is a fragment of an H11 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H11 core
polypeptide, wherein the fragment lacks 1,2,3,4, 5, 6, 7, 8,9, 10(5), 15(£5), 20(%5),
25(%5), 30(5), or 35(x5) amino acids from either of an H11 core polypeptide’s N- or C-
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terminus. In some embodiments, the core polypeptide is a fragment of an H11 core
polypeptide, wherein the fragment lacks 24(£5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H11 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an HI 1 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation. .
[00193] In some embodiments, the core polypeptide is an H11 core polypeptide that is
- not full length influenza virus HA. In some embodiments, the core polypeptide is an H11
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to0 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50,15 to 37,
15 to 35,20 t0 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H11 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 63, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the 6ore
polypeptide is an H1 1 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00194] In specific embodiments, the core polypeptide is a derivative of an HI1 core
polypeptide, wherein the derivative comprises an H11 core polypeptide with 1,2, 3, 4, 5,
6,7, 8,9, or 10(+5) amino acids attached to either of the H11 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-heliéal conformation.
[00195] In specific embodiments, the core polypeptide is a derivative of an H11 core
polypeptide, wherein the derivative comprises an H11 core polypeptide with 1,2, 3, 4, 5,
6,7,8,9, or 10(x£5) amino acids attached to both of the H11 core poiypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00196] Ina Speciﬁc embodiment, the core polypeptide is an H12 core polypeptide
comprising or consisting of the amino acid sequence: |
[00197] RINMINSKIDDQITDIWAYNAELLVLLENQKTLDEHDANVRNLHDRYV
RRX,LX:ENA (SEQ ID NO: 48),
[00198]  wherein X is a hydrophobic amino acid and X3 is a hydrophilic, basic amino
acid. In specific embodiments, X,is V or I and X, is R or K. In certain embodiments,
the core polypeptide is acetylated at the N-terminus. In a specific embodiment, a core
polypeptide comprises any one of the amino acid sequences shown in Figure 6L (SEQ ID
NOS: 49 and 50) or a fragment thereof. In certain embodiments, the core polypeptide is

acetylated at the N-terminus. In a specific embodiment, this core polypeptide can be used
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to induce an immune response against influenza virus strains of subtype H12. In certain
embodiments, the immune fesponse induced neutralizes strains of influenza virus subtype
HI12.

[00199]  In certain embodiments, the core polypeptide is a fragment of an H12 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H12 core
polypeptide, wherein the fragment lacks 1, 2, 3,4, 5,6, 7, 8,9, 10(£5), 15(z:5), 20(z:3),
25(£5), 30(£5), or 35(£5) amino acids from either of an H12 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H12 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H12 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H12 core
polypeptide’s N- and C- termini. In speéiﬁc embodiments, the core polypeptide has anl
alpha-helical conformation.

[00200] In some embodiments, the core polypeptide is an H12 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H12
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35,20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H12 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H12 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00201] In specific embodiments, the core polypeptide is a derivative of an H12 core
polypeptide, wherein the derivative comprises an H12 core polypeptide with 1, 2, 3, 4, 5,
6,7. 8,9, or 10(x£5) amino acids attached to either of the HI2 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00202] In specific embodiments, the core polypeptide is a derivative of an H12 core
polypeptide, wherein the derivative comprises an H12 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(x5) amino acids attached to both of the H12 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00203] In a specific embodiment, the core polypeptide is an H13 core polypeptide

comprising or consisting of the amino acid sequence:
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[00204] RINMLADRIDDAVTDX;WSYNAKLLVLLENDK TLDMHDANVRNLHX
2QVRR X3LKX4NA (SEQ ID NO: 51),

[00205]  wherein X| is a hydrophobic amino acid; Xz is a hydrophilic, acidic amino
acid; X3is A, S or E and X4 is a hydrophilic amino acid. In specific embodiments, X is
Vorl; XsisDorE; Xsis A, Sor E and X4is T or D. In certain embodiments, the core
polypeptide is acetylated at the N-terminus. In a specific embodiment, a core polypeptide
comprises any one of the amino acid sequences shown in Figure 6M (SEQ 1D NOS: 52-
54) or a fragment thereof. In certain embodiments, the core polypeptide is acetylated at
the N-terminus. In a specific embodiment, this core polypeptide can be used to induce an
immune response against influenza virus strains of subtype H13. In certain
embodiments, the immune response induced neutralizes strains of influenza virus subtype
H13.

[00206] In certain embodiments, the core polypeptide is a fragment of an H13 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H13 core
polypeptide, wherein the fragment lacks 1,2,3,4,5,6,7, 8,9, 10(£5), 15(+5), 20(£5),
25(£5), 30(5), or 35(£5) amino acids from either of an H13 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H13 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus., In
specific embodiments, the core polypeptide is a fragment of an H13 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H13 core
bolypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00207] Insome embodinﬁents, the core polypeptide is an H13 core polypeptide that is
not full length influenza vi;us HA. Insome ¢mbodiments,'the core polypeptide is an H13
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35, 20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H13 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
‘50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H13 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00208] In specific embodiments, the core polypeptide is a derivative of an H13 core

polypeptide, wherein the derivative comprises an H13 core polypeptide with 1, 2, 3, 4, 5,
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6,7, 8,9, or 10(x5) amino acids attached to either of the H13 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00209] In specific embodiments, the core polypeptide is a derivative of an H13 core
polypeptide, wherein the derivative comprises an H13 core polypeptide with 1, 2, 3, 4, 5,
6,7,8,9,or 10(x5) amino acids attached to both of the H13 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00210] In a specific embodiment, the core polypeptide is an H14 core pdlypeptide
comprising or consisting of the amino acid sequence:

[00211] RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERV
RRQLRENA (SEQ ID NO: 55). n certain embodiments, the core polypeptide is
acetylated at the N-terminus. In a specific embodiment, a core polypeptide comprises
any one of the amino acid sequences shown in Figure 6N (SEQ ID NO: 55) or a fragment
thereof. In certain embodiments, the core polypeptide is acetylated at the N-terminus. In
a specific embodiment, this core polypeptide can be used to induce an immune response
against influenza virus strains“vof subtype H14. In certain embodiments, the immune
response induced neutralizes strains of influenza virus subtype H14.

[00212] In certain embodiments, the core polypeptide is a fragment of an H14 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H14 core
poly'peptide, wherein the fragment lacks 1, 2, 3,4, 5,6, 7, 8,9, 10(x5), 15(£35), 20(=3),
25(£5), 30(£5), or 35(=5) amino acids from either of an H14 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H14 core
polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H14 core polypeptide,

, wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H14 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00213] In some embodiments, the core polypeptide is an H14 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H14
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175, 51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15 to 35,20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H14 core pofypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,

50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
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polypeptide is an H14 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00214] In specific embodiments, the core polypeptide is a derivative of an H14 core
polypeptide, wherein the derivative comprises an H14 core polypeptide with 1,2, 3,4, 5,
6,7,8,9, or 10(x5) amino acids attached to either of the H14 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00215] In specific embodiments, the core polypeptide is a derivative of an H14 core ‘
polypeptide, wherein the derivative comprises an H14 core polypeptide with 1, 2, 3,4, 5,
6,7, 8,9, or 10(z5) amino acids attached to both of the H14 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00216] In a specific embodiment, the core polypeptide is an H15 core polypeptide
comprising or consisting of the amino acid sequence:

{00217] QlGNV[N\\VTRDSLTE]WSYNAELLVAMENQHT]DLADSEMNKLYERV
RRQLRENA (SEQ ID NO: 56). In certain embodiments, the core polypeptide is
acetylated at the N-terminus. In a specific embodiment, a core polypeptide comprises
any one of the amino ac.id sequences shown in Figure 60 or a fragment thereof. In
certain embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, this core polypeptide can be used to induce an immune response against
influenza virus strains of subtype H15. ’In certain embodiments, the immune response
induced neutralizes strains of influenza virus subtype H15

[00218] In certain embodiments, the core polypeptide is a fragment of an H15 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an HI5 core
polypeptide, wherein the fragment lacks 1, 2,3, 4, 5, 6,7, 8,9, 10(£5), 15(%5), 20(£5),
25(£5), 30(x5), or 35(x5) amino acids from either of an H15 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H15 core
polypeptide, wherein the fragment lacks 24(%5) amino acids from its C- terminus. In
specific embodiments, the core polypeptide is a fragment of an H15 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H15 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helical conformation.

[00219] In some embodiments, the core polypeptide is an H15 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H15
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
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15 t0 35,20 to 37, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length.. In some
embodiments; the core polypeptide is an H15 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H15 polypeptide less than 150, 125, 95, 90, 85,80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amino acids in length.
[00220] In specific embodiments, the core polypeptide is a derivative of an H15 core
polypeptide, wherein the derivative comprises an H13 core polypeptide with 1,2, 3,4, 5,
6,7, 8, 9, or 10(+5) amino acids attached to either of the H15 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00221]  In specific embodiments, the core polypeptide is a derivative of an H15 core
polypeptide, wherein the derivative comprises an H15 core polypeptide with 1, 2,3, 4, 5,
6,7, 8,9, or 10(£5) amino acids attached to both of the H15 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00222] In aspecific embodimvent, the core polypeptide is an H16 core polypeptide
c_omprising or consisting of the amino acid sequence:

[00223] RINMLADRVDDAVTDIWSYNAKLLVLX,ENDRTLDLHDANVX,NLH
X3QVKRALKX4NA (SEQ ID NO: 57),

[00224]  wherein X; is a hydrophobic amino acid; X2 is a hydrophilic, basic amino
acid; X3 is a hydrophilic, acidic amino acid and X4 is a hydrophilic amino acid. In
specific embodiments, X;is L or I; Xz is K or R; X3is D or E and X4is S or N. In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, a core polypeptide comprises any one of the amino acid sequences shown in
Figure 6P (SEQ ID NOS:V 58-60) or a fragment thereof. In certain embodiments, the core
polypeptide is acetylated at the N-terminus. In a specific embodiment, this core /
polypeptide can be used to induce an immune response against influenza virus strains 0%
subtype H16. In certain embodiments, the immune response induced neutralizes strains
of influenza virus subtype H16.

[00225]  In certain embodiments, the core polypeptide is a fragment of an H16 core
polypeptide. In specific embodiments, the core polypeptide is a fragment of an H16 core
polypeptide, wherein the fragment lacks 1, 2,3, 4, 5, 6, 7, 8, 9, 10(£5), 15(5), 20(£5),
25(%5), 30(%3), or 35(£5) amino acids from either of an H16 core polypeptide’s N- or C-
terminus. In some embodiments, the core polypeptide is a fragment of an H16 core

polypeptide, wherein the fragment lacks 24(+5) amino acids from its C- terminus. In
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specific embodiments, the core polypeptide is a fragment of an H16 core polypeptide,
wherein the fragment lacks 1, 2, 3, 4, 5, or more amino acids from both of an H16 core
polypeptide’s N- and C- termini. In specific embodiments, the core polypeptide has an
alpha-helicali conformation,

[00226] [n some embodiments, the core polypeptide is an H16 core polypeptide that is
not full length influenza virus HA. In some embodiments, the core polypeptide is an H16
core polypeptide that is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51
to 175,51 to 150, 51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15 to 37,
15t0 35,20t037, 20 to 35, 15 to 30, 20 to 30 or 20 to 25 amino acids in length. In some
embodiments, the core polypeptide is an H16 core polypeptide that is less than 500, 450,
400, 350, 300, 275, 250, 225, 200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55,
50, 45, 40, 35, 30 or 25 amino acids in length. In certain embodiments, the core
polypeptide is an H16 polypeptide less than 150, 125, 95, 90, 85, 80, 75, 65, 60, 55, 50,
45 or 40 amino acids in length but at least 15, 20, 25, 30 or 35 amlino acids in length.
[00227] In specific embodiments, the core polypeptide is a derivative of an H16 core
polypeptide, wherein the derivative comprises an H16 core polypeptide with 1, 2, 3, 4, 5,
6, 7; 8,9, or 10(£5) amino acids attached to either of an H16 core polypeptide’s N- or C-
terminus and wherein the core polypeptide maintains an alpha-helical conformation.
[00228] In specific embodiments, the core polypeptide is a derivative of an H16 core
polypeptide, wherein the derivative comprises an H16 core polypeptide with 1, 2, 3, 4, 5,
6,7, 8,9, or 10(£5) amino acids attached to both of an H16 core polypeptide’s N- and C-
termini and wherein the core polypeptide maintains an alpha-helical conformation.
[00229] In specific embodiments, the core polypeptide comprises or consists of the
sequence:
EILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSA.
In certain embodiments, the core polypeptide is acetylated at the N-terminus.

[00230] In a specific embodiment, a core polypeptide comprises or consists of any one
of the amino acid sequences shown in Figure SA or a fragment thereof. In certain
embodiments, the core polypeptide is acetylated at the N-terminus. In a specific
embodiment, a core polypeptide comprises or consists of any one of the amino acid
sequences shown in Figure 5B or fragment thereof. In some embodiments, the core
polypeptide is between 51 to 300, 51 to 275, 51 to 250, 51 to 225, 51 to 200, 51 to 175,
5t to 150,51 to 125, 51 to 100, or 51 to 75, 15 to 50, 20 to 50, 25 to 50, 15t0 37, 15 to
35,201037,20to 35, 1510 30, 20 to 30 or 20 to 25 amino acids in length. In some
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embodiments, the core polypeptide is less than 500, 450, 400, 350, 300, 275, 250, 225,
200, 175, 150, 125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30 or 25 amino
acids in length. In certain embodiments, the core polypeptide is less than 150, 125, 95,
90, 85, 80, 75, 65, 60, 55, 50, 45 or 40 amino acids in length but at least 15, 20, 25, 30 or
35 amino acids in length.

5.1.2 Flu Polypeptides and Core Polypeptides with Increased Half-

Life

[00231) In some embodiments, the flu polypeptides and core polypeptides described
herein are modified to have an extended (or increased) half-life in vivo (i.e., modified
core polypeptides). In particular, provided herein are modified flu and core polypeptides
which have a half-life in a subject of from about 3 days to about 180 days (or more), and
in some embodiments greater than 3 days, greater than 7 days, greater than 10 days,
greater than 15 days, greater than 20 days, greater than 23 days, greater than 30 days,
greater than 35 days, greater than 40 days, greater than 45 days, greater than 50 days, at
least about 60 days, greater than 75 days, greater than 90 days, greater than 105 days,
greater than 120 days, greater than 135 days, greater than 150 days, greater than 165
days, or greater than 180 days.
[00232] In some embodiments, flu or core polypeptides having an increased half-life
in vivo are generated by acetylation of the N- terminus of the flu or core polypeptides.
Acetylation of polypeptides is a technique well-known to those of skill in the art and
comprises the addition of an acetyl group to the N- terminus of the polypeptide.
Acetylation of the core polypeptide can render the core polypeptide less vulnerable to
degradation by exopeptidases.
[00233] In some embodiments, flu or core polypeptides having an increased half-life
in vivo are generated by amidation of the C-terminus of the flu or core polypeptides.
[00234] In some embodiments, flu or core polypeptides having an increased half-life
in vivo are generated by pegylation, i.e., attaching inert polymer molecules such as high
molecular weight polyethyleneglycol (PEG) to the flu or core polypeptides with or
without a multifunctional linker either through site-specific conjugation of the PEG to the
N- or C-terminus of the flu or core polypeptides or via epsilon-amino groups present on
lysine residues. PEG of various average molecular weights can be used such as 1000 Da,
4000 Da, 5000 Da, 8000 Da, 10000 Da, 120000 Da or even higher. In a specific
embodiment, the N-terminus of the flu or core polypeptides is pegylated. Linear or

branched polymer derivatization that results in minimal loss of biological activity can be
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used. The degree of conjugation can be closely monitored by SDS-PAGE and mass
spectrometry to ensure proper conjugation of PEG molecules to the flu or core
polypeptides. Unreacted PEG can be separated from ﬂq or core polypeptide-PEG
conjugates by size-exclusion or by ion-exchange chromatography. PEG-derivatized flu
or core polypeptides can be tested for in vivo efficacy using methods well-known to those
of skill in the art, for example, by using animal model systems described herein.

[00235] In another embodiment, flu or core polypeptides can be conjugated to albumin
in order to make the core polypeptides more stable in vivo or >have a longer half-life in
vivo. Such techniques are well-known in the art, see, e.g., International Publication Nos.
WQ 93/15199, WO 93/15200, and WO 01/77137; and European Patent No. EP 413,622,
all of which are incorporated herein by reference.

[00236] In some embodiments, flu or core polypeptides having an increased half-life
in vivo are generated by substitution of terminal L-amino acids of the core polypeptides
with D-amino acids.

5.1.3 Flu Polypeptides Comprising a Core Polypeptide and a Linker

[00237} . In some embodiments, the flu polypeptides described herein comprises a core
polypeptide or modified core polypeptide linked to a linker. The linkers encompassed
herein can be any linker known to those of skill in the art that does not interfere with the
native structure of the core polypeptide with which the linker is associated. In specific
embodiments, the linkers encompassed herein are not hydrophobic.

[00238] The length of the linker may be varied to provide optimal linkage between a
core polypeptide or a modified core polypeptide described herein and a substrate (e.g.,
carrier protein, T cell epitope, immunogenic polypeptide) to which the core polypeptide
or modified core polypeptide is to be linked. Further, the length of the linker may be
optimized to prevent immunogenic responses due to linker. Linker molecules are
commonly known in the art and described in Denardo et al., 1998, Clin. Cancer Res.
4:2483-90; Peterson et al., 1999, Bioconjug. Chem. 10:553; and Zimmerman et al., 1999,
Nucl. Med. Biol. 26:943-50 each of which is incorporated by reference herein in its
entirety.

[00239] Linkers may be one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, twenty, or more than twenty amino acids in length. In
some embodiments, the linker is less than 20 amino acids in length. In some

embodiments, the linker is less than 15 amino acids in length. In some embodiments, the
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linker is less than 10 amino acids in length. In some embodiments, the linker is less than
9 amino acids in length. In some embodiments, the linker is less than 8 amino acids in
length. In some embodiments, the linker is less than 7 amino acids in length. In some
embodiments, the linker is less than 6 amino acids in length. In some embodiments, the
linker is less than 5 amino acids in length. In some embodiments, the linker is less than 4
amino acids in length. In some embodiments, the linker is less than 3 amino acids in
length. In some embodiments, the linker is less than 2 amino acids in length. '

[00240] In some embodiments, a linker is between 1 and 50 amino acids in length. In
some embodiments, a linker is between 1 to 40 amino acids, 1 to 30 amino acids, 1 to 20
amino acids, 1 to 10 amino-acids, 1 to 5 amino acids, 1 to 4 amino acids, 1 to 3 amino
acids, | to 2 amino acids or | amino acid in length.

[00241]  In some embodiments, the linker is covalently attached to the core polypeptide
or modified core polypeptide. In specific embodiments, the linker is attached to the core
polypeptide or modified coré polypeptide through a peptide bond. In some embodiments,
the linker is attached to tﬁe N-terminus of the core polypeptide or modified core
polypeptide. In some embodiments, the linker is attached to the C-terminus of the core
polypeptide or modified core polypeptide.

[00242] In some embodiments, the linker comprises one or more glycine residues. In
some embodiments, the linker comprises two or more glycine residues. In some
embodiments, fhe linker cpmprises three or more glycine residues. In some
embodiments, the linker comprises four or more glycine residues. In some embodiments,
the linker comprises five or more glycine residues. In some embodiments, the linker
comprises tenv or more glycine residues. In some embodiments, the linker comprises 1, 2,
3,4,5,6,7,8,9, or 10 or more glycine residues. In some embodiments, the linker
comprises 2t0 4,2t06,2t010,3t06,3t08,31t010,5t010,81t010,10to 150r 10to
20 glycine residues. In a specific embodiment, the linker comprises three glycine
residues.

[00243] In some embodiments, the linker comprises~one or more cysteiné amino acid
residues. In some embodiments, the linker comprises 1,2,3,4,5,6,7,8,9, 6r 10 or
more cysteine residues. In some embodiments, the linker comprises 2 to 4, 2 to 6, 2 to
10,3t06,3t08,3t010,5t010,8to 10, 10to 15 or 10 to 20 cysteine residues.

[00244]  In certain embodiments, the linker comprises a protein tag. Protein tags can
be useful for the isolation of protein complexes, isolation of a flu polypeptide, affinity

chromatography and/or localization studies. In addition, protein tags may increase the
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solubility of a flu polypeptide. Examples of protein tags include, but are not limited to,
His tag, Strep II tag, T7-tag, FLAG-tag, S-tag, HA tag, c-Myc tag, DHFR tag, and green
fluorescent protein (GFP). Protein tags may be covalently attached to the N- or C-
terminus of the flu polypeptide. In some embodiments, the linker comprises a FLAG-
Tag protein tag, i.e., the linker comprises the amino acid DYKDDDDK. In specific
embodiments, the linker comprises a FLAG-Tag covalently linked to a cysteine residue
(i.e., DYKDDDDKC). In some embodiments, a flu polypeptide comprises 1, 2, 3, 4 or
more protein tags. In certain embodiments, the protein tag is not used as a linker in a flu
polypeptide.

5.1.4 Flu Polypeptides Comprising Multiple Core Polypeptides

[00245]  In certain embodiments, provided herein are flu polypeptides comprising two
or more core polypeptides or modified core polypeptides. The two or more core
polypeptides or modified core polypeptides can be directly or indirectly linked/coupled to
each other. Without being bound to any particular theory of operation, it is believed that
administration of flu polypeptides comprising two, three or more core polypeptides or
modified core polypeptides can elicit serum antibodies with broad reactivity within a »
subject without co-administration of a carrier protein. In certain embodiments, the core
polypeptides or modified core polypeptides are linked together via a linker such as
described in Section 5.1.3 supra. In other words, in certain embodiments, a flu
polypeptide can comprise, for example, a core polypeptide or modified core polypeptide,
linked to a linker, which is in turned linked to a core polypeptide or modified core
polypeptide.

[00246]  In a specific embodiment, a flu polypeptide has a Sequence X = (L =X),
wherein X is any core polypeptide or modified core polypeptide described herein, L is
any linker described herein, n = 1-20 and wherein X is covalently linkedto L. Ina
specific embodiment, the flu polypeptide comprises the sequence X-L-X. In a specific
embodiment, the flu polypeptide comprises the sequence X-L-X-L-X. In a specific
embodiment, the flu polypeptide comprises the sequence X-L-X-L-X-L-X. In a specific
embodiment, the flu polypeptide comprises the sequence X-L-X-L-X-L-X-L-X. In a
specific embodiment, the flu polypeptide comprises the sequence X-L-X-L-X-L-X-L-X-
L-X. In a specific embodiment, the flu polypeptide comprises the sequence X-L-X-L-X-
L-X-L-X-L-X-L-X. In a specific embodiment, the flu polype'ptide comprises the
sequence X-L-X-L-X-L-X-L-X-L-X-L-X-L-X. In a specific embodiment, the ﬂﬁ
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polypeptide comprises the sequence X-L-X-L-X-L-X-L-X-L-X-L-X-L-X-L-X. Ina
specific embodiment, the flu polypeptide comprises the sequence X-L-X-L-X-L-X-L-X-
L-X-L-X-L-X-L-X-L-X. In a specific embodiment, the flu polypeptide comprises the
sequence X-L-X-L-X-L-X-L-X-L-X-L-X-L-X-L-X-L-X-L-X.

[00247] In some embodiments, L is absent. In other words, each of the core
polypeptide or modified core polypeptide of the flu polypeptide is directly linked to one
or more other core polypeptide (e.g., X-X, X-X-X, X-X-X-X, X-X-X-X-X, etc.)

[00248] In certain embodiments, a flu polypeptide comprises two or more of the same
core polypeptides or modified core polypeptides. In other embodiments, the flu
polypeptide comprises or two or more different core polypeptides or core polypeptides.
ln' a specific embodiment, the flu polypeptide comprises two or more of the same core
polypeptides or modified core polypeptides. In a specific embodiment, the flu
polypeptide comprises three or more of the same core polypeptides or modified core
polypeptides. In a specific embodiment, the flu polypeptide comprises four or more of
the same core polypeptides or modified core polypeptides. In a specific embodiment, the
flu polypeptide comprises five or more of the same core polypeptides or modified core
polypeptides. In a specific embodiment, each of the core polypeptidé or modified core
polypeptide of the flu polypeptide is the same.

(00249] In a specific embodiment, the flu polypeptide comprises two or more different
core polypéptides or modified core polypeptides. In a specific embodiment, the flu
polypeptide comprises three or more different coré polypeptides or modified core
polypeptides. In a specific embodiment, the flu polypeptide comprises four or more
different core polypeptides or modified core polypeptides. In a specific embodiment, the
flu polypeptide comprises five or more different core polypeptides or modified core
polypeptides.

[00250] In some embodiments, a flu polypeptide comprises the sequence X-L-X-L-X
wherein X is a core polypeptide comprising the amino acid sequence
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT N
RRQLRENA (SEQ ID NO:2) and L is a linker consisting of three glycine residues. In
other embodiments, X is not
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENA (SEQ ID NO: 2) and is the same or varies.

100251] In some embodiments, a flu polypeptide, in addition to comprising two or

more modified core polypeptides, comprises one, two, three or more or all of the
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following: a T cell epitope, a polypeptide that facilitates multimerization (e.g., a T4 ‘
foldon domain), a protein tag, or an immunogenic polypeptide as described herein. Ina
specific embodiment, the flu polypeptide comprises a His-tag at its N-terminus. Ina
specific embodiment, a flu polypeptide comprises a FLAG-tag at its C-terminus. In a
specific embodiment, a flu polypeptide comprises a His-tag at its N-terminus and a
FLAG-tag at its C-terminus. In a specific embodiment, a flu polypeptide comprises an
influenza A nuclear protein (NP) at its C-terminus. In certain embodiments, a flu
polypeptide comprises an FIjB flagellin at its C-terminus.

[00252] In some embodiments, a flu polypeptide comprises the amino acid sequence
H:X-L-X-L-X-F, wherein H is a His tag or another protein tag that facilitates purification
and/or solubility of the flu polypeptide, X is a core polypeptide or a modified core
polypeptide, L. iis a linker and F is a FLAG-tag or another protein tag different from H
that facilitates the purification and/or.solubility of the flu polypeptide. In some
embodiments, L is 3 glycine residues. In some embodiments, L is the same and in other
embodiments L is different.

5.1.5 Flu Polypeptides Comprising a T Cell Epitope

[00253] In certain embodiments, a flu polypeptide comprises a core polypeptide or
modified core polypeptide described herein and a T cell epitope (e.g., CD4 or CD8 T cell
epitopej. In a specific embodiment, a flu polypeptide comprises a core polybeptide or
modified core polypeptide and a CD4 T cell epitope. In a specific embodiment, a flu
polypeptide comprises a core polypeptide or modified core polypeptide and a CD8 T cell
epitope. In another specific embodiment, the T-cell epitope is an influenza virus CD8 T
cell epitope (e.g., an influenza virus protein that contains a highly conserved T cell
epitope). The T cell epitope can be directly or indirectly linked/coupled to a core
polypeptide by a modified core polypeptide.

[00254] Without being bound to any particular theory of operation, it is believed that
flu polypeptides comprising a core polypeptide or modified core polypeptide and a CD8
T cell epitope can elicit broadly neutralizing antibodies and prime for a broad spectrum
CD8 T cell response. Highly conserved influenza virus regions that contain CD8 T cell
epitopes are found, for example, in influenza nuclear protein (NP), matrix 1 (M1),
neuraminidase (NA) and polymerase basic-1 (PB1). See Alexander er al., 2010, Hum
Immunol 71: 468-74, incorporated by reference herein in its entirety. In some

embodiments, the CD8 T cell epitope is a nuclear protein (NP) or fragment thereof. In
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other embodiments, the CD8 T cell epitope polypeptide is a matrix 1 (M1) protein or
fragment the or fragmént thereof

[00255]  In a specific embodiment, a flu polypeptide comprises a core polypeptide or a
modified core polypeptide linked to a T cell epitope. The T cell epitope (e.g., CD8 T cell
epitope) can be attached to the core polypeptide or modified core polypeptide described
herein using any technique known to one of skill in the art, including, but not-limited to,
single point attachment to a primary amino group or sulfhydryl group using amine to
amine crosslinker BS (Bis[sulfosuccinimidyl] suberate), an amine-to-sulfhydryl NHS-
PEG-Maleimide crosslinker, or a sulfhydryl-to-sulfhydryl BM(PEG), PEG crosslinker.
In other embodiments, the T cell epitope (e.g., CD8 T cell epitope) is covalently linked to
the N- or C- terminus of a flu polypeptide. In other embodiments, the T cell epitope (e.g.,
CD8 T cell epitope) is linked to a core polypeptide or modified core polypeptide via a
linker as described herein in Section 5.1.3 supra. ‘

[00256] In certain embodiments, a flu polypeptide in addition to comprising one or
more core polypeptides or modified core polypeptides and a T cell epitope, comprises
one, two, three or more or all of the following: a protein tag, an immunogenic
polypeptide, a carrier and/or a polypeptide that facilitates the multimerization of the flu
polypeptide (e.g., a T4 foldon domain).

[00257] In some embodiments, a flu polypeptide comprises one, two, three, four or
more core polypeptides or modified core polypeptides and a T cell epitope(s). In specific
embodiments, a flu polypeptide comprises the formula H-X-L-X-L-X-F-T, wherein H
(}NhiCh is optional) is a His tag or another protein tag that facilitates purification and/or
solubility, X is a core polypeptide or a modified core polypeptide, L is a linker (such as
described in Section 5.1.3), F (which is optional) is a FLAG-tag or another protein tag
different that H which facilitates purification and/or solubility, and T is a T cell epitope.
In certain embodiments, the polypeptide comprises the formula H-X-L-X-L-X-T,
wherein H (which is optional) is a His tag or another protein tag that facilitates
purification and/or solubility, X is a core polypeptide or a modified core polypeptide, L is
a linker (such as described in Section 5.1.3), and T is a T cell epitope. 7
[00258]  In certain embodiments, L is three glycine residues. In some embodiments, L
is the same each time it occﬁrs in the formula and in other embodiments, L is different or
varies each time it occurs in the formula. In certain embodiménts, there is linker between
F and T. In other embodiments, F is directly linked to T. In certain embodiments, the

core polypeptide or modified core polypeptide is the same each time it occurs in the
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formula. In other embodiments, the core polypeptide or modified core polypeptide is
different or varies each time it occurs in the formula.
[00259] In some embodiments, there is a linker between X and T. In other
embodiments, X is directly linked to T.

5.1.6 Flu Polypeptide Comprising an Immunegenic Polypeptide

. [00260] In certain embodiments provided herein, a flu polypeptide comprises one or
more core polypeptides or modified core polypeptides and an immunogenic polypeptide.
In a specific embodiment, a flu polypeptide comprises a core polypeptide or a modified
core polypeptide directly or indirectly linked/coupled to an immunogenic polypeptide.
The immunogenic polypeptide can be linked/coupled to the N- and/or C- terminus of the
core polypeptide or modified core polypeptide. In certain embodiments, the
immunogenic polypeptide is linked to the core polypeptide or modified core polypeptide
via a linker such as described in Section 5.1.3 supra.

[00261] Examples of immunogenic polypeptides include, but are not limited to, Toll
Like Receptor (TLR) ligands, such as the Salmonella flagellin (a Toll like receptor 5
ligand). See, e.g., Huleatt et al., 2008, Vaccine 26: 201-14; Song et al., 2009, Vaccine
27 5875-84; and Wang et al., 2010, PLos One 5: €13972. In a specific embodiment, a
flu polypeptide comprises a core polypeptide linked to FijB flagellin from Salmonella
enterica. _ V

[00262] In certain embodiments, a flu polypeptide comprises one or more core
polypeptides or modified core polypeptides and an immunogenic polypeptide. In certain
embodiments, a flu polypeptide, in addition to comprising one or more core polypeptides
or modified polypeptides and an immunogenic polypeptide, comprises one, two three, or
more or all of the following: a protein tag that facilitates purification and/or increases
solubility of the flu polypeptide, a T cell epitope and/or a polypeptide (e.g., a T4 foldon
domain) that facilitates multimerization of the flu polypeptide.

[00263] In certain embodiments, a flu polypeptide comprises two, three, four or more
core polypeptides or modified core polypeptides and an immunogenic polypeptide(s). In
specific embodiments, a flu polypeptide comprises H-X-L-X-L-X-F-1, wherein H is an
optional His tag or another protein tag that facilitates purification and/or solubility, X is a
core polypeptide or modified core polypeptide, L is an optional linker, such as described
in Section 5.1.3, F is an optional FLAG-tag or another protein tag different than H that

facilitates purification and/or solubility of the flu pelypeptide, and | is an immunogenic
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polypeptide. In certain embodiments, L is three glycine residues. In some embodiments,
L is the same throughout the flu polypeptide and in other embodiments, L is different
throughout the polypeptide. In certain embodiments there is a linker between F and 1. In
other embodiments, F is directly linked to .

[00264] In specific embodiments, a flu polypeptide comprises H-X-L-X-L-X-I,
wherein H is an optional His tag or another protein tag that facilitates purification and/or
solubility, X is a core polypeptide or modified core polypeptide, L is an optional linker,
such as described in Section 5.1.3, and I is an immunogenic polypeptide. In certain
embodiments, L is three glycine residues. In some embodiments, L is the same
throughout the flu poiypeptide and in other embodiments, L is different throughout the
polypeptide. In certain embodiments there is a linker between X and I. In other
embodiments, X is directly linked to I.

5.1.7 Flu Polypeptides Comprising a Carrier

[00265] In some embodiments, a flu polypeptides comprise a core polypeptide or
modified core polypeptide described herein and a carrier. In a specific embodiment, a flu
polypeptide comprises a core polypeptide or a modified core polypeptide coupled/linked
to a carrier. The core polypeptide or modified core polypeptide can be directly or
indirectly linked/coupled to a carrier. A core polypeptide or modified core polypeptide
described herein can be coupled/linked (e.g., directly linked by a linker) to a carrier,
including but not limited to, tetanus toxoid (e.g., chemically-inactivated tetanus toxin),
diphtheria toxin (e.g., chemically-inactivated diphtheria toxoid or CRM197 — a non-toxic
diphtheria toxin point mutant), keyhole limpet hemocyanin (KLH), bovine serum
albumin, ovalbumin, thyroglobulin or meningococcal outer membrane protein, using
methods known to those of skill in the art. In specific embodiments, a core
polypeptide(s) or modified core polypeptide(s) described herein are linked to KLH.
[00266] In certain embodiments, a core polypeptide(s) or modified core polypeptide(s)
described herein are directly linked to a carrier protein, i.e., the core polypeptide or

" modified core polypeptide and carrier protein are linked to one another without an
intervening linker molecule. In certain embodiments, the core polypeptide(s) or modified
core polypeptide(s) described herein are linked to a carrier protein by a linker. In specific »
embodiments, a core polypeptide(s) or modified core polypeptide(s) described herein is

linked to a carrier protein by a linker described in section 5.1.3, supra.
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[00267] In certain embodiments, a flu polypeptide comprises a c;)re polypeptide or
modified core polypeptide coupled/linked to more than one carrier. In specific
embodiments, a flu polypeptide comprises a core polypeptide or modified core
polypeptide coupled/linked to 2, 3, 4, 5 or more carriers,
[00268] In certain embodiments, 2, 3,4, 5, 6 or more of the same core polypeptide or
modified core polypeptide described herein are linked to a carrier. In some

- embodiments, 2, 3, 4, 5, 6 or more different core polypeptides or modified core
polypeptides described herein are linked to a carrier.
[00269] In certain embodiments, the core polypeptides or modified core polypeptides
described herein are couple/linked to a carrier by chemical cross-linking. For example,
the cross-linker 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (“EDC”) or the cross-
linker Sulfosuccinimidy| 4-[N-maleimidomethyl]cyclohexane-1-carboxylate (*Sulfo-
SMCC”)can be used to cross-link a core polypeptide to a carrier. Other cross-linkers
include Glutaraldehyde and Bis-Diazotized Benzidine. Methods of cross-linking are well
known to those of skill in the art and common cross-linking chemistries can be found at
the website: www.piercenet.com/browse.cfm?fldID=CE4D6CS5C-5946-4814-9904-
C46E01232683.
[00270] In a particular embodiment, a flu polypeptide comprises (i) the long alpha-
helix of the HA2 hemagglutinin subunit of the influenza virus strain A/Hong
Kong/1/1968 (H3) (i.e., amino acids 76-130, numbered according to the classic H3
subtype numbering system); (ii) a FLAG-tag; and (iii) a C-terminal cysteine residue
which can be used, e.g., to couple/link the core polypeptide to a carrier (e.g., KLH). Ina
specific embodiment, such a flu polypeptide comprises the following amino acid
sequence: RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKT
RRQLRENADYKDDDDKC (SEQ ID NO:1), wherein the FLAG-tag is represented by
the amino acid sequence DYKDDDDK. In some embodiments, the N-terminus of the
modified core polypeptide is acetylated.

5.1.8 Multimerization Polypeptides

[00271] In certain embodiments, a flu polypeptide comprises a core polypeptide or a
modified core polypeptide described herein and a polypeptide that facilitates the
formation of multimers (e.g., trimers). In some embodiments, fhe core polypeptide or
modified polypeptide is coupled/linked to a polypeptide, such as a T4 foldon domain, to

allow/facilitate the the formation of a trimer.
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[00272]  In specific embodiments tﬁe core polypeptide or modified core polypeptide is
indirectly or directly linke/coupled to a polypeptide that facilitates multimerization (e.g.,
trimerization, such as by a T4 foldon domain) at its C-terminus. Meier et al., 2004, J Mol
Biol 344: 1051-69, incorporated by reference herein in its entirety, Without being bound
by any particular theory of operation, a T4 foldon domain may allow for the formation of
the trimeric configuration of the influenza A long alpha helix seen in the native
hemagglutinin molecule.

[00273]  In certain embodiments, a flu polypeptide comprises two or more core
polypeptides or modified polypeptides and a polypeptide that facilitates the formation of
a trimer. In a specific embodiment, the polypeptide that facilitates formation of a trimer is
a T4 foldon domain.

[00274] In certain embodiments, the polypeptide that facilitates the formation of a
multimer is Iinked/coupls:d to a core polypeptide or a modified pore polypeptide by a
linker, such as described in section 5.1.3 supra. In other words, in certain embodiments,
the flu polypeptide comprises a core polypeptide or a modified core polypeptide, a linker
and a polypeptide, such_as a T4 foldon domain, that facilitates the formation of
multimers. ' _

[00275] In certain ebodiments a flu polypeptide in addition to comprising 2, 3, 4 or
more core polypeptides or modified core polypeptides and a polypeptide that facilitates
multimerization, such as a T4 foldon domain, comprises one, two, three or more, or all of
the following: a protein tag facilitates purification and/or solubility of the flu polypeptide,
an immunogenic polypeptide, and/or carrier such as described herein. In specific
vemb'odiments, a flu polypeptide comprises a protein tag (e.g., a His tag) that facilitates
purification and/or solubility, a core polypeptide or a modified core polypeptide and a

polypeptide that facilitates trimerization, such as a T4 foldon domain.

5.2 NUCLEIC ACIDS ENCODING FLU POLYPEPTIDES

[00276]  Provided herein are nucleic acids that encode flu polypeptides described
herein. Due to the degeneracy of the genetic code, any nucleic acid that encodes a flu
polypeptide described herein is encompassed herein. In certain embodiments, nucleic
acids corresponding to naturally occurring influenza virus nucleic acids encoding a
region of the HA2 domain (e.g.,'the long alpha helix region) of the hemagglutinin protein

are used to produce a flu polypeptide.
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[00277]  Also provided herein are nucleic acids capable of hybridizing to a nucleic acid
encoding .a flu polypeptide. In certain embodiments, provided herein are nucleic acids
capable of hybridizing to a fragment of a nucleic acid encoding a flu polypeptide. In
other embodiments, provided herein are nucleic acids capable of hybridizing to the full
_length of a nucleic acid encoding a flu polypeptide. General parameters for hybridization
conditions for nucleic acids are described in Sambrook et al., Molecular Cloning - A
Laboratory Manual (2nd Ed.), Vols. 1-3, Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York (1989), and in Ausubel et al., Current Protocols in Molecular Biology,
vol. 2, Current Protocols Publishing, New York (1994). Hybridization may be performed
under high stringency conditions, medium stringency conditions, or low stringency
conditions. Those of skill in the art will understand that low, medium and high
stringency conditions are contingent upon multiple factors, all of which interact and are
also dependent upon the nucleic acids in question. For example, high stringency
conditions may include temperatures within 5°C melting temperature of the nucleic
acid(s), a low salt concentration (e.g., less than 250 mM), and a high co-solvent
concentration (e.g., 1-20% of co-solvent, e.g., DMSO). Low stringency conditions, on
the other hand, may include temperatures greater than 10°C below the melting
temperature of the nucleic acid(s), a high salt concentration (e.g., greater than 1000 mM)
and the absence of co-solvents: .
[00278] In some embodiments, a nucleic acid encoding an influenza virus flu
polypeptide is isolated, i.e., a flu polypeptide described herein is isolated. In some
embodiments, a nucleic acid encoding an influenza virus core polypeptide or modified
core polypeptide as described herein is isolated. In certain embodiments, an “isolated”
nucleic acid refers to a nucleic acid molecule which is separated from other nucleic acid
molecules which are present in the natural source of the nucleic acid. In other words, the
isolated nucleic acid can comprise heterologous nucleic acids that are not associated with
it in nature. In other embodiments, an “isolated” nucleic acid, such as a cDNA molecule,
can be substantially free of other cellular material, or culture medium when produced by
recombinant techniques, or substantially free of chemical precursors or other chemicals
when chemically synthesized. The term “substantially free of cellular material” includes
preparations of nucleic acid in which the nucleic acid is separated from cellular
components of the cells from which it is isolated or recombinantly produced. Thus,
nucleic acid that is substantially free of cellular material includes preparations of nucleic

acid having less than about 30%, 20%, 10%, or 5% (by dry weight) of other nucleic
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acids. The term “substantially free of culture medium™ includes preparations of nucleic
acid in which the culture medium represents less than about 50%, 20%, 10%, or 5% of
the volume of the preparation. The term “substantially free of chemical precursors or
other chemicals” includes preparations in which the nucleic acid is separated from
chemical precursors or other chemicals which are involved in the synthesis of the nucleic
acid. In specific embodiments, such preparations of the nucleic acid have less than about
50%, 30%, 20%, 10%, 5% (by dry weight) of chemical precursors or compounds other
than ihe nucleic acid of interest.

[00279] In certain embodiments, provided herein are nucleic acids that encode a flu
polypeptide comprising a core polypeptide and one or more additional components, e.g.,

a linker, a carrier, a protein tag, and/or a protein that is/are associated with a core

polypeptide.

53 PRODUCTION AND PURIFICATION OF FLU POLYPEPTIDES

[00280] The flu polypeptides described herein can be produced by any method known
in the art for the synthesis of polypeptides, in particular, by chemical synthesis or by
recombinant expression techniques. The methods provided herein encompass, unless
otherwise indicated, conventional techniques in molecular biology, microbiology, genetic
analysis, recombinant DNA, organic chemistry, biochemistry, PCR, oligonucleotide
synthesis and modification, nucleic acid hybridization, and related fields within the skill

of the art. These techniques are described in the references cited herein and are fully

explained in the literature. See, e.g., Maniatis e al. (1982) Molecular Cloning: A

Laboratory Manual, Cold Spring Harbor Laboratory Press; Sambrook et al. (1989),

Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor

Laboratory Press; Sambrook ez al. (2001) Molecular Cloning: A Labbratory Manual,

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Ausubel ef al., Current

Protocols in Molecular Biology, John Wiley & Sons (1987 and annual updates); Current

Protocols in Immunology, John Wiley & Sons (1987 and annual updates) Gait (ed.)
(1984) Oligonucleotide Synthesis: A Practical Approach, IRL Press; Eckstein (ed.)

( 991) Oligonucleotides and Analogues: A Practical Approach, IRL Press; Birren ez al.

(eds.) (1999) Genome Analysis: A Laboratory Manual, Cold Spring Harbor Laboratory

Press.
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5.3.1 Synthetic Production of Flu Polypeptides

[00281]  The flu polypeptides described herein may be prepared using conventional
step-wise solution or solid phase synthesis (see, e.g., Chemical Approaches to the
Synthesis of Peptides and Proteins, Williaams et al., Eds., 1997, CRC Press, Boca Raton
Fla., and references cited therein; Solid Phase Peptide Synthesis: A Practical Approach,
Atherton & Sheppard, Eds., 1989, IRL Press, Oxford, England, and references cited
therein).

[00282] Alternatively, the flu polypeptides described herein may be prepared by way
of segment condensation, as described, for example, in Liu et al., 1996, Tetrahedron Lett.
37(7):933-936; Baca, et al., 1995, J. Am, Chem. Soc. 117:1881-1887; Tam et al., 1995,
Int. J..Peptide Protein Res. 45:209-216; Schnolzer and Kent, 1992, Science 256:221-225;
Liu and Tam, 1994, J. Am, Chem. Soc. 116(10):4149-4153; Liu and Tam, 1994, Proc.
Natl. Acad. Sci. USA 91:6584-6588; Yamashiro and Li, 1988, Int. J. Peptide Protein Res.
31:322-334. Other methods useful for synthesizing the flu polypeptides described herein
are described in Nakagawa et al., 1985, J. Am. Chem. Soc. 107:7087-7092.

[00283]  Flu polypeptides comprising core polypeptides and linkers can be synthesized
by adding the linker(s) to the core polypeptide chain at the appropriate step in the
synthesis. Suitable protecting schemes and chemistries are well known, and will be
apparent to those of skill in the art.

[00284] Formation of disulfide linkages, if desired, is generally conducted in the
presence of mild oxidizing agents. Chemical oxidizing agents may be used, or the
compounds may simply be exposed to atmospheric oxygen to effect these linkages.
Various methods are known in the art, including those described, for example, by Tam et
al., 1979, Synthesis 955-957, Stewart et al., 1984, Solid Phase Peptide Synthesis, 2d Ed.,
Pierce Chemical Company Rockford, 1ll.; Ahmed et al., 1975, J. Biol. Chem. 250:8477-

" 8482; and Pennington et al., 1991 Peptides 1990 164-166, Giralt and Andreu, Eds.,
ESCOM Leiden, The Netherlaﬁds. An additional alternative is described by Kamber et
al., 1980, Helv. Chim. Acta 63:899-915. A method conducted on solid supports is
described by Albericio, 1985, Int. J. Peptide Protein Res. 26:92-97, each of which is
incorporated by reference herein in its entirety.

5.3.2 Recombinant Expression of Flu Polypeptides

[00285] Recombinant expression of a flu polypeptide requires construction of an

expression vector containing a polynucleotide that encodes the flu polypeptide. Once a
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polynucleotide encoding a flu polypeptide has been obtained, the vector for the
production of the flu polypeptide may be produced by recombinant DNA technology
using techniques well-known in the art. Thus, methods for preparing a flu polypeptide by
expressing a polynucleotide containing a flu polypeptide-encoding nucleotide sequence
are described herein. Methods which are well known to those skilled in the art can be
used to construct expression vectors containing flu polypeptide coding sequences and
appropriate transcriptional and translational control signals. These methods include, for
example,iin vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic
recombination. Thus, provided herein are replicable expression vectors comprising a
nucleotide sequence encodin‘g a flu polypeptide operably linked to a promoter.

[00286] An expression vector comprises a nucleic acid encoding‘ a flu polypeptide in a
form suitable for expression of the nucleic acid in a host cell. In specific embodiments,
the host cell is an isolated host cell. In a specific embodiment, an expression vector
includes one or more regulatory sequences, selected on the basis of the host cells to be -
used for expression, which is operably linked to the nucleic acid to be expressed. Within
an expression vector, "operably linked" is intended to mean that a nucleic acid of interest
is linked to the regulatory sequence(s) in a manner which allows for expression of the
nucleic acid (e.g., in an in vitro transcription/translation system or in a host cell when the
vector is introduced into the host cell). Regulatory sequences include promoters,
enhancers and other expression control elements (e.g., polyadenylation signals).
Regulatory sequences include those which direct constitutive expression of a nucleic acid
in many types of host cells, those which direct expression of the nucleic acid only in |
certain host cells (e.g., tissue-specific regulatory sequences), and those which direct the
expression of the nucleic acid upon stimulation with a particular agent (e.g., inducible
regulatory sequences). It will be appreciated by those skilled in the art that the design of
the expression vector can depend on such factors as the choice of the host cell to be
transformed, the level of expression of protein desired, etc. The term “host cell” is
intended to include a particular subject cell transformed or transfected with a nucleic acid
and the progeny or potential progeny of such a cell. Progeny of such a cell may not be
identical to the parent cell transformed or transfected with the nucleic acid due to
mutations or environmental influences that may occur in succeeding generations or
integration of the nucleic acid into the host cell genome. In specific embodiments, the

host cell is isolated.

68



WO 2011/103453 PCT/US2011/025467

[00287]  An expression vector can be introduced into host cells via conventional
transformation or transfection techniques. Such techniques include, but are not limited
to, calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofe-ction, and electroporation. Suitable methods for transforming or
transfecting host cells can be found in Sambrook ez al., 1989, Molecular Cloning - A
.Laboratory Manual, 2nd Edition, Cold Spring Harbor Press, New York, and other
laboratory manuals. In certain embodiments, a host cell is transiently transfected with an
expression vector containing a nucleic acid encoding a flu polypeptide. In other
embodiments, a host cell is stably transfected with an expression vector containing a
nucleic acid encoding a flu polypeptide. Thus, provided herein are host cells containing a
polynucleotide encoding a flu polypeptide described herein or generated in accordance
with the methods provided herein.

{00288] A variety of host-expression vector systems may be utilized to express a flu
polypeptide. Such host-expression systems represent vehicles by which the coding
sequences of interest may be produced and subsequently purified, but also represent cells
which may, when transformed or transfected with the appropriafe nucleotide coding
sequences, express a flu polypeptide in situ. These include but are not limited to
microorganisms such as bacteria (e.g., E. coli and B. subtilis) transformed with
recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors
containing flu polypeptide coding sequences; yeast (e.g., Saccharomyces Pichia)
transformed with recombinant yeast expression vectors containing flu polypeptide coding
sequences; insect cell systems infected with recombinant virus expression vectors (e.g,
baculovirus) containing flu polypeptide coding sequences; plant cell systems infected
with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV;,
tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression
vectors (e.g., Ti plasmid) containing flu polypeptide coding sequences; or mammalian
cell systems (e.g., COS, CHO, BHK, 293, NS0, and 3T3 cells) harboring recombinant
expression constructs containing promoters derived from the genome of mammalian cells
(e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter). Preferably, bacterial cells such as
Escherichia coli, and more preferably, eukaryotic cells are used for the expression of a
flu polypeptide. For example, mammalian cells such as Chinese hamster ovary cells
(CHO), in conjunction with a vector such as the major intermediate early gene promoter

element from human cytomegalovirus is an effective expression system for flu
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polypeptides (Foecking ef al., 1986, Gene 45:101; and Cockett ez a/., 1990,
Bio/Technology 8:2). In a specific embodiment, the exprgssion of nucleotide sequences
encoding the flu polypeptides described herein or generated in accordance with the
methods provided herein is regulated by a constitutive promoter, inducible promoter or
tissue specific promoter.

[00289]  In bacterial systems, a number of expression vectors may be advantageously
selected depending upon the use inténded for the flu polypeptide being expressed. For
example, when a large quantity of flu polypeptide is to be produced, for the generation of
pharmaceutical compositions of a flu polypeptide, vectors which direct the expression of
high levels of fusion protein products that are readily purified may be desirable. Such
vectors include, but are not limited to, the £ coli expression vector pUR278 (Ruther ef
al., 1983, EMBO 12:1791), in which the flu polypeptide coding sequence may be ligated
individually into the vector in frame with the lac Z coding region so that a fusion protein
is produced; pIN vectors (lnouye‘& Inouye, 1985, Nucleic Acids Res. 13:3101-3109;
Van Heeke & Schuster, 1989, 1. Biol. Chem. 24:5503-5509); and the like. pGEX vectors
may also be used to express foreign polypeptides as fusion proteins with glutathione 5-
transferase (GST). In general, such fusion proteins are soluble and can easily be purified
from lysed cells by adsorption and binding to matrix glutathione agarose beads followed
by elution in the presence of free glutathione. The pGEX vectors are designed to include
thrombin or factor Xa protease cleavage sites so that the cloned target gene product can
be released from the GST moiety.

[00290] In an insect system, Autographa californica nuclear polyhcd;osis virus
(AcNPV) is used as a vector to express foreign genes. The virus grows in Spodoptera
frugiperda cells. The flu polypeptide coding sequence may be cloned individually into
non-essential regions (for example the polyhedrin gene) of the virus and placed under
control of an ACNPV promoter (for example the polyhedrin promoter).

[00291]  In mammalian host cells, a humber ofviral-baséd expression systems may be
utilized. In cases where an adenovirus is used as an ekpression vector, the flu
polypeptide coding sequence of interest may be ligated to an adenovirus-
transcription/translation control complex, e.g., the late promoter and tripartite leader
sequence. This chimeric gene may then be inserted in the adenovirus genome by in vitro
or in vivo recombination. Insertion in a non-essential region of the viral genome (e.g.,
region El or E3) will result in a recombinant virus that is viable and capable of expressing

the flu polypeptide in infected hosts (e.g., see Logan & Shenk, 1984, Proc. Natl. Acad.
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Sci. USA 8 1:355-359). Specific initiation signals may also be required for efficient
translation of inserted flu polypeptide coding sequences. These signals include the ATG
initiation codon and adjacent sequences. Furthermore, the initiation codon must be in
phase with the reading frame of the desired coding sequence to ensure translation of the
entire insert. These exogenous translational control signals and initiation codons can be
of a variety of origins, both natural and synthetic. The efficiency of expression may be
enhanced by the inclusion of appropriate transcription enhancer elements, transcription
terminators, efc. (see, e.g., Bittner et al., 1987, Methods in Enzymol. 153:51-544).
[00292] In addition, a host cell strain may be chosen which modulates the expression
of the inserted sequences, or modifies and processes the gene product in the specific
fashion desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage)
of protein products may be important for the function of the flu polypeptide. Different
host cells have characteristic and specific mechanisms for the post-translational
processing and modification of proteins and gene products. Appropriate cell lines or host
systems can be chosen to ensur.e the correct modification and processing of the foreign
protein expressed. To this end, eukaryotic host cells which possess the cellular
machinery for proper processing of the primary transcript, glycosylation, and
phosphorylation of the gene product may be used. Such mammalian host cells include
but are not limited to CHO, VERY, BHK, Hela, COS, Vero, MDCK, 293, 3T3, W138,
BT483, Hs578T, HTB2, BT20 and T47D, NS0 (a murine myeloma cell line that does not
endogenously produce any immunoglobulin chains), CRL7030 and HsS78Bst cells.
[00293] For long-term, high-yield production of recombinant flu polypeptide, stable
expression is preferred. For example, cell lines which stably express the flu polypeptide
molecule may be engineered. Rather than using expression vectors which contain viral
origins of replication, host cells can be transformed with DNA controlled by appropriate
expression control elements (e.g., promoter, enhancer, sequences, transcription
terminators, polyadenylation sites, efc.), and a selectable marker. Following the
introduction of the foreign DNA, engineered cells may be allowed to gr(;w for 1-2 days in
an enriched media, and then afe switched to a selective media. The selectable marker in
the recombinant plasmid confers resistance to the selection and allows cells to stably
integrate the plasmid into their chromosomes and grow to form foci which in furn can be
cloned and expanded into cell lines. This method may advantageously be used to
engineer cell lines which express the flu polypeptide. Such engineered cell lines may be

particularly useful in screening and evaluation of compositions that interact directly or
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indirectly with the flu polypeptide. Methods commonly known in the art of recombinant
DNA technology may be routinely applied to select the desired recombinant clone, and

such methods are described, for example, in Ausubel et al. (eds.), Current Protocols in

Molecular Biology, John Wiley & Sons, NY (1993); Kriegler, Gene Transfer and

’Expression, A Laboratory Manual, Stockton Press, NY (1990); and in Chapters 12 and

13, Dracopoli ef al. (eds.), Current Protocols in Human Genetics, John Wiley & Sons,
NY (1994); Colberre-Garapin er al., 1981, J. Mol. Biol. 150:1, which are incorporated by
reference herein in their entireties,

[00294] The expression levels of a flu polypeptide can be increased by vector
amplification (for a review, see Bebbington and Hentschel, The use of vectors based on
gene amplification for the expression of cloned genes in mammalian cells in DNA
cloning, Vol. 3 (Academic Press, New York, 1987)). When a marker in the vector
system expressing the flu polypeptide is amplifiable, increase in the level of inhibitor
present in culture of host cell will increase the number of copies of the marker gene.
Since the amplified region is associated with the flu polypeptide, production of the flu
polypeptide will also increase (Crouse et al., 1983, Mol. Cell. Biol. 3:257).

[00295]  As an alternative to recombinant cxpress.ion of a flu polypeptide using a host
cell, an expression vector containing a nucleic acid encoding a flu polypeptide can be
transcribed and translated in vftro using, e.g., T7 promoter regulatory sequences and T7
polymerase. In a specific embodiment, a coupled transcription/translation system, such
as Promega TNT®, or a cell lysate or cell extract comprising the components necessary
for transcription and translation may be used to produce a flu polypeptide.

[00296]  Accordingly, provided herein are methods for producing a flu polypeptide. In
one embodiment, the method comprises culturing a host cell containing a nucleic acid
encoding the polypeptide in a suitable medium such that the polypeptide is produced. In
some embodiments, the method further comprises isolating the polypeptide from the .
medium or the host cell. ’

[00297] In certain embodiments, plants (e.g., plants of the genus Nicotiaha) may be
engineered to express a flu polypeptide described herein. In specific embodiments, plants
are engineered to express a flu polypeptide described herein via an agroinfiltration
procedure using methods known in the art. For example, nucleic acfds encoding a gene
of interest, e.g., a gene encoding a flu polypeptide described herein, are introduced into a
strain of Agrobacterium. Subsequently the strain is grown in a liquid culture and the

resulting bacteria are washed and suspended into a buffer solution. The plants are then
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exposed (e.g., via injection or submersion) to the Agrobacterium that comprises the
nucleic acids encoding a flu polypeptide described herein such that the Agrobacterium
transforms the gene of interest to a portion of the plant cells. The flu polypeptide is then
transiently expressed by the plant and can be isolated using methods known in the art and
described herein. (For specific examples see Shoji et al., 2008, Vaccine, 26(23):2930-
2934; and D’Aocust et al., 2008, J. Plant Biotechnology, 6(9):930-940). In a specific
embodiment, the plant is_a tobacco plant (i.e., Nicotiana tabacum). In another specific
embodiment, the plant is a relative of the tobacco plant (e.g., Nicotiana benthamiana).

-+ 100298] In some embodiments, a plant cell culture system is used for expression of a
flu polypeptide. See, e.g., U.S. Patent Nos. 5,929,304; 7,504,560; 6,770,799; 6,551,820;
6,136,320; 6,034,298, 5,914,935; 5,612,487; and 5,484,719, U.S. patent application
publication Nos. 2009/0208477, 2009/0082548, 2009/0053762, 2008/0038232,
2007/0275014 and 2006/0204487, and Shoji et al., 2008, Vaccine, 26(23):2930-2934,
and D’A‘oust et al., 2008, J. Plant Biotechnology, 6(9):930-940 (which are incorporated
herein by reference in their entirety) for plant cells and methods for the production of
proteins utilizing plant cell culture systems. In a specific embddiment, carrot cells are
engineered to express a flu polypeptide. In certain embodiments, algae (e.g.,
Chlamydomonas reinhardtii) may be engineered to express a flu polypeptide (see, e.g.,
Rasala et al., 2010, Plant Biotechnology Journal (Published online March 7, 2010, which
is incorporated herein by reference in its entirety).

- 5.3.3 Purification of Flu Polypeptides

[00299]  The flu polypeptides described herein and generated using the approaches
described in Sections 5.3.1 and 5.3.1, supra, may be purified by any method known in the
art for purification of a polypeptide, for example, by chromatography (e.g., ion exchange,
affinity, particularly by affinity for the specific antigen after Protein A, and sizing column
chromatography), centrifugation, differential solubility, or by any other standard
technique for the purification of proteins. Further, the flu polypeptides may be fused to
heterologous polypeptide sequences described herein or otherwise known in the art to
facilitate purification. The actual conditions used to purify a particular flu pc;lypeptide
will depend, in part, on the synthesis strategy (e.g., synthetic production vs. recombinant
production) and on factors such as net charge, hydrophobicity, and/or hydrophilicity of

the flu polypeptide, and will be apparent to those having skill in the art.
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54  INFLUENZA VIRUS VECTORS

[00300] In one aspect, provided herein are influenza viruses containing a flu
polypeptide. In a specific embodiment, the flu polypeptide is incorporated into the
virions of the influenza virus. The influenza viruses may be conjugated to moieties that
target the viruses to particular cell types, such as immune cells. In some embodiments,
the virions of the influenza virus have incorporated into them or express a heteroclogous
polypeptide in addition to a flu polypeptide. The heterologous polypeptide may be a
polypeptide that has immunopotentiating activity, or that targets the influenza virus to a
particular cell type, such as an antibody that binds to an antigen on a specific cell type or
a ligand that binds a specific receptor on a specific cell type.
[00301] Influenza viruses containing a flu polypeptide may be produced by supplying
in trans the flu polypeptide during production of virions using techniques known to one
skilled in the art, such as reverse genetics and helper-free plasmid‘ rescue. Alternatively,
a parental influenza virus comprises a genome engineered to express a flu polypeptide in
-cells susceptible to infection with the virus wherein hemagglutinin function is provided in
trans to produce progeny influenza viruses containing the influenza flu polypeptide.
[00302] In another aspect, provided herein are influenza viruses comprising a genome
engineered to express a flu polypeptide. In a specific embodiment, the genome of a
parental influenza virus is engineered to encode a flu polypeptide, which is expressed by
progeny influenza vi_rus. In another specific embodiment, the genome of a parental
influenza virus is engineered to encode a flu polypeptide, which is expressed and
incorporated into the virions of progeny influenza virus. Thus, the progeny influenza
virus resulting from the replication of the parental influenza virus contain a flu
polypeptide.
[00303] In some embodiments, the virions of the parental influenza virus have
incorporated into them a heterologous polypeptide. In certain embodiments, the genome
of a parental influenza virus is engineered to encode a heterologous polypeptide and an
influenza virus flu polypeptide, which are expressed by progeny influenza virus. In
specific embodiments, the influenza flu polypeptide, the heterologous polypeptide or both
are incorporated into virions of the progeny influenza virus.
{00304] The heterologous polypeptide may be a polypeptide that targets the influenza
virus to a particular cell type, such as an antibody that recognizes an antigen on a specific

cell type or a ligand that binds a specific receptor on a specific cell type. In some
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embodiments, the targeting polypeptide replaces the target cell recognition function of
the virus. In a specific embodviment, the heterologous polypeptide targets the influenza
virus to the same cell types that influenza virus infects in nature. In other specific
embodiments, the heterologous polypeptide targets the progeny influenza virus to
immune cells, such as B cells, T cells, macrophages or dendritic cells. In some
embodiments, the heterologous polypeptide recdgnizes and binds to cell-specific markers
of antigen presenting cells, such as dendritic cells (e.g., such as CD44): In one
embodiment, the heterologous polypeptide is DC-SIGN which targets the virus to
dendritic cells. In another embodiment, the heterologous polypeptide is an antibody (e.g.,
a single-chain antibody) that targets the virus to an immune cell, which may be fused
with a transmembrane domain from another polypeptide so that it is incorporated into the
influenza virus virion. In some embodiments, the antibody is a CD20 antibody, a CD34
antibody, or an antibody against DEC-205. Techniques for engineering viruses to
express polypeptides with targeting functions are known in the art. See, e.g., Yang et al., A
2006, PNAS 103: 11479-11484 and United States patent application Publication No.
20080019998, published January 24, 2008, and No. 20070020238, published January 25,
2007, the contents of each of which are incorporated herein in their entirety.

[00305} In another embodiment, the heterologous polypeptide is a viral attachment
protein. Non-limiting examples of viruses whose attachment protein(s) can be used in
this aspect are viruses selected from the groub of: Lassa fever virus, H‘epatitis B virus,
Rabies virus, Newcastle disease virus (NDV), a retrovirus such as human
immunodeficiency virus, tick-borne encephalitis virus, vaccinia virus, herpesvirus,
poliovirus, alphaviruses such as Semliki Forest virus, Ross River virus, and Aura virus
(which comprise surface glycoproteins such as E1, E2, and E3), Borna disease virus,
Hantaan virus, foamyvirus, and SARS-CoV virus.

100306]  In a specific embodiment, an influenza A virus is engineered to encode a flu
polypeptide and an influenza C HEF protein, wherein the influenza C HEF protein is
substituted for the influenza A neuraminidase (NA) protein.

[00307] In one embodiment, a flavivirus surface glycoprotein may be used, such as
Dengue virus (DV) E protein. In some embodiments, a Sindbis virus glycoprotein from
the alphavirus family is used (K. S. Wang, R. J. Kuhn, E. G. Strauss, S. Ou, J. H. Strauss,
J. Virol. 66, 4992 (1992)). In certain embodiments, the heterologous polypeptide is
derived from an NDV HN or F protein; a human immunodeficiency virus (HIV) gp160
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(or a product thereof, such as gp41 or gp120); a hepatitis B virus surface antigen
(HBsAg); a glycoprotein of herpesvirus (e.g., gD, gE); or VPI of poliovirus.

[00308] In another embodiment, the heterologous polypeptide is derived from any
non-viral targeting system known in the art. In certain embodiments, a protein of a
nonviral pathogen such as an intracellular bacteria or protozoa is used. In some
embodiments, the bacterial polypeptide is provided by, e.g., Chlamydia, Rikettsia,
Coxelia, Listeria, Brucella, or Legionella. In some embodiments, protozoan polypeptide
is provided by, e.g., Plasmodia species, Leishmania spp., Toxoplasma gondii, or
Trypanosoma cruzi. Other exemplary targeting systems are described in Waehler et al.,
2007, “Engineering targeted viral vectors for gene therapy,” Nature Reviews Genetics 8:
573-587, which is incorporated herein in its entircty.

[00309] In certain embodiments, the heterologous polypeptide expressed by an
influenza virus has immunopotentiating (immune stimulating) activity. Non-limiting
examples of immunopotentiating polypeptides include, but are not limited to, stimulation
molecules, cytokines, chemokines, antibodies and other agents such as Flt-3 ligands.
Specific examples of polypeptides with immunopotentiating activity include: interferon
type 1, alpha, beta, or gamma interferon, colony stimulating factors such as granulocyte-
macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1, IL-2, IL-4, IL-5,
IL-6, IL-7, IL-12, IL.-15, IL-18, IL-21, IL-23, tumor necrosis factor (TNF)-B, TNFa.,
B7.1, B7.2, 4-1BB, CD40 ligand (CD40L), and drug-inducible CD40 (iCD40) (see, e.g.,
Hanks, B. A, et al. 2005. Nat Med 11:130-137, which is‘ incorporated herein by reference
in its entirety.)

[00310]  Since the genome of influenza A and B viruses consist of eight (8) single-
stranded, negative sense segments (influenza C viruses consist of seven (7) single-
stranded, negative sense segments), the genome of a parental influenza virus may be
engineered to express a flu polypeptide (and any other polypeptide, such as a
heterologous polypeptide) using a recombinant segment and techniques known to one
skilled in the art, such a reverse genetics and helper-free plasmid rescue. In one
embodiment, the recombinant segment comprises a nucleic acid encoding the flu
polypeptide as well as the 3” and 5’ incorporation signals which are required for proper
replication, transcription and packaging of the VRNAs (Gao er al., 2010, J. of Virology
84:8062-8074, Fujii er al., 2003, Proc. Natl. Acad. Sci. USA 100:2002-2007; Zheng, ét
al., 1996, Virology 217:242-251, and PCT/US2010/043697, all of which are incorporated

by reference herein in their entireties). In certain embodiments, the recombinant segment
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encoding the flu polypeptide may replace the HA.segment of a parental influenza virus.
In some embodiments, the recombinant segment encoding the flu polypeptide may
replace the NS1 gene of the parental influenza virus. In some embodiments, the
recombinant segment encoding the flu polypeptide may replace the NA gene of the
parental influenza virus. Exemplary influenza virus strains that can be used to express
the flu polypeptides include Ann Arbor/1/50, A/Puerto Rico/8/34, A/South |
Dakota/6/2007, A/Uruguay/716/2007, and B/Brisbane/60/2008.

[00311]  In some embodiments, the genome of a parental influenza virus may be
engincered to express a flu polypeptide using a recombinant segment that is bicistronic.
Bicistronic techniques allow the engineering of coding sequences of multiple proteins
into a single mRNA through the use of internal ribosome entry site (IRES) sequences.
IRES sequences direct the internal recruitment of ribosomes to the RNA molecule and
allow downstream translation in a cap independent manner. Briefly, a coding region of
one protein is inserted into the open reading frame (ORF) of a second protein. The
insertion is flanked by an IRES and any untranslated signal sequences necessary for
proper expression and/or function. The insertion must not disrupt the ORF,

A polyadenylation or trénscriptional promoters of the second protein (see, e.g., Garcia-
Sastre et al., 1994, J. Virol. 68:6254-6261 and Garcia-Sastre ef al., 1994 Dev. Biol.
Stand. 82:237-246, each of which is hereby incorporated by reference in its entirety). See
also, e.g., U.S. Patent No. 6,887,699, U.S. Patent No. 6,001,634, U.S. Patent No.
5,854,037 and U.S. Patent No. 5,820,871, each of which is incorporated herein by
reference in its entirety. Any IRES known in the art or described herein may be used in
accordance with the invention (e.g., the IRES of BiP gene, nucleotides 372 to 592 of
GenBank database entry HUMGRP78; or the IRES of encephalomyocarditis virus
(EMCYV), nucleotides 1430-2115 of GenBank database entry CQ867238.). Thus, in
certain embodiments, a parental influenza virus is engineered to contain a bicistronic
RNA segment that expresses a flu polypeptide and another polypeptide, such as gene
expressed by the parental influenza virus.

[00312] Techniques known to one skilled in the art may be used to produce an
influenza virus containing a flu polypeptide and an influenza virus comprising a genome
engineered to express a flu polypeptide. For example, reverse genetics techniques may
be used to generate such an influenza virus. Briefly, reverse genetics techniques
generally involve the preparation of synthetic recombinant viral RNAs that contain the

non-coding regions of the negative-strand, viral RNA which are essential for the
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recognition by viral. polymerases and for packaging signals necessary to generate a
mature virion. The recombinant RNAs are synthesized from a recombinant DNA
template and reconstituted in vitro with purified viral polymerase complex to form
recombinant ribonucleoproteins (RNPs) which can be used to transfect cells, A more
efficient transfection is achieved if the viral polymerase proteins are present during
transcription of the synthetic RNAs either in vitro or in vivo. The synthetic recombinant
RNPs can be rescued into infectious virus particles. The foregoing techniques are
described in U.S. Patent No. 5,166,057 issued November 24, 1992; in U.S. Patent No.
5,854,037 issued December 29, 1998; in European>Patent Publication EP 0702085A1,
published February 20, 1996; in U.S. Patent Application Serial No. 09/152,845; in
International Patent Publications PCT WO 97/12032 published April 3, 1997; WO
96/34625 published November 7, 1996; in European Patent Publication EP A780475;
WO 99/02657 published January 21, 1999; WO 98/53078 published November 26, 1998;
WO 98/02530 published January 22, 1998; WO 99/15672 published April 1, 1999; WO
98/13501 published April 2, 1998; WO 97/06270 published February 20, 1997; and EPO
780 475A1 published June 25, 1997, each of which is incorporated by reference herein in
its entirety.

[00313]  Alternatively, helper-free plasmid technology may be used to produce an
influenza virus containing a flu polypeptide and/or an influenza virus comprising a
genome engineered to express a flu polypeptide. Briefly, full length cDNAs of viral
segments are amplified using PCR with primers that include unique restriction sites,
which allow the insertion of the PCR product into the plasmid vector (Flandorfer et al.,
2003, J. Virol. 77:9116-9123; Nakaya et al., 2001, J. Virol. 75:11868-11873; both of
which are incorporated herein by reference in their entireties). The plasmid vector is
designed so that an exact negative (VRNA sense) transcript is expressed. For example,
the plasmid vector may be designed to position the PCR product between a truncated
human RNA polymerase [ promoter and a h.epatitis delta virus ribozyme sequence such
that an exact negative (vRNA sense) transcript is produced from the polymerase |
promoter. Separate plasmid vectors comprising each viral segment as well as expression
vectors comprising necessary viral proteins may be transfected into cells leading to
production of recombinant viral particles. In another example, plasmid vectors from
which both the viral genomic RNA and mRNA encoding the necessary viral proteins are
expressed may be used. For a detailed description of helper-free plasmid technology see,

e.g., International Publication No. WO 01/04333; U.S. Patent Nos. 6,951,754, 7,384,774,
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6,649,372, and 7,312,064; Fodor et al., 1999, J. Virol. 73:9679-9682; Quinlivan et al.,
2005, J. Virol. 79:8431-8439; Hoffmann et al., 2000., Proc. Natl. Acad. Sci. USA
97:6108-6113; and Neumann et al., 1999, Proc. Natl. Acad. Sci. USA 96:9345-9350,
which are incorporated herein by reference in their entireties.

[00314]  The influenza viruses described herein may be propagated in any substrate -
that allows the virus to grow to titers that permit their use in accordance with the methods
described herein. In one embodiment, the substrate allows the viruses to grow to titers
comparable to those determined for the corresponding wild-type viruses. In certain
embodiments, the substrate is one which is biologically relevant to the influenza virus. In
a specific embodiment, an attenuated influenza virus by virtue of, e.g., a mutation in the
NSI gene, may be propagated in an IFN-deficient substrate. For example, a suitable
IFN-deficient substrate may be one that is defective in its ability to produce or respond to
interferon, or is one which an IFN-deficient substrate may be used for the growth of any
number of viruses which may require interferon-deficient growth environment. See, for
example, U.S. Patent Nos. 6,573,079, issued June 3, 2003, 6,852,522, issued February 8,
2005, and 7,494,808, issued February 24, 2009, the entire contents of each of which is
incorporated herein by reference in its entirety.

[00315]  The influenza viruses described herein may be isolated and purified by any
method known to those of skill in the art. In one embodiment, the virus is removed from
cell culture and separated from cellular components, typically by well kﬁown clarification
procedures, e.g., such as gradient centrifugation and column chromatogréphy, and may be
further purified as desired using procedures well known to those skilled in the art, e.g.,
plaque assays.

[00316] In certain embodiments, the influenza viruses, or influenza virus polypeptides,
genes or genome segments for use as described herein are obtained or derived from an
influenza A virus. In certain embodiments, the influenza viruses, or influenza virus
polypeptides, genes or genome segments for use as described herein are obtained or
derived from a single influenza A virus subtype or strain. In other embodiments, the
influenza viruses, or influenza virus polypeptides, genes or genome segments for use as
described herein are obtained or derived from two or more influenza A virus subtypes or
strains.

[00317] In some embodiments, the influenza viruses, or influenza virus polypeptides,
genes or genome segments for use as described herein are obtained or derived from an

influenza B virus. In certain embodiments, the influenza viruses, or influenza virus
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polypeptides, genes or genome segments for use as described herein are obtained or
derived from a single influenza B virus subtype or strain. In other embodiments, the
influenza viruses, or influenza virus polypeptides, genes or genome segments for use as
described herein are obtained or derived from two or more influenza B virus subtypes or
strains. In other embodiments, the influenza viruses, or influenza virus polypeptides,
genes or genome segments for use as described herein are obtained or derived from a
combination of influenza A and influenza B virus subtypes or strains.

[00318] In some embodiments, the influenza viruses, or influenza virus polypeptides,
genes or genome segments for use as described herein are obtained or derived from an
influenza C virus. In certain embodiments, the influenza viruses, or influenza virus
polypeptides, genes or genome segmenfs for use as described herein are obtained or
derived from a single influenza C virus subtype or strain. In other embodiments, the
influenza viruses, or influenza virus polypeptides, genes or genome segments for use as
described herein are obtained or derived from two or more influenza C virus subtypes or
strains. In other embodiments, the inﬂu'enza viruses, or influenza virus polypeptides,
genes or genome segments for use as described herein are obtained or derived from a
combination of influenza C virus and influenza A virus and/or influenza B virus subtypes
or strains.

[00319] Non-limiting examples of influenza A viruses include subtype H10N4,
subtype H10ONS, subtype HION7, subtype HIONS, subtype HION9, subtype H1 N1,
subtype H11N13, subtype H1 IN2, subtype H11N4, subtype H1 IN6, subtype H11N8,
subtype H11N9, subtype HI2N1, subtype HI2N4, subtype H12NS5, subtype HI2NS,

‘ subtype H13N2, subtype H13N3, subtype H13N6, subtype H13N7, subtype HI4N5,
subtype H14N6, subtype H15N8, subtype HI5N9, subtype H16N3, subtype HINI,
subtype HIN2, subtype HIN3, subtype HING, subtype HINO, subtype H2N1, subtype
H2N2, subtype H2N3, subtype H2NS, subtype H2N7, subtype H2ZN8, subtype H2ZN9,
subtype H3NI, subtype H3N2, subtype H3N3, subtype H3N4, subtype H3NS5, subtype
H3NG6, subtype H3N8, subtype H3N9, subtype H4N, subtype HANZ, subtype H4N3,
subtype H4N4, subtype HANS, subtype H4N6, subtype H4NS, subtype H4N9, subtype
H5N1, subtype H5N2, subtype H5N3, subtype H5N4, subtype HSN6, subtype H5N7,
subtype H5N8, subtype H5N9, subtype HO6N1, subtype H6N2, subtype H6N3, subtype
H6N4, subtype H6NS, subtype H6N6, subtype H6N7, subtype HONS, subtype H6NO,
subtype H7N1, subtype H7N2, subtype H7N3, subtype H7N4, subtype H7NS, subtype
H7N7, subtype H7N8, subtype H7N9, subtype H8N4, subtype H8NS5, subtype HIN1,
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subtype HON2, subtype HIN3, subtype HINS, subtype HING6, subtype HIN7, subtype
HINS8, and subtype HONO.

[00320]  Specific examples of strains of influenza A virus include, but are not limited
to: A/sw/lowa/15/30 (HINI1); A/WSN/33 (HIN1);, Aleq/Prague/1/56 (HTN7),
A/PR/8/34; A/mallard/Potsdam/178-4/83 (H2N2); A/herring gull/DE/712/88 (HI6N3);
A/sw/Hong Kong/168/1993 (HIN1); A/mallard/Alberta/211/98 (HIN1);
A/shorebird/Delaware/168/06 (H16N3); A/sw/Netherlands/25/80 (HIN1);
A/sw/Germany/2/81 (HIN1); A/sw/Hannover/1/81 (HIN1); A/sw/Potsdam/1/81
(HIN1); A/sw/Potsdam/15/81 (HIN1); A/sw/Potsdam/268/81 (HINI);
A/sw/Finistere/2899/82 (HIN1); A/sw/Potsdam/35/82 (H3N2); A/sw/Cote
d'Armor/3633/84 (H3N2); A/sw/Gent/1/84 (H3N2); A/sw/Netherlands/12/85 (HIN1);
A/sw/Karrenzien/2/87 (H3N2); A/sw/Schwerin/103/89 (HIN1); A/turkey/Germany/3/91
(HIN1); A/sw/Germany/8533/91 (HIN1); A/sw/Belgium/220/92 (H3N2);,
A/sw/Gent/V230/92 (HIN1); A/sw/Leipzig/145/92 (H3N2); A/sw/Re220/92hp (H3N2),
A/sw/Bakum/909/93 (H3N2); A/sw/SchIeswig-Holstein/i\/93 (HINT1); .
A/sw/Scotland/419440/94 (HIN2); A/sw/Bakum/5/95 (HIN1); A/sw/Best/5C/96
(HIND); A/sw/EngIaﬁd/l 7394/96 (HIN2); A/sw/Jena/5/96 (H3N2);
A/sw/Oedenrode/7C/96 (H3N2); A/sw/Lohne/1/97 (H3N2); A/sw/Cote d'Armor/790/97
(HIN2); A/sw/Bakum/1362/98 (H3N2); A/sw/ltaly/1521/98 (HIN2); A/sw/ltaly/1553-
2/98 (H3N2); A/sw/ltaly/1566/98 (HINI1); A/sw/ltaly/1589/98 (HIN1),
A/sw/Bakum/8602/99 (H3N2); A/sw/Cotes d'Armor/604/99 (HIN2); A/sw/Cote
d'Armor/1482/99 (HIN1); A/sw/Gent/7625/99 (HIN2); A/Hong Kong/1774/99 (H3N2),
A/sw/Hong Kong/5190/99 (H3N2); A/sw/Hong Kong/5200/99 (H3N2); A/sw/Hong
Kong/5212/99 (H3N2); A/sw/llle et Villaine/1455/99 (HIN1); A/sw/ltaly/1654-1/99
(HIN2); A/sw/ltaly/2034/99 (HINT1); A/sw/ltaly/2064/99 (HIN2); A/sw/Berlin/1578/00
(H3N2); A/sw/Bakum/1832/00 (HIN2); A/sw/Bakum/1833/00 (HIN2); A/sw/Cote
d'Armor/800/00 (HIN2); A/sW/Hong Kong/7982/00 (H3N2); A/sw/ltaly/1081/00
(HIN2); A/sw/Belzig/2/01 (HIN1); A/sw/Belzig/54/01 (H3N2); A/sw/Hong
Kong/9296/01 (H3N2); A/sw/Hong Kong/9745/01 (H3N2); A/sw/Spain/33601/01
(H3N2); A/sw/Hong Kc;ng/l 144/02 (H3N2); A/sw/Hong Kong/1197/02 (H3N2);
A/sw/Spain/39l 39/02 (H3N2); A/sw/Spain/42386/02 (H3N2); A/Switzerland/8808/2002
(HINI1); A/sw/Bakum/1769/03 (H3N2); A/sw/Bissendorf/IDT1864/03 (H3N2);
A/sw/Ehren/IDT2570/03 (HIN2); A/sw/Gescher/1DT2702/03 (HIN2);
A/sw/Haseliinne/2617/03hp (HIN1); A/sw/Loningen/IDT2530/03 (HIN2);
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A/sw/IVDADT2674/03 (HIN2); A/sw/Nordkirchen/IDT1993/03 (H3N2);
Alsw/Nordwalde/IDT2197/03 (HIN2); A/sw/Norden/IDT2308/03 (HIN2);
A/sw/Spain/50047/03 (HIN1); A/sw/Spain/51915/03 (HIN1); A/sw/Vechta/2623/03
(HINT1); A/sw/Visbek/IDT2869/03 (H1N2); A/sw/Waltersdorf/IDT2527/03 (HIN2);
A/sw/Damme/IDT2890/04 (H3N2); A/sw/Geldern/IDT2888/04 (HINI);
A/sw/Granstedt/1DT3475/04 (HIN2), A/sw/Greven/IDT2889/04 (HIN1);
A/sw/Gudensberg/IDT2930/04 (HIN2); A/sw/Gudensberg/IDT2931/04 (HIN2);
Alsw/Lohne/IDT3357/04 (H3N2); A/sw/Nortrup/IDT3685/04 (HIN2);
Alsw/Seesen/IDT3055/04 (H3N2); A/sw/Spain/53207/04 (HIN1); A/sw/Spain/54008/04
(H3N2); A/sw/Stolzenau/IDT3296/04 (HIN2); A/sw/Wedel/IDT2965/04 (HINT);
A/sw/Bad Griesbach/IDT4191/05 (H3N2); A/sw/Cloppenburg/IDT4777/05 (HIN2);
A/sw/Détlingen/IDT3780/05 (HIN2); A/sw/Détlingen/IDT4735/05 (HIN2);
Alsw/Egglham/IDT5250/05 (H3N2); A/sw/Harkenblek/IDT4097/05 (H3N2),
Alsw/Hertzen/IDT4317/05 (H3N2); A/sw/Krogel/IDT4192/05 (HIN1);
A/sw/Laer/IDT3893/05 (HIN1); A/sw/Laer/IDT4126/05 (H3N2);
Alsw/Merzen/1DT4114/05 (H3N2); A/sw/Muesleringen-S./IDT4263/05 (H3N2);
A/sw/Osterhofen/IDT4004/05 (H3N2); A/sw/Sprenge/IDT3805/05 (HIN2);
A/sw/Stadtlohn/IDT3853/05 (HIN2); A/sw/Voglarn/IDT4096/05 (HIN1);
A/sw/Wohlerst/IDT4093/05 (HIN1); A/sw/Bad Griesbach/IDT5604/06 (HIN1);
A/sw/Herzlake/IDT5335/06 (H3N2); A/sw/Herzlake/IDT5336/06 (H3N2);
A/sw/Herzlake/IDT5337/06 (H3N2); and A/wild boar/Germany/R 169/2006 (H3N2).
{00321]  Other specific examples of strains of influenza A virus include, but are not
limited to: A/Toronto/3141/2009 (HIN1); A/Regensburg/D6/2009 (HINT1);
A/Bayern/62/2009 (HIN1); A/Bayern/62/2009 (HIN1); A/Bradenburg/19/2009 (HIN1),
A/Bradenburg/20/2009 (HIN1); A/Distrito Federal/2611/2009 (HINT); A/Mato
Grosso/2329/2009 (HINT); A/Sao Paulo/1454/2009 (HIN1); A/Sao Paulo/2233/2009
(HINI1); A/Stockholm/37/2009 (HIN1); A/Stockholm/41/2009 (HIN1);
A/Stockholm/45/2009 (HIN1); A/swine/Alberta/OTH-33-1/2009 (HIN1);
A/swine/Alberta/OTH-33-14/2009 (HIN1); A/swine/Alberta/OTH-33-2/2009 (HINI);
A/swine/Alberta/OTH-33-21/2009 (HIN1); A/swine/Alberta/OTH-33-22/2009 (HIN1);
Aflswine/Alberta/OTH-33-23/2009 (HIN1); A/swine/Alberta/OTH-33-24/2009 (HIN1);
A/swine/Alberta/OTH-33-25/2009 (HINT); A/swine/Alberta/OTH-33-3/2009 (HIN1);
A/swine/Alberta/OTH-33-7/2009 (HIN1); A/Beijing/502/2009 (HIN1);
A/Firenze/10/2009 (HIN1); A/Hong Kong/2369/2009 (HINT1); A/ltaly/85/2009 (HIN1),
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A/Santo Domingo/572N/2009 (HIN1); A/Catalonia/385/2009 (HIN1);
A/Catalonia/386/2009 (HIN1); A/Catalonia/387/2009 (HIN1); A/Catalonia/390/2009
(HIN1); A/Catalonia/394/2009 (HIN1); A/Catalonia/397/2009 (HIN1);
A/Catalonia/398/2009 (HIND); A/Catalonia/399/2009 (HIN1); A/Sao Paulo/2303/2009
(HIN1); A/AKita/1/2009 (HIN1); A/Castro/JXP/2009 (HIN1); A/Fukushima/1/2009
(HIN1); A/lsrael/276/2009 (HIN1); Allsrael/277/2009 (HINT1); A/lsrael/70/2009
(HINT); A/lwate/1/2009 (HIN1); A/lwate/2/2009 (HIN1); A/Kagoshima/1/2009
(HIN1); A/Osaka/180/2009 (HIN1); A/Puerto Montt/Bio87/2009 (H1 N1); A/Sao
Paulo/2303/2009 (H IN.I); A/Sapporo/1/2009 (HIN1); A/Stockholm/30/2009 (HIN1),
A/Stockholm/31/2009 (HIN1); A/Stockholm/32/2009 (HIN1); A/Stockhoim/33/2009
(HIN1); A/Stockholm/34/2009 (HIN1); A/Stockholm/35/2009 (HIN1);
A/Stockholm/36/2009 (HIN1); A/Stockholm/38/2009 (HIN1); A/Stockholm/39/2009
(HINT); A/Stockholm/40/2009 (HINT1;) A/Stockholm/42/2009 (HINT1); '
A/Stockl;olm/43/2009 (HINL); A/Stockholm/44/2009 (HIN1); A/Utsunomiya/2/2009
(HINT); A/WRAIR/0573N/2009 (HIN1); and A/Zhejiang/DTID-ZJU01/2009 (HINT).
[00322] Non-limiting examples of influenza B viruses include strain Aichi/5/88, strain
Akita/27/2001, strain Akita/5/2001, strain Alaska/16/2000, strain Alaska/1777/2005,
strain Argentina/69/2001, strain Arizona/146/2005, strain Arizona/148/2005, strain
Bangkok/163/90, strain Bangkok/34/99, strain Bangkok/460/03, strain Bangkok/54/99,
strain Barcelona/215/03, strain Beijing/15/84, strain Beijing/184/93, strain
Beijihg/243/97, strain Beijing/43/75, strain Beijing/5/76, strain Beijing/76/98, strain
Belgium/WV106/2002, strain Belgium/WV107/2002, strain Belgium/WV109/2002,
strain Belgium/WV114/2002, strain Belgium/WV122/2002, strain Bonn/43, strain
Brazil/952/2001, strain Bucharest/795/03, strain Buenos Aires/161/00), strain Buenos
Aires/9/95, strain Buenos Aires/SW16/97, strain Buenos Aires/VL518/99, strain
Canada/464/2001, strain Canada/464/2002, strain Chaco/366/00, strain Chaco/R113/00,
strain Cheju/303/03, strain Chiba/447/98, strain Chongqing/3/2000, strain clinical isolate
SA1 Thailand/2002, strain clinical isolate SA 10 Thailand/2002, strain clinical isolate
SAIOO Philippines/2002, strain clinical isolate SA101 Philippines/2002, strain clinical
isolate SA110 Philippines/2002), strain clinical isolate SA112 Philippines/2002, strain
clinical isolate SA 113 Philippines/2002, strain clinical isolate SA114 Philippines/2002,
strain clinical‘isolate SA2 Thailand/2002, strain clinical isolate SA20 Thailand/2002,
strain clinical isolate SA38 Philippines/2002, strain clinical isolate SA39 Thailand/2002,
strain clinical isolate SA99 Philippines/2002, strain CNIC/27/2001, strain '

83



WO 2011/103453 PCT/US2011/025467

Colorado/2597/2004, strain Cordoba/VA418/99, strain Czechoslovakia/16/89, strain
Czechoslovakia/69/90, strain Daeku/10/97, strain Daeku/45/97, strain Daeku/47/97,
strain Daeku/9/97, strain B/Du/4/78, strain B/Durban/39/98, strain Durban/43/98, strain
Durban/44/98, strain B/Durban/52/98, strain Durban/55/98, strain Durban/56/98, strain
England/1716/2005, strain England/2054/2005) , strain England/23/04, strain
Finland/154/2002, strain Finland/159/2002, strain Finland/160/2002, strain
Finland/161/2002, strain Finland/162/03, strain Finland/162/2002, strain Finland/162/91,
strain Finland/164/2003, strain Finland/172/91, strain Finland/173/2003, strain
Finland/176/2003, strain Finland/184/91, strain Finland/188/2003, strain
Finlahd/]90/2003, strain Finland/220/2003, strain Finland/WV5/2002, strain
Fujian/36/82, strain Geneva/5079/03, strain Genoa/11/02, strain Genoa/2/02, strain
Genoa/21/02, strain Genova/54/02, strain Genova/55/02, strain Guangdong/05/94, strain
Guangdong/08/93, strain Guangdong/5/94, strain Guangdong/55/89, strain
Guangdong)8/93, strain Guangzhouw/7/97, strain Guangzhou/86/92, strain
Guangzhou/87/92, strain Gyeonggi/592/2005, strain Hannover/2/90, strain Harbin/07/94,
strain Hawaii/10/2001, strain Hawaii/1990/2004, strain Hawaii/38/2001, strain
Hawaii/9/2001, strain Hebei/19/94, strain Hebei/3/94) , strain Henan/22/97, strain
Hiroshima/23/2001, strain Hong Kong/110/99, strain Hong Kong/1115/2002, strain Hong
Kong/112/2001, strain Hong Kong/123/2001, strain Hong Kong/1351/2002, strain Hong
Kong/1434/2002, strain Hong Kong/147/99, strain Hong Kong/156/99, strain Hong
Kong/157/99, strain Hong Kong/22/2001, strain Hong Kong/22/89, strain Hong
Kong/336/2001, strain Hong Kong/666/2001, strain Hong Kong/9/89, strain
Houston/1/91, strain Houston/1/96, strain Houston/2/96, strain Hunan/4/72, strain
Ibaraki/2/85, strain ncheon/297/2005, strain India/3/89, strain India/77276/2001, strain
Israel/95/03, strain Israel/WV187/2002, strain Japan/1224/2005, strain Jiangsu/10/03,
strain Johannesburg/1/99, strain Johannesburg/96/01 , strain Kadoma/1076/99, strain
Kadoma/122/99, strain Kagoshima/15/94, strain Kansas/22992/99, strain
Khazkov/224/91, strain Kobe/1/2002, strain, strain Kouchi/193/99, strain Lazio/1/02,
strain Lee/40, strain Leningrad/129/91, strain Lissabon/2/90) , strain Los Angeles/1/02,
strain Lusaka/270/99, strain Lyon/1271/96, strain Malaysia/83077/2001, strain
Maputo/1/99, strain Mar del Plata/595/99, strain Maryland/1/01, strain Memphis/1/01, 4
strain Memphis/12/97-MA, strain Michigan/22572/99, strain Mie/1/93, strain
Milano/1/01, strain Minsk/318/90, strain Moscow/3/03, strain Nagoya/20/99, strain
Nanchang/1/00, strain Nashville/107/93, strain Nashville/45/91, strain Nebraska/2/01,
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strain Netherland/801/90, strain Netherlands/429/98, strain New York/1/2002, strain
NIB/48/90, strain Ningxia/45/83, strain Norway/1/84, strain Oman/16299/2001, strain
Osaka/1059/97, strain Osaka/983/97-V2, strain Oslo/1329/2002, strain Oslo/1846/2002,
strain Panama/45/90, strain Paris/329/90, strain Parma/23/02, strain Perth/211/2001,
strain Peru/1364/2004, strain Philippines/5072/2001, strain Pusan/270/99, strain
Quebec/173/98, strain Quebec/465/98, strain Quebec/7/01, strain Roma/1/03, strain
Saga/S172/99, strain Seoul/l3/9‘5, strain Seoul/37/91, strain Shangdong/7/97, strain
Shanghai/361/2002) , strain Shiga/T30/98, strain Sichuan/379/99, strain
Singapore/222/79, strain Spain/WV27/2002, strain Stockholm/10/90, strain
Switzerland/5441/90, strain Taiwan/0409/00, strain Taiwan/0722/02, strain
Taiwan/97271/2001, strain Tehran/80/02, strain Tokyo/6/98, strain Trieste/28/02, strain
Ulan Ude/4/02, strain United Kingdom/34304/99, strain USSR/100/83, strain
Victoria/103/89, strain Vienna/1/99, strain Wuhan/356/2000, strain WV 194/2002, strain
Xuanwu/23/82, strain Yamagata/1311/2003, strain Yamagata/K500/2001, strain
Alaska/12/96, strain GA/86, strain NAGASAKI/1/87, strain Tokyo0/942/96, and strain
Rochester/02/2001.

[00323] Non-limiting examples of influenza C viruses include strain Aichi/1/81, strain
Ann Arbor/1750, strain Aomori/74, strain California/78, strain England/83, strain
Greece/79, strain Hiroshir{1a/246/2000, strain Hiroshima/252/2000, strain Hyogo/1/83,
strain Johannesburg/66, strain Kanagawa/1/76, strain Kyoto/1/79, strain Mississippi/80,
strain Miyagi/1/97, strain Miyagi/5/2000, strain Miyagi/9/96, strain Nara/2/85, strain
Newlersey/76, strain pig/Beijing/115/81, strain Saitama/3/2000) , strain Shizuoka/79,
strain Yamagata/2(98, strain Yamagata/6/2000, strain Yamagata/9/96, strain
BERLIN/1/85, strain ENGLAND/892/8, strain GREAT LAKES/1167/54, strain JJ/50,
strain PIG/BEIJING/10/81, strain PIG/BEIJIING/439/82) , strain TAYLOR/1233/47, and
strain C/YAMAGATA/10/81.

[00324] In certain embodiments, the influenza viruses provided herein have an
attenuated phenotype. In speciﬁc.embodiments, the attenuated influenza virus is based
on influenza A virus. In other embodiments, the attenuated influenza virus is based on
influenza B virus. In yet other embodiments, the attenuated influenza virus is based on
influenza C virus. In other embodiments, the attenuated influenza virus may comprise
genes or genome segments from one or more strains or subtypes of influenza A, influenza
B, and/or influenza C virus. In some embodiments, the attenuated backbone virus

comprises genes from an influenza A virus and an influenza B virus.
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[00325]  In specific embodiments, attenuation of influenza virus is desired such that the
virus remains, at least partially, infectious and can replicate in vivo, but only generate low
titers resulting in subclinical levels of infection that are non-pathogenic. Such attenuated
viruses are especially suited for embodiments described herein wherein the virus or an
immunogenic composition thereof is administered to a subject to induce an immune
response. Attenuation of the influenza virus can be accomplished according to any
method known in the art, such as, e.g., selecting viral mutants generated by chemical
mutagenesis, mutation of the genome by genetic engineering, selecting reassortant
viruses that contain segments with attenuated function, or selecting for conditional virus
mutants (e.g , cold-adapted viruses). Alternatively, naturally occurring attenuated
influenza viruses may be u§ed as influenza virus backbones for the influenza virus
vectors.

[00326]  In some embodiments, an influenza virus may be attenuated, at least in part,
by engineering the influenza virus to express a mutated NS1 gene that impairs the ability
of the virus to antagonize the cellular interferon (IFN) response. Examples of the types
of mutations that can be introduced into the influenza virus NS1 gene include deletions,
substitutions, insertions and combinations thereof. One or more mutations can be
introduced-anywhere throughout the NS1 gene (e.g., the N-terminus, the C-terminus or
somewhere in between) and/or the regulatory element of the NS1 gene. In one
embodiment, an attenuated influenza virus comprises a genome having a mutation in an
influenza virus NS1 gene resulting in a deletion consisting of 5, preferably 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 75, 80, 85, 90, 95,99, 100, 105, 110, 115, 120, 125, 126,
130, 135, 140, 145, 150, 155, 160, 165, 170 or 175 amino acid residues from the C-
terminus of NS1, or a deletion of between 5-170, 25-170, 50-170, 100-170, 100-160, or
105-160 amino acid residues from the C-terminus. In another embodiment, an attenuated
‘influenza virus comprises a genome having a mutation in an influenza virus NS1 gene
such that it encodes an NS protein of amino acid residues 1-130, amino acid residues 1-
126, amino acid residues 1-120, amino acid residues 1-115, amino acid residues 1-110,
amino acid residues 1-100, amino acid residues 1-99, amino acid residues 1-95, amino
acid residues 1-85, amino acid residues ]-83', amino acid residues 1-80, amino acid
residues 1-75, amino acid residues 1-73, amino acid residues 1-70, amino acid residues 1-
65, or amino acid residues 1-60, wherein the N-terminus amino acid is number 1. In
another embodiment, the amino acid residues of NS1 are counted based on the PR8 virus.

For examples of NS1 mutations and influenza viruses comprising a mutated NS1, see,
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e.g., U.S. Patent Nos. 6,468,544 and 6,669,943; and Li et al., 1999, J. Infect. Dis.

179:1132-1138, each of which is incorporated by reference herein in its entirety.

55 NON-INFLUENZA VIRUS VECTORS

[00327] In one aspect, provided herein are non-influenza viruses containing a flu
polypeptide. In a specific embodiment, the flu polypeptide is incorporated into the
virions of the non-influenza virus. The non-influenza viruses may be conjugated to
moieties that target the viruses to particular cell types, such as immune cells. In some
embodiments, the virions of the non-influenza virus have incorporated into them or
express a heterologous polypeptide in addition to a flu polypeptide. The heterologous
polypeptide may be a polypeptide that has immunopotentiating activity, or that targets the
non-influenza virus to a particular cell type, such as an antibody that recognizes an
antigen on a specific cell type or a ligand that binds a specific receptor on a specific cell
type. See Section 5.4, supra, for examples of such heterologous polypeptides.

[00328] Non-influenza viruses containing a flu polypeptide may be produced by
supplying in trans the flu polypeptide during production of virions using techniques
known to one skilled in the art. Alternatively, a parental non-influenza virus comprises a
genome engineered to express a flu polypeptide in cells susceptible to infection with the
virus wherein hemagglutinin function is provided in trans to produce progeny viruses
containing the influenza flu polypeptide. '

[00329]  Any virus type, subtype or strain including, but not limited to, naturally
occurring strains, variants or mutants, mutagenized viruses, reassortants and/or
genetically modified viruses may be used as a non-influenza virus vector. In a specific
embodiment, the parental non-influenza virus is not a naturally occurring virus. In
another specific embodiment, the parental non-influenza virus is a genetically engineered
virus. In certain embodiments, an enveloped virus is preferred for the expression of a
membrane bound flu polypeptide described herein.

[00330] In an exemplary embodiment, the non-influenza virus vector is a Newcastle
disease virus (NDV). In another embodiment, the non-influenza virus vector is a
vaccinia virus. In other exemplary, non-limiting, embodiments, the non-influenza virus
vector is adenovirus, adeno-associated virus (AAV), hepatitis B virus, retrovirus (such as,
e.g., a gammaretrovirus such as Mouse Stem Cell Virus (MSCV) genome or Murine

Leukemia Virus (MLV), e.g., Moloney murine leukemia virus, oncoretrovirus, or
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lentivirus), an alphavirus (e.g., Venezuelan equine encephalitis virus), a rhabdovirus,
such as vesicular stomatitis virus 6r papillomaviruses, poxvirus (sudh as, e.g., vaccinia
virus, a MVA-T7 vector, or fowlpox), metapneumovirus, measles virus, herpesvirus,
such as herpes simplex virus, or foamyvirus. See, e.g., Lawrie and Tumin, 1993, Cur.
Opin. Genet. Develop. 3, 102-109 (retroviral vectors); Bett e al., 1993, J. Virol. 67, 5911
(adenoviral vectors); Zhou et al., 1994, ). Exp. Med. 179, 1867 (adenoA-associated virus
vectors); Dubensky et al., 1996, J. Virol. 70, 508-519 (viral vectors from the pox family
~including vaccinia virus and the avian pox viruses and viral vectors from the alpha virus
genus such as those derived from Sindbis and Semliki Forest Viruses); U.S. Pat. No.
5,643,576 (Venezuelan equine encephalitis virus); WO 96/34625 (VSV); Ohe et al,
1995, Human Gene Therapy 6, 325-333; Woo et al., WO 94/12629; Xiao & Brandsma,
1996, Nucleic Acids. Res. 24, 2630-2622 (papillomaviruses); and Bukreyev and Collins,
2008, Curr Opin Mol Ther. 10:46-55 (NDV), each of which is incorporated by reference
herein in its entirety.
[00331] In a specific embodiment, the non-influenza virus vector is NDV. Any NDV
type, subtype or strain may serve as the backbone that is engineered to express a flu
polypeptide, including, but not limited to, naturally-occurring strains, variants or mutants,
mutagenized viruses, reassortants and/or genetically engineered viruses. In a specific
embodiment, the NDV that serves as the backbone for genetic engineering is a naturally-
occurring strain. In certain embodiments, the NDV that serves as the backbone for
genetic engineering is a lytic strain. In other embodiments, the NDV that serves as the
backbone for genetic engineering is a non-lytic strain. In certain embodiments, the NDV
that serves as the backbone for genetic engineering is lentogenic strain. In some
embodiments, the NDV that serves as the backbone for genetic engineering is a
mesogenic strain. In other embodiments, the NDV that serves as the backbone for
genetic engineering is a velogenic strain. Specific examples of NDV strains include, but
are not limited to, the 73-T strain, Ulster strain, MTH-68 strain, Italien strain, Hickman
strain, PV701 strain, Hitchner B! strain, La Sota strain, YG97 strain, MET9S strain, and
F48E9 strain. In a specific embodiment, the NDV that serves as the backbone for genetic
engineering is the Hitchner B1 strain. In another specific embodiment, the NDV that
serves as the backbone for genetic engineering is the La Sota strain.
[00332] In one embodiment, the NDV used as the backbone for a non-influenza virus
vector is engineered to express a modified F protein in which the cleavage site of the F

protein is replaced with one containing one or two extra arginine residues, allowing the
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mutant cleavage site to be activated by ubiquitously expressed proteases of the furin
family. Specific examples of NDVs that express such a modified F protein include, but
are not limited to, INDV/F2aa and rNDV/F3aa. For a description of mutations
introduced into a NDV F protein to produce a modified F protein with a mutated cleavage
site, see, e.g., Park er al. (2006) “Engineered viral vaccine constructs with dual
specificity: Avian influenza and Newcastle disease.;’ PNAS USA 103: 8203-2808, which
is incorporated herein by reference in its entirety.

[00333] In one embodiment, the non-influenza virus vector is a poxvirus. A poxvirus
vector may be based on any member of the poxviridae, in particular, a vaccinia virus or
an avipox virus (e.g., such as canarypox, fowlpox, etc.) that provides suitable sequences
for vaccine vectors. In a specific embodiment, the poxviral vector is a vaccinia virus
vector. Suitable vaccinia viruses include, but are not limited to, the Copenhagen (VC-2)
strain (Goebel, er al., Virol 179: 247-266, 1990; Johnson, et al., Virol. 196: 381-401,
1993), modified Copenhagen strain (NYVAC) (U.S. Pat. No. 6,265,189), the WYETH
strain and the modified Ankara‘(MVA) strain (Antoine, et al., Virol. 244: 365-396,
1998). Other suitable poxviruses include fowlpox strains such as ALVAC and TROVAC
vectors that provide desirable properties and are highly attenuated (see, e.g., U.S. Pat. No.
6,265,189; Tartaglia et al., In AIDS Research Reviews, Koff, et al., eds., Vol. 3, Marcel
Dekker, N.Y., 1993; and Tartaglia ef al., 1990, Reviews in Immunology 10: 13-30,
1990).

[00334] Methods of engineering non-influenza viruses to express a flu polypeptide are
well known in the art, as are methods for attenuating, propagating, and isolating and
purifying such viruses. For such techniques with respect to NDV vectors, see, e.g.,
International Publication No. WO 01/04333; U.S. Patent Nos. 7,442,379, 6,146,642,
6,649,372, 6,544,785 and 7,384,774, Swayne et al. (2003). Avian Dis. 47:1047-1050; and
Swayne et al. (2001). J. Virol. 1 1868-11873, each of which is incorporated by reference
in its entirety. For such techniques with respect to poxviruses, see, e.g., Piccini, et al.,
Methods of Enzymology 153: 545-563, 1987; International Publication No. WO
96/11279; U.S. Pat. No. 4,769,330, U.S. Pat. No. 4,722,848; U.S. Pat. No. 4,769,330;
U.S. Pat. No. 4,603,112; U.S. Pat. No. 5,110,587; U.S. Pat. No. 5,174,993; EP 83 286;
EP 206 920; Mayr et al., Infection 3: 6-14, 1975; and Sutter and Moss, Proc. Natl. Acad.
Sci. USA 89: 10847-10851, 1992. In certain embodiments, the non-influenza virus is

attenuated.
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[00335] Exemplary considerations for the selection of a non-influenza virus vector,
particularly for use in compositions for administration to a subject, are safety, low
toxicity, stability, cell type speciﬁbity, and immunogenicity, particularly, antigenicity of

the flu polypeptide expressed by the non-influenza virus vector.

5.6 VIRAL-LIKE PARTICLES AND VIROSOMES

[00336] Flu polypeptides can be incorporated into viral-like particle (VLP) vectors.
VLPs generally comprise a viral polypeptide(s) typically derived from a structural
protein(s) of a virus. In some embodiments, the VLPs are not capable of replicating. In
certain embodiments, the VLPs may lack the complete genome of a virus or comprise a
portion of the genome of a virus. In some embodiments, the VLPs are not capable of
infecting a cell. In some embodiments, the VLPs express on their surface one or more of
viral (e.g., virus surface glycoprotein) or non-viral (e.g., antibody or protein) targeting
moieties known to one skilled in the art or described herein. In some embodimenté, the
VLP comprises a flu polypeptide and a viral structural protein such as HIV gag.

[00337] Methods for producing and characterizing recombinantly produced VLPs have
been described based on several viruses, including influenza virus (Bright e al. (2007)
Vaccine. 25:3871), human papilloma virus type 1 (Hagnesee et al. (1991) J. Virol.
67:315), human papilloma virus type 16 (Kirnbauer et al. Proc. Natl. Acad. Sci.
(1992)89:12180), HIV-1 (Haffer e al., (1990) J. Virol. 64:2653), and hepatitis A
(Winokur (1991) 65:5029), each of which is incorporated herein in its entirety. Methods
for expressing VLPs that contain NDV proteins are provided by Pantua et al. (2006) J.
Virol. 80:11062-11073, and in United States patent application Publication No.
20090068221, published March 12, 2009, each of which is incorporated in its entirety
herein.

[00338] In a specific embodiment, a flu polypeptide may be incorporated into a
virosome. A virosome containing a flu polypeptide may be produced using techniques
known to those skilled in the art. For example, a virosome may be produced by
disrupting a purified virus, extracting the genome, and reassembling particles with the
viral proteins (e.g., a flu polypeptide) and lipids to form lipid particles containing viral

proteins.

5.7 BACTERIAL VECTORS
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[00339] In a specific embodiment, bacteria may be engineered to express a flu
polypeptide described herein. Suitable bacteria for expression of a flu polypeptide
include, but are not limited to, Listeria, Salmoneila, Shigella sp., Mycobacterium
tuberculosis, E. coli, Neisseria meningitides, Brucella abortus, Brucella melitensis,
Borrelia burgdorferi, and Francisella tularensis. In a specific embodiment, the bacteria
engineered to express a flu polypeptide are attenuated. Techniques for the production of
bacteria engineered to express a heterologous polypeptide aré known in the art and can be
applied to the expression of a flu bolypeptide. See, e.g., United States Patent Application
Publication Nd. 20080248066, published October 9, 2008, and United States Patent
Application Publication No. 20070207171, published Sebtember 6, 2007, each of which

are incorporated by reference herein in their entirety.

58 GENERATION OF ANTIBODIES AGAINST FLU POLYPEPTIDES

[00340] The flu polypeptides, nucleic acids encoding such polypeptides, or vectors .
comprising such nucleic acids or polypeptides described herein may be used to elicit
neutralizing antibodies against influenza, for example, against the long alpha-helix region
of the HA2 domain of the flu polypeptide. In a specific embodiment, the flu
polypeptides, nucleic acids encoding such polypeptides, or vectors comprising such
nucleic acids or polypeptides described herein may be administered to a non-human
subject (e.g., é mouse, rabbit, rat, guinea pig, etc.) to induce an immune response that
includes the production of antibodies which may bé isolated using techniques known to
one of skill in the art (e.g., immunoaffinity chromatography, centrifugation, precipitation,
etc.).

[00341]  Alternatively, the flu polypeptides described herein may be used to screen for
antibodies from antibody libraries. For example, an isolated flu polypeptide comprising a
flu polypeptide may be immobilized to a solid support (e.g., a silica gel, a resin, a
derivatized plastic film, a glass bead, cotton, a plastic bead, a polystyrene bead, an
alumina gel, or a polysaccharide, a magnetic bead), and screened for binding to
antibodies. As an alternative, the antibodies may be immobilized to a solid support and
screened for binding to the isolated flu polypeptide. Any screening assay, such as a
panning assay, ELISA, surface plasmon resonance, or other antibody screening assay
known in the art may be used to screen for antibodies that bind to the flu polypeptide.

The antibody library screened may be a commercially available antibody library, an in
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vitro generated library, or a library obtained by identifying and cloning or isolating
antibodies from an individuél infected with influenza. In particular embodiments, the
antibody library is generated from a survivor ‘of an influenza virus outbreak. Antibody
libraries may be generated in accordance with methods known in the art. In a particular
embodiment, the antibody library is generated by cloning the antibodies and using them
in phage display libraries or a phagemid display library.

[00342]  Antibodies identified in the methods described herein may be tested for
neutralizing activity and lack of autoreactivity using the biological assays known in the
art or described herein. In one embodiment, an antibody isolated from a non-human
animal or an antibody library neutralizes a hemagglutinin polypeptide from more than
one influenza subtype. In some embodiments, an antibody elicited or identified using a
flu polypeptide, a nucleic acid encoding such a polypeptide, or a vector encoding such a
nucleic acid or polypeptide neutralizes an influenza H3 virus. In some embodiments, an
antibody elicited or identified using a flu polypeptide, a nucleic acid encoding such a
polypeptide, or a vector comprising such a nucleic acid or polypeptide neutralizes 1, 2, 3,
4,5,6, 7, 8, 9,10, 11,12, 13, 14, 15, or 16 or more subtypes or strains of influenza virus.
In one embodiment, the neutralizing antibody neutralizes one or more influenza A viruses
and one or more influenza B viruses. In particular embodiments, the neutralizing
antibody is not an antibody described in Wang et al. (2010) “Broadly Protective
Monoclonal Antibodies against H3 Influenza Viruses following Sequential Immunization
with Different Hemagglutinins,” PLOS Pathogens 6(2):1-9.

[00343]  Antibodies identified or elicited using a flu polypeptide, a nucleic acid
encoding such a polypeptide, or a vector comprising such a nucleic acid or polypeptide
include immunoglobulin molecules and immunologically active portions of
immunoglobulin molecules, i.e., molecules that contain an ’antigen binding site that
specifically binds to a flu polypeptide. Tﬁe immunoglobulin molecules may be of any
type (e.g., 1gG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG, 1g8Ga, 1gGs, 1gGa, 1gA,
and IgA;) or subclass of immunoglobulin molecule. Antibodies include, but are not
limited to, monoclonal antibodies, multispecific antibodies, human antibodies,
humanized antibodies, chimeric antibodies, single-chain Fvs (scFv), single chain
antibodies, Fab fragments, F(ab') fragments, disulfide-linked Fvs (sdFv), and anti-
idiotypic (anti-1d) antibodies (including, e.g., anti-Id antibodies to antibodies elicited or
identified using a method described herein), and epitope-binding fragments of any of the

above. In a specific embodiment, an antibody elicited or identified using a flu
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polypeptide, a nucleic acid encoding such a polypeptide, or a vector comprising such a
nucleic acid or polypeptide is a human or humanized monoclonal antibody.

[00344]  Antibodies elicited or identified using a flu polypeptide, a nucleic acid
encoding such a polypeptide, or a vector comprising such a nucleic acid or polypeptide
may be used to monitor the efficacy of a therapy and/or disease progression. Any
immunoassay system known in the art may be used for this purpose including, but not
limited to, competitive and noncompetitive assay systems using techniques such as
radioimmunoassays, ELISA (enzyme linked immunosorbent assays), "sandwich"
immunoassays, precipitin reactions, gel diffusion precipitin reactions, immunodiffusion
assays, agglutination assays, complement fixation assays, immunoradiometric assays,
fluorescent immunoassays, protein A immunoassays and immunoelectrophoresis assays,
to name but a few.

[00345]  Antibodies elicited or identified using a flu polypeptide, a nucleic acid
encoding such a polypeptide, or a vector comprising such a nucleic acid or polypeptide
may be used to detect influenza virus, for example, from a plurality of influenza virus
strains from a single subtype or 2, 3, 4 or more different subtypes and/or to diagnosis an
influenza virus infection by, for example, a plurality of influenza virus strains from a
single subtype or 2, 3, 4 or more different subtypes.

[00346]  Antibodies elicited or identified using a flu polypeptide, a nucleic acid
encoding such a polypeptide, or a vector comprising such a nucleic acid or polypeptide
may be used in the production of antiidiotypic antibody. The antiidiotypic antibody can
then in turn be used for immunization, in order to produce a subpopulation of antibodies
that bind a particular antigen of influenza, e.g., a flu polypeptidg (Jerne, 1974, Ann,
Immunol. (Paris) 125¢:373; Jerne et al., 1982, EMBO J. 1:234, incorporated herein by
reference in its entirety).

[00347] In certain embodiments, the non-human subjects administered flu
polypeptides, nucleic acids encoding such polypeptides, or vectors comprising such
nucleic acids or polypeptides to generate antibodies in accordance with the methods
described herein are transgenic animals (e.g., transgenic mice) that are capable of
producing human antibodies. Human antibodies can be produced using transgenic mice
which are incapable of expressing functional endogenous immunoglobulins, but which
can express human immunoglobulin genes. For example, the human heavy and light
chain immunoglobulin gene complexes may be introduced randomly or by homologous

recombination into mouse embryonic stem cells. Alternatively, the human variable
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region, constant region, and diversity region may be introduced into mouse embryonic
stem cells in addition to the human heavy and light chain genes. The mouse heavy and
light chain immunoglobulin genes may be rendered non-functional separately or
simultaneously with the introduction of human immunoglobulin loci by homologous
recombination. In particular, homozygous deletion of the JH region prevents endogenous
antibody production. The modified embryonic stem cells are expanded and microinjected
into blastocysts to produce chimeric mice. The chimeric mice are then bred to produce
homozygous offspring which express human antibodies. The human immunoglobulin
transgenes harbored by the transgenic mice rearrange during B cell differentiation, and
subsequently undergo class switching and somatic mutation. Thus, using such a
technique, it is possible to produce therapeutically useful IgG, IgA, IgM and IgE
antibodies. For an overview of this technology for producing human antibodies, see
Lonberg and Huszar, Int. Rev. Immunol. 13:65-93 (1995). For a detailed discussion of
this technology for producing human antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, ¢.g., PCT publications WO 98/24893; WO
92/01047; WO 96/34096; WO 96/33735; European Patent No. 0 598 877; U.S. Pat. Nos.
5,413,923; 5,625,126; 5,633,425; 5,569,825, 5,661,016; 5,545,806; 5,814,318; 5,885,793;
5,916,771; and 5,939,598, which are incorporated by reference herein in their entirety.
Companies such as Abgenix, Iﬁc. (Freemont, Calif.), Genpharm (San Jose, Calif.), and
Medarex, Inc. (Princeton, N.J.) can be engaged to provide human antibodies directed

against a selected antigen.

5.9 STIMULATION OF CELLS WITH FLU POLYPEPTIDES

[00348] In another aspect, provided herein are methods for stimulating cells ex vivo
with a flu polypeptide described herein. Such cells, e.g., dendritic cells, may be used in
vitro to generate antibodies against the flu polypeptide or may themselves be
administered to a subject by, e.g., an adoptive transfer technique known in the art. See,
e.g., United States patent application Publication No. 20080019998, published January
24, 2008, which is incorporated herein by reference in its entirety, for a description of
adoptive transfer techniques. In certain embodiments, when cells that have been
stimulated ex vivo with a flu polypeptide described herein are administered to a subject,

the cells are not mammalian cells (e.g., CB-1 cells). In certain embodiments, when cells

94



WO 2011/103453 PCT/US2011/025467

that have been stimulated ex vivo with a flu polypeptide described herein are
administered to a subject, the cells are mammalian cells (e.g., CB-1 cells).

[00349]  In one non-limiting example, a vector, e.g., an influenza virus vector,
engineered to express a flu polypeptide described herein can be used to generate dendritic
cells (DCs) that express the flu polypeptide and display immunostimulatory properties
directed against a flu polypeptide. Such DCs may be used to expand memory T cells and
are potent stimulators of T cells, including influenza flu polypeptide-specific cytotoxic T
lymphocyte clones. See Strobel er al., 2000, Human Gene Therapy 11:2207-2218, which
is incorporated herein by reference in its entirety.’

[00350] A flu polypeptide described herein may be delivered to a target cell in any
way that allows the polypeptide to contact the target cell, e.g., a DC, and deliver the
polypeptide to the target cell. In certain embodiments, the flu polypeptide is delivered to
a subject, as described herein. In some such embodiments, cells contacted with the
polypeptide may be isolated and propagated.

[00351] In certain embodiments, a flu polypeptide is delivered to a target cell in vitro.
Techniques known to one of skill in the art may be used to deliver the polypeptide to
target cells. For example, target cells may be contacted with the polypeptide in a tissue
culture plate, tube or other container. The polypeptide may be suspended in media and
added to the wells of a culture plate, tube or other container. The media containing the
polypeptide may be added prior to plating of the cells or after the cells have been plated.
The target cells are preferably incubated with the polypeptide for a sufficient amount of
time to allow the polypeptide to contact the cells. In certain embodiments, the cells are
incubated with the polypeptide for about 1 hour or more, about 5 hours or more, about 10
hours or more, about 12 hours or more, about 16 hours or more, about 24, hours or more,
about 48 hours or more, about 1 hour to about 12 hours, about 3 hours to about 6 hours,
about 6 hours to about 12 hours, about 12 hours to about 24 hours, or about 24 hours to
about 48 hours. In certain embodiments, wherein the flu polypeptide is in a virus, the
contacting of the target cells comprises infecting the cells with the virus.

[00352]  The target cells may be from any species, including, e.g., humans, mice, rats,
rabbits and guinea pigs. In some embodiments, target cells are DCs obtained from a
healthy subject or a subject in need of treatment. In certain embodiments, target cells are
DCs obtained from a subject in whom it is desired to stimulate an immune response to

the polypeptide. Methods of obtaining cells from a subject are well known in the art.
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510 COMPOSITIONS

[00353]  The flu polypeptides, nucleic acids, vectors, bacteria, antibodies, or cells
described herein (sometimes referred to herein as “active compounds™) may be
incorporated into compositions. In a specific embodiment, the compositions are
pharmaceutical compositions, such as immunogenic'compositions (e.g., vaccine
formulations). The pharmaceutical compositions provided herein can be in any form that
allows for the composition to be administered to a subject. In a specific embodiment, the
pharmaceutical compositions are suitable for veterinary and/or human administration.
The compositions may be used in methods of preventing or treating an influenza virus
disease.

[00354]  In one embodiment, a pharmaceutical composition comprises a flu
polypeptide, in an admixture with a pharmaceutically acceptable carrier. In another
embodiment, a pharmaceutical composition comprises a nucleic acid encoding a flu
polypeptide described herein, in an admixture with a pharmaceutically acceptable carrier.
In another embodiment, a pharmaceutical composition comprises an expression vector
comprising a nucleic acid encoding a flu polypeptide, in an admixture with a
pharmaceutically acceptable carrier. In another embodiment, a pharmaceutical
composition comprises an influenza virus or non-influenza virus containing a flu
polypeptide, in an admixture with a pharmaceutically acceptable carrier. In another
embodiment, a pharmaceutical composition comprises an influenza virus or non-
influenza virus having a genome engineered to express a flu polypeptide, in admixture
with a pharmaceutically acceptable carrier. In another embodiment, a pharmaceutical
composition comprises a viral-like particle or virosome containing a flu polypeptide, in
an admixture with a pharmaceutically acceptable carrier. In another embodiment, a
pharmaceutical composition comprises a bacteria expressing or engineered to expreés a
flu polypeptide, in an admixture with a pharmaceutically acceptable carrier. In another
embodiment, a pharmaceutical composition comprises cells stimulated with a flu
polypeptide, in an admixture with a pharmaceutically acceptable carrier.

[00355] In some embodiments, a pharmaceutical composition may comprise one or
more other therapies in addition to an active compound.

[00356]  As used herein, the term "pharmaceutically acceptable" means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia

or other generally recognized pharmacopeiae for use in animals, and more particularly in
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| humans. The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with which
the pharmaceutical composition is administered. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid carriers, particularly for injectable
solutions. Suitable excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride,
dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. Examples of
suitable pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences"
by E.W. Martin. The formulation should suit the mode of administration. |
[00357] In a specific embodiment, pharmaceutical compositions are formulated to be
suitable for the intended route of administration to a subject. For example, the
pharmaceutical composition may be formulated to be suitable for subcutaneous,
parenteral, oral, intradermal, transdermal, colorectal, intraperitoneal, and rectal
administration. In a specific embodiment, the pharmaceutical composition may be
formulated for intravenous, oral, intraperitoneal, intranasal, intratracheal, subcutaneous, -
intramuscular, topical, intradermal, transdermal or pulmonary administration.
[00358] In certain embodiments, biodegradable polymers, such as ethylene vinyl
acetate, polyanhydrides, polyethylene glycol (PEGylation), polymethyl methacrylate
polymers, polylactides, poly(lactide-co-glycolides), polyglycolic acid, collagen,
polyorthoesters, and polylactic acid, may be used as carriers. In some embodiments, the
active compounds are prepared with carriers that increase the protection of the compound
against rapid elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems. Methods for preparation of
such formulations will be apparent to those skilled in the art. Liposomes or micelles can
also be used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as described in U.S. Pat. No.
4,522,811, In certain embodiments, the pharmaceutical compositions comprise one or
more adjuvants.
[00359]  In specific embodiments, immunogenic. compositions described'herein are
monovalent formulations. [n other embodiments, immunogenic compoéitions described
herein are multivalent formulations. In one example, a multivalent formulation
comprises one or more vectors expressing a flu polypeptide derived from an influenza A
virus and one or more vectors expressing a flu polypeptide derived from an influenza B
virus. In another example, a multivalent formulation comprises a vector expressing a flu

polypeptide derived from an H3 influenza A virus and a vector expressing a flu
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polypeptide derived from an H1 influenza A virus. In another example, a multivalent
formulation comprises a vector expressing a flu polypeptide derived from an H3
influenza A virus, a vector expressing a flu polypeptide derived from an H1 influenza A
virus, and a vector expressing a flu polypeptide derived from an influenza B virus. In
certain embodiments, a multivalent formulation may comprise one or more different flu
polypeptides expressed using a single vector.

00360} In certain embodiments, the pharmaceutical compositions described herein
additionally comprise a preservative, e.g., the mercury derivative thimerosal. In a
specific embodiment, the pharmaceutical compositions described herein comprises
0.001% to 0.01% thimerosal. In other embodiments, the pharmaceutical compositions
described herein do not comprise a preservative. In a specific embodiment, thimerosal is
used during the manufacture of a pharmaceutical composition described herein and the
thimerosal is removed via purification steps following production of the pharmaceutical
composition, i.e., the pharmaceutical composition contains trace amounts of thimerosal
(<0.3 pg of mercury per dose after purification; such pharmaceutical compositions are
considered thimerosal-free products).

[00361] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise egg protein (e.g., ovalbumin or other egg proteins). The amount of
egg protein in the pharmaceutical compositions described herein may range from about
0.0005 to about 1.2. pg of egg protein to | ml of pharmaceutical composition. In other
embodiments, the pharmaceutical compositions described herein do not comprise egg
protein.

[00362] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise one or more antimicrobial agents (e.g., antibiotics) including, but
not limited to gentamicin, neomycin, polymyxin (e.g., polymyxin B), and kanamycin,
streptomycin. In other embodiments, the pharmaceutical compositions described herein
do not comprise any antibiotics.

[00363] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise one or more components used to inactivate a virus, e.g., formalin
or formaldehyde or a detergent such as sodium deoxycholate, octoxynol 9 (Triton X-
100), and octoxynol 10. In other embodiments, the pharmaceutical compositions

described herein do not comprise any components used to inactivate a virus.
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[00364] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise gelatin. In other embodiments, the pharmaceutical compositions
described herein do not comprise gelatin.

[00365] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise one or more buffers, e.g., phosphate buffer and sucrose phosphate
glutamate buffer. In other embodiments, the pharmaceutical compositions described
herein do not comprise buffers.

[00366] In certain embodiments, the pharmaceutical compositions described herein
additionally comprise one or more salts, e.g., sodium chloride, calcium chloride, sodium
phosphate, monosodium glutamate, and aluminum salts (e.g., aluminum hydroxide,
aluminum phosphate, alum (potassium aluminum sulfate), or a mixture of such aluminum
salts). In other embodiments, the pharmaceutical compositions described herein do not
comprise salts.

[00367] In specific embodiments, the pharmaceutical compositions described herein
are low-additive influenza virus vaccines, i.e., the pharmaceutical compositions do not
comprise one or more additives commonly found in influenza virus vaccines. Low-
additive influenza vaccines have been described (see, e.g., International Application No.
PCT/IB2008/002238 published as International Publication No. WO 09/001217 which is
herein incorporated by reference in its entirety).

[00368] The pharmaceutical compositions described herein can be included in a
container, pack, or dispenser together with instructions for administration.

[00369]  The pharmaceutical compositions described herein can be stored before use,
e.g., the pharmaceutical compositions can be stored frozen (e.g., at about -20°C or at
about -70°C), stored in refrigerated conditions (e.g., at about 4°C); or stored at room
temperature (see International Application No. PCT/IB2007/001149 published as
International Publication No. WO 07/110776, which is herein incorporated by reference
in its entirety, for methods of storing compositions comprising influenza vaccines
without refrigeration). ’

[00370] In certain embodiments, when the active compound in a pharmaceutical
composition described herein is a cell engineered to express a flu polypeptide, the cells in
the pharmaceutical composition are not mammalian cells (e.g., CB-1 cells). In certain
embodiments, when the active compound in a pharmaceutical composition described
herein is a cell engineered to express a flu polypeptide, the cells in the pharmaceutical

composition are mammalian cells.
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5.10.1 Subunit Vaccines

'100371]  In a specific embodiment, provided herein are subunit vaccines comprising a
core polypeptide aescribed herein. In some embodiments, a subunit vaccine comprises a
flu polypeptide and one or more surface glycoproteins (e.g., influenza virus
neuraminidase), other targeting moieties or adjuvants. In specific embodiments, a
subunit vaccine comprises a single influenza flu polypeptide. In other embodiments, a
subunit vaccine comprises two, three, four or more influenza flu polypeptides. In specific
embodiments, the influenza flu polypeptide(s) used in a subunit vaccine is not
membrane-bound, ‘/.e., it is soluble.

[00372] In certain embodiments, provided herein are subunit vaccines comprising
about 10 pg to about 60 ng of one or more flu polypeptides described herein, about
0.001% to 0.01% thimerosal, about 0.1 pg to about 1.0 pg chicken egg protein, about 1.0
ug to about 5.0 pg polymyxin, about 1.0 pug to about 5.0 pg neomycin, about 0.1 ugto
about 0.5 pg betapropiolactone, and about .001 to about .05 % w/v of nonylphenol
ethoxylate per dose.

[00373] In a specific embodiment, a subunit vaccine provided herein comprises or
consists of a 0.5 ml dose that comprises 45 ug of a flu polypeptide(s) provided herein, <
1.0 pg of mercury (from thimerosal), < 1.0 pg chicken egg protéin (i.e., ovalbumin), <
3.75 pg polymyxin, and < 2.5 pg neomycin. In some embodiments, a subunit vaccine
provided herein additionally comprises or consists of not more than 0.5 pg
betapropiolactone, and not more than 0.015 % w/v of nonylphenol ethoxylate per dose.
In some embodiments, the 0.5 ml dose subunit vaccine is packaged in a pre-filled
syringe. '

[00374] In a specific embodiment, a subunit vaccine provided herein consists of a 5.0
ml multidose vial (0.5 ml per dose) that comprises 45 ug of a flu polypeptide(s) provided
herein, 25.0 pg of mercury (from thimerosal), < 1.0 pg chicken egg protein (i.e.,
ovalbumin), <3.75 ug polymyxin, and < 2.5 pg neomycin. In some embodiments, a
subunit vaccine provided herein additionally comprises 'or consists of not more than 0.5
ug betapropiolactone, and not more than 0.015 % w/v of nonylphenol ethoxylate per
dose.

[00375]  In a specific embodiment, the subunit vaccine is prepared using influenza
virus that was propagated in embryonated chicken eggs (i.e., the components of the

subunit vaccine (e.g., a flu polypeptide) are isolated from virus that was propagated in
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embryonated chicken eggs). In another specific embodiment, the subunit vaccine is
prepared using influenza virus that was not propagated in embryonated chicken eggs (i.e.,
the components of the subunit vaccine (e.g., a flu polypeptide) are isolated from virus
that was not propagated in embryonated chicken eggs). In another specific embodiment,
the subunit vaccine is prepared using influenza virus that was propagated in mammalian
cells, e.g., immortalized human cells (see, e.g., International Application No.
PCT/EP2006/067566 published as International Publication No. WO 07/045674 which is
herein incorporated by reference in its éntirety) or canine kidney cells such as MDCK
cells (see, e.g., International Application No. PCT/IB2007/003536 published as
International Publication No. WO 08/032219 which is herein incorporated by reference in
its entirety) (i.e., the components of the subunit vaccine (e.g., a flu polypeptide) are
isolated from virus that was propagated in mammalian cells). In another specific
emEodiment, the flu polypeptide(s) in a subunit vaccine are prepared using an expression
vector, e.g., a viral vector, plant vector or a bacterial vector (i.e., the flu polypeptide(s) in
the subunit vaccine are obtained/isolated from an expression vector).

5.10.2 Live Virus Vaccines

[00376] In one embodiment, provided herein are immunogenic compositions (e.g.,
vaccines) comprising live virus containing a flu polypeptide. In another embodiment,
provided herein are immunogenic compositions (e.g., vaccines) comprising live virus that
is engineered to encode a flu polypeptide, which is expressed by progeny virus produced
in the subjects administered the compositions. In specific embodiments, the flu
polypeptide is membrane-bound. In other specific embodiments, the influenza virus flu
polypeptide is not membrane-bound, i.e., soluble. In particular embodiments, the live
virus is an influenza virus, such as described in Section 5.4, supra. In other
embodiments, the live virus is a non-influenza virus, such as described in Section 5.5,
supra. In some embodiments, the live virus is attenuated. In some embodiments, an
immunogenic composition comprises two, three, four or more live viruses containing or
engineered to express two, three, four or more different flu polypeptides.

[00377]  In certain embodiments, provided herein are immunogenic compositions (e.g.,
vaccines) comprising about 10° to about 10'° fluorescent focus units (FFU) of live
attenuated influenza virus containing one or more flu polypeptides described herein,
about 0.1 to about 0.5 mg monosodium glutamate, about 1.0 to about 5.0 mg hydrolyzed

procine gelatin, about 1.0 to about 5.0 mg arginine, about 10 to about 15 mg sucrose,
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about 1.0 to about 5.0 mg dibasic potassium phosphate, about 0.5 to about 2.0 mg
monobasic potassium phosphate, and about 0.001 to about 0.05 pg/ml gentamicin sulfate
per dose. In some embodiments, the immunogenic compositions (e.g., vaccines) are
packaged as pre-filled sprayers containing single 0.2 ml doses. '
[00378] In a specific embodiment, provided herein are immunogenic compositions
(e.g., vaccines) comprising 10%7 to 107 FFU of live attenuated influenza virus containing
one or more flu polypeptides described herein, 0.188 mg monosodium glutamate, 2.0 mg
hydrolyzed procine gelatin, 2.42 mg arginine, 13.68 mg sucrose, 2.26 mg dibasic
potassium phosphate, 0.96 mg monobasic potassium phosphate, and < 0.015 pg/ml
gentamicin sulfate per dose. In some embodiments, the immunogenic compositions (e.g.,
vaccines) are packaged as pre-filled sprayers containing single 0.2 ml doses.

[00379] In a specific embodiment, the live virus that contains a flu polypeptide is
propagated in embryonated chicken eggs before its use in an imm‘unogenic composition
described herein. In another specific embodiment, the live virus that contains a flu
polypeptide is not propagated in embryonated chicken eggs before its use in an
immunogenic composition described herein. In another specific embodiment, the live
virus that contains a flu polypeptide is propagated in mammalian cells, e.g., immortalized
human cells (see, e.g., International Application No. PCT/EP2006/067566 published as
International Publication No. WO 07/045674 which is herein incorporated by reference in
its entirety) or canine kidney cells such as MDCK cells (see, e.g., International
Application No. PCT/IB2007/003536 published as lnterngtional Publication No. WO
08/032219 which is herein incorporated by reference in its entirety) before its use in an
immunogenic composition described herein.

[00380] An immunogenic cbmposition comprising a live virus for administration to a
subject may be preferred because multiplication of the virus in the subject may lead to a
prolonged stimulus of similar kind and magnitude to that occurring in natural infections,
and therefore, confer substantial, long lasting immunity.

5.10.3 Inactivated Virus Vaccines

[00381] In one embodiment, provided herein are immunogenic compositions (e.g.,
vaccines) comprising an inactivated virus containing a flu polypeptide. In specific
embodiments, the flu polypeptide is membrane-bound. In particular embodiments, the .
inactivated virus is an influenza virus, such as described in Section 5.4, supra. In other

embodiments, the inactivated virus is a non-influenza virus, such as described in Section
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5.5, supra. In some embodiments, an immunogenic composition comprises two, three,
four or more inactivated viruses containing two, three, four or more different flu
polypeptides. In certain embodiments, the inactivated virus immunogenic compositions
comprise one or more adjuvants.

[00382] Techniques known to one of skill in the art may be used to inactivate viruses
containing a flu polypeptide. Common methods use formalin, heat, or detergent for
inactivation. See, e.g., U.S. Patent No. 6,635,246, which is herein incorporated by
reference in its entirety. Other methods include those described in U.S. Patent Nos.
5,891,705; 5,106,619 and 4,693,981, which are incorporated herein by reference in their
entireties.

[00383] In certain embodiments, provided herein are immunogenic compositions (e.g.,
vaccines) comprising inactivated influenza virus such that each dose of the immunogenic
composition comprises about 15 to about 60 pg of flu polypeptide described herein,
about 1.0 to about 5.0 mg sodium chloride, about 20 to about 100 pg monobasic sodium
phosphate, about 100 to about 500 pg dibasic sodium phosphate, about 5 to about 30 pg
monobasic potassium phosphate, about 5 to about 30 pg potassium chloride, and about .5
to about 3.0 pg calcium chloride.v In some embodiments, the immunogenic compositions
(e.g., vaccings) are packaged as single 0.25 m| or single 0.5 ml| doses. In other
embodiments, the immunogenic compositions (e.g., vaccines) are packaged as multi-dose
formulations.

[00384] In certain embodiments, provided herein are immunogenic compositions (e.g.,
vaccines) comprising inactivated influenza virus such that each dose of the immunogenic
composition comprises about 15 to about 60 pg of flu polypeptide described herein,
about 0.001% to 0.01% thimerosal, about 1.0 to a.bout 5.0 mg sodium chloride, about 20
to about 100 pg monobasic sodium phosphate, about 100 to about 500 pg dibasic sodium
phosphate, about 5 to"about 30 ng monobasic potassium phosphate, about 5 to about 30
ug potassium chloride, and about 0.5 to about 3.0 pg calcium chloride per dose. In some
embodiments, the immunogenic compositions (e.g., vaccines) are packaged as single 0.25
ml or single 0.5 ml doses. In other embodiments, the immunogenic compositions (e.g.,
vaccines) are packaged as multi-dose formulations.

[00385] Ina épeciﬁc embodiment, immunogenic compositions (e.g., vaccines)
provided herein are packaged as single 0.25 ml doses and comprise 22.5 pg of flu

polypeptide described herein, 2.05 mg sodium chloride, 40 pg monobasic sodium
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phosphate, 150 pg dibasic sodium phosphate, 10 pg monobasic potassium phosphate, 10
g potassium chloride, and 0.75 pg calcium chloride per dose.

[00386] In a specific embodiment, immunogenic compositions (e.g., vaccines)
provided herein are packaged as single 0.5 ml doses and comprise 45 pg of flu
polypeptide described herein, 4.1 mg sodium chloride, 80 pg monobasic sodium
phosphate, 300 pg dibasic sodium phosphate, 20 ug monobasic potassium phosphate, 20
ug potassium chloride, and 1.5 pg calcium chloride per dose.

[00387] In a specific embodiment, immunogenic compositions (e.g., vaccines) are
packaged as multi-dose formulations comprising or consisting of 5.0 ml of vaccine (0.5
ml per dose) and comprise 24.5 pug of meréury (from thimerosal), 45 pg of flu
polypeptide described herein, 4.1 mg sodium chloride, 80 pg monobasic sodium
phosphate, 300 pg dibasic sodium phosphate, 20 g monobasic potassium phosphate, 20
ug potassium chloride, and 1.5 pg calcium chloride per dose.

[00388] In a specific embodiment, the inactivated virus that contains a flu polypeptide
was propagated in embryonated chicken eggs before its inactivation and subsequent use
in an immunogenic composition described herein. In another specific embodiment, the
inactivated virus that contains a flu polypeptide was not propagated in embryonated
chicken eggs before its inactivation and subsequent use in an immunogenic composition
described herein. In another specific embodiment, the inactivated virus that contains a
flu polypeptide was propagated in mammalian cells, e.g., immortalized human cells (see,
e.g., International Application No. PCT/EP2006/067566 published as International
Publication No. WO 07/045674 which is herein incorporated by reference in its entirety)
or canine kidney cells such as MDCK cells (see, e.g., International Application No.
PCT/IB2007/003536 published as International Publication No. WO 08/032219 which is
herein incorporated by reference in its entirety) before its inactivation and subsequent use
in an immunogenic composition described herein.

5.10.4 Split Virus Vaccines

[00389] In one embodiment, an immunogenic composition comprising a flu
polypeptide is a split virus vaccine. In some embodiments, split virus vaccine contains
two, three, four or more different flu polypeptides. In certain embodiments, the flu
polypeptide is/was membrane-bound. In certain embodiments, the split virus vaccines

comprise one or more adjuvants.
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[00390] Techniques for producing split virus vaccines are known to those skilled in
the art. By way of non-limiting example, an influenza virus split vaccine may be '
prepared using inactivated particles disrupted with detergents. One example of a split
virus vaccine that can be adapted for use in accordance with the methods described herein
is the Fluzone®, Influenza Virus Vaccine (Zonal Purified, Subvirion) for intramuscular
_use, which is formulated as a sterile suspension prepared from influenza viruses
propagated in embryonated chicken eggs. The virus-containing fluids are harvested and
inactivated with formaldehyde. Influenza virus is concentrated and purified in a linear
sucrose density gradient solution using a continuous flow centrifuge. The virus is then
chemically disrupted using a nonionic surfactant, octoxinol-9, (Triton® X-100 - A
registered trademark of Union Carbide, Co.) producing a “split virus.” The split virus is
then further purified by chemical means and suspended in sodium phosphate-buffered
isotonic sodium chloride solution.
[00391] In certain embodiments, provided herein are split virus vaccines comprising
about 10 pg to about 60 pg of one or more flu polypeptides described herein, about 0.01
to about 1.0 mg octoxynol-10 (TRITON X-100®, about 0.5 to 0.5 mg a-tocopheryl
hydrogen succinate, about 0.1 to 1.0 mg polysorbate 80 (Tween 80), about 0.001 to about
0.003 pg hydrocortisone, about 0.05 to about 0.3 pg gentamcin sulfate, about 0.5 to about
2.0 pgchicken egg protein (ovalbumin), about 25 to 75 pg formaldehyde, and about 25 to
75 pg sodium deoxycholate.
[00392] In aspecific embodiment, a split virus vaccine provided herein comprises or
consists of a 0.5 ml dose that comprises 45 ug of influenza flu polypeptide(s) provided
herein, < 0.085 mg octoxynol-10 (TRITON X-100®, < 0.1 mg a-tocopheryl hydrogen
succinate, < .415 mg polysorbate 80 (Tween 80), < 0.0016 pg hydrocortisone, <0.15 pug
gentamcin sulfate, < 1.0 chicken egg protein (ovalbumin), < 50 ug formaldehyde, and <
50 pg sodium deoxycholate. In some embodiments, the 0.5 ml dose subunit vaccine is
packaged in a pre-filled syringe.
[00393] In a specific embodiment, the split virus vaccine is prepared using inﬂﬁenza
virus that was propagated in embryonated chicken eggs. In another specific embodiment,
the split virus vaccine is prepared using influenza virus that was not propagated in
embryonated chicken eggs. In another specific embodiment, the split virus vaccine is
prepared using influenza virus that was propagated in mammalian cells, eg.,
immortalized human cells (see, e.g., PCT/EP2006/067566 published as WO 07/045674

which is herein incorporated by reference in its entirety) or canine kidney cells such as
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MDCK cells (see, e.g., PCT/IB2007/003536 published as WO 08/032219 which is herein
incorporated by reference in its entirety).

5.10.5 Adjuvants

[00394] In certain embodiments, the compositions described herein comprise, or are
administered in combination with, an adjuvant. The adjuvant for administration in
combination with a composition described herein may be administered before,
concomitantly with, or after administration of said composition. In some embodiments,
the term “adjuvant” refers to a compound that when administered in conjunction with or
as part of a composition described herein augments, enhances and/or boosts the immune
response to a flu polypeptide, but when the compound is administered alone does not
generate an immune response to the polypeptide. In some embodiments, the adjuvant
generates an immune response to the polypeptide and does not produce an allergy or
other adverse reaction. Adjuvants can enhance an immune response by several
mechanisms including, e.g., lymphocyte recruitment, stimulation of B and/or T cells, and
stimulation of macrophages.

[00395]  In certain embodiments, an adjuvant augments the intrinsic response to the flu
polypeptide without causing conformational changes in the polypeptide that affect the
qualitative form of the response. Specific examples of adjuvants include, but are not
limited to, aluminum salts (alum) (such as aluminum hydroxide, aluminum phosphate,
and aluminum sulfate), 3 De-O-acylated moﬁophosphoryl lipid A (MPL) (see GB
2220211), MF59 (Novartis), AS03 (GlaxoSmithKline), AS04 (GlaxoSmithKline),
polysorbate 80 (Tween 80; ICL Americas, Inc.), imidazopyridine compounds (see
International Application No. PCT/US2007/064857, published as International
Publication No. W0O2007/109812), imidazoquinoxaline compounds (see International
Application No. PCT/US2007/064858, published as International Publication No.
W02007/109813) and saponins, such as QS21 (see Kensil et al., in Vaccine Design: The
Subunit and Adjuvant Approach (eds. Powell & Newman, Plenum Press, NY, 1995);
U.S. Pat. No. 5,057,540). In some embodiments, the adjuvant is Freund’s adjuvant
(cbmplete or incomplete). Other adjuvants are oil in water emulsions (such as squalene
or peanut oil), optionally in combination with immune stimulants, such as
monophosphory! lipid A (see Stoute et al., N. Engl. J. Med. 336, 86-91 (1997)). Another
adjuvant is CpG (Bioworld Today, Nov. 15, 1998). Such adjuvants can be used with or
without other specific immunostimulating agents such as MPL or 3-DMP, QS21,
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polymeric or monomeric amino acids such as polyglutamic acid or polylysine, or other
immunopotentiating agents described in Section 5.4, supra. It should be understood that
different formulations of flu polypeptide may comprise different adjuvants or may

comprise the same adjuvant.

5.11 PROPHYLACTIC AND THERAPEUTIC USES

[00396]  In on¢ aspect, provided herein are methods for inducing an immune response
in a subject utilizing an active compound, i.e., a flu polypeptide described herein, a
nucleic acid encoding such a polypeptide, a vector (e.g., a viral vector, or a bacteria)
containing or expressing such a polypeptide, or cells stimulated with such a polypeptide.
In a specific embodiment, a method for inducing an immune response to an influenza
virus in a subject comprises administering to a subject in need thereof an effective
amount of a flu polypeptide or an immunogeﬁic composition thereof. In another
embodiment, a method for inducing an immune response to an influenza virus in a
subject comprises administering to a subject in'need thereof an effective amount of a
nucleic acid encoding a flu polypeptide or an immunogenic composition thereof. In
another embodiment, a method for inducing an immune response to an influenza virus in
a subject comprises administering to a subject in need thereof an effective amount of a
viral vector containing or expressing a flu polypeptide or an immunogenic composition
thereof. In yet another embodiment, a method for inducing an immune response to an
influenza virus in a subject comprises administering to a subject in need thereof an
effective amount of cells stimulated with a flu polypeptide or a pharmaceutical
composition thereof. In certain embodiments, a flu polypeptide used in the method is a
purified flu polypeptide derived from a mammalian cell, a plant cell, or an insect cell.
[00397] In a specific embodiment, a method for inducing an immune response to an
influenza virus in a subject comprises administering to a subject in need thereof a subunit
vaccine described herein. In another embodiment, a method for inducing an immune
response to an influenza virus in a subject comprises administering to a suf)jecl in need
thereof a live virus vaccine described herein. In particular embodiments, the live virus
vaccine comprises an attenuated virus. In another embodiment, a method for inducing an
immune response to an influenza virus in a subject comprises administering to a subject
in need thereof an inactivated virus vaccine described herein. In another embodiment, a

method for inducing an immune response to an influenza virus in a subject comprises
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administering to a subject in need thereof a split virus vaccine described herein. In
another embodiment, a method for inducing an immune response to an influenza virus in
a subject comprises administering to a subject in need thereof a viral-like particle vaccine
described herein. 1n another embodiment, a method for inducing an immune response to
an influenza virus in a subject comprises administering to a subject in need thereof a
virosome described herein. In another embodiment, a method for inducing an immune
response to an.influenza virus in a subject comprises administering to a subject in need
thereof a bacteria expressing or engineered to express a flu polypeptide or a composition
thereof. In certain embodiments, a flu polypeptide used in the method is a purified flu
polypeptide derived from a mammalian cell, a plant.cell, or an insect cell.

[00398] In some embodiments, the immune response induced by an active compound
or a composition described herein is effective to pfevent and/or treat an influenza virus
infection caused by any subtype or strain of influenza virus. In certain embodiments, the
immune response induced by an active compound or a composition described herein is
effective to prevent and/or treat an influenza virus infection caused by a subtype of
influenza virus that belongs to one HA group (e.g., Group 1, which comprises H1, H2,
HS, H6, HS, H9, H11, H12, H13, and H16) and not the other HA group (e.g., Group 2,
which comprises H3, H4, H7, H10, H14, and H15). For example, the immune response
induced may be effective to prevent and/or treat an influenza virus infection caused by an
influenza virus that belongs to the HA group consisting of Hi 1, H13, H16, H9, H8, H12,
H6, H1, H5 and H2. Alternatively, the immune response induced may be effective to
prevent and/or treat an influenza virus infection caused by an influenza virus that belongs
to the HA group consisting of H3, H4, H14, H10, H15 and H7. In some embodiments,
the immune response induced by an active compound or a composition described herein
is effective to prevent and/or treat an influenza virus infection caused by one, two, three,
four or five subtypes of influenza virus. In certain embodiments, the immune response
induced by an active compound or a composition described herein is effective to prevent
and/or treat an influenza virus infection caused by six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen or fifteen subtypes of influenza virus. In some embodiments,
the immune response induced by an active compound or a composition described herein
is effective to prevent and/or treat an influenza virus infection caused by one or more
variants within the same subtype of influenza virus. ‘

[00399] In some embodiments, the immune response induced by an active compound

or a composition described herein is effective to prevent and/or treat an influenza virus
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infection caused by both HIN1 and H2N2 subtypes. In other embodiments, the immune
response induced by an active compound or a composition described herein is not
effective to prevent and/or treat an influenza virus infection caused by both HIN1 and
H2N2 subtypes. In some embodiments, the immune response induced by an active
compound or a composition described herein is effective to prevent and/or treat an
influenza virus infection caused by HINI1, H2N2, and H3N2 subtypes. In some .
embodiments, the immune response induced by an active compound or a composition
described herein is effective to prevent and/or treat an influenza virus infection caused by
H3N2 subtypes. In other embodiments, the immune response induced by an active
compound or a composition described herein is not effective to prevent and/or treat an
influenza virus infection caused by H3N2 subtypes.

[00400]  In some embodiments, the immune response induced by an active compound
or a composition described herein is effective to prevent and/or treat an influenza virus
disease caused by any subtype or strain of influenza virus. In certain embodiments, the
immune response induced by an active compound or a composition described herein is
effective to prevent and/or treat an influenza virus disease caused by a subtype of
influenza virus that belongs to one HA group and not the other HA group. For example,
the immune response induced may be effective to prevent and/or treat an influenza virus
disecase caused by an influenza virus that belongs to the HA group consisting of H11,
H13, H16, H9, H8, H12, H6, H1, HS and H2. Alternatively, the immune response
induced may be effective to prevent and/or treat an influenza virus disease caused by an
influenza virus that belongs to the HA group consisting of H3, H4, H4, H10, H15 and
H7. In some embodiments, the immune response induced by an active compound or a
composition described herein is effective to prevent and/or treat an influenza virus
disease caused by any of one, two, three, four or five subtypes of influenza virus. In
certain embodiments, the immune response induced by an active compound or a
composition described herein is effective to prevent and/or treat an influenza virus
disease caused by any of six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen or
fifteen subtypes of influenza virus. In some embodiments, the immune response induced
by an active compound or a composition described herein is effective to prevent and/or
treat an influenza virus disease caused by one or more variants within the same subtype
of influenza virus.

[00401] In some embodiments, the immune response induced by an active compound

or a composition described herein is effective to reduce symptoms resulting from an
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influenza virus disease/infection. Symptoms of influenza virus disease/infection include,
but are not limited to, body aches (especially joints and throat), fever, nausea, headaches,
irritated eyes, fatigue, sore throat, reddened eyes or skin, and abdominal pain.

{00402] In some embodiments, the immune response induced by an active compound
or a composition described herein is effective to reduce the hospitalization of a subject
suffering from an influenza virus disease/infection. In some embodiments, the immune
response induced by an active compound or a composition described herein is effective to
reduce the duration of hospitalization of a subject suffering from an influenza virus
disease/infection.

[00403]  In another aspect, provided herein are methods for preventing and/or treating
an influenza virus infection in a subject utilizing an active compound (e.g., a flu
polypeptide described herein, a nucleic acid encoding such a polypeptide, a vector
containing or expressing such a polypeptide, or cells stimulated with such a polypeptide)
or a composition described herein. In one embodiment, a method for preventing or
treating an influenza virus infection in a subject comprises administering to a subject in
need thereof a flu polypeptide, a nucleic acid encoding such a polypeptide, a vector
containing or expressing such a polypeptide, or a composition of any one of the
foregoing. In a specific embodiment, a method for preventing or treating an influenza
virus infection i a subject comprises administering to a subject in need thereof a subunit
vaccine, a live virus vaccine, an inactivated virus vaccine, a split virus vaccine or a viral-
like particle vaccine. In specific embodiments, the influenza virus infection is caused by
an influenza A virus. In other embodiments, the influenza virus infection is caused by an
influenza B or C virus.

[00404]) In another aspect, provided herein are methods for preventing and/or treating
an influenza virus disease in a subject utilizing a flu polypeptide described herein, a
nucleic acid encoding such a polypeptide, a vector containing or expressing such a
polypeptide, or cells stimulated with such a polypeptide. In a specific embodiment, a
method for preventing or treating an influenza virus disease in a subject comprises
administering to a subject in need thereof an effective amount of a flu polypeptide or an
immunogenic composition thereof. In another embodiment, a method for preventing or
treating an influenza virus disease in a subject comprises administering to a subject in
need thereof an effective amount of a nucleic acid encoding a flu polypeptide or an
immunogenic composition thereof. In another embodiment, a method for preventing or

treating an influenza virus disease in a subject comprises administering to a subject in
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need thereof an effective amount of a viral vector containing or expressing a flu
polypeptide or an immunogenic composition thereof. In yet another embodiment, a
method for preventing or treating an influenza virus disease in a subject comprises
administering to a subject in need thereof an effective amount of cells stimulated with a
flu polypeptide or a pharmaceutical composition thereof.
[00405] In a specific embodiment, a method for preventing or treating an influenza
virus disease in a subject comprises administering to a subject in need thereof a subunit
vaccine described herein. In another embodiment, a method for preventing or treating an
influenza virus disease in a subject comprises administering to a subject in need thereof a
live virus vaccine described herein. In particular embodiments, the live virus vaccine
comprises an attenuated virus. In another embodiment, a method for preventing or
treating an influenza virus disease in a subject comprises administering to a subject in
need thereof an inactivated virus vaccine described herein. In another embodiment, a
method for preventing or treating an influenza virus disease in a subject comprises
administering to a subject in need thereof a split virus vaccine described herein. In
another embodiment, a method for preventing or treating an influenza virus disease
comprises administering to a subject in need thereof a viral-like particle vaccine
described herein. In another embodiment, a method for preventing or treating an
influenza virus disease in a subject, comprising administering to a subject in need thereof
« a virosome described herein. In another embodiment, a method for preventing or treating
an influenza virus disease in a subject comprising administering to a subject in need
thereof a bacteria expressing or engineered to express a flu polypeptide or a composition
thereof. In specific embodiments, the influenza virus disease is caused by or associated
with the presence of an influenza A virus. In other embodiments, the influenza virus
disease is caused by or associated with the presence of an influenza B virus.
[00406] In another aspect, provided herein are methods of preventing and/or treating
an influenza virus disease in a subject by administering neutralizing antibodies described
herein. In a specific embodiment, a method for preventing or treating an influenza virus
disease in a subject comprises administering to a subject in need thereof an effective
amount of a neutralizing antibody described herein, or a pharmaceutical composition
thereof. In particular embodiments, the neutralizing antibody is a monoclonal antibody.
In certain embodiments, the neutralizing antibody is not an antibody described in Wang
et al. (2010) “Broadly Protective Monoclonal Antibodies against H3 Influenza Viruses

following Sequential Immunization with Different Hemagglutinins,” PLOS Pathogens
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6(2):1-9. In certain embodiments, the neutralizing antibody is not an antibody described
in PCT/US2010/036170.

[00407] In certain embodiments, the methods for preventing or treating an influenza
virus disease or infection in a subject (e.g., a human or non-human animal) provided
herein result in a reduction in the replication of the influenza virus in the subject as
measured by in vivo and in vitro assays known to those of skill in the art and described
herein. In some embodiments, the replication of the influenza virus is reduced by
approximately 1 log or more, approximately 2 logs or more, approximately 3 logs or
more, approximately 4 logs or more, approximately 5 logs or more, approximately 6 logs
or more, approximately 7 logs or more, approximately 8 logs or more, approximately 9
logs or more, approximately 10 logs or more, 1 to 3 logs, 1 to S logs, 1 to 8 logs, 1 to 9
logs, 2 to 10 logs, 210 5 logs, 2 to 7 logs, 2 logs to 8 logs, 2 to 9 logs, 2to 10 logs 3 to 5
logs, 3 to 7 logs, 3 to 8 logs, 3 to 9 logs, 4 to 6 logs, 4 to 8 logs, 4 to 9 logs, 5 to 6 logs, 5
to 7 logs, 5 to 8 logs, 5 to 9 logs, 6 to 7 logs, 6 to 8 logs, 6 to 9 logs, 7 to 8 logs, 7 t0 9
logs, or 8 to 9 logs.

5.11.1 Combination therapies

[00408) In various embodiments, a flu polypeptide described herein, a nucleic acid
encoding such a polypeptide, a vector (e.g., a viral vector or a bacteria) containing or
expressing such a polypeptide, cells stimulated with such a polypeptide, or a neutralizing
antibody may be administered to a subject in combination with one or more other
therapies (e.g., antiviral, antibacterial, or immunomodulatory therapies). In some
embodiments, a pharmaceutical composition (e.g., an immunogenic composition)
described herein may be administered to a subject in combination with one or more
therapies. The one or more other therapies may be beneficial in the treatment or
prevention of an influenza virus disease or may ameliorate a symptom or condition
associated with an influenza virus disease. In some embodiments, the one or more other
therapies are pain relievers, anti-fever medications, or therapies that alleviate or assist
with breathing. In certain embodiments, the therapies are administered less than 5
minutes apart, less than 30 minutes apart, | hour apart, ét about 1 hour apart, at about 1 to
about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3 hours to about 4
hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to about 6 hours
apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at

about 8 hours to about 9 hours apart, at about 9 hours to about 10 hours apart, at about 10
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hours to about 11 hours apart, at about 11 hours to about 12 hours apart, at about 12
hours to |8 hours apart, 18 hours to 24 hours apart, 24 hours to 36 hours apart, 36 hours
to 48 hours apart, 48 hours to 52 hours apart, 52 hours to 60 hours apart, 60 hours to 72
hours apart, 72 hours to 84 hours apart, 84 hours to 96 hours apart, or 96 hours to 120
hours part. In spec-iﬁc embodiments, two or more therapies are administered within the
same patent visit.

[00409]  Any anti-viral agents well-known to one of skill in the art may used in
combination with an active compound or pharmaceutical composition described herein.
Non-limiting examples of anti-viral agents include proteins, polypeptides, peptides,
fusion proteins antibodies, nucleic acid molecules, organic molecules, inorganic
molecules, and small molecules that inhibit and/or reduce the attachment of a virus to its
receptor, the internalization of a virus into a cell, the replication of a virus, or release of
virus from a cell. In particular, anti-viral agents include, but are not limited to,
nucleoside analogs (e.g., zidovudine, acyclovir, gangcyclovir, vidarabine, idoxuridine,
trifluridine, and ribavirin), foscarnet, amantadine, peramivir, rimantadine, saquinavir,
indinavir, ritonavir, alpha-interferons and other interferons, AZT, zanamivir (Relenza®),
and oseltamivir (Tamiflu®). Other anti-viral agents include influenza virus vaccines,
e.g., Fluarix® (GlaxoSmithKline), FluMist® (Medimmune Vaccines), Fluvirin® (Chiron
Corporation), Flulaval® (GlaxoSmithKline), Afluria® (CSL Biotherapies Inc.), Agriflu®
(Novartis)or Fluzone® (Aventis Pasteur).

[00410] In specific embodiments, the anti-viral agent is an immunomodulatory agent
that is specific for a 'viral antigen. In particular embodiments, the viral antigen is an
influenza virus polypeptide other than a hemagglutinin polypeptide. In other
embodiments, the viral antigen is an flu polypeptide. '

[00411]  Any anti-bacterial agents known to one of skill in the art may used in
combination with an active compound or pharmaceutical composition described herein.
Non-limiting examples of anti-bacterial agents include Amikacin, Amoxicillin,
Amoxicillin-clavulanic acid, Amphothericin-B, Ampicillin, Ampicllin-sulbactam,
Apramycin, Azithromycin, Aztreonam, Bacitracin, BenzyIpenicillin, Caspofungin,
Cefaclor, Cefadroxil, Cefalexin, Cefalothin, Cefazolin, Cefdinir, Cefepime, Cefixime,
Cefmenoxime, Cefoperazone, Cefoperazone-sulbactam, Cefotaxime, Cefoxitin,
Cefpirome, Cefpodoxime, Cefpodoxime-clavulanic acid, Cefpodoxime-sulbactam,
Cefprozil, Cefquinome, Cefiazidime, Ceftibutin, Ceftiofur, Ceftobiprole, Ceftriaxon,

Cefuroxime, Chloramphenicole, Florfenicole, Ciprofloxacin, Clarithromycin,
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Clinafloxacin, Clindamycin, Cloxacillin, Colistin, Cotrimoxazol
(Trimthoprim/sulphamethoxazole), Dalbavancin, Dalfopristin/Quinopristin, Daptomycin,
Dibekacin, Dicloxacillin, Doripenem, Doxycycline, Enrofloxacin, Ertapenem,
Erythromycin, Flucloxacillin, Fluconazol, Flucytosin, Fosfomycin, Fusidic acid,
Garenoxacin, Gatifloxacin, Gemifloxacin, Gentamicin, Imipenem, Itraconazole,
Kanamycin, Ketoconazole, Levofloxacin, Lincomycin, Linezolid, Loracarbef, Mecillnam
(amdinocillin), Meropenem, Metronidazole, Meziocillin, Mezlocillin-sulbactam,
Minocycline, Moxifloxacin, Mupirocin, Nalidixic acid, Neomycin, Netilmicin,
Nitrofurantoin, Norfloxacin, Ofloxacin, Oxacillin, Pefloxacin, Penicillin V, Piperacillin,
Piperacillin-sulbactam, Piperacillin-tazobactam, Rifampicin, Roxythromycin,
Sparfloxacin, Spectinomycin, Spiramycin, Streptomycin, Sulbactam, Sulfamethoxazole,
Teicoplanin, Telavancin, Telithromycin, Temocillin, Tetracyklin, Ticarcillin, Ticarcillin-
clavulanic acid, Tigecycline, Tobramycin, Trimethoprim, Trovafloxacin, Tylosin,
Vancomycin, Virginiamycin, and Voriconazole.

[00412] In some embodiments, a combination therapy comprises administration of two
or more different vectors described in Sections 5.4-5.7. In one example, one or more
vectors expressing a flu polypeptide derived from an influenza A virus and one or more
vectors expressing a flu polypeptide derived from an influenza B virus are administered
in combination. In some embodiments, a combination therapy comprises administration
of a vector expressing a flu polypeptide derived from an H3 influenza A virus and a
vector expressing a flu polypeptide derived from an HI influenza A virus. In some
embodiments, the combination therapy comprises administration of a vector expressing a
flu polypeptide derived from an H3 influenza A virus, a vector expressing a flu
polypeptide derived from an H1 influenza A virus, and a vector expressing a flu
polypeptide derived from an influenza B virus.

{00413] In some embodiments, a combination therapy comprises active immunization
with an active compound that induces an immune response to one, two, three, or more
HA subtypes in one HA group (e.g., Group 1) in combination with an active compound
that induces an immune response to one, two, three, or more HA subtypes in the other
HA group (e.g., Group 2).

[00414] In some embodiments, a combination therapy comprises active immunization

with two or more flu polypeptides described in Section 5.1.
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[00415]  In certain embodiments, a combination therapy comprises active
immunization with one, two, or more flu polypeptides derived from an influenza A virus
and one or more flu polypeptides derived from an influenza B virus.

5.11.2 Patient Populations

[00416] In certain embodiments, an active compound or composition described herein
may be administered to a naive subject, i.e., a subject that does not have a disease caused
by influenza virus infection or has not been and is not currently infected with an
influenza virus infection. In one embodiment, an active compound or composition
described herein is administered to a naive subject that is at risk of acquiring an influenza
virus infection. In one embodiment, an active compound or composition described herein
is administered to a subject that does not have a disease caused by the specific influenza
virus, or has not been and is not infected with the specific influenza virus to which the flu
polypepﬁde induces an immune response. An active compound or composition described
herein may also be administered to a subject that is and/or has been infected with the
influenza virus or another type, subtype or strain of the influenza virus to which the flu
polypeptide induces an immune response.

[00417] In certain embodiments, an active compound or composition described herein
is administered to a patient who has been diagnosed with an influenza virus infection. In
some embodiments, an active compound or composition described herein is administered
to a patient infected with an influenza virus before symptoms manifest or symptoms
become severe (e.g., before the patient requires hospitalization). In some embodiments,
an active compound or composition described herein is administered to a patient that is
infected with or has been diagnosed with a different type of influenza virus than that of
the influenza virus from which the flu polypeptide of the active compound or
composition was derived.

100418]  In certain embodiments, an active compound or composition described llerein
is administered to a patient that may be or is infected with an influenza virus that belongs
to the same HA group as that of the influenza flu polypeptide. In certain embodiments,
an active compound or composition described herein is administered to a patient that may
be or is infected with an influenza virus of the same subtype as that of the influenza flu
polypeptide.

[00419]  In some embodiments, a subject to be administered an active compound or

composition described herein is an animal. In certain embodiments, the animal is a bird.
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In certain embodiments, the animal is a canine. In certain embodiments, the animal is a
feline. In certain embodiments, the animal is a horse. In certain embodiments, the
animal is a cow. In certain embodiments, the animal is a mammal, e.g., a horse, swine,

v mouse, or primate, preferably a human.
[00420]  In certain embodiments, a subject to be administered an active compound or
composition described herein is a human adult. In certain embodiments, a subject to be
administered an active compound or composition described herein is a human adult more

- than 50 years old. In certain embodiments, a subject to be administered an active

compound or composition described herein is an elderly human subject.
[00421]  In certain embodiments, a subject to be administered an active compound or
composition described herein is a human.child. In certain embodiments, a subject to be
administered an active compound or composition described herein is a human infant. In
certain embodiments, a subject to be administered an active compound or composition
described herein is a premature human infant. In some embodiments, a patient treated or
prevented in accordance with the methods provided herein is a human toddler. In certain
embodiments, a subject to whom an active compound or composition described herein is
administered is not an infant of less than 6 months old. In a specific embodiment, a
subject to be administered an active compound or composition described herein is 2 years
old or younger.
[00422]  In specific embodiments, a subject to be administered an active compound or
composition described herein is any infant or child more than 6 months of age and any
adult over 50 years of age. In other embodiments, the subject is an individual who is
pregnant. In another embodiment, the subject is an individual who may or will be
pregnant during the influenza season (e.g., November to April). In specific
embodiments, a subject to be administered an active compound or composition described
herein is a woman who has given birth 1, 2, 3, 4, 5, 6, 7, or 8 weeks earlier.
[00423] In some embodiments, the human subject to be administered an active
compound or composition described herein is any individual at increased risk of
influenza virus infection or disease resulting from influenza virus infection (e.g., an
immunocompromised or immunodeficient individual). In some embodiments, the human
subject to be administered an active compound or composition described herein is any
individual in close contact with an individual with increased risk of influenza virus
infection or disease resulting from influenza virus infection (e.g., immunocompromised

or immunosuppressed individuals).
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[00424]  In some embodiments, the human subject to be administered an active
compound or composition described herein is an individual affected by any condition that
increases susceptibility to influenza virus infection or complications or disease resulting
from influenza virus infection. In other embodiments, an active compound or
composition described herein is administered to a subject in which an influenza virus
infection has the potential to increase complications of another condition that the
individual is affected by, or for which they are at risk. In particular embodiments, such
conditions that increase susceptibility to influenza virus complications or for which
influenza virus increases complications associated with the condition are, e.g., conditions
that affect the lung, such as cystic fibrosis, emphysema, asthma, or bacterial infections -
(e.g., infections caused by Haemophilus influenzae, Streptococcus pneumoniae,
Legionella pneumophila, and Chlamydia trachomatus); cardiovascular disease (e.g.,
congenital heart disease, congestive heart failure, and coronary artery disease), endocrine
disorders (e.g., diabetes), neurological and neuron-developmental conditions (e.g.,
disorders of the brain, the spinal cord, the peripheral nerve, and muscle (such as cerebral
palsy, epilepsy (seizure disorders), stroke, intellectual disability (e.g., mental retardation),
muscular dystrophy, and spinal cord injury)).

[00425]  In some embodiments, the human subject to be administered an active
compound or composition described herein is an individual that resides in a group home,
such as a nursing home. In some efnbodiments, the human subject to be administered an
active compound or composition described herein works in, or spends a significant
amount of time in, a group home, e.g., a nursing home. In some embodiments, the
human subject to be administered an active compound or composition described herein is
a health care worker (e.g., a doctor or nurse). In some embodiments, the human subject
to be administered an active compound or composition described herein is a smoker. In a
specific embodiment, the human subject to be administered an active compound or
composition déscribed herein is immunocompromised or immunosuppressed.

[00426] In addition, subjects at increased risk of developing complications from
influenza who may be administered an active compound or composition described herein
include: any individual wha can transmit influenza viruses to those at high risk for
complications, such as, e.g., members of households with high-risk individuals, including
households that will include infants younger than 6 months, individuals coming into
contact with infants less than 6 months of age, or individuals who will come into contact

with individuals who live in nursing homes or other long-term care facilities; individuals
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with long-term disorders of the lungs, heart, or circulation; individuals with metabolic
diseases (e.g-‘, diabetes); individuals with kidney disorders; individuals with blood
disorders (including anemia or sickle cell disease); individuals with weakened immune
systems (in'cluding immunosuppression caused by medications, malignancies such as
cancer, organ transplant, or HIV ivnfection); children who receive long-term aspirin
therapy (and therefore have a higher chance of developing Reye syndrome if infected
with influenza). '

[00427)  In other embodiments, subjects for administration of an active compound or
composition described herein include healthy individuals six months of age or older,
who: plan to travel to foreign countries and areas where flu outbreaks may be occurring,
such, e.g., as the tropics and the Southern Hemisphere from April through September;
travel as a part of large organized tourist groups that may include persons from areas of
the world where influenza viruses are circulating; attend school or college and reside in
d‘ormitories, or reside in institutional settings; or wish to reduce their risk of becoming ill
with influenza.

[00428]  In some embodiments, a subject for whom administration of an active
compound or composition described herein is contraindicated include any individual for
whom influenza vaccination is contraindicated, such as: infants younger than six months
of age; and individuals who have had an anaphylactic reaction (allergic reactions that
cause difficulty breathing, which is often followed by shock) to eggs, egg products, or
other components used in the production of the immunogenic formulation. In certain
embodiments, when administration of an active compound or composition described
herein is contraindicated due to one or more components used in the production of the
immunogenic formulation (e.g., due to the presence of egg or egg products), the active
compound or composition may be produced in a manner that does not include the
component that causes the administration of an active compound or composition to be
contraindicated (e.g., the active compound or composition may be produced without the
use of eggs or egg products).

[00429]  In some embodiments, it may be advisable not to administer a live virus
vaccine to one or more of the following patient populations: elderly humans; infants
younger than 6 months old; pregnant individuals; infants under the age of 1 years old;
children under the age of 2 years old; children under the age of 3 years old; children
under the age of 4 years old; children under the age of 5 years old; adults under the age of

20 years old; adults under the age of 25 years old; adults under the age of 30 years old;
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adults under the age of 35 years old; adults under the age of 40 years old; adults under the
age of 45 years old; adults uﬁder the age of 50 years old; elderly humans over the age of
70 years old; elderly humans over the age of 75 years old; elderly humans over the age of
80 years old; elderly humans over the age of 85 years old; elderly humans over the age of
90 years old; elderly humans over the age of 95 years old; children and adolescents (2-17
years of age) receiving aspirin or aspirin-containing medications, because of the
complications associated with aspirin and wild-type influenza virus infections in this age
group; individuals with a history of asthma or other reactive airway diseases; individuals
with chronic underlying medical conditions that may predispose them to severe influenza
infections; individuals with a history of Guillain-Barre syndrome; individuals with acute
serious illness with fever; or individuals who are moderately or severely ill. For such
individuals, administration of inactivated virus vaccines, split virus vaccines, subunit

A vaccines, virosomes, viral-like particles or the non-viral vectors described herein may be
preférred. In certain embodiments, subjects preferably administered a live virus vaccine
may include healthy children and adolescents, ages 2-17 years, and healthy adults, ages
18-49.
[00430] In certain embodiments, an immunogenic formulation comprising a live virus

vector is not given concurrently with other live-virus vaccines.

5.12 MODES OF ADMINISTRATION

5.12.1 Routes of Delivery

{00431]  An active compound or composition described herein may be delivered to a
subject by a variety of routes. These include, but are not limited to, intranasal,
intratracheal, oral, intradermal, intramuscular, intraperitoneal, transdermal, intravenous,
conjunctival and subcutaneous routes. In a specific embodiment, an active compound or
composition described herein is delivered to a subject by the subcutaneous route. In
some embodiments, a composition is formulated for topical administration, for example,
for application to the skin. In specific embodiments, the route of administration is nasal,
e.g., as part of a nasal spray. [In certain embodiments, a composition is formulated for
intramuscular administration. In some embodiments, a composition is formulated for
subcutaneous administration. In certain embodiments, a composition is not formulated
for administration by injection. In specific embodiments for live virus vaccines, the

vaccine is formulated for administration by a route other than injection.
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[00432] In cases where the antigen is a viral vector, a virus-like particle vector, or a
bacterial vector, for example, it may be preferable fo introduce an immunogenic
composition via the natural route of infection of the backbone virus or bacteria from
which the vector was derived. Alternatively, it may be preferable to introduce a flu
polypeptide via the natural route of infection of the influenza virus from which
polypeptide is derived. The ability of an antigen, particularly a viral vector, to induce a
vigorous secretory and cellular immune response can be used advantageously. For
example, infection of the respiratory tract by a viral vector may induce a strong secretory
immune response, for example in the urogenital system, with concomitant protection
against an influenza virus. In addition, in a preferred embodiment it may be desirable to
introduce the pharmaceutical compositions into the lungs by any suitable route.
Pulmonary administration can also be employed, e.g., by use of an inhaler or nebulizer,
and formulation with an aerosolizing agent for use as a spray.

[00433] In a specific embodiment, a subunit vaccine is administered intrénasally. Ina
specific embodiment, a subunit vaccine is administered intramuscularly. In another
specific embodiment, a subunit vaccine is administered subcutaneously. In another
specific embodiment, a subunit vaccine is administered intradermally.

[00434] In a specific embodiment, a live virus vaccine is administered intranasally. In
a specific embodiment, a live virus vaccine is adminisltered intramuscularly. In another
specific embodiment, a live virus vaccine is administered subcutaneously. In another
specific embodiment, a live virus vaccine is administered intradermally.

[00435]  In a specific embodiment, an inactivated virus vaccine is administered
intranasally. In a specific embodiment, an inactivated virus vaccine is administered
intramuscularly. In another specific embodiment, an inactivated virus vaccine is
administered subcutaneously. In another specific embodiment, an inactivated virus
vaccine is administered intradermally.

[00436] In a specific embodiment, a split virus vaccine is administered intranasally. In
a specific embodiment, a split virus vaccine is administered intramuscularly. In another
specific embodiment, a splif virus vaccine is administered subcutaneously. In another -
specific embodiment, a split virus vaccine is administered intradermally.

[00437] In a specific embodiment, a viral-like particle or composition thereof is
administered intranasally. In a specific embodiment, a viral-like particle or composition

thereof is administered intramuscularly. In another specific embodiment, a sp viral-like
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particle or composition thereof is administered subcutaneously. In another specific
embodiment, a viral-like particle or composition thereof is administered intradermally.
[00438]  In some embodiments, cells stimulated with a flu polypeptide in vitro may be
introduced (or re-introduced) into a subject using techniques known to one of skill in the
art. In some embodiments, the cells can be introduced into the dermis, under the dermis,
or into the peripheral blood stream. In some embodiments, the cells introduced into a
subject are preferably cells derived from that subject, to avoid an adverse immune
response. In other embodiments, cells also can be used that are derived from a donor host
having a similar immune background. Other cells also can be used, including those
designed to avoid an adverse immunogenic response.

5.12.2 Dosage and Frequency of Administration

100439} Thé amount of an active compound or composition which will be effective in
the treatment and/or prevention of an influenza virus infection or an influenza virus
disease will depend on the nature of the disease, and can be determined by standard
clinical techniques.

[00440] The precise dose to be employed in the formulation will also depend on the
route of administration, and the seriousness of the infection or disease caused by it, and
should be decided according to the judgment of the practitioner and each subject's
circumstances. For example, effective doses may also vary depending upon means of
administration, target site, physiological state of the patient (including age, body weight,
health), whether the patient is human or an animal, other medications administered, and
whether treatment ié prophylactic or therapeutic. Usually, the patient is a human but
nonhuman mammals including transgenic mammals can also be treated. Treatment
dosages are optimally titrated to optimize safety and efficacy.

[00441] In certain embodiments, an in vitro assay is employed to help identify optimal
dosage ranges. Effective doses may be extrapolated from dose response curves derived
from in vitro or animal model test systems.

[00442] Exemplary doses for nucleic acids encoding flu polypeptides range from about
10ngto ! g, 100 ng to 100 mg, 1 pg to 10 mg, or 30-300 pug nucleic acid, e.g., DNA, per
patient,

[00443] In certain embodiments, exemplary doses for ﬂu polypeptide(s) (e.g., as
provided in split virus vaccines and subunit vaccines) range from about 5 pg to 100 mg,

15 pgto 50 mg, 15 pgto 25 mg, 15 ugto 10 mg, 15 pgto S mg, 15 ug to 1 mg, 15 ugto
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100 pg, 15 pg to 75 pg, S pg to 50 ug, 10 pg to 50 pg, 15 pg to 45 ug, 20 pg to 40 pg, or
25 to 35 pg per kilogram of the patient. In other embodiments, exemplary doses for flu
polypeptide(s) range from about 1 pg to 50 mg, 5 pg to 50 mg, | pgto 100 mg, 5 pgto
100 mg, 15 pgto SO mg, 15 ugto 25 mg, 15 pgto 10 mg, 15 pgto S mg, 15 pg to 1 mg,
15 pg to 100 pg, 15 pug to 75 pg, 5 pg to 50 pg, 10 pg to 50 ug, 15 pgto 45 ug, 20 pgto
40 pg, or 25 to 35 pg of flu polypeptide(s) per dose. In certain embodiments, an
exemplary dose for a flu polypeptide(s) comprises 1, 2,3, 4, 5,6,7,8,9,10, 11, 12,13,
14,15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 pg of flu polypeptide(s) per dose. In
certain embodiments, an exemplary dose for a flu polypeptide(s) comprises 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, or 100 pg of flu polypeptide(s) per dose.

[00444]  Doses for infectious viral vectors may vary from 10-100, or more, virions per
dose. In some embodiments, suitable dosages of a virus vector are 102, S5 X ]02, 103, 5X
10%,10% 5 x 10%, 105, 5 x 10°, 105, 5 x 10%, 107, 5 x 107, 105, 5 x 10%, 1 x 10°, 5 x 10°, I x
10'% 5 x 10'% 1 x 10''.5x 10" or 10" pfu, and can be administered to a subject once,
twice, three or more times with intervals as often as needed.

[00445]  In certain embodiments, exemplary doses for VLPs range from about 0.01 pg
to about 100 mg, about 0.1 pg to about 100 mg, about 5 pg to about 100 mg, about 15 ug
to about 50 mg, about 15 pg to about 25 mg, about 15 pg to about 10 mg, about 15 pg to
about 5 mg, about 15 pug to about | mg, about 15 ug to about 100 pg, about 15 pg to
about 75 pg, about 5 ug to about 50 ug, about 10 pg to about 50 pg, about 15 pg to about
45 ug, about 20 pg to about 40 pg, or about 25 to about 35 pg per kilogram of the patient.
In other embodiments, exemplary doses for flu polybeptides range from about 1 pg to
about 50 mg, about 5 pg to about 50 mg, about 1 pg to about 100 mg, about 5 ug to about
100 mg, about 15 pg to about 50 mg, about 15 ug to about 25 mg, about 15 ug to about
10 mg, about 15 pg to about 5 mg, about 15 pg to about 1 mg, about 15 pg to about 100
ug, about 15 pg to about 75 pg, about S ug to about 50 pg, about 10 pg to about 50 pg,
about 15 pg to about 45 pg, about 20 pg to about 40 pg, or about 25 to about 35 pg of flu
polypeptide(s) per dose, and can be administered to a subject once, twice, three or more
times with intervals as often as needed.

|00446]  In one embodiment, an inactivated vaccine is formulate.d such that it contains
about 5 pg to about 50 pg, about 10 pg to about 50 pg, about 15 pg to about 100 ug,
about 15 Mg to about 75 pg, about 15 pg to about 50 pg, about 15 pg to about 30 pg,
about 20 pg to about 50 pg, about 25 pg to about 40 pg, about 25 pg to about 35 pg of a
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flu polypeptide(s). Such a vaccine may contain a combination of one or more different
flu polypeptides, for example, one or more flu polypeptides from an influenza A virus
and one or more flu polypeptides from an influenza B virus. In one embodiment, a live
attenuated influenza-vaccine (LAIV) is formulated such that a 0.2-mL dose contains
10%°73 fluorescent focal units of live attenuated influenza viruses from three strains
expressing at least one influenza flu polypeptide.
[00447]  In certain embodiments, an active compound or composition is administered
to a subject once as a single dose. In certain embodiments, an active compound or
composition is administered to a subject as a single dose followed by a second dose 3 to 6
weeks later. In accordance with these embodiments, booster inoculations may be
administered to the subject at 6 to 12 month intervals following the second inoculation.
In certain embodiments, the booster inoculations may utilize a different active compound
or composition. In some embodiments, the administration of the same active compound
or composition may be repeated and the administrations may be separated by at least 1
day, 2 days, 3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3
months, or at least 6 months. In certain embodiments, an active compound or
composition is administered to a subject as a single dose once per year.
[00448]  In specific embodiments for administration to children, two doses of an active
compound or composition, given at least one month apart, are administered to a child. In
‘ specific embodiments for administration to adults, a single dose is given. In an’other
embodiment, two doses of an active compound or composition, given at least one month
apart, are administered to an adult. In another embodiment, a young child (six months to
nine years old) may be administered an active compound or composition for the first time
in two doses given one month apart. In a particular embodiment, a child who received
only one dose in their first year of vaccination should receive two doses in the fbllowing
year. In some embodiments, two doses administered 4 weeks apart are preferred for
children 2 -8 years of age who are administered an influenza vaccine, e.g., an
immunogenic formulation described herein, for the first time. In certain embodiments,
for children 6-35 months of age, a half dose (0.25 ml) may be preferred, in contrast to 0.5
ml which may be preferred for subjects over three years of age.
[00449] In particular embodiments, an active compound or composition is
administered to a subject in the fall or winter, i.e., prior to or during the influenza season

in each hemisphere. In one embodiment, children are administered their first dose early
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in the season, e.g., late September or early October, so that the second dose can be given
prior to the peak of the influenza season.

[00450] In certain embodiments, an active compound or composition thereof is
administered to a subject as 2, 3, 4, 5 or more doses 2 weeks, 3 weeks, 4 weeks, 5 weeks
or 6 weeks apart. In some embodiments, 2, 3, 4, 5 or more doses of an active compound
or compositions thereof are administered to a subject 2, 3,4, 5 or 6 weeks apart at a
dosage of 1 ug to 20 mg, 10 pg to 20 mg, 500 pg to 20 mg, | mg to 20 mg or 5 mg to 20
mg. In certain embodiments, the active compounds or compositions thereof administered
is the same each time. In certain embodiments, the flu polypeptides or compositions
thereof administered are different each time.

[00451]  For passive immunization with an antibody that binds to a flu polypeptide, the
dosage ranges from about 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg, of the
patient body weight. For example, dosages can be 1 mg/kg body weight or 10 mg/kg
body weight or within the range of 1-10 mg/kg or in other words, 70 mg or 700 mg or
within the range of 70-700 mg, respectively, for a 70 kg patient. An exemplary treatment
regime entails administration once per every two weeks or once a month or once every 3
to 6 months for a period of one year or over several years, or over several year-intervals.
in some methods, two or more monoclonal antibodies with different binding specificities
are administered simultaneously, in which case the dosage of each antibody administered
falls within the ranges indicated. Antibody is usually administered on multiple
occasions. Intervals between single dosages can be weekly, monthly or yearly. Intervals
can also be irregular as indicated by measuring blood levels of antibody to the flu

polypeptide in the patient.

5.13 BIOLOGICAL ASSAYS

5.13.1 Assays for Testing Activity of Influenza Flu polypeptide

[00452]  Assays for testing the expression of a flu polypeptide in a vector disclosed
herein may be conducted using any assay known in the art. For example, an assay for
incorporation into a viral vector comprises growing the virus as described in this section
or Sections 5.4 or 5.5, purifying the viral particles by centrifugation through a sucrose
cushion, and subsequent analysis for flu polypeptide expression by an immunoassay,

such as Western blotting, using methods well known in the art.
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[00453]  In one embodiment, a flu polypeptide disclosed herein is assayed for proper
folding and functionality by testing its ability to bind specifically to an antibody directed
to a flu polypeptide using any assay for antibody-antigen interaction known in the art.
Antibodies for use in such assays include, for example the neutralizing antibodies
described in Wang et al. (2010) “Broadly Protective Monoclonal Antibodies against H3
Influenza Viruses following Sequential Immunization with Different Hemagglutinins,”
PLOS Pathogens 6(2):1-9, International Publication No. PCT/US2010/036170 and U.S.
12/778,103..

[00454]  In another embodiment, a flu polypeptide disclosed herein is assayed for
proper folding by determination of the structure or conformation of the flu polypeptide
using any method known in the art such as, e.g., NMR, X-ray crystallographic methods,
or secondary structure prediction methods, e.g., circular dichroism.

5.13.2 Assays for Testing Activity of Antibodies Generated Using
Influenza Flu Polypeptides

[00455]  Antibodies described herein may be characterized in a variety of ways known
to one of skill in fhe art (e.g. ELISA, Surface Plasmon resonance display (BIAcore),
Western blot, immunofluorescence, immunostaining and/or microneutralization assays).
In some embodiments, antibodies are assayed for the ability to specifically bind to a flu

- polypeptide, or a vector comprising said polypeptide. Such an assay may be performed
in solution (e.g., Houghten, 1992, Bio/Techniques 13:412 421), on beads (Lam, 1991,
Nature 354:82 84), on chips (Fodor, 1993, Nature 364:555 556), on bacteria (U.S. Patent
No. 5,223,409), on spores (U.S. Patent Nos. 5,571,698; 5,403,484; and 5,223,409), on
plasmids (Cull et al., 1992, Proc. Natl. Acad. Sci. USA 89:1865 1869) or on phage (Scott
and Smith, 1990, Science 249:386 390; Cwirla et al., 1990, Proc. Natl. Acad. Sci. USA
87:6378 6382; and Felici, 1991, J. Mol. Biol. 222:301 310) (each of these references is
incorporated herein in its entirety by reference).
[00456]  Specific binding of an antibody to the flu polypeptide and cross-reactivity
with other antigens can be assessed by any method known in the art. Immunoassays
which can be used to‘analyze specific binding and cross-reactivity include, but are not
limited to, competitive and non-competitive assay systems using techniques such as
western blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay),
“sandwich” immunoassays, immunoprecipitation assays, precipitin reactions, gel
diffusion precipitin reactions, immunodiffusion assays, agglutination assays,

complement-fixation assays, immunoradiometric assays, fluorescent immunoassays,
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protein A immunoassays, to name but a few. Such assays are routine and well known in
the art (see, e:g., Ausubel et al., eds., 1994, Current Protocols in Molecular Biology, Vol.
1, John Wiley & Sons, Inc., New York, which is incorporated by reference herein in its
entirety).

[00457] The binding affinity of an antibody to a flu polypeptide and the off-rate of an
antibody-antigen interaction can be determined by competitive binding assays. One
example of a competitive binding assay is a radioimmunoassay comprising the incubation
of labeled antigen (e.g., *H or '*I) with the antibody of interest in the presence of
increasing amounts of unlabeled antigen, and the detection of the antibody bound to the
labeled-antigen. The affinity of the antibody for a flu polypeptide and the binding off-
rates can be determined from the data by Scatchard plot analysis. Competit'ion with a
second antibody can also be determined using radioimmunoassays. In this case, a flu
polypeptide is incubated with the test antibody conjugated to a labeled compound (e.g.,
3H or '®1) in the presence of increasing amounts of an unlabeled second antibody.
[00458]  In certain embodiments, antibody binding affinity and rate constants are
measured using the KinExA 3000 System (Sapidyne Instruments, Boise, ID). In some
embodiments, surface plasmon resonance (e.g., BIAcore kinetic) analysis is used to
determine the binding on and off rates of the antibodies to a flu polypeptide. BIAcore
kinetic analysis comprises analyzing the binding and dissociation of flu polypeptide from
chips with immobilized antibodies to a flu polypeptide on their surface. A typical
BlAcore kinetic study involves the injection of 250 uL of an antibody reagent (mAb,
Fab) at varying concentration in HBS buffer containing 0.005% Tween-20 over a sensor
chip surface, onto which has been immobilized the flu polypeptide. The flow rate is
maintained constant at 75 uL/min. Dissociation data is collected for 15 min or longer as
necessary. Following each injection/dissociation cycle, the bound antibody is removed
from the flu polypeptide surface using brief, 1 min pulses of dilute acid, typically 10-100
mM HCI, though other regenerants are employed as the circumstances warrant. More
specifically, for measurement of the rates of association, kos, and dissociation, Ko, the
polypeptide is directly immobilized onto the sensor chip surface through the use of
standard amine coupling chemistries, namely the EDC/NHS method (EDC= N-
diethylaminopropyl)-carbodiimide). Briefly, a 5-100 nM solution of the polypeptide in
10 mM NaOAc, pH 4 or pH 5 is prepared and passed over the EDC/NHS-activated
surface until approximately 30-50 RU’s worth of polypeptide are immobilized.

Following this, the unreacted active esters are “capped” off with an injection of IM Et-
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NH,. A blank surface, containing no polypeptide, is prepared undér identical
immobilization conditions for reference purposes. Once an appropriate surface has been
prepared, a suitable dilution series of each one of the antibody reagents is prepared in
HBS/Tween-20, and passed over both the polypeptide and reference cell surfaces, which
are connected in series. The range of antibody concentrations that are prepared varies,
depending on what the equilibrium binding constant, Kp, is estimated to be. As
described above, the bound antibody is removed after each injection/dissociation cycle
using an appropriate regenerant.
[00459]  The neutralizing activity of an antibody can be determined utilizing any assay
known to one skilled in the art. Antibodies described herein can be assayed for their
ability to inhibit the binding of an influenza virus to its host cell receptor (i.e., sialic acid)
using techniques known to those of skill in the art. For example, cells expressing
influenza virus receptors can be contacted with a composition comprising an influenza
virus in the presence or absence of the antibody and the ability of the antibody to inhibit

~ the influenza virus® binding can be measured. Alternatively, the ability of antibodies to
inhibit an influenza virus from binding to its receptor can be determined in cell-free
assays. _
[00460] In other embodiments, an antibody suitable for use in the methods described
herein does not inhibit influenza virus receptor binding, .yet is still found to be
neutralizing in an assay described herein. In some embodiments, an antibody suitable for
use in accordance with the methods described herein reduces or inhibits virus-host
membrane fusion in an assay known in the art or described herein.
[00461] In one embodiment, virus-host membrane fusion is assayed in an in vitro
assay using an influenza virus containing a reporter and a host cell capable of being
infected with the virus. An antibody inhibits fusion if reporter activity is inhibited or
reduced compared to a negative control (e.g., reporter activity in the presence of a control
antibody or in the absence of antibody). ' ‘

5.13.3 Assays for Testing Activity of Stimulated Cells

[00462] Cells stimulated in accordance with the methods described herein may be
analyzed, for example, for integration, transcription and/or expression of the
polynucleotide or gene(s) of interest, the number of copies of the gene integrated, and the
location of the integration. Such analysis may be carried out at any time and may be

carried out by any methods known in the art. In other embodiments, successful
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stimulation of the target cell with a flu polypeptide described herein is determined by
detecting production of neutralizing antibodies against the flu polypeptide using methods
known in the art or described herein.

[00463] In certain embodiments, subjects in which the stimulated cells, e.g., DCs, are
administered can be analyzed for location of the cells, expression of a vector-delivered
polynucleotide or gene encoding the flu polypeptide, stimulation of an immune response
(e.g., production of neutralizing antibodies against the flu polypeptide), and/or monitored
for symptoms associated with influenza virus infection or a disease associated therewith
by any methods known in the art or described herein.

[00464] Reporter assays can be used to determine the specificity of the targeting of the
flu polypeptide. For example, a mixed population of bone marrow cells can be obtained
from a subject and cultured in vitro. The flu polypeptide can be administered-to the mixed
population of bone marrow cells, and expression of a reporter gene associated with the
flu polypeptide can be assayed in the cultured cells. In some embodiments, at least about
50%, more preferably at least about 60%, 70%, 80% or 90%, still more preferably at least
about 95% of stimulated cells in the mixed cell population are dendritic cells.

5.13.4 Viral Activity Assays

[00465]  Antibodies described herein or compositions thereof can be assessed in vitro
for antivirél activity. In one embodiment, the antibodies or compositions thereof are
tested in vitro for their effect on growth of an influenza virus. Growth of influenza virus
can be assessed by any method known in the art or described herein (e.g. in cell culture).
In a specific embodiment, cells are infected at a MOI of 0.0005 and 0.001, 0.00! and
0.01,0.01 and 0.1, 0.1 and 1, or | and 10, or a MOI of 0.0005, 0.001, 0.005, 0.01, 0.03,
0.1, 0.5, 1, 5 or 10 and incubated with serum free media supplemented. Viral titers are
determined in the supernatant by hemagglutinin plaques or any other viral assay
described herein. Cells in which viral titers can be assessed include, but are not limited
to, EFK-2 cells, Vero cells, MDCK cells, primary human umbilical vein endothelial cells
(HUVECQC), H292 human epithelial cell line and Hela cells. [n vitro assays include those
that measure altered viral replication (as determined, e.g., by plaque formation) or the
production of viral proteins (as determined, e.g., by Western blot analysis) or viral RNAs
(as determined, e.g., by RT-PCR or northern blot analysis) in cultured cells in vitro using

methods which are well known in the art or described herein.
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[00466]  In one non-limiting example, a monolayer of the target mammalian cell line is
infected with different amounts (e.g., multiplicity of 3 plaque forming units (pfu) or 5
pfu) of virus (e.g., influenza) and subsequently cultured in the presence or absence of
various dilutions of antibodies (e.g., 0.1 pug/ml, 1 ug/ml, 5 ug/ml, or 10 pg/ml). Infected
cultures are harvested 48 hours or 72 hours post infection and titered by standard plaque
assays known in the art on the appropriate target cell line (e.g., Vero cells).

[00467]  In a non-limiting example of a hemagglutination assay, cells are contacted
with an aﬁtibody and are concurrently or subsequently infected with the virus (e.g., at an
MOI of 1) and the virus is incubated under conditions to permit virus replication (e.g.,
20-24 hours). The antibodies are preferably present throughout the course of infection.
Viral replication and release of viral particles is then determined by hemagglutination
assays using 0.5% chicken red blood cells. See, e.g., Kashyap et al., PNAS USA 105:
5986-5991. In some embodiments, a compound is considered an inhibitor of viral
replication if it reduces viral replication by at least 2 wells of HA, which equals
approximately a 75% reduction in viral titer. In specific embodiments, an inhibitor
reduces viral titer in this assay by 50% or more, by 55% or more, by 60% or more, by
65% or more, by 70% or more, by 75% or more, by 80% or more, by 85% or more, by
90% or more, or by 95% or more. In other specific embodiments an inhibitor results in a
reduction of approximately 1 Iég or more, approximately 2 logs or more, approximately 3
logs or more, approximately 4 logs or more, approximately 5 logs or more,
approximately 6 logs or more, approximately 7 logs or more, approximately 8 logs or
more, approximately 9 logs or more, approximately 10 logs or more, 1 to 3 logs, 1 to 5
logs, 1 to 8 logs, 1 to 9 logs, 2 to 10 logs, 2 to 5 logs, 2 to 7 logs, 2 logs to 8 logs, 2 to 9
logs, 2to 10 logs 3 to 5 logs, 3 to 7 logs, 3 to 8 logs, 3 to 9 logs, 4 to 6 logs, 4 to 8 logs, 4
to 9 logs, 5to 6 logs, 5 to 7 logs, 5 to 8 logs, 5to 9 logs, 6 to 7 logs, 6 to 8 logs, 6 to 9
logs, 7 to 8 logs, 7 to 9 logs, or 8 to 9 logs in influenza virus titer in the subject. The log-
reduction in influenza virus titer may be as combaréd to a negative control, as compared
to another treatm.ent, or as compared to the titer in the patient prior to antibody-
administration.

5.13.5 Cytotoxicity Assays

[00468] Many assays well-known in the art can be used to assess viability of cells
(infected or uninfected) or cell lines following exposure to an active compound or a

composition thereof and, thus, determine the cytotoxicity of the compound or
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composition. For example, cell proliferation can be assayed by measuring
Bromodeoxyuridine (BrdU) incorporation (See, e.g., Hoshino ez al., 1986, Int. J. Cancer
38, 369; Campana ef al., 1988, J. Immunol. Meth. 107:79), (3H) thymidine incorporation
(See, e.g., Chen, 1., 1996, Oncogene 13:1395-403; Jeoung, J., 1995, J. Biol. Chem.
270:18367 73), by direct cell count, or by detecting changes in transcription, translation
or activity of known genes such as proto-oncogenes (e.g., fos, myc) or cell cycle markers
(Rb, cdc2, cyclin A, D1, D2, D3, E, etc). The levels of such protein and mRNA and
activity can be determined by any method well known in the art. Fdr example, protein
can be quantitated by known immunodiagnostic methods such as ELISA, Western
blotting or immunoprecipitation using antibodies, including commercially available
antibodies. mRNA can be quantitated using methods that are well known and routine in
the art, for example, using northern analysis, RNase protection, or polymerase chain
reaction in connection with reverse transcription. Cell viability can be assessed by using
trypan-blue staining or other cell death or viability markers known in the art. Ina
specific embodiment, the level of cellular ATP is measured to determined cell viability.
[00469] In specific embodiments, cell viability is measured in three-day and seven-day
periods using an assay standard in the art, such as the CellTiter-Glo Assay Kit (Promega)
which measures levels of intracellular ATP. A reduction in cellular ATP is indicative of
a cytotoxic effect. In another specific embodiment, cell viability can be measured in the
neutral red uptake assay. In other embodiments, visual observation for morphological
changes may include enlargement, granularity, cells with ragged edges, a filmy
appearance, rounding, detachment from the surface of the well, or other changes. These
changes are given a designation of T (100% toxic), PVH (partially toxic—very heavy—
80%), PH (partially toxic—heavy—60%), P (partially toxic—40%), Ps (partially toxic—
slight—20%), or 0 (no toxicity—0%), conforming to the degree of cytotoxicity seen. A
50% cell inhibitory (cytotoxic) concentration (ICsp) is determined by regression analysis
of these data.

[00470] In a specific embodiment, the cells used in the cytotoxicity assay are animal
cells, including primary cells and cell lines. In some embodiments, the cells are human
cells. In certain embodiments, cytotoxicity is assessed in one or more of the following
cell lines: U937, a human monocyte cell line; primary peripheral blood mononuclear cells
(PBMC); Huh7, a human hepatoblastoma cell line; 293T, a human embryonic kidney cell

line; and THP-1, monocytic cells. In certain embodiments, cytotoxicity is assessed in
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one or more of the following cell lines: MDCK, MEF, Huh 7.5, Detroit, or human
tracheobronchial epithelial (HTBE) cells.

[00471]  Active compounds or compositions thereof can be tested for in vivo toxicity in
animal models. For example, animal models, described herein and/or others known in
the art, used to test the activities of active compounds can also be used to determine the in
vivo toxicity of these compounds. For example, animals are administered a range of
concentrations of active compounds. Subsequently, the animals are monitored over time
for lethality, weight loss or failure to gain weight, and/or levels of serum markers that
may be indicative of tissue damage (e.g., creatine phosphokinase level as an indicator of
general tissue damage, level of glutamic oxalic acid transaminase or pyruvic acid
transaminase as indicators for possible liver damage). These /n vivo assays may also be
adapted to test the toxicity of various administration mode and/or regimen in addition to
dosages.

[00472]  The toxicity and/or efficacy of an active compound can be determined by
standard pharmaceutical prqcedures in cell cultures or experimental animals, e.g., for
determining the LDsg (_the dose lethal to 50% of the population) and the EDs¢ (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDso/EDso.
An active compound that exhibits large therapeutic indices is preferred. While an active
compound that exhibits toxic side effects may be used, care should be taken to design a
delivery system that targets such agents to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side effects.

[00473]  The data obtained from the cell culture assays and animal studies can be used
in formulating a range of dosage of an active compound for use in humans. The dosage
of such agents lies preferably within a range of circulating concentrations that include the
EDso with little or no toxicity. The dosage may vary within this range depending upon -
the dosage form employed and the route of administration utilized. For any active
compound used in a method described herein, the effective dose can be estimated initially
from cell culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the 1Csq (i.e., the concentration of
the test compéund that achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Such information can be used to more accurately determine useful doses in

humans. Levels in plasma may be measured, for example, by high-performance liquid
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chromatography. Additional information concerning dosage determination is provided
herein.

[00474]  Further, any assays known to those skilled in the art can be used to evaluate
the prophylactic and/or therapeutic utility of the active compounds and compositions
describedlherein, for example, by measuring viral infection or a condition or symptoms
associated therewith.

5.13.6 Assay for Assessing Ability of Flu Polypeptides to Induce an
Immune Response '

[00475] The ability of a flu polypeptide to generate an immune response in a subject
that is capable of cross-reacting with, and preferably protecting against, a plurality of
influenza virus strains can be assessed using any approach known to those of skill in the
art or described herein. In some embodiments, the ability of a flu polypeptide to generate
an immune response in a subject that is capable of cross-reacting with, and preferably
protecting against, a plurality of influenza virus strains can be assessed by immunizing a
subject (e.g., a mouse) or set of subjects with a flu polypeptide described herein and
immunizing an additional subject (e.g., a mouse) or set of subjects with a control (PBS).
The subjects or set of subjects can subsequently be challenged with a plurality of virulent
influenza virus strains and the ability of the virulent influenza virus strains to cause
influenza virus disease in the subjects or set of subjects can be determined. Those skilled
in the art will recognize that if the subject or set of subjects immunized with the control
suffer from an influenza virus disease subsequent to challenge with the virulent influenza
virus strains but the subject or set of subjects immunized with a flu polypeptide described
herein do not suffer from influenza virus disease, then the flu polypeptide is able to
generate an immune response in a subject that is capable of cross-reacting with a plurality
of influenza virus strains. Further, in certain embodiments, a flu polypeptide described
herein is able to generate an immune response that is capable of cross-reacting with a
plurality of influenza virus strains if the subject or set of subjects immunized with the flu
polypeptide suffer from influenza virus disease for shorter periods of time, receive less |
hospitalization time, exhibit a reduction in/absence of one or more symptoms associated
with influenza virus disease or have symptoms that manifest themselves for shorter
periods of time compared to subjects immunized with control. Methods for determining
whether a subject suffers from influenza virus disease are known in the art and described

herein. See, e.g., Sections 5.13.7 and 6.3, infra. The ability of a flu polypeptide to induce
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antiserum that simply cross-reacts with a plurality of influenza virus strains, or with
multiple hemagglutinin subtypes can be tested by an immunoassay, such as an ELISA.

5.13.7 Methods of Assaying Influenza Activity in Animals

[00476]  Active compounds and compositions thereof are preferably assayéd in vivo for
the desired therapeutic or prophylactic activity prior to use in humans. For example, in
vivo assays can be used to determine whether it is preferable to administer an active
compound or composition thereof and/or another therapy. For example, to assess the use
of an active compound or composition thereof to prevent an influenza virus disease, the
composition can be administered before the animal is infected with influenza virus.
Alternatively, or in addition, an active compound or composition thereof can be
administered to the animal at the same time that the animal is infected with influenza
virus. To assess the use of an active compound or composition thereof to treat an
influenza virus infection or disease associated therewith, the compound or composition
may be administered after infecting the animal with influenza virus. In a specific
embodiment, an active compound or composition thereof is administered to the animal
more than one time.

[00477]  Active compounds and compositions thereof can be tested for antiviral
activity in animal model systems including, but are not limited to, rats, mice, chicken,
cows, monkeys, pigs, goats, sheep, dogs, rabbits, guinea pigs, etc. In a specific
embodiment, active compounds and compositions thereof are tested in a mouse model
system. Such model systems are widely used and well-known to the skilled artisan. [n a
specific embodiment, active compounds and compositions thereof are tested in a mouse
model system. Non-limiting examples of anim.al models for influenza virus are provided
in this section. )
[00478]  In general, animals are infected with influenza virus and concurrently or
subsequently treated with an active compound or composition thereof, or placebo.
Alternatively, animals are treated with an active compound or composition thereof or
placebo and subsequently infected with influenza virus. Samples obtained from these
animals (e.g., serum, urine, sputum, semen, saliva, plasma, or tissue sample) can be tested
for viral replication via well known methods in the art, e.g., those that measure altered
viral titers (as determined, e.g., by plaque formation), the production of viral proteins (as
determined, e.g., by Western blot, ELISA, or flow cytometry analysis) or the production

of viral nucleic acids (as determined, e.g., by RT-PCR or northern blot analysis). For
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quantitation of virus in tissue samples, tissue samples are homogenized in phosphate-
buffered saline (PBS), and dilutions of clarified homogenates are adsorbed for 1 hour at
37°C onto monolayers of cells (e.g., Vero, CEF or MDCK cells). In other assays,
histopathologic evaluations are performed after infection, preferably evaluations of the
organ(s) the virus is known to target for infection. Virus immunohistochemistry can be
performed using a viral-specific monoclonal antibody.

[00479]  The effect of an active compound or composition thereof on the virulence of a
virus can also be determined using in vivo assays in which the titer of the virus in an
infected subject administered an active compound or composition thereof, the length of
survival of an infected subject administered an active compound or composition thereof,
the immune response in an infected subject administered an active compound or
composition thereof, the number, duration and/or severity of the symptoms in an infected
subject administered an active compound or composition thereof, and/or the time period
before onset of one or more symptoms in an infected subject administered an active
compound or composition thereof, is assessed. Techniques known to one of skill in the
art can be used to measure such effects. In certain embodiments, an active compound or
composition thereof results in a 0.5 fold, 1 fold, 2 fold, 4 fold, 6 fold, 8Vfold, 10 fold, 15
fold, 20 fold, 25 fold, 50 fold, 75 fold, 100 fold, 125 fold, 150 fold, 175 fold, 200 fold,
300 fold, 400 fold, 500 fold, 750 fold, or 1,000 fold or greater reduction in titer of
influenza virus relative to an untreated subject. In some embodiments, an active
compound or composition thereof results in a reduction in titer of influenza virus relative
to an untreated subject of approximately 1 log or more, approximately 2 logs or more,
approximately 3 logs or more, approximately 4 logs or more, approximately 5 logs or
more, approximately 6 logs or more, approximately 7 logs or more, approximately 8 logs '
or more, approximately 9 logs or more, approximately 10 logs or more, 1to 3 logs, 1 to 5
logs, 1 to 8 logs, 1 to 9 logs, 2 to 10 logs, 2 to 5 logs, 2 to 7 logs, 2 logs to 8 logs, 2to 9
logs, 2to 10 logs 3 to 5 logs, 3 to 7 logs, 3 to 8 logs; 3to 9 logs, 4 to 6 logs, 4 to 8 logs, 4
to 9 logs, 5 to 6 logs, 5 to 7 logs, 5 to 8 logs, 5 to 9 logs, 6 to 7 logs, 6 to 8 logs, 6 to 9
logs, 7to 8 logs, 7t0 9 logs, or 8 to 9 logs.

[00480] Influenza virus animal models, such as ferret, mouse, guinea pig, squirrel
monkey, macaque, and chicken, developed for use to test antiviral agents against
influenza virus have been described. See, e.g., Sidwell er al., Antiviral Res., 2000, 48:1-
16; Lowen A.C. et al. PNAS., 2006, 103: 9988-92; and McCauley er al., Antiviral Res.,
1995, 27:179-186 and Rimmelzwann et al., Avian Diseases, 2003, 47:931-933. For
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mouse models of influenza, non-limiting examples of parameters that can be used to
assay antiviral activity of active compounds administered to the fnﬂuenza-infected mice
include pneumonia-associated death, serum al-acid glycoprotein increase, animal weight,'
lung virus assayed by hemagglutinin, lung virus assayed by plaque assays, and
histopathological change in the lung. Statistical analysis is carried out to calculate
significance (e.g., a P value of 0.05 or less).

[00481] I[n other assays, histopathologic evaluations are performed after infection of an
animal model subject. Nasal turbinates and trachea may be examined for epithelial
changes and subepithelial inflammation. The lungs may be examined for bronchiolar
epithelial changes and peribronchiolar inflammation in large, medium, and small or
terminal bronchioles. The alveoli are also evaluated for inflammatory changes. The
medium bronchioles are graded on a scale of 0 to 3+ as follows: 0 (normal: lined by
medium to tall columnar epithelial cells with ciliated apical borders and basal
pseudostratified nuclei; minimal inflammation); 1+ (epithelial layer columnar and even in
outline with only slightly increased proliferation; cilia still visible on many cells); 2+
(prominent changes in the epithelial layer ranging from attenuation to marked
proliferation; cells disorganized and layer outline irregular at the luminal border); 3+
(epithelial layer markedly disrupted and disorganized with necrotic cells visible in the
lumen; some bronchioles attenuated and others in marked reactive proliferation).

[00482] The trachea is graded on a scale of 0 to 2.5+ as follows: 0 (normal: Lined by
medium to tall columnar epithelial cells with ciliated apical border, nuclei basal and
pseudostratified. Cytoplasm evident between apical border and nucleus. Occasional small
focus with squamous cells); 1+ (focal squamous metaplasia of the epithelial layer); 2+
(diffuse squamous metaplasia of much of the epithelial layer, cilia may be evident
focally); 2.5+ (diffuse squamous metaplasia with very few cilia evident).

[00483]  Virus immunohistochemistry is performed using a viral-specific monoclonal
antibody (e.g. NP-, N- or HN-specific monoclonal antibodies). Staining is graded 0 to 3+
as follows: 0 (no infected cells); 0.5+ (few infected cells); 1+ (few infected cells, as
widely separated individual cells); 1.5+ (few infected cells, as widely separated singles
and in small clusters); 2+ (moderate numbers of infected cells, usually affecting clusters
of adjacent cells in portions of the epithelial layer lining bronchioles, or in small
sublobular foci in alveoli); 3+ (numerous infected cells, affecting most of the epithelial

layer in bronchioles, or widespread in large sublobular foci in alveoli).
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|00484]  In one example, the ability to induce lung lesions and cause infection in an
anima! model of virus infection is compared using wild-type virus and mock virus. Lung
lesions can be assessed as a percentage of lung lobes that are healthy by visual inspection.
Animals are euthanized S days p.i. by intravenous administration of pentobarbital, and
their lungs are removed in toto. The percentage of the surface of each pulmonary lobe
that is affected by macroscopic lesions is estimated visually. The percentages are
averaged to obtain a mean value for the 7 pulmonary lobes of each animal. In other
assays, nasal swabs can be tested to determine virus burden or titer. Nasal swabs can be
taken during necropsy to determine viral burden post-infection.
[00485] In one embodiment, virus is quantified in tissue samples. For example, tissue
samples are homogenized in phosphate-buffered saline (PBS), and dilutions of clarified
homogenates adsorbed for 1 h at 37°C onto monolayers of cells (e.g., MDCK cells).
Infected monolayers are then overlaid with a solution of minimal essential medium
containing 0.1% bovine serum albumin (BSA), 0.01% DEAE-dextran, 0.1% NaHCOs,
and 1% agar. Plates are incubated 2 to 3 days until plaques could be visualized. Tissue
culture infectious dose (TCID) assays to titrate virus from PR8-infected samples are
carried out as follows. Confluent monolayers of cells (e.g., MDCK cells) in 96-well
plates are incubated with log dilutions of clarified tissue homogenates in media. Two to
three days after inoculation, 0.05-ml aliquots from each well are assessed for viral growth
by hemagglutination assay (HA assay).

5.13.8 Methods of Assaying Influenza Activity in Humans

[00486] In one embodiment, an active compound or composition thereof is assessed in
infected human subjects. In accordance with this embodiment, an active compound or
composition thereof is administered to the human subject, and the effect of the active
compound or composition on viral replication and/or survival is determined by, e.g.,
analyzing the level of the virus or viral nucleic acids in a biélogical sample {(e.g., serum
or plasma). An active compound or composition thereof that alters virus replication
and/or survival can be identified by comparing the level of virus replication and/or
survival in a subject or group of subjects treated with a control to that in a subject or
group of subjects treated with an active compound or composition thereof. Alternatively,
alterations in viral replication and/or survival can be identified by comparing the level of
the virus replication and/or survival in a subject or group of subjects before and after the

administration of an active compound or composition thereof. Techniques known to
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those of skill in the art can be used to obtain the biological sample and analyze the
mRNA or protein expression.

[00487]  In another embodiment, the effect of an active compound or composition
thereof on the severity of one or more symptoms associated with an influenza virus
infection/disease are assessed in an infected subject. In accordance with th/is
embodiment, an active compound or composition thereof or a control is administered to a
human subject suffering from influenza virus infection and the effect of the active
compound or composition on one or more symptoms of the virus infection is determined.
An active compound or composition thereof that reduces one or more symptoms can be
identified by comparing the subjects treated with a control to the subjects treated with the
active compound or composition. In another embodiment, an active compound or
composition thereof is administered to a healthy human subject and monitored for
efficacy as a vaccine (e.g., the subject is monitored for the onset of symptoms of
influenza virus infection; reduction in hospitalization, the ability of influenza virus to
infect the subject; and/or a reduction in/absence of one or more symptoms and/or
duration of symptoms associated with influenza virus infection). Techniques known to
physicians familiar with infectious diseases can be used to determine whether an active
compound or composition thereof reduces one or more symptoms associated with the

influenza virus disease.

5.14 KITS

[00488]  Provided herein is a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredfents of the pharmaceutical compositions
described herein, such as one or more active compounds provided herein. Optionally

" associated 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.
[00489]  The kits encompaésed herein can be used in the above methods. In one
embodiment, a kit comprises.an active compound described herein, preferably one or
more influenza flu polypeptides, in one or more containers. In certain embodiments, a kit
comprises a vaccine described herein, e.g., a split virus vaccine, a subunit vaccine, an

inactivated influenza virus vaccine, or a live influenza virus vaccine.
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6. EXAMPLES

6.1 MONOCLONAL ANTIBODY 12D1

[00490] This example demonstrates that an anti-influenza virus antibody, monoclonal
antibody 12D1, reacts with the long alpha-helix of HAZ.
' 6.1.1 Materials and Methods

6.1.1.1 Truncated hemagglutinin subunit 2 (HA2)

[00491]  The whole coding region of A/HK/1/68 HA was reversed-transcribed and
amplified from viral RNA and subsequently sub-clone into a pPCAGGs expression vector.
Truncated versions of the HA2 portion were generated by PCR amplification from
pCAGGs-HK68 HA and sub-cloned further into a pPCAGGs-green fluorescent protein
(GFP) expression plasmid. The resulting plasmid thus consists of a expression vector
encoding a GFP fused to a portion of a truncated HA2.  All constructs were sequenced
and confirmed.

6.1.1.2 Western Blot

[00492] Blots were produced by methods previously described (Towbin et al., Proc
Natl Acad Sci U S A, 1979, 76(9):4350-4). Samples were boiled for 5 minutes at 100°C
in loading buffer containing SDS and 0.6M DTT. Immuno-precipitated complexes, cell
lysates or purified virus were resolved in a 4-20% Tris-HC1 SDS-PAGE gel (Bio-Rad,
Inc.) and samples were blotted onto a Protran nitrocellulose membrane (Whatman). GFP
and fusion GFP-HA truncated peptides were detected using rabbit anti-GFP (Santa Cruz
Biotechnology, Inc) and/or mAb 12D1. Secondary antibodies were anti-rabbit IgG HRP
(Dako) and anti-mouse Ig (GE Healtchare, Inc.).

6.1.1.3 Immunoprecipitation

[00493]  293T cells were transfected with various pCAGGs encoding the GFP-
truncated HA2 fusion proteins using Lipofectamine 2000 (Invitrogen, Inc). At 24 hours
post transfection cells were lysed with radioimmuno-precipitation assay (RIPA) buffer
and the truncated fusion peptides were immuno-precipitated with 1 to 5 pg of mAb 12D1
bound to protein G-Agarose (Roche, Inc) overnight at 4°C. Immuno-precipitation was
analyzed by Western blotting under reducing and denaturing conditions.

6.1.1.4 ELISA
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[00494] 96 well plates (Nunc Immulon 2) were coated with 2 ug/ml HApep-KLH
conjugate (Figure 2B) or purified HA (Figure 2A,C) in PBS overnight, 4°C. Plates were
blocked for 30 minutes at room temperature with 1%BSA/PBS and washed twice with
PBS/.025%Tween. Antibodies or anti-serum were serially diluted in 1%BSA/PBS,
added to the plate followed by 3 hour incubation at 37°C. Plates were washed three
times, anti-mouse-AP (Southern Biotech) diluted 1:2000 was added to wells followed by
3 hour incubation, 37°C. P -nitrophenyl phosphate (PNPP) substrate was then added to
wells and allowed to develop for 20-30 minutes at room temperature. Optical density
measurements were taken at 405nm. ‘

~6.1.2 Results

[00495] As demonstrated in Figure 1, mAb 12D1 reacts within the region of amino
acids 76-130 of the HA2 molecule; this region comprises the “long alpha-helix” of HA2.
As mAb 12D1 is known to have protective activity in vivo against H3 virus infection

(demonstrated by passive transfer of mAb 12D1 prior to virus challenge),

6.2  DESIGN AND PRODUCTION OF FLU POLYPEPTIDE

[00496] It was hypothesized that immunization with the 76-130 region of HA2 might
clicit a similarly protective immune response against influenza viruses of the H3 subtype
or of multiple subtypes.
[00497] In order to increase the immunogenicity of the 76-130 peptide of HA2 a
construct with a C-terminal spacer domain was designed consisting of eight amino acids
followed by a cysteine residue which facilitated primary amine-mediated coupling to the
carrier protein Keyhole limpet hemacyanin (KLH). In order to increase serum half-life
the peptide was acetylated at the N-terminus.
[00498] To verify the structural integrity of the long alpha-helix within the KLH
conjugate, binding of mAb 12D1 to the conjugate was tested by direct-binding ELISA
and found that the 12D1 binding region was intact (Fig 1B).

6.2.1 The HA2 Binding Region of mAb 12D1
(00499]  The identity of the region of the H3 hemagglutinin that might elicit antibodies
similar to the 12D1 monoclonal antibody (mAb) was examined. Sixteen passages of
A/HK/1968 virus in the presence of the anti-H3 mAb did not yield escape variants which
might have assisted in identification of the binding epitopes. The hemagglutinin of six

plaques present after incubation of A/HK/1968 virus with 50 ug/ml mAb 12D1 in a
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plaque assay was sequenced and no changes from the wild-type hemagglutinin were
found. Because mAb 12D1 mediates protection against influenza disease in vivo and
reacts with a continuous epitope of the viral hemagglutinin (no trimeric structure
required), as evidenced by reactivity with the denatured hemagglutinin monomer by
Western blot, the 12D1 binding epitope was focused on. Truncated hemagglutinin
constructs consisting of hemagglutinin segments of varying length fused to GFP were
generated. GFP expression was utilized to assess expression of the constructs in
transfected 293T cells. By analysis of the truncated hemagglutinin constructs, it was
determined that the 12D1 paratope makes dominant interactions with the HA2 subunit in
the region of amino acids 30-106. Diminished 12D1 binding without diminished GFP
expression in the 76-184 and 91-184 truncations along with loss of binding with the 106-
184 truncation suggested that 12D1 binding is dependent on contacts with amino acids in
the HA2 76-106 region (Figure 1). Additional truncated HAs were designed and
constructed to further narrow down the minimal binding site of 12D1. Amongs those, the
region spanning from aa 76 to aa 130 — representing the long alpha-helix of HA2 not only
was detected by 12D1 in a Western blot, but also positive by immuno-precipitation.
[00500] These 30 amino acids fall within the membrane distal half of the long alpha-
helix of HA2. The 12D1 paratope may have additional contacts with amino acids outside

of this region (in HA1 or HA?2) that are not required for binding by Western blot.

6.3. SERUM ANTIBODIES INDUCED BY FLU POLYPEPTIDE REACT
WITH MULTIPLE HA SUBTYPES

6.3.1 Materials and Methods

[00501] Western blots and ELISA were performed as described in Section 6.1.1,

supra.

6.3.2 Results

[00502] As demonstrated in Figure 3, flu polypeptide (76-130)-KLH (“HFApep-KLH”)
acts as a robust immunogen and serum antibody elicited by HApep-KLH reacts with
multiple hemagglutinin subtypes.

[00503] To evaluate the efficacy of the HApep-KLH construct as an immunogen, sera
were taken from mice 10 days post primary and secondary immunizations. These sera
were tested for reactivity with recombinantly expressed, purified hemagglutinins of

different subtypes. First, it was noted that the HApep-KLH vaccine construct did elicit
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heterosubtypiv rsactivity of the HApep-KLH antbsers was intvigeing. Seva from
fnanired mice domonstrated binding sctivity with bemagglotiving of HI B HZ HE

snd MY sublypes,

é 4 i?«i?&ft “&HQ &Tiﬁ\‘ Wi !‘H FLS F{}L’&’ PEPTIDES PROTECTS MICE

§.4.1. Materialy and Mathads

0SB4 58 week old BALBAC mice (fackson Laborstories) were imanunizsd with
g HApep KLH or KLH slone in Complete Fraund's aiuvant {Sigms) by
submstanvous admintstration. Three waeks following primary Hunenization, B Wi
hoosted with 33ug Hapep-RLH ar KLH alose in Incomplste Fround s sdivvant. Two te
threy wosks following boost, mive wers challanged with virus, Befere virus infection,
ite ware snesthatized by intmperitoneal sdosinisteation of a ketamine {78 mghkg of
body welghtisviazine {15 meiky of boady welghty mixture, Virug was sdministered
tranasally in Sthey totel PES: challenge doses sonsisted of 48,000pfe X31 or SG0ptu
PRE. Body weights ware monitored daily.

$.4.2. Results
[RS8 As demnnstrted in Figure o, nnnunization with fin polypeptide (76138}
KLH O HApep-RLHY pmiwh mytos spataat lethel ohallonge.
[00506] Mice were immunized with 25ug HApep-KLH by subcutaneous administration in
a prime-boost immunization schedule. Immunizations were spaced 3 weeks apart and mice
were challenged with virus 2-3 weeks following secondary immunization. Following virus
challenge, mice weights were taken daily as a read-out of disease severity. Immunization
with HApep-KLH was found to protect 100% of mice from lethal challenge with X31, a
mouse-adapted virus expressing the HA and NA from Hong Kong/1/1968 (H3) (Figure 4B).
Average weights from mice immunized with the HApep-KLH construct or mice receiving
PBS were significantly different on all days (Figure 4A).
[00507] In a similar challenge experiment, mice received a lethal dose of mouse adapted

PR/8 virus (H1). By seven days post challenge, all mice receiving PBS had succumbed to
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disease while 80% of mice receiving the HApep-KLH vaccine were protected (Figure 4C).
Serum antibody titer against H1 subtype hemagglutinin was found to correlate with weight
change in the days following virus challenge (Figure 4D).

€3 VACCINATION WITH __FLU  POLYPEPTIDES PROVIDES

HSES]  This example demonstrates thet & e polypeplide san provide protection ia
mice ageivst influenzs vivusss of the structurally divergent subtypes HINE, HINY and
HENEL
58,1 Materindy and Mothods

§.5.4.1  Virwses aad purified hemagglutining
HUSOS]  Viruses used wers: X3Y virns (AHong Kong/ 11908 bomaggluting and
poursminidase with romsining § segments from PREY AfPuene Riced834 (PRE) virs,
hemagghutinis modified to romove the pobe-basic closvage site). Purified hemagghaing
pved ware Hom &AHong Rongd 171968, A/Brisbane/ 0T, AViet Nan/ 1203200
M3 ASingapore HET {H2 Y A TealPHESI L 207 (He) AfNetherkands 1T WO (M)
AHE IO { YY) and ACalifomia B4 (B

6511 Wastern Blot

HNISI] Blots wore prodeced by methads provionaly described (soe Towbin e ad,
{19791 Proo Natl Acad Sci U § & To{ER4350-4354) Samples ware boiled for 3 mimatey
at HIPC in Toading buffor comabning SDE and 068 DTY. Immuno-pradipitated
somplones, ool lysates or purified vivus were resobved i g 4-20% Trig-HC SDS-PAGE
gol {Rie-Rad, fo} and samplas wers blntted onte 3 Protran nitrocotiuloss mesrleane
{ Whating), OFP and faslon OFF-HA troncated peptides were deteoted naing cobbit anth
GFP {Senta Cruz Bisteshnology, Ine) andfor mAl 12D, Secondary antibodies wers
antbabbit g0 HRP {Doko) snd soti-mowse [p-HRPIGE Healivhare Tog )

5.1 Immunoprecipitation
JOOSTH The 76130 {LAN) regivn of the AMHKIER HAZ was generated by PUR
amplification of virgl RNA and subbcloned into 2 pCAGG-grovn Heorescent protein
{GFFY plasmid {see Basler or of, £2001) Proc Natl Acad ol U § ASRORTAGITS
CHFE was prosent ol the Meermines of the HAT truneation. 837 cells were ravalvoted

with the GFPLAH constras usisg Lipofostamins 2000 {Invitragen, Ined. A1 24 bours

142



WO 2011/103453 PCT/US2011/025467

post transfection cells were lysed with radioimmuno-precipitation assay (RIPA) buffer
and the GFP-LAH fusion protein was immuno-precipitated with 1 to 5 pg of mAb 12D1
bound to protein G-Agarose (Roche, Inc) overnight at 4°C.

6.5.1.4 Long-alpha helix-KLH vaccine

[00512] The A/HK/1/68 HA2 LAH polypeptide (amino acids 76-130) sequence used
was: Ac-
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRRQLREN
ADYKDDDDKC. The construct was acetylated at the N-terminus and consisted of
amino acids 76-130 of the H3 A/Hong Kong/1/1968 HA2 molecule followed by a FLAG-
tag (DYKDDDDK), followed by a cysteine. The polypeptide was coupled to the carrier
protein keyhole limpet hemocyanin (KLH) by thiol to primary amine coupling. This
conjugate was produced by CHI Scientific, Inc., Maynard, MA USA.

6.5.1.6 ELISA
[00513]  96-well plates (Nunc Immulon 2) were coated with 2 pg/ml LAH-KLH
conjugate (Fig 7B), purified hemagglutinin (Fig 7A, C), or influenza virus vaccine
(FLUVIRON (R), obtained from BEI Resources) purified surface antigen (Novartis
Vaccines) in PBS overnight, 4°C. Plates were blocked for 30 minutes at room
temperature with 1% BSA/PBS and washed twice with PBS/.025% Tween. Antibodies,
anti-serum or serum from individuals vaccinated with the 2008-2009 trivalent inactivated
influenza virus vaccine (TIV) were serially diluted in 1% BSA/PBS and added to the
plate followed by a 3 hour incubation at 37°C. An anti-flag antibody (Sigma) was used
as a positive control in wells coated with the LAH-KLH conjugate. Plates were washed
three times, and anti-mouse-alkaline phosphatase (AP) (Southern Biotech) diluted 1:2000
was added to wells followed by a 3 hour incubation at 37°C. For human sera, anti-human
1gG (Fc specific)-AP (Sigma) antibody was used at 1:500 dilution. Anti-rabbit [g-AP
(Southern Biotech) at 1:500 dilution was used as the secondary for the anti-flag antibody.
P-nitropheny| phosphate (PNPP) substrate was then added to wells and allowed to
develop for 20-30 minutes at room temperature. Optical density measurements were
taken at 405nm.

6.5.1.6 Mouse immunizations and challenge experiments
[00514] 6-8 week old BALB/C mice (Jackson Laboratories) were immunized with 23
ng LAH-KLH, HA2, KLH alone or PBS in Complete Freund's adjuvant (Sigma) by

subcutaneous administration. Three weeks following primary immunization, mice were
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boosted with 25 pg of the same immunogen or PBS in Incomplete Freund’s adjuvant.
Two to three weeks following boost, mice were challenged with virus. Before virus
infection, mice were anesthetized by intraperitoneal administration of a ketamine (75
mg/kg of body weight)/xylazine (15 mg/kg of body weight) mixture. Virus was
administered intranasally in 50 pl total PBS; challenge doses consisted of 4 x 10° pfu
X31 or 500 pfu PR8 or HAlo virus. Body weights were 'monitored daily. For passive
transfer experiments, mice were bled two weeks folowing the last immunization with
KLH or LAH-KLH or three weeks following infection with PR8 virus or A/Hong
Kong/1/1968 virus. Sera from mice were pooled according to vaccination antigen or
virus infection and 200 pl serum was transferred to each recipient mouse by
intraperitoneal administration 2 hours prior to infection with either 50 pfu PR8 virus or
3700 pfu Georgia/81 virus. Lung titers were assessed by plaque assay 2 days post
infection.

6.5.2 Results

[00515] Mouse monoclonal antibody 12D1 binds a continuous portion of the HA2
molecule and has broad-neutralizing activity against influenza viruses of the H3 subtype.
By generating constructs designed to express short regions of the HA2 molecule, it was
determined that mAb 12D1 binds amino acids within the highly conserved ‘long alpha-
helix’ (LAH) region of the protein. The portion of the hemagglutinin that interacts with
mAb 12D1 was originally identified by interpretation of binding data using multiple HA2
truncations of varying lengths. Based on the cumulative truncation data, it was
determined that mAb 12D1 binds within the 76-106 region of HA2 (see Wang et al.,
(2010) PLoS Pathog 6(2):¢1000796). Subsequent work, however, revealed that a peptide
representing the entire LAH (amino acids 76-130) of the H3 virus A/Hong Kong/1/1968
provided the necessary structural elements for maximal binding by mAb 12D1 (Figure
7A). This region, amino acids 76-130 of HA2, was expressed in 293T cells and was
pulied-down by mAb 12D1 (Figure 7B). Whether immunization with the 76-130 region
of HA2 might elicit an antibody repertoire with functional similarity to that of mAb 12D1
and provide protection against influenza viruses of the H3 subtype or of multiple
subtypes was thus determined.

[00516] The antigenicity of the 76-130 polypeptide (LAH) was enhanced by designing
a conjugate vaccine consisting of the LAH plus a C-terminal spacer domain of eight

amino acids (FLAG-tag) followed by a cysteine residue which facilitated thiol to primary
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amine-mediated coupling to the carrier protein keyhole limpet hemocyanin (KLH). To
extend serum half-life, the LAH peptide was acetylated at the N-terminus (see Werle and
Bernkop-Schnurch, (2006) Amino Acids 30(4):351-367). The structural integrity of the
mAb 12D1 binding region within the conjugate was confirmed by direct-binding ELISA
(Figure7C).

[00517]  To test the construct in vivo, mice were immunized with the LAH-KLH
conjugate in a prime-boost schedule with three weeks lapsing between immunizations.
Sera were taken from mice 10 days post primary and secondary immunizations. To
evaluate the conjugate for its ability to elicit the production of antibodies of relevant
specificity, anti-sera were tested for reactivity with purified hemagglutinin protein of
different subtypes. It was first noted that the LAH anti-serum reacted with hemagglutinin
protein by both ELISA and by Western blot (Figure 8A-C). Second, a marked increase in
anti-HA titer following secondary immunization demonstrated that the construct acted as
a productive immunogen in mice (Figure 8A and 8B). Finally, sera from immunized
mice had substantial heterosubtypic binding activity. Anti-LAH sera demonstrated
activity by ELISA with hemagglutinins from the 1968 pandemic H3 virus A/Hong
Kong/1/1968, the 2009 pandemic H1 virus A/California/04/09, as well as hemagglutinins
of H2, HS and H7 subtypes (Figure 8D). Alignment. of the 76-130 region of
.hemagglutinins from these subtypes demonstrates a high degree of conservation in
amino-acid sequence and amino-acid type (Figure 8E). Further serologic analysis
demonstrated that antibody generated in LAH-KLH vaccination boosts serum IgM and
1gG subtypes specific for the viral hemagglutinin. The significant boost in IgG subtypes
indicates T-cell dependent antibody production and suggests an affinity matured anti- J
hemagglutinin response (Figure 8F) (see Jumper et al., (1994) J Immunol 152(2):438-
445).

[00518] Two to three weeks following secondary immunization, mice were challenged
by intranasal administration with 4 x 10° pfu of X31, a mouse adapted virus expressing
the hemagglutinin and neuraminidase of the 1968 pandemic H3 influenza virus. Mice
immunized with the LAH-KLH construct lost significantly less weight at all time points
than did mice that received PBS with adjuvant. In addition, all immunized mice survived
challenge, while control mice succumbed to infection by day 4 (Figure 9A and 9B).
[00519]  Next, immunized mice were challenged with other virus subtypes that cause
human influenza disease, but that belong to a distinct phylogenetic class from H3 subtype

viruses (see Fields BN, Knipe DM, & Howley PM (2007) Fields' virology (Lippincott
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Williams & Wilkins, Philadelphia) 5th Ed pp 2 v. (xix, 3091, [-3086 p.)). -Mice were
infected with 500 pfu (10-15 mLD50) of PR8, a mouse-adapted H1 virus or with 500 pfu
of an H5 highly-pathogenic avian influenza virus modified to remove the poly-basic
cleavage site in the viral hemagglutinin (see Steel et al., (2009) J Virol 83(4):1742-1753).
Vaccination with the LAH-KLH conjugate was protective against weight loss caused by
H1 and HS influenza disease to a highly significant degree on virtually every day during
infection. Vaccinated mice infected with PR8 showed a significant delay in kinetics of
weight loss, while 60% of vaccinated mice infected with the HS avian virus survived
lethal challenge to ten days post infection (Figure 9C-F).

[00520]  Analysis of pre-challenge sera from mice that were subsequently infected with
PRS revealed a positive correlation between hemagglutinin-specific antibody titer and
increase in body weight in days following infection (Figure 10A). Animals productively
immunized (with anti-H! serum antibody) gained weight during days 1-3 post infection,
whereas animals without H1-specific antibody lost weight during this critical period.
These data suggested that antibody induced by LAH-KLH vaccination was a requisite
component in protection of mice against disease.

[00521]  To further investigate the role of anti-LAH antibody in protection, in vivo
passive transfer experiments were performed. Two hours prior to.infection, recipient
mice were given 200 ul of serum by intraperitoneal administration from donor mice that
had been infected with H1 or H3 virus, vaccinated with KLH alone or vaccinated with the
LAH-KLH vaccine. Recipient mice were then infected with a human seasonal H3 virus,
A/Georgia/81, or with the H1 virus PR8. Two days following infection, lung titers were
evaluated. The transfer of LAH-KLH antiserum was found to significantly reduce lung
titers in animals infected with either the human seasonal H3 virus (p=.0009) or the H1
(p=.0008) virus (Figure 10B and 10C). This transfer experiment suggests that the LAH
construct induces neutralizing antibodies in the vaccinafed mouse.

[00522]  Next, whether seasonal influenza vaccination in humans induces antibody
specific for the LAH region of the hemagglutinin was investigated. To explore this
possibility, binding activity in human sera taken pre and post-immunization with the
2008-2009 trivalent inactivated influenza virus vaccine (TIV) was evaluated. This
seasonal vaccine composition containéd an A/Brisbane/59/2007 (HIN1)-like virus, an
A/Brisbane/10/2007 (H3N2)-like virus and a B/Florida/4/2006-like virus (see
Administration UFaD (2010) Influenza Virus Vaccine for the 2008-2009 Season). Serum

samples from human patients were evaluated for a post-vaccination boost in IgG antibody
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titer against the seasonal TIV composition as a measure of vaccine response. Minimal
serum antibody specific for the LAH peptide was detected even in subjects demonstrating
the highest response to seasonal vaccination (Figure 10D and 10E).

[00523]  As demonstrated in Figure 8D, the breadth of reactivity seen in the LAH-KLH
antiserum is greater than what has been previously described in studies of hemagglutinin
stalk vaccine constructs (see Bommakanti ez al., (2010) Proc Natl Acad Sci U S A; and .
Steel, (2010) mBio 1(1):1-9). In order to probe the importance of the design of the
conjugate complex in eliciting this broad response, the serum activity elicited by
vaccination with the LAH-KLH construct was compared with that elicited by vaccination
with the intact HA2 molecule. The ectodomain of the A/Hong Kong/1/1968 HA2 protein
was recombinantly expressed as previously described (see Chen et al., (1999) Proc Natl
Acad Sci U S A 96(16):8967-8972). Mice were vaccinated with pure, uncoupled, HAZ2
protein by the same methods used to vaccinate mice with LAH-KLH. Pooled antisera
from 20 mice taken ten days poé\t‘secondary vaccination with either LAH-KLH or HA2
protein was evaluated for binding activity against a panel of recombinantly expressed
hemagglutinins. While the LAH-KLH antiserum reacted with all hemagglutinin subtypes
tested, the HA2 antiserum contained antibody reactive with Group 2 hemagglutinin
proteins only (Figure 11A-H and Table 1). Since the LAH structure is present in the
HA2 protein, the broad reactivity seen in the LAH-KLH antiserum must be a
consequence of the manner in which the LAH is presented as an antigen within the
conjugate complex. Elimination of immunodominant regions of the HA2 may cause the
LAH-KLH vaccine to induce a more focused anti-LAH immune response that mediates
broad reactivity between hemagglutinin subtypes. Alternately, the induction of broadly-
reactive antibody may be a consequence of anchoring the LAH at the C-terminus to a
carrier protein, thus rendering regions of the LAH immunogenic that are otherwise
antigenically silent in the context of the intact HA2 protein.

6.5.3 Conclusion

[00524]  This LAH core polypeptide linked to KLH has protective activity against
antigenically divergent influenza virus subtypes that currently cause seasonal and
pandemic disease in humans. Additionally, the LAH core polypeptide linked to KLH has
protective activity against an avian H5N1 virus, a subtype with potential to cause

pandemic influenza disease in humans. Thus, the LAH core polypeptide linked to KLH
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represents a peptide-based influenza vires vacchne that swould b fospensive ot

uncomplicated o manalhoture,

TABLE 1
Summary of ELISA data
AntisLAH- |
KM Arti-HAL
HK/GE H3 + +
S| Brisio7 13 + *
Nethid3 HY + +
Calios H1 + N
] HkmoHg * .
% ,,,,,,,,,,,,,,,,,
B 1 Sing/s? M2 * .
L%
Vieti04 H5 + .
HKIS? HE * .

BRSNS Al publications, patents sud patent applications cited i ihis spocification ar
horeln incorporated by refersnce as if pach indbvidusl publication or patent applicstion
were specifically and individually indicated to be incorporated by reference. However,
such a reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country. Although

tha forzguing vvention hes been desoribad i som dotail by way of tustratios and
example for purposss of clarity of understanding, 1t will be readily sppareat to those of
ordinary shill i the set in hight of the reachings of this fnvention that certatn changes and
mediffoations may be mads thereto without departing Fom the spivht or seope of the

sppended claimy,
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The claims defining the invention are as follows:

L. An isolated immunogenic core polypeptide comprising

(a) Formula I:
X1IX2X3X4X5X6X7XsX9DX10X11 X 12X 13X 14aWSYNAELLVAX1sSENQHTIDLX16DSEMNKILX 17
E Xi1s X19 X20RQLRENA (SEQ ID NO: 6),wherein:

X1isRor Q;

X218 Q or G;

X3is D or N;

X4isL or V;

XsisEorl;

X618 K or N;

X718 Y or W;

XgisVorT;

XoisEorR;

Xiwis TorS;

Xuis Kor M;

XppislorT;

Xizis D or E;

XuisLorV;

Xisis L or M;

Xiwsis T or A;

Xi7isForY;

Xigsis KorR;

Xi9is T or V;

and X2 is K or R;
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(b) Formula II: SEQ ID NO: 16;

© Formula I1I: SEQ ID NO: 17,

(d) Formula IV
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERVRXi1QLRENA
(SEQ ID NO: 19), wherein

X1is a hydrophilic, basic amino acid;

(e) Formula V:
QIGNVINWTRDXIMTEXoWSYNAELLVAMENQHTIDLADSEMX3KLYERVX4KQLRENA
(SEQ ID NO: 30), wherein

Xi1s a hydrophobic amino acid or a hydrophilic amino acid;

X21s a hydrophobic amino acid

X31s a hydrophilic amino acid; and

Xais a hydrophilic, basic amino acid;

§3) Formula VI:
QIGNVINWTKDSITDIWTYX/AELLVAMENQHTIDMADSEMLNLYERVRKQLRQNA
(SEQ ID NO: 42), wherein

Xi1s a hydrophilic amino acid;

(2) Formula VII:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDVTDSEMNKLFERVRRQLRENA (SEQ
ID NO: 55);

(h) Formula VIII:
QIGNVINWTRDSLTEIWSYNAELLVAMENQHTIDLADSEMNKLYERVRRQLRENA (SEQ
ID NO: 56); or

(i) Formula IX:
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEX 1 TX>2X3QLRENA
(SEQ ID NO: 15), wherein X1is Kor R, X2is Kor R, and X3is K or R;
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wherein the immunogenic core polypeptide is less than 75 amino acids in length; and
wherein the immunogenic core polypeptide is capable of inducing antibodies that are cross-

reactive among hemagglutinin (HA) subtypes.

2. The isolated immunogenic core polypeptide of claim 1, wherein
(a) the immunogenic core polypeptide has the Formula IV and wherein X1 is R or H;
(b) the immunogenic core polypeptide has the Formula V and wherein Xiis A or S;

Xzis Vorl; XzisNor S; and X4is K or R; or

(c) the immunogenic core polypeptide has the Formula VI and wherein X1is Q or N.

3. The isolated immunogenic core polypeptide of claim 1 or 2 having the amino acid
sequence of SEQ ID NO: 2, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 43, or SEQ ID
NO: 44.

4. A flu polypeptide comprising the formula:
X-L-X-L-X, wherein

X is any one of the core polypeptides of any one of claims 1-3 or a fragment thereof; and

L is a linker or is absent.

5. The flu polypeptide of claim 4, wherein

(a) the core polypeptides are the same;

(b) the flu polypeptide is directly or indirectly linked at its N- or C- terminus to one or
more protein tags;

(c) the flu polypeptide is directly or indirectly linked at its N- or C- terminus to a CD8 T-

cell epitope;
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(d) the flu polypeptide is directly or indirectly linked at its N- or C- terminus to a Toll
Like Receptor Ligand;

(e) the flu polypeptide is directly or indirectly linked at its N-terminus to a His-tag,
linked at its C-terminus to a FLAG-tag, and wherein L is glycine residues;

(f) the flu polypeptide is directly or indirectly linked at its N-terminus to a His-tag and
linked at its C-terminus to a Samonella flagellin; or

(g) the flu polypeptide is directly or indirectly linked at its N-terminus to a His-tag and

linked at its C-terminus to a influenza A nuclear protein (NP) or fragment thereof.

6. A flu polypeptide comprising any one of the core polypeptides of any one of
claims 1-3, wherein

(a) the flu polypeptide is acetylated at its N-terminus;

(b) the flu polypeptide is linked to polyethylene glycol at its N- and/or C-terminus;

(c) the core polypeptide is directly or indirectly linked at its N- and/or C-terminus to one
or more protein tags;

(d) the core peptide is directly or indirectly linked at its N- and/or C- terminus to a T cell
epitope;

(e) the core polypeptide is directly or indirectly linked at its N- and/or C- terminus to a
Toll Like Receptor ligand; or

(g) the isolated core polypeptide is directly or indirectly linked at its N- and/or C-

terminus to a T4 foldon domain or a fragment thereof.

7. The flu polypeptide of claim 6, wherein

(a) the protein tag is a His-tag or a FLAG-tag;

(b) the T cell epitope is a CD8 T cell epitope; or

(c) the Toll Like Receptor ligand is Salmonella flagellin.
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8. The flu polypeptide of claim 7, wherein the CD8 T cell epitope is influenza A

nuclear protein (NP) or matrix 1 (M1) protein or fragment thereof.

9. A flu polypeptide comprising a core polypeptide of any one of claims 1-3 linked
at its N-terminus to a His-tag and linked to its C-terminus to a T4 foldon domain or a fragment

thereof.

10.  The flu polypeptide of claim 5, wherein

(a) the protein tag is a His-tag or a FLAG-Tag;

(b) the CD8 T-cell epitope is influenza A nuclear protein (NP) or matrix 1 (M1) protein
or a fragment thereof;

(c) the Toll Like Receptor ligand is Salmonella flagellin.

11. A flu polypeptide comprising a core polypeptide having the amino acid sequence
RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFEKTRRQLRENA,
wherein the core polypeptide is linked at its C-terminus to a polypeptide having the sequence

DYKDDDDKC.

12.  The flu polypeptide of claim 11, further comprising an acetylated N-terminus.

13.  The isolated immunogenic core polypeptide of any one of claims 1-3 or flu
polypeptide of any one of claims 4-12 that selectively binds neutralizing antiserum capable of

binding an influenza hemagglutinin.

14. A composition comprising the isolated immunogenic core polypeptide of any one

of claims 1-3 or 13 or the flu polypeptide of any one of claims 4-13 linked to a carrier protein.
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15.  The composition of claim 14, wherein the isolated core polypeptide or flu
polypeptide is linked to a carrier protein by a linker of 1 to 50 amino acids, 1 to 40 amino acids,
1 to 30 amino acids, 1 to 20 amino acids, 1 to 10 amino acids, 1 to 5 amino acids, 1 to 4 amino

acids, 1 to 3 amino acids, 1 to 2 amino acids or 1 amino acid in length.

16.  The composition of claim 15, wherein the carrier protein is keyhole limpet

hemocyanin (KLH).

17.  An expression vector comprising a nucleic acid encoding the isolated core

polypeptide of any one of claims 1-3 or 13, or the flu polypeptide of any one of claims 4-13.

18.  Anisolated cell expressing a nucleic acid encoding the isolated core polypeptide

of any one of claims 1-3 or 13, or the flu polypeptide of any one of claims 4-13.

19.  Anisolated virus comprising: (1) a genome engineered to express a nucleic acid
encoding the isolated core polypeptide of any one of claims 1-3 or 13, or the flu polypeptide of

any one of claims 4-13, or (2) the isolated core polypeptide of any one of claims 1-3 or 13.

20.  Anisolated virus comprising the flu polypeptide of any one of claims 4-13.

21. The isolated virus of claim 19 or 20, wherein the virus is an influenza virus.

22. The isolated virus of claim 19 or 20, wherein the virus is a Newcastle disease

virus (NDV), a vaccinia virus, an adenovirus, an adeno-associated virus (AAV), or a retrovirus.
23.  The isolated virus of any one of claims 19 to 22 which is inactivated or split.
24. A virus-like particle comprising the isolated core polypeptide of any one of claims

1-3 or 13, or the flu polypeptide of any one of claims 4-13.
154



04 Jan 2017

2011217903

25. An immunogenic composition comprising the isolated core polypeptide of any
one of claims 1-3 or 13, the flu polypeptide of any one of claims 4-13, the virus of any one of

claims 19-23, or the virus-like particle of claim 24 and a pharmaceutically acceptable carrier.

26. The immunogenic composition of claim 25 further comprising an adjuvant.

27. A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 25 or 26.

28. A method of preventing an influenza virus disease in a subject comprising
administering to the subject an effective amount of the immunogenic composition of claim 25 or

26.

29. A method of treating an influenza virus infection or an influenza virus disease in a
subject comprising administering to the subject an effective amount of the immunogenic

composition of claim 25 or 26.

30. The method of any one of claims 27-29, wherein the subject is a human.

31. The method of any one of claims 27-30, wherein the immunogenic composition is

administered subcutaneously, intramuscularly, or intranasally to the subject.

155



WO 2011/103453

K== 19

1/27

PCT/US2011/025467

Lazi

Fig. 1



PCT/US2011/025467

WO 2011/103453

2/27

sajesA|

vz ‘614

189

umop- |ind




PCT/US2011/025467

WO 2011/103453

3/27

0000001

L

000001

gz ‘B4
uonnjig

00001

0001

ovid-lue —o—
LdCl —=—
IV9E —o—

(wugovy) @o



PCT/US2011/025467

WO 2011/103453

4/27

ga¢ - ve ‘big

jood wnias dadyH

-huy

HIY-
HIH-

S8d 2¥50d «

dadyH
dadyH

o

uonN[Ig Wniag

000001 00001 0001 ool
ot 0
- G0
-l
-Gl
-Z
r§¢C
L3sod O ¢
Zisod ®
- G°¢
ol 4
VH (LH) 6071V

(wusoy) ao

00000

uopn|iq wnieg

00001 000}

VH (¢H) 89/MH

0

0L

(wugot) ao




PCT/US2011/025467

WO 2011/103453

5/27

o¢ b4
uonn(ig wnisg uonnjiq wniag
0000} 000} 0ot 0000} 0001 00}
L 1 0 L \ 0
Jood Jod gz=u :9'g N €
dnoib sod g=u :y ”
r S0
° FS
z z
| 2 - 67
wnJas Juj g
FE
jood S9d u
|ood wnias dadyH-juy o ot
-G ¥
VH [H VH SH

(wuggy) a0

00001

uonnyiq wniag

0004 004

1 1 Q
50
H
)
3
g2

VHH

{wugoy) GO



PCT/US2011/025467

WO 2011/103453

6/27

as "bi4

AytaerTwrs/A3T3USpPI

0°SL/0°09 €H

¢'LY/S LY | L TL/E €S TH

¢°L9/S°LY | STOL/T'6Y | ¥°96/0°08 ZH

m.mm\w.om 1°2L/G°TS | 2'86/9°€8 | 2'86/S° %6 | GH
LH €H TH ZH




WO 2011/103453 PCT/US2011/025467

7/27
A 4 x 1044 pfu X31 Group Averages
k%
- —o—PBS
<, 100 —s— HApep-KLH
‘©
= 97
£ 901
2
S 8-
= & ———a **+P <0,0001

Day Post Infection

4 x 1044 pfu X31

1
00 m » \ » » . ] —o—PBS
o —a— HApep-KLH

[o2] o
S (e
| .

% Survival
3

20 -
0 T T T el :‘rr D
0 1 2 3 4 5 6

Days Post Infection

Fig. 4A — 4B



WO 2011/103453

% Survival

Average % weight change
days 1-3 post challenge

100 »
80
60
40 -

PCT/US2011/025467
8/27

500 pfu PR8

& i i & \ \. PBS
— 8 HApep-KLH

1 2 3 4 5 6 7 8
Days Post Infection

PR8 500 pfu challenge

O o
0 HApep-KLH

T I T TTTTTT T T TTTT]

1 10
Anti-H1 titer (RU)

Fig. 4C - 4D



PCT/US2011/025467

WO 2011/103453

9/27

YNX¥T

55 ¢

55 "3

55 CCNY

S AT
S5 YNO¥T

g¢ ‘b1

sadAjqns usamjaq [eoljuap! SpIoe oulwe =

X ¥ ¥ ¥¥ X ¥ R¥  EXXRRREX ¥ *

UNTITODIATAX TINWASAVTAT LHONTNVATTIIYNX SMATINSQIIMNIAND IO bm— Z dnoaxo
YN TORILIII TINWASALTAI LHONTTYATTIUNASMTAINIAIAXNTTIAOIE €H
YNNMTOSYAMAXTNIANSAHATINIANITIATIIYNAIMI CTIOAAADININAISY  TH
ANQITORIAMAX TNMANSAHIATLIANTINIATTIYNAIMATTIOATODININATI  CH 1 dnoas
YNQITOTIAMAXTNMANSCHIATLYANTINIATTIIUNAIMATTIOATODNNINGIY  GH

Vs ‘Bid

OXYANIATINN ANSAHXATLY INIWIATIIY NALMAGTIDG IXMINTNIIY snsuasuo)
WILTIAIN WICCLTTLUCH O IV TUSTTTDILT CAATITAD T (EH) 89/1/6uoy Buopjy
THTCUTCIN WITCVTULCH DT W ST UILAS T MIMNIATHTD (ZH)v00Z/p0SM/epRUR) /Y

_.wa . ow %% ¥ % LR B v%wm...wvn . a!m;» LRI LB Y 1.‘1@”«,4 L m,}na LR S e Mﬂxwmccwwﬁowmmﬂaw-—wUN¢
E.-n,»‘-a e R ) wowEow LR Fc VR SR SR I N IR o B ee B S N S «:\.-auu.q AwahmmM%ﬂNWha%mc.MM¢
DTYANGATINY bzmmmmmuhm INIWTATIIV NAIMACTADA JWIDINTNI 1Y (SH) $00Z/E0ZT/WEN BIA/Y
! {
o8 08k



PCT/US2011/025467
10/27

WO 2011/103453

g9 "By

ANGET OWHANTGATNN ANSQHAGTLY ININTATIAV NALMAG14DQ FWIINTINITY snsuasuo’y
Mmm e E ww .v.-vu..m-a:n e R R ¥ -..-a'aa-u uo.xv..a.~w~q.msva.yv‘.»».wuMhmmﬁ%HNNMQLQUW&«
Wm © ww v T ow * m L3 m.a.\...n kNIRRT RR e .r, - LN I L3 LA I B ® s me o w e B o ¥ QWWHMHWUQS—‘_QQM &UNNQM{
Mm wome w LA S A Tt I r ARl X A T LA A L N I S B S e ST R T S I S S Mmm.ﬁ%%m&mn:ﬂ—‘mwrmumzm.d
mm Foaw wim e oww owiie RTR o RUELE PoEwLEE e e FUE o Re omow owm alw Fowikowl e e aTE alw LI L R T A M@QMMWHOM\EQUWGE\@
S5 ANGQYT uzgxmﬁ.zw ANSQHIQTLY INIWIATTIV NALMAGTIOA IWNDININITY LS6L/1/3s0debuis/y
. | i
08y ott 02y

¢NCH

v9 Bi4

«zzuuams%xwhu zzbzmnxumuhxmz.wd._}._Audz_kguau uwnnb&&z.“zm:am SSUIBUC)
w)m. l-.u-«n“;oul.q‘uutwwaublua - " .® L3 u,- 1.111 vn..unu-lnl«ai :um QQON\NQ%”:.F—Q%_WNUW{
mm L o. * ,.- LIRS uq .-,.._. LR :ma ] - a ® E W e w» u_... -... - .,mv,a S g -u - u- q”.. ‘,wq 'n ...‘.i ¥ . .ﬂ.. w.ﬂm;ﬂ\ﬂ Nﬁ mmgﬂu ﬂgQWE
mm # €l xie iiE B B sllele #w w”v LRI B B TS S q...» L oy ElE e ¥ e R x s B xR VMMW&&»#M@
mm POASLS RLECELEAE R A K ECE R F B p E PR ELE IR OE RN AIEE A K EEEE B AR F P oEE BRI OB EIEIE R R th.ﬂmwm.m&mw:%{
mm s E e e R w TR W u.-n--lns.a,:»tnqv-..-q‘u-,ms;,,f:.nsam‘-..alu-na R e INQQNNQM%WF“EMMLMWQ

L5 YNNATOSHANIATANNANSGHIGTLYINTI TTATTIVNAIMIQTIDAAAININIWY 666T/02/BIU0OPEI MaN/Y

| i |
0 ovp 0zt

INLH



PCT/US2011/025467
11/27

WO 2011/103453

ao 64

dzau._ DTYANGA TN ANSAHIQ1 1LY me—z.uh._ 13V NALMAGT DA wﬁxxz.“m._w 1¥ snsuasue]
1T S I Y 11117 {111 211 V0= 1A
mm LIS .-.._.u LR 28 ¥ = L4 LR S S L IR !..l.,ﬁ v .‘d‘.w LA ﬁ.‘\- LRI BT ..' LA mOQNNW\ﬁ—WwQQmmeE
mm L e TE R R e e k2w ow 2w or o2y vy oxw TIE R R oBom s mE o LD AR L AR S L LR A B S AR B T 3 NO@NMMMNNQQHCM&WMWWQUW%.(
MM » s LR X X LR uq LN I 2 LI B I L I ] % u, - LI uv,.n » .av * .. n.,- I ,- . LYW T 0 T TS e Y DOQNNWNngCﬁM gOrNWMDou
§§ VNGHT DTHANGATNN ANSAHATTLY INIWTATIIV NALMAGTADG IWODINTINIIY p00Z/E0Z1/WeN 1BIA/Y
! i
09+ Gt

INSH

09 ‘614

QZumumwM%xwwuu TINWISALIal hEWquﬁbJdezrmaaﬂ 1 M%mu?hww 1aD 1y snsussuoy
§§ TUUTTTEWYTPTUrrecccnecessscesesesan s s s s s s TUTSAWIN/Y
TR L. R 4 V4 T LU A
mm ,a.v vav R amx aw‘ LIRS .;, :u W e a,_.. v  oxr ¥ .vv LSO 3 3 x»\.‘v..cu - L] wx LI B S e A .a a .m,.n .!Hu, «n L3 WWNHNWCQV— m:gxuw¢
Mm LA A S L L S0 N R L R ww = ox o AR L S S .v.,ﬂa -.,..c L S For .,! LI RE I I S WQONNQHancN—xuzmﬂ"M«
G TTTTNTYreressecssscsaesesasseedssaat s s s 007 (0T [SURGSLE/Y
mm L] a.in|$su.M.lw».llv.;.\ﬂ.i.!m...l!a:qa.uwaa.l Bomowoele e 'vla,qi.mlu!laaamm\qw mmom&mswmmwzax.hﬁ?

SS VNIHTOMNLUIA IINWISALTIA T LHONTTVATIIVNASMTIATILAIAANTTAD 1Y S00Z/T61/1ewusq/y

3 |
o9y o

¢NEH



PCT/US2011/025467

WO 2011/103453

12/27

49 ‘Big4

«zmm.mmuxm>meuxzzwmmh»muhxdzwﬁ;ﬁmma‘z%m?um_thwbwumumdwm SASU3SUO)
w(umuu-no»cu;maanuuayuhaam mhm.ﬂmmmwb<\wm~>ms—m\«

F AR OF N OECF VR A e R Y r ae w sE ik NQ@NMNMNQQKMW&M&Oﬂ&ﬂﬁmENmawm—aﬂmuzwg\q
£ T3 2 ¥ £ F R R AR N F S LS L E T YR mmm.ﬁmﬂNN\S@W@EﬁMW&\ﬁHWWMEN(

. . ,uann,.,u-«au»ua«m(;.i,—.,.wa* gmNMOMWMaﬁ\MUWHmﬁMNﬁMEE

S5 YNIYTOUYAY IS TINNISALAG L LHONITYATTIVNASMIAINLAIAANI 1A0 1 Y 8861/ ¥ZE/RND/piejew/y

mm L I R R O e R T N N I R e o N A
mm u'nunnumuu_.uanuwnuqtua,uunamau
mm m-f.tnrnn‘-axu‘uu-uquu.-u-uu-uua

mm #E R X R 28K T OETRORY S YL EIE ORI PR EE 2o R

vN3HT
mm v,s e e
mm e »a

mm ® % 2 %

TR

dxxb.mw».m.xz WIsaviallH
..x..,....m.

chuovna-m

* wEa wix ol ook

13

rm A v

|
oy

LI T S S L v e R

IR AR T R T I B S

BEEE R R % ¥ ow LIS

L T A T RS

amv

e

s

®

L.

74

YH

Cww
®w
]

.

S5 YNIYT DNIAUIATIN Emmn<aa_bm ONIWVAT1IY

lH

39 ‘614

DNIWYATTIV NASMAILAYQ

.vv..m:.w...-.*m.,_..
I'C-_."«l‘l
-x.-.-«

L R Y

NASMATLAST
i

{44

dLMN _ AND mﬂ SNSUISUO):

. e
L I
x xox o

=% e o

»

»

«

2 pO0Z/TEpD0-BS e Rl MaN UG [y
T BEBL/SEE00~68/ 1104 MeN/uRINR Y
Tt 9B61/98200-BS/ARsIsl MEN/ NPTy
TR pO0ZY0SM EPRUEN Y

HLMNTANTD 1D 800Z/0ZEISNV/BIulopey/ ea) pabuim uasib/y



PCT/US2011/025467

WO 2011/103453

13/27

YNVS1

’ ¢ . i,

mm ‘..-..-w

,mm.lmn-n

mm = ot w x .
88 YNVS1

HUNATAATINN ANSAHIATLY NI Ab.muwﬁ

e e 1 T H PN
LR SR e A N A A
LI AT TS TR T ST TN )

® oA W me TR AL

HENATGAINY ANSOHIATLEY ONITIATIIY
4

L EE SR I R A 1 )
L SN I N T B
v e.r XoE R X B W 2

I I T )

or

PR N S
®oE e W AR KR ELE
LR I A R S R TR

o e oE R i &

8

H9 "Bi-4

oz

H

99 ‘64

w2 AR wliwow e
w o mow oxr oEw R

Bow om o m om A ®oEoELe

=

b

»*:

NAVMIO3 LDO G IMNaNIWN Y snsuasuo)

u.suawmaﬂa,!

e e on0z/gE/moseg]jiriuid/y
Tttt J00Z/ELTSIVED/IBBAOYS tisylou]Y
Tt corto9gel/yZ18/vIPnplY

Tttt 9gRT/8TT9/OURINO AN Y

#zaa.mvmv_?xm H zv_\mz%ﬁtm‘mdbmwzuaqxﬁa AVNALMAGTADAIWWINING Y

mm ﬂ-mqmu‘»au.vxﬂﬂ»u;n!ﬂn»-s-uuu

mm ‘.......y..w..u«..,.:m.a..._:.._
mm n-.uuclmuu«awu-wQ¢aa-um-a-u.-i¢

mm S RS I SIS AL A I LS A

|
g

»

*

L]

»

x

a

2

iy

LN A R
B owie paiaalel eonln e
e % W w2 m o W OE R %

ok wE w oM e wE R W

i
o

9H

LS

. .® !x m »
R R
L 4 ’ .m L
v . crereages
85 YNQUTOSIANIHTINIANVOHNAGTLYINI TTATTIIVNAIMAG T4 DAIWMINTIND 1 ¥

;
0Z¥

NAVATIAQF1DO INAONTRNEY 626T/p11/Pu3g)yHonp penud/y
I

STISUBSU0])

002/ 90T E0F0S/ VI UBPID /Y
£00Z/TSTINH/RIUIOHED/ reurd LIsyliou /Y
8261/89€/97v/ e8] pabumm=nig/y
6861/221/01y0/asooh epeuenfy
S861/69/97v/ e8] pabuim anjq/y



PCT/US2011/025467

WO 2011/103453

14/27

ro "bi4

VND¥ TONUAYIATNINI SAYWD | LHONIWYATTIVOALMIGLISOXLMNIANDID snsudsuo)
mm c. n R R . _.u q ERREER I B S I ) a _‘.. AR T ] .vz:n e « E u,..,.... ,....- Nirie e v oew mngExb%EwﬂUNmmxﬂmexq
mm q,nvn.uaa-u-u-v.a»..wu-,qqn‘n-u<.~a.-;wmnnumd.un.u.tq‘.u.sx._nuqatun NNMHMNQM\@M‘\J—U;wwMMNMEMq

mm qavq...aua‘_aoﬁ‘»»auwaunu.-*.unuuuasnu-.un.u.uu--au-,.n-u N”@N\qumgMI\mmt.mem.:NU%mmgmEm\ﬁ_
mm LA PR NN S B N R R R L S IR N L O R A R R B I S AR AR I A M I N B S S O L PSR R mmmegmmﬂNﬁwﬂm&WMvwmm_gﬁmWMMm\«

S YNODYTONUANIATNIWISOVNG | LHONIWYATTIVOALMIGLI SOILMNIANDID 1002/191/pueiAen/prejew/y

| ! R
1 ¥y b4

OlH

19 ‘614

VNSOTYIIANNATNNANVOHIATLIDONITTATTIVNAVAMIQD DGO I INNITWNTY  snsuasuo)

mm L o q: v.ow u * Q.. BORCE N LE AR R Y e W OROR aa .n - ESE A ui-.m ,_M..a,ada ERE R TR I Y ‘\,u e mNMN\NON\mmax mmnm\xugmww:ﬂ

mm A LI a2 mE K ¥ R R R F A X KA SR v ezt oa A .n.m AR W FE R ow e R Yo owow mwumn&MM\GM-—AW_.QMZNM&MM”WSU»M,{

mm L A I N I T T N R T .nn,unnn..;m-n«..__.v..- PEE O S R B mm,mwN\M_xmcmuﬁU%Mﬂ—ﬁUNﬂwuﬂwmﬁN_{

mm L3N N Y T B B ' ,n, * = .P -w I N BT D A N n.n Eof..& ¥R Fv B oW ORISR vu -‘ E N G TR SN R IOE I -..l vi ﬂ- EE O ] mQQNNﬁﬂmwmmﬂhmmNﬁm—)mM(

55 YNSDTVUNANNATNNANVOHIATLNONITTATTIIVNAYMAQU IDAQ IINNTANTY  666T/1-03/1583 3IpPIA/udpdiyd/y
| i |
03p oy iiray

6H



PCT/US2011/025467
15/27

WO 2011/103453

19 "b6i4

,«amﬁ»um%mm._zgm«mxmmﬁudzma.S.Zm«zw«a_m..,_dam“mmﬁﬁzmu snsuasuo)
LIRS B S | e STttt 186T/SvZS/RieNsnY/UNS pRYdaU-pallyY
mm...v_ m_.a.....,:‘.....v.,.,.:;...,......m,...._,....;.w...... meww.«mvﬁxv_mmtxuﬂn\«
mm ‘.u»awn-uau-.-.euu..u.«,.nu.uu.._.v.man..-...w.u«n.sm”wmuutg..a»m N@GN\M\N&MM—“umm.—mwtw\hW—wazmwﬁ&ﬂﬁhﬂﬁw@.
mm v,sgu._.nua.a,w_.u*-.fu.:..@..v.;..;u,_s..uw.mv...,..-u.u}_.‘»n:uw...‘.‘.‘ %mm‘m%hﬁv\afmmﬁnm@ﬁ\d

§5 YNIYTANYANGHTNYANVOHIQTLNONITTATTIVNAYMIGLIDOAINSNIWN 1Y 9Z61/09/zMaq)y/5nply

i |
or 02

-

¢lH

M9 ‘B4

YNOXTWEHANIHINYAN mnmgm TININTTTATTOYNASMIGIASGOAHNSTON |8 Snsudsuo)

mm R R S R R R A .u..._:ug'.,a.».a‘,.,}‘n.uamaxq.u..,mmmwxﬂ\mgmxmsﬁunm\%

44 ._u‘.ﬁna».n.,..:..a._m..‘,.:..n_..:...‘.;s._..v..u.._,::_u....‘Wmmwxm.ww\wfnmwcmzxvmu:vxﬁﬁ
mm,...:._:...«.::u:*...,...::.:,‘x..:»..::;,:.,:mgmmmOmwg\E&@awﬂummﬂvmmwrsummhm?w
,mmn....a.a....-...u_.;.‘.,,.;*...._u*-..‘uu.n‘n...,_a..n.‘a,...mmm.mhmQMM\mmmmwaﬁw.W\u_wmﬂme_mm&m«.

§S YNOXTWHYANIHTINYANSAHTATLNINI TTATTOVNASMIO I ASQOAHNSTON 1Y S66T/21-0TvIZ/AN/ /Y

. “ |
0¥ oty oz

FH



PCT/US2011/025467

WO 2011/103453

16/27

N9 ‘b1

YNIHTOYUAY T TINWISOLACT LHONITYATTIVNASMIGINLAIAANITIAD 1Y Snsussuo)
mm R R R R N R R R R R R R A Nmmm mmm?mmmu\p_mwmﬁ_?
GG "rTTUTIYErErTenaaasssreanescsensian e s s gaaT 607 [URUNBISY NP PIRIRW/Y

55 <zum._.3_§ﬁ 1TINWISALACH .wzozméﬂ 1 quwmmﬁm INLOIAANITAD 1Y Nmmm £92/ueyyensy/|n6 Bunay/y

1 I
o 0z

ViH

W9 614
YNLYTXHYADGHTNYANYOHNGT LYONI TTATTNVNASIACLAYOQ | OV THN ¥ magmsu

S TQUETT e e e g g6 [URYRSY 1By

85 :a:m,:_mi.d::::.:.::.::.:m:::.:::: 66T/4dzLe/euagis/pnply

e Dt TR o L wgequ&m@%m%am_aa_m__ia_hmgz

B T gy ueRRsynG ppeay g iy
65 YNLYTVYYADGHINYANVOHNATLYANITTATINVNASMAGLAYOD | HOYIRN Y $86T/222/ueyyeinisy/nb papesy-yoe|q/y
| | !
09 Orb 0zb
_ €LH



PCT/US2011/025467

WO 2011/103453

17/27

d9 ‘B4

«xmﬁﬁ& pamﬁ zm»zﬁmmwmﬁmmmm _ .:S .&«zw mm: mg«mmpmmﬁmz I m SSuasLo)

6 NIt gt s e GGGy INPAGHOYSTY
mm,‘m. PR :.w: AM :. w.m« 5% ¥ oA s 4w e u . m.wu.m,,,. € u.,q SR CEE R FOE mwmﬁmwm.\wm\ mm mmwmmmm@“

mm R L S ...m.m ER ) .y,,uy..ﬁ«.\n TaEe s «...u E R R mmmwmmmmﬁmmhmmﬁ ﬁmmwmﬁm,&mmm mw%
mm xut:.._:.n:,:.m,:-,.u::::.uwm:xammm;::.:f:_ mmmﬁmm&mmmwwmmmmﬂm&%

44 wzwqumamamﬁzm»z«mm.ﬁ@mammw.;.:um«zwma |QLAVQQANGYTANTY 92/¢1/uisiuaunyng /jn6 Papeay-eiq/y

M |
0% mww by

09 614

«mwﬁdwmwxmﬁummm mmﬁm m hx@mmx«wﬁwmﬁmam mmmmmgi mwmma SnSUaSUOY

1L

mm EEE T e U v ey ﬁa.m .w...;. B oy aE s iov ...a CEATr R R v vy mmm.m\wwmm\mmw._wmm«tﬁwgmumh«

L TIY I N N A RAL AR CR N 0 L N BULELA RAa B Y dmmm\m RSN WRISaM/IaleMuEays mwmv&m%a
R ﬂaﬂxmﬁmm«&a&@sﬁ hioos(y

55 YNIHTDYUANIATINNISOY Q! ._,zazwxg,:m«z»ma mmmmﬁ&m AND u 6T/95£1/I[RASTY ULIRISS/YINPjaYS UByEASnY]Y

|
0% _ ‘%

SlH



WO 2011/103453 PCT/US2011/025467
18/27

A
B.«
GFP
GFP HA276-130 Q
N
PAD1(g) - 1 5 - 1 5 AY
1
TR
0]

Whole
Cell Lysates

Fig. 7A — 7B



WO 2011/103453 PCT/US2011/025467
19/27

LAH-KLH ELISA

-0~ 36A7
- 12D1
-+ anti-FLAG

OD (405 nim)
n?

100 1000 10000 100000 1000000
Reciprocal Dilution

Fig. 7C



PCT/US2011/025467

WO 2011/103453

20/27

UORNIg Wruss feocsdiosyy
0002 00z

i i PO i Q.ﬂ

-0

=02
SHd . -M—

Beg sAisod - -0'€
HDAHHY PSiood -8

-G

wH (ZH) e0UieN

2198 H-08dvH

as- vg ‘614

uonnjig winieg jevoidivay

HDHVY 12 380d W
HDHY ol 180d -

VH (LH) 018D

002 . o
50
s
gL
-0'Z
YH (GH) YONA
uonnjiq wnieg [poosdivey
_ 80002 m%m. 00z "
| -1
S8d ot 19od - 4
=3
=4

uonnjcy wruss [e2oXdiosy

000z 00T
S . {184
L0
=0'1
“G'L
wH (ZH) 1698
UOIINIA WSS [e00KIoeY
poooec 0002 2374 p
-1
-C
¢
-y

VH (EH) 89H

(wu 501 QO

(wu sov) a0



PCT/US2011/025467

WO 2011/103453

21/27

4¢- 38 "614

aAleN uonosjul €H HIM-HY1

Biejolm
vBig
Wb =

¢9b|m
qzobim
ezobim

(wugoy) Ao

4
0eT €0YISN-LH
0€T ‘ | P0ISTA-GH
0T %mmﬂ, ﬂ. 1Tt oFR:l O/  89NH-€H
0ET AEtarer s gawq $ I TIHENEH ; cliksl 9/ [ GeBUTS-ZH
ok Ml IO A LT $L0TIH , ‘ TRz SN TNE TR woao -TH



PCT/US2011/025467

WO 2011/103453

22/27

Lolosiu| 1304 AeQ

ae- ve6 -bid

5 & 2 8 § ¥ £ T L 0
] 1 1 [ 1
= : 0
I R
HT=HY 10— B
_ 09
- 08
- 001
S0000=d e o
G000sd ryd 00G (VH) 84d
soosd »
uonosu] Jsad Aeg

g 8 L 8 & ¥ € 2 L

i ! I ] ! | i 1

ryd 00S (LH) 84d

~58

-G8

IBAiAInS Jusdiod

08

-08

(51012

JuBla Buielg uasiad

SHd —m—
HTHY -

nyd 0000% (€H) 1€X

uopoasyu| 1s0d Aeg
1 1 1 I o
02
Sad —m— Los
HHYT {1 |
-08
ot 00}
nyd §o0ow (EH) LeX
uoljosju| 3sod Aeq
I 1 q I3 _. B OQ
s
06

14BiopA Buniers ooy

[BAIAINS JUBDJOd

<



WO 2011/103453 PCT/US2011/025467
23/27

# p<0005
w1 <0.0005

£ VNO4 (H5) 500 pfu

% 100 :

2 — LAH-KLH

2 90~  —=m—KLH

=4 HhH

EY

a |

+ 80~

g.

0

0 704 . ‘

5 6 7 8 9 10
Day Post Infection

(a5 §
i,
n
W
Y

F VNO4 (H5) 500 pfu
g
it
§ 40 i LAH-‘ KLH
8 204 —— KLH
0 T T T T T | | T =

Q 1 2 3 4 5 (3] T 8 g 10
Day Post Infection

Fig. 9E — OF



PCT/US2011/025467

WO 2011/103453

24/27

dnoio uoneZUNWL

WORORUI IH HTH  HTHHYT

9000°0=d |
E2 2

{1H) 8ud

0

ichPXN

o0 xb

Lo01x9

L0018

qw/in-d

201 - VoL "B

dnoisy- uoeziunwIL|
co%oE__ €H HM HDAHYT

]
6000°0=d ey

(cH) 18799

IEOWxN

1.3.0 19

/N dd

(Shun sAnesy) o)L LH-tue

sed B
HDHY1 B

abusjieyo nid 00S gYd

-1 sAep: obueyo Jyblom % oBeloay

<



PCT/US2011/025467

WO 2011/103453

25/27

301 —aol B4

pslgng
L. €1 2L kL OL 6 8 L

Sl
i

AT G

VSIT3 HY'1

walang
L oL 6 8 2

VSIT3 AL

ovid-iuy
AlLIsod Il
ALL 8id

(wu cot) a0

{wu'eop) Ao



PCT/US2011/025467

WO 2011/103453

26/27

uognjiq uniag feoosdiosy

001

000000L  00OOOL.  0OGOL 000l
L 1 i k

[BULION—O—
HyY1-jue—a—
CyH-jue —a-

uoioau] |H—=-

SH YONA

UoRniQ Wnieg eooidivsy
000000} 00000L 0O} 0OOL

00

00k
£00

[PULION —0=
HyT-ie —m—
ZyH-ue 8-

uonoRIY| SH -~

LH £0/WieN

G0
o1 &
07 3
5T
-0€ &
5% 3
0P
Lo

J

41—Vl B4

UoRNQ Winieg fesoidiosy
Scms_r 00000} 00001 000§

HyT-ive—=—
ZyH-ue -
uonosu) JH -

2H s/Bs

uonnig Linieg jessidivey
ooomg_.. 000008 00001 0001
1 1 |

{wu Gop) soURQOSAY

0oL

ﬁ.ﬁoz {3

HY - —m—
SYH-juR -
uonosjuy ¢H -

€H L0/s1g

00

Loinjg wnieg [eooidioay

004

8@2 80.% 00001 8_2

[BULION ~-
Hy7-ive —=—
ZYH-jue -

UONOBU| LK

tH 80/1€D

vonnjig Linieg jesoudiosy

00
-0
Loy &
-G m,
0z 8
57 2
-0€ &
bge 3
i}

Loy

d

oot

ocomuco— G0C00L 00001 0004
. N 1 - . |

JEULLON ~O—
HYT-ile ~a—
CYH-hue =

uonoouf ¢H - m~

€H 89N

00

LG 0

Lo m
o
1 B
FGT A
F0E &
F5€ 3




PCT/US2011/025467

WO 2011/103453

27127

uomn|ig wriss jeaoidiooy

0000001 000COL 00004
H ! {

000t

HLL—911 ‘614

004

[BULION ~-
Hy-iue —a—
ZYH-jue —g—

uolos| |H =

6H 66/

00

T
)
<

P Ly
(i gop) sousglosqy:

I
=
o4

- -

uoanig wniog [evoidioey

000000 o@g 00001 8‘8
i

|ewdoN -0~

HY T-jue —&-—
JYH-hue —s—
uonosiu| |H—%

9H 26/H

(wu gop) ecueqiosqy




Sequence_Listing_CRF
SEQUENCE LISTING
<110> Mount Sinai School of Medicine

<120> VACCINES FOR USE IN THE PROPHYLAXIS AND
TREATMENT OF INFLUENZA VIRUS DISEASE

<130> 6923-183-228

<140> PCT/US2011/025467
<141> 2011-02-18

<150> 61/305,898
<151> 2010-02-18

<150> 12/788,103
<151> 2010-05-26

<150> 61/354,160
<151> 2010-06-11

<150> 61/385,083
<151> 2010-09-21

<160> 60
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 64

<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/Hong Kong/1/1968
(H3) + flag tag

<400> 1
Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
1 5 10 15

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Lys Thr Arg
35 40 45
Arg GIn Leu Arg Glu Asn Ala Asp Tyr Lys Asp Asp Asp Asp Lys Cys
50 55 60

<210> 2

<211> 55

<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/Hong Kong/1/1968
(H3) generic core peptide

<400> 2
Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Lys Thr Arg
35 40 45
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Sequence_Listing_CRF
Arg GIn Leu Arg Glu Asn Ala
50 55

<210> 3

<211> 55
<212> PRT
<213> Unknown

<220>
<223> generic core polypeptide

<220>

<221> VARIANT

<222> 1,3,4,7,18,20,30,39,41,42,53
<223> Xaa is a hydrophilic amino acid

<220>

<221> VARIANT

<222> 2,5,16,26,27,33,35,40,44,55
<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 15,45

<223> Xaa is a hydrophilic, acidic amino acid

<220>

<221> VARIANT

<222> 31,46,48,52

<223> Xaa is a hydrophilic, basic amino acid

<220>

<221> VARIANT

<222> 6

<223> Xaa is N, E or 1

<220>

<221> VARIANT

<222> 8

<223> Xaa is K, Y or W

<220>

<221> VARIANT

<222> (9)...(9)

<223> Xaa is M, Vor T

<220>

<221> VARIANT

<222> (10)...(10)

<223> Xaa is a hydrophilic residue

<220>

<221> VARIANT

<222> (12)...(12)

<223> Xaa is A, G, T or S

<220>

<221> VARIANT

<222> (13)...(13)

<223> Xaa is F, K, or M

<220>

<221> VARIANT

<222> (14)...(14)
<223> Xaa is L, l or T

<220>
Page 2



<221> VARIANT
<222> (36)...(36)
<223> Xaa is H, T or A

<220>

<221> VARIANT

<222> (47)...(47)
<223> Xaa is T or V

<220>

<221> VARIANT

<222> (49)...(49)

<223> Xaa is K, L, M, S

<400> 3
Xaa Xaa Xaa Xaa Xaa Xaa
1 5
Trp Xaa Tyr Xaa Ala Glu
20
Xaa Asp Xaa Xaa Asp Ser
35

Xaa GIn Leu Xaa Xaa Asn
50

<210> 4
<211> 55
<212> PRT

Sequence_Listing_CRF

or R

Xaa Xaa Xaa Xaa Asp Xaa Xaa Xaa Xaa Xaa
10 15
Leu Leu Val Xaa Xaa Glu Asn Xaa Xaa Thr
25 30
Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa
40 45

Xaa

55

<213> Artificial Sequence

<220>

<223> Consensus core polypeptide

<220>

<221> VARIANT

<222> 9

<223> Xaa is M, V, T

<220>
<221> VARIANT
<222> 35

<223> Xaa is a hydrophobic amino acid

<220>
<221> VARIANT
<222> 49

<223> Xaa is L, M, S, K,

<220>
<221> VARIANT
<222> 53

R

<223> Xaa is a hydrophilic amino acid

<400> 4

Arg lle Glu Asn Leu Asn
Tip Thr Tyr Asn Ala Glu
Leu Asp Xaa ﬁ?s Asp Ser
Xaa GIn Egu Arg Xaa Asn

<210> 5
<211> 55
<212> PRT

Lys Lys Xaa GIu Asp Gly Phe Leu Asp Val
15
Leu Leu Val Leu Met Glu Asn Glu Arg Thr
25 30
Asn Val Lys Asn Leu Tyr Glu Lys Val Arg
40 45

Ala

55

<213> Artificial Sequence

Page 3



Sequence_Listing_CRF

<220>
<223> Group 1 core polypeptide

<220>

<221> VARIANT

<222> 2,9,16,27,55

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 10,53

<223> Xaa is a hydrophilic amino acid

<220>

<221> VARIANT

<222> 35

<223> Xaa is a hydrophobic acidic amino acid

<220>

<221> VARIANT

<222> 45

<223> Xaa is a hydrophilic, acidic amino acid

<220>

<221> VARIANT

<222> 49

<223> Xaa is L, M, or S

<220>

<221> VARIANT

<222> (52)...(52)

<223> Xaa is a hydrophilic, basic amino acid

<400> 5
Arg Xaa Glu Asn Leu Asn Lys Lys Xaa Xaa Asp Gly Phe Leu Asp Xaa
1 5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Xaa Glu Asn Glu Arg Thr
20 25 30
Leu Asp Xaa His Asp Ser Asn Val Lys Asn Leu Tyr Xaa Lys Val Arg
35 40 45
Xaa GIn Leu Xaa Xaa Asn Xaa
50 55
<210> 6
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> Group 2 core polypeptide

<220>

<221> VARIANT

<222> 1,3,4,7,10,12

<223> Xaa is a hydrophilic amino acid

<220>

<221> VARIANT

<222> 5,8,16,27,44

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 46,48

<223> Xaa is a hydrophilic, basic amino acid

Page 4



Sequence_Listing_CRF
<220>
<221> VARIANT
<222> 6
<223> Xaa is E or 1

<220>

<221> VARIANT

<222> 9

<223> Xaa is Vor T

<220>

<221> VARIANT

<222> (13)...(13)
<223> Xaa is K or M

<220>

<221> VARIANT

<222> (14)...(14)
<223> Xaa is I or T

<220>

<221> VARIANT

<222> (15)...(15)

<223> Xaa is a hydrophilic, acidic amino acid

<220>

<221> VARIANT

<222> (36)...(36)
<223> Xaa is T or A

<220>

<221> VARIANT

<222> (47)...(47)
<223> Xaa is T or V

<400> 6
Xaa lle Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Xaa Xaa Xaa Xaa Xaa
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Xaa Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Xaa Asp Ser Glu Met Asn Lys Leu Xaa Glu Xaa Xaa Xaa
35 40 45
Arg GIn Leu Arg Glu Asn Ala
50 55
<210> 7
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> H1 core polypeptides

<220>

<221> VARIANT

<222> 2,14,35

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 41,48

<223> Xaa is a hydrophilic, basic amino acid

<400> 7

Arg Xaa Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Xaa Asp lle
1 5 10 15

Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
Page 5



Sequence_Listing_CRF
20 25 30

Leu Asp Xaa His Asp Ser Asn Val Xaa Asn Leu Tyr Glu Lys Val Xaa
35 45

40

Ser GIn Leu Lys Asn Asn Ala

50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
8
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/New
Caledonias20/1999

8

Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp lle

1

15

Trp Thr Tyr Asn Ala Glu Leu Leu Vval Leu Leu Glu Asn Glu Arg Thr

20 25 30

Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val Lys
45

40

Ser GIn Leu Lys Asn Asn Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
9
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/Brisbane/59/2007-2

9

Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe lle Asp lle

1

5 10 15

Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr

20 25 30

Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val Lys
35

40 45

Ser GIn Leu Lys Asn Asn Ala

50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
10
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/South
Carolinas/1/1918

10

Arg lle Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp lle

1

15

Trp Thr Tyr Asn Ala Glu Leu Leu Vval Leu Leu Glu Asn Glu Arg Thr

20 25 30

Leu Asp Phe His Asp Ser Asn Val Arg Asn Leu Tyr Glu Lys Val Lys
45

40

Ser GIn Leu Lys Asn Asn Ala

55
Page 6



<210>
<211>
<212>
<213>

<220>
<223>

<400>
Arg ]|

Trp Th
Leu As

Ser Gl
50

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>
Arg Le

Trp Th
Leu As

Met GI
50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg Le
1

Trp Th

Leu As

Met GI
50

<210>

Sequence_Listing_CRF

11

55

PRT

Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/Californias07/2009

11
e Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp lle
15
r Tyr Asn Ala Glu Leu Leu Vval Leu Leu Glu Asn Glu Arg Thr
20 25 30
p Tyr His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val Arg
40 45
n Leu Lys Asn Asn Ala
55

12

55

PRT

Artificial Sequence

H2 core polypeptide

VARIANT
45
Xaa is a hydrophilic, acidic amino acid

12
u Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu Asp Val
10 15
r Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu Arg Thr
20 25 30
p Phe His Asp Ser Asn Val Lys Asn Leu Tyr Xaa Lys Val Arg
35 40 45
n Leu Arg Asp Asn Val
55

13

55

PRT

Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/Singapore/1/1957

13
u Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu Asp Val
5 10 15
r Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu Arg Thr
20 25 30
p Phe His Asp Ser Asn Val Lys Asn Leu Tyr Asp Lys Val Arg
35 40 45
n Leu Arg Asp Asn Val
55

14
Page 7



<211>
<212>
<213>

<220>
<223>

<400>
1

Sequence_Listing_CRF
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/Czech
Republic/1/1966

14

Arg Leu Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu Asp Val
10

5 15

Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu Arg Thr

20 25 30

Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val Arg
35 45

Met GIn Leu Arg Asp Asn Val
50

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>
<400>

1

40

55
15
55
PRT
Artificial Sequence

H3 core polypeptide

VARIANT
46,48,49
Xaa is a hydrophilic, basic amino acid

15

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
5 10

15

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn His Thr

20 25 30

Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Xaa Thr Xaa

35 40 45

Xaa GIn Leu Arg Glu Asn Ala
50

<210>
<211>
<212>
<213>

<220>

<223>

<400>
1

55
16
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Infuenza strain A/Denmark/191/2005

16

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
5

10 15

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn His Thr

20 25 30

Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Arg Thr Lys
45

35 40

Lys GIn Leu Arg Glu Asn Ala
50

<210>
<211>
<212>
<213>

55
17
55
PRT
Artificial Sequence
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<220>
<223>

<400>
1

Sequence_Listing_CRF
The long alpha helix domain of the hemagglutinin
polypeptide of Infuenza strain A/Arkansas/05/2008
17
10

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle
5

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn

20 25 30

Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Lys
45

Lys GIn Leu Arg Glu Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

35 40

55
18
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Infuenza strain A/Hong Kong/1/68

18

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle
1 5 10

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn

20 25 30

Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Lys
45

Arg GIn Leu Arg Glu Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

35 40

55
19
55
PRT
Artificial Sequence

H4 core polypeptide

VARIANT
49
Xaa is a hydrophilic, basic amino acid

19

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle
1 5 10

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn

20 25 30

Ile Asp Val Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Arg
45

35 40

Xaa GIn Leu Arg Glu Asn Ala

50

<210>
<211>
<212>
<213>

<220>
<223>

55
20
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain

Page 9
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<400>
1

Sequence_Listing_CRF
A/mallard/Ohia/324/1988

20
10

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn

20 25 30

Ile Asp Val Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Arg
35

40 45

Arg GIn Leu Arg Glu Asn Ala

50

<210>
<211>
<212>
<213>

<220>
<223>

<400>
1

55
21
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/mallard/Minnesota/271/1999

21

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle
5 10

Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn

20 25 30

Ile Asp Val Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Arg
45

35 40

His GIn Leu Arg Glu Asn Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55

22

55

PRT

Artificial Sequence

H5 core polypeptide
22

Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu
10

Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu

20 25 30
40

Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Asp Lys
35 45

Leu GIn Leu Arg Asp Asn Ala
50 55

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

23

55

PRT

Artificial Sequence

H6 core polypeptide

VARIANT
3
Xaa is G or D

VARIANT
Page 10

Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
5

15
His Thr

Val Arg

Asp Leu
15
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Val Arg

Asp Val
15
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Sequence_Listing_CRF
<222> 5,35
<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 30,42

<223> Xaa is a hydrophilic amino acid

<220>

<221> VARIANT

<222> 44

<223> Xaa is Hor Y

<220>

<221> VARIANT

<222> 50

<223> Xaa is Q or L

<220>

<221> VARIANT

<222> (52)...(52)

<223> Xaa is a hydrophilic, basic amino acid

<400> 23
Arg lle Xaa Asn Xaa Asn Lys Arg Met GIu Asp Gly Phe Leu Asp Val
1 15
Trp Thr Tyr Asn Ala Glu Leu Leu Vval Leu Leu Glu Asn Xaa Arg Thr
20 25 30
Leu Asp Xaa His Asp Ala Asn Val Lys Xaa Leu Xaa Glu Lys Val Lys
35 40 45
Ser Xaa Leu Xaa Asp Asn Ala
50 55
<210> 24
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/blue winged
teal/ALB/69/1985

<400> 24
Arg Ile Gly Asn Leu Asn Lys Arg Met Glu Asp Gly Phe Leu Asp Val
5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Lys Asn Leu His Glu Lys Val Lys
35 40 45
Ser GIn Leu Arg Asp Asn Ala
50 55

<210> 25

<211> 55

<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/Canada
goose/Ohio/127/1989

<400> 25
Arg Ile Asp Asn Leu Asn Lys Arg Met GIu Asp Gly Phe Leu Asp Val
5 15
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Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
30

20 25
Leu Asp Met His Asp Ala Asn Val Lys Asn Leu His Glu Lys Val Lys
35 40 45
Ser GIn Leu Lys Asp Asn Ala
50 55
<210> 26
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/blu-winged

teal/ALB/368/1978
<400> 26
Arg lle Asp Asn Leu Asn Lys Arg Met Glu Asp Gly Phe Leu Asp Val
1 5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Gly Arg Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Lys Asn Leu His Glu Lys Val Lys
35 40 45
Ser Leu Leu Arg Asp Asn Ala
50 55
<210> 27
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/northern
pintail/California/HKWF151/2007
<400> 27
Arg lle Asp Asn Leu Asn Lys Arg Met Glu Asp Gly Phe Leu Asp Val
1 5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
20 25 30
Leu Asp Leu His Asp Ala Asn Val Lys Asn Leu Tyr Glu Lys Val Lys
35 40 45
Ser GIn Leu Arg Asp Asn Ala
50 55
<210> 28
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/chicken/CA/S0403106/2004
<400> 28
Arg lle Asp Asn Met Asn Lys Arg Met Glu Asp Gly Phe Leu Asp Val
1 5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
20 25 30
Leu Asp Leu His Asp Ala Asn Val Lys Ser Leu His Glu Lys Val Lys
35 40 45

Ser GIn Leu Arg Asp Asn Ala
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50 55

<210> 29

<211> 55

<212> PRT

<213> Artificial Sequence

<220>
<223> H6 Consensus

<400> 29
Arg lle Asp Asn Leu Asn Lys Arg Met Glu Asp Gly Phe Leu Asp Val
1 5 10 15
Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Lys Asn Leu His Glu Lys Val Lys
35 40 45
Ser GIn Leu Arg Asp Asn Ala
50 55

<210> 30

<211> 55

<212> PRT

<213> Artificial Sequence

<220>
<223> H7 core polypeptide

<220>

<221> VARIANT

<222> 12

<223> Xaa is a hydrophobic amino acid or a hydrophilic
amino acid

<220>

<221> VARIANT

<222> 16

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 41

<223> Xaa is a hydrophilic amino acid

<220>

<221> VARIANT

<222> 48

<223> Xaa is a hydrophilic, basic amino acid

<400> 30

GIn 1le Gly Asn Val lle Asn Trp Thr Arg Asp Xaa Met Thr Glu Xaa
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr

20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Xaa Lys Leu Tyr Glu Arg Val Xaa
35 40 45
Lys GIn Leu Arg Glu Asn Ala
50 55

<210> 31

<211> 55

<212> PRT

<213> Artificial Sequence

<220>
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<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/green winged
teal/California/AKS1370/2008

<400> 31
GIn 1le Gly Asn Val lle Asn Trp Thr Arg Asp Ser Met Thr Glu Val
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Asn Lys Leu Tyr Glu Arg Val Arg
35 40 45
Lys GIn Leu Arg Glu Asn Ala
50 55
<210> 32
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/duck/New
Jersey/Sg-00286/1996
<400> 32
GIn 1le Gly Asn Val lle Asn Trp Thr Arg Asp Ala Met Thr Glu Val
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Asn Lys Leu Tyr Glu Arg Val Arg
35 40 45
Lys GIn Leu Arg Glu Asn Ala
50 55
<210> 33
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/avian/New
York/Sg-00338/1999
<400> 33
GIn 1le Gly Asn Val lle Asn Trp Thr Arg Asp Ala Met Thr Glu lle
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Ser Lys Leu Tyr Glu Arg Val Arg
35 40 45
Lys GIn Leu Arg Glu Asn Ala
50 55
<210> 34
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/chicken/New
Jersey/Sg-00431/2004

<400> 34
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Gln Ile Gly Asn Val Ile Asn Trp Thr Arg Asp Ala Met Thr Glu lle
10

15
Trp Ser Tyr Asn Ala Glu Leu Leu VvVal Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Ser Lys Leu Tyr Glu Arg Val Lys
35 40 45
Lys GIn Leu Arg Glu Asn Ala
55
<210> 35
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> H7 Consensus
<400> 35
Gln Ile Gly Asn Val Ile Asn Trp Thr Arg Asp Ala Met Thr Glu Val
10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Asn Lys Leu Tyr Glu Arg Val Arg
35 40 45
Lys GIn Leu Arg Glu Asn Ala
50 55
<210> 36
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> H8 core polypeptide
<220>
<221> VARIANT
<222> 15
<223> Xaa is a hydrophilic amino acid
<400> 36
Arg Ile Asn Met Ile Asn Asp Lys lle Asp Asp GIn l1le Glu Xaa Leu
15
Trp Ala Tyr Asn Ala Glu Leu Leu Vval Leu Leu Glu Asn GIn Lys Thr
20 25 30
Leu Asp Glu His Asp Ser Asn Val Lys Asn Leu Phe Asp Glu Val Lys
35 40 45
Arg Arg Leu Ser Ala Asn Ala
50 55
<210> 37
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/pintail
duck/Albertas114/1979
<400> 37
Arg lle Asn Met lle Asn Asp Lys lle Asp Asp GIn 1le Glu Asp Leu
1 5 15
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn GIn Lys Thr
20 25
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Leu Asp Glu His Asp Ser Asn V
35

Sequence_Listing_CRF

40

Arg Arg Leu Ser Ala Asn Ala

50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg lle Asn Met 1
1

Leu Asp Glu His Asp Ser Asn Val Lys Asn Leu Phe
5
Arg Arg Leu Ser Ala Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Arg Leu Asn Met |
T&p Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu
Leu Asp Glu His Asp Ala Asn Val Asn Asn Leu Tyr
Arg ééa Lgu Gly Ser Asn Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg Leu Asn Met I
1

55
38
55
PRT
Artificial Sequence

45

al Lys Asn Leu Phe Asp Glu Val Lys

The long alpha helix domain of the hemagglutinin

polypeptide of Influenza strain
A/pintail/Barrow/38/2005

38

20 25
3 40
55
39
55

PRT
Artificial Sequence

H9 core polypeptide

VARIANT

16

Xaa is a hydrophobic amino acid
39

5
20 25

3 40

55
40
55
PRT
Artificial Sequence

le Asn Asn Lys lle Asp Asp GIn
10

Asn

Asp
45

Asn

Asn
45

le Asn Asp Lys lle Asp Asp GIn lle Glu Asn Leu
5 10
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu

15
GIn Lys Thr
30
Glu val Lys

GIn Asp Xaa
15

GIn Lys Thr

30

Lys Val Lys

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/chicken/Middle

East/ED-1/1999
40
5

le Asn Asn Lys lle A
1

Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn

Leu Asp Glu His Asp Ala Asn
35

20 25
40

Page 16
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Arg Ala Leu Gly Ser Asn Ala
50 55

<210> 41

<211> 55

<212> PRT

<213> Artificial Sequence

<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/duck/Hong

Kong/702/1979
<400> 41
Arg Leu Asn Met lle Asn Asn Lys Ile Asp Asp GIn Ile GIn Asp lle
1 5 10 15
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn GIn Lys Thr
20 25 30
Leu Asp Glu His Asp Ala Asn Val Asn Asn Leu Tyr Asn Lys Val Lys
35 40 45

Arg Ala Leu Gly Ser Asn Ala

50 55
<210> 42
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> H10 core polypeptide
<220>
<221> VARIANT
<222> 20
<223> Xaa is a hydrophilic amino acid
<400> 42
GIn 1le Gly Asn Val l1lle Asn Trp Thr Lys Asp Ser lle Thr Asp Ile
1 5 15
Trp Thr Tyr Xaa Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr

20 25 30
Ile Asp Met Ala Asp Ser Glu Met Leu Asn Leu Tyr Glu Arg Val Arg
35 40 45

Lys GIn Leu Arg GIn Asn Ala

50 55
<210> 43
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Infuenza strain
A/mallard/Maryland/161/2001

<400> 43

Gln Ile Gly Asn Val Ile Asn Trp Thr Lys Asp Ser lle Thr Asp Ile
Trp Thr Tyr GIn Ala Glu Leu Leu Vval AIa Met Glu Asn GIn ﬁ?s Thr
Ile Asp Met i?a Asp Ser Glu Met Egu Asn Leu Tyr GIu igg Val Arg
Lys GIn Egu Arg GIn Asn ééa 40
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<210>
<211>
<212>
<213>

44
55
PRT
Artificial Sequence

<220>

<223>
polypeptide of Infuenza strain
A/chicken/Germany/n/1949

The long alpha helix domain of the hemagglutinin

<400> 44
Gln Ile Gly Asn Val Ile Asn Trp Thr Lys Asp Ser lle Thr Asp lle
15
Trp Thr Tyr Asn Ala Glu Leu Leu Vval Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Met Ala Asp Ser Glu Met Leu Asn Leu Tyr Glu Arg Val Arg
35 40 45
Lys GIn Leu Arg GIn Asn Ala
50 55
<210> 45
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> H11 core polypeptide
<220>
<221> VARIANT
<222> 14
<223> Xaa is a hydrophobic amino acid
<400> 45
Arg Ile Asn GIn Leu Ser Lys His Val Asp Asp Ser Val Xaa Asp lle
10 15
Trp Ser Tyr Asn Ala GIn Leu Leu Val Leu Leu Glu Asn Glu Lys Thr
20 25 30
Leu Asp Leu His Asp Ser Asn Val Arg Asn Leu His Glu Lys Val Arg
35 40 45
Arg Met Leu Lys Asp Asn Ala
50 55
<210> 46
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> The long alpha helix domain of the hemagglutinin

polypeptide of Influenza strain
A/GF/NY/26410-17/1995

<400> 46
Arg lle Asn GIn Leu Ser Lys His Val Asp Asp Ser Val
1 5 10
Trp Ser Tyr Asn Ala GIn Leu Leu Val Leu Leu Glu Asn
20 25

Leu Asp Leu His Asp Ser Asn Val Arg Asn Leu His Glu
35 40 45

Arg Met Leu Lys Asp Asn Ala

50 55
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<210> 47
<211> 55
<212> PRT
<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/duck/England/1/1956

<400> 47
Arg Ile Asn GIn Leu Ser Lys His Val Asp Asp Ser Val Vval Asp lle
5 10 15
Trp Ser Tyr Asn Ala GIn Leu Leu Val Leu Leu Glu Asn Glu Lys Thr
20 25 30
Leu Asp Leu His Asp Ser Asn Val Arg Asn Leu His Glu Lys Val Arg
35 40 45
Arg Met Leu Lys Asp Asn Ala
50 55
<210> 48
<211> 55
<212> PRT
<213> Artificial Sequence
<220>
<223> H12 core polypeptide
<220>
<221> VARIANT
<222> 50
<223> Xaa is a hydrophobic amino acid
<220>
<221> VARIANT
<222> 52
<223> Xaa is a hydrophilic, basic amino acid
<400> 48
Arg lle Asn Met lle Asn Ser Lys lle Asp Asp GIn Ile Thr Asp lle
1 5 10 15
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn GIn Lys Thr
20 25
Leu Asp GIu His Asp Ala Asn Val Arg Asn Leu His Asp Arg Val Arg
40 45
Arg Xaa Leu Xaa Glu Asn Ala
50 55
<210> 49
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/duck/Alberta/60/1976

<400> 49
Arg Ile Asn Met Ile Asn Ser Lys lle Asp Asp GIn Ile Thr Asp lle
10 15
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn GIn Lys Thr
20 25 30
Leu Asp Glu His Asp Ala Asn Val Arg Asn Leu His Asp Arg Val Arg
35 40 45

Arg Val Leu Arg Glu Asn Ala
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50 55

<210> 50

<211> 55

<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/duck/Hokkaido/66/01

<400> 50
Arg lle Asn Met lle Asn Ser Lys lle Asp Asp GIn Ile Thr Asp lle
1 5 10 15
Trp Ala Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn GIn Lys Thr
20 25 30
Leu Asp Glu His Asp Ala Asn Val Arg Asn Leu His Asp Arg Val Arg
35 40 45
Arg lle Leu Lys Glu Asn Ala
50 55

<210> 51

<211> 55

<212> PRT

<213> Artificial Sequence

<220>
<223> H13 core polypeptide

<220>

<221> VARIANT

<222> 16

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 45

<223> Xaa is a hydrophilic, acidic amino acid

<220>

<221> VARIANT

<222> 50

<223> Xaa is A, S or E

<220>

<221> VARIANT

<222> 53

<223> Xaa is a hydrophilic amino acid

<400> 51
Arg lle Asn Met Leu Ala Asp Arg lle Asp Asp Ala Val Thr Asp Xaa
1 5 10 15
Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Leu Glu Asn Asp Lys Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Arg Asn Leu His Xaa GIn Val Arg
35 40 45
Arg Xaa Leu Lys Xaa Asn Ala
50 55

<210> 52

<211> 55

<212> PRT

<213> Artificial Sequence
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<220>
<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/black-headed
gull/Asktrakhan/227/1984

<400> 52
Arg lle Asn Met Leu Ala Asp Arg lle Asp Asp Ala Val Thr Asp Val
1 5 10 15
Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Leu Glu Asn Asp Lys Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Arg Asn Leu His Asp GIn Val Arg
35 40 45
Arg Ala Leu Lys Thr Asn Ala
50 55
<210> 53
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/American while
pelican/Minnesota/Sg-0611/2008

<400> 53
Arg lle Asn Met Leu Ala Asp Arg lle Asp Asp Ala Val Thr Asp Val
1 5 10 15
Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Leu Glu Asn Asp Lys Thr
20 25 30
Leu Asp Met His Asp Ala Asn Val Arg Asn Leu His Asp GIn Val Arg
35 40 45
Arg Ser Leu Lys Thr Asn Ala
50 55
<210> 54
<211> 55
<212> PRT

<213> Artificial Sequence

<220>

<223> The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain
A/duck/Siberia/272PF/1998

<400> 54
Arg lle Asn Met Leu Ala Asp Arg lle Asp Asp Ala Val Thr Asp lle
1 5 10 15
Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Leu Glu Asn Asp Lys Thr
20 30

25
Leu Asp Met His Asp Ala Asn Val Arg Asn Leu His Glu GIn Val Arg
35 40 45
Arg Glu Leu Lys Asp Asn Ala
50 55
<210> 55
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> H14 core polypeptide
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<400> 55
Arg lle GIn Asp Leu Glu Lys Tyr Val Glu Asp Thr Lys lle Asp Leu
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu Asn GIn His Thr
20 25 30
Ile Asp Val Thr Asp Ser Glu Met Asn Lys Leu Phe Glu Arg Val Arg
35 40 45
Arg GIn Leu Arg Glu Asn Ala
50 55
<210> 56
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> H15 core polypeptide

<400> 56
GIn 1le Gly Asn Val lle Asn Trp Thr Arg Asp Ser Leu Thr Glu lle
1 5 10 15
Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Met Glu Asn GIn His Thr
20 25 30
Ile Asp Leu Ala Asp Ser Glu Met Asn Lys Leu Tyr Glu Arg Val Arg
35 40 45
Arg GIn Leu Arg Glu Asn Ala
50 55
<210> 57
<211> 55
<212> PRT

<213> Artificial Sequence

<220>
<223> H16 core polypeptide

<220>

<221> VARIANT

<222> 27

<223> Xaa is a hydrophobic amino acid

<220>

<221> VARIANT

<222> 41

<223> Xaa is a hydrophilic, basic amino acid

<220>

<221> VARIANT

<222> 45

<223> Xaa is a hydrophilic, acidic amino acid

<220>

<221> VARIANT

<222> 53

<223> Xaa is a hydrophilic amino acid

<400> 57
Arg lle Asn Met Leu Ala Asp Arg Val Asp Asp Ala Val Thr Asp lle
1 5 10 15
Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Xaa Glu Asn Asp Arg Thr
20 25 30
Leu Asp Leu His Asp Ala Asn Val Xaa Asn Leu His Xaa GIn Val Lys
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35 40 45

Arg Ala Leu Lys Xaa Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55

58

55

PRT

Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/black-headed
gull/Turkenistan/13/76

58

Arg lle Asn Met Leu Ala Asp Arg Val Asp Asp Ala Val Thr Asp lle

1

5 10 15

Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu lle Glu Asn Asp Arg Thr

20 25 30

Leu Asp Leu His Asp Ala Asn Val Arg Asn Leu His Asp GIn Val Lys

35 40 45

Arg Ala Leu Lys Ser Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
59
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/slender-billed
gull/Astrakhan/28/76

59

Arg lle Asn Met Leu Ala Asp Arg Val Asp Asp Ala Val Thr Asp lle
1

5 10 15

Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu Leu Glu Asn Asp Arg Thr
20

25 30

Leu Asp Leu His Asp Ala Asn Val Arg Asn Leu His Asp GIn Val Lys

35 40 45

Arg Ala Leu Lys Ser Asn Ala
50

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55

60
55
PRT
Artificial Sequence

The long alpha helix domain of the hemagglutinin
polypeptide of Influenza strain A/herring
gull/DE/712/1988

60

Arg lle Asn Met Leu Ala Asp Arg Val Asp Asp Ala Val Thr Asp lle

1

5 10 15

Trp Ser Tyr Asn Ala Lys Leu Leu Val Leu lle Glu Asn Asp Arg Thr
20 30

25
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Leu Asp Leu His Asp Ala Asn Val Lys Asn Leu His Glu GIn Val Lys
35 40 45
Arg Ala Leu Lys Asn Asn Ala
50 55
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