Functional Influenza Virus Like Particles (VLPs)

[0001] This Application claims priority to provisional application 60/727,513, filed
October 18, 2005, provisional application 60/780,847, filed March 10, 2006, provisional
application 60/800,006, filed May 15, 2006, provisional application 60/831,195, filed July 17,
2006, provisional application 60/832,116, filed July 21, 2006, and provisional application
60/845,495, filed September 19, 2006 all of which are incorporated herein by reference in

their entireties for all proposes.

BACKGROUND OF INVENTION

[0602] Influenze virus is a member of Orthomyxoviridae family (for review, see Murphy
and Webster, 1996). There are three subtypes of influenza viruses designated A, B, and C.
The influenza virion contains a segmented negative-sense RNA genome. The influenza
virion includes the following proteins: hemagglutinin (HA), neuraminidase (NA), matrix
(M1), proton ion-channel protein (M2), nuclecprotein (NP), polymerase basic protein 1
(PB1), polymerase basic protein 2 (PB2), polymerase acidic protein (PA), and nonstructural
protein 2 (NS2) proteins. The HA, NA, M1, and M2 are membrane associated, whereas NP,
PB1, PB2, PA, and NS2 are nucleocapsid associated proteins. The NS1i is the only
nonstructural protein not associated with virion particles but specific for influenza-infected
cells. The M1 protein is the most abundant protein in influenza particles. The HA and NA
proteins are envelope glycoproteins, responsible for virus attachment and penetration of the
viral particles into the cell, and the sources of the major immunodominant epitopes for virus
neutralization and protective immunity. Both HA and NA proteins are considered the most
important components for prophylactic influenza vaccines.

[0003] Influenza virus infection is initiated by the attachment of the virion surface HA
protein to a sialic acid-containing cellular receptor (glycoproteins and glycolipids). The NA
protein mediates processing of the sialic acid receptor, and virus penetration ito the cell
depends on HA-dependent receptor-mediated endocytosis. In the acidic confines of
internalized endosomes containing an influenza virion, the HA protein undergoes
conformational changes that lead to fusion of viral and host cell membranes followed by
virus uncoating and M2-mediated release of M1 proteins from nucleccapsid-associated

ribonucleoproteins (RINPs), which migrate into the cell nucieus for viral RNA synthesis.


bhang
Rectangle


Antibodies to HA molecule can prevent virus infection by neutralizing virus infectivity,
whereas antibodies to NA proteins mediate their effect on the early steps of viral replication.
[0004] Inactivated influenza A and B virus vaccines are licensed currently as trivalent
vaccines for parenteral administration. These frivalent vaccines are produced as monovalent
bulk in the allantoic cavity of embryonated chick eggs, purified by rate zonal centrifugation
or column chromatography, inactivated with formalin or B-propiolactone, and formulated as a
blend of the two strains of type A and the type B strain of influenza viruses in circulation
among the human population for a given year. The available commercial influenza vaccines
are whole virus (WV) or subvirion (SV; split or purified surface antigen) virus vaccines, The
WYV vaccine contains intact, inactivated virions, SV vaccines treated with solvents such as
iri-n-butyl phosphate (Filu-Shield, Wyeth-Lederle) contain néarly all of the viral structural
proteins and some of the viral envelopes. SV vaccines solubilized with Triton X-100
(Fluzone, Sanofi-Aventis; Fluvirin, Novartis) contain aggregates of HA monomers, NA, and
NP principally, although residual amounts of other viral structural proteins are present. A
live attenuated cold-adapted virus vaceine (FluMist, Medlmmune) was granted marketing
approval recently by the FDA for commercial usage as an intranasally delivered vaccine
indicated for active immunization and the prevention of disease caused by influenza A and B
viruses in healthy children and adolescents, 5-17 years of age and healthy adults 18-49 years
of age,

[0605] Several recombinant products have been developed as recombinant influenza
vaccine candidates. These approaches have focused on the expression, production, and
purification of influenza virus type A HA and NA proteins, including expression of these
proteins using baculovirus infected insect cells (Crawford et al, 1999; Johansson, 1999;
Treanor er al., 1996), viral vectors (Pushko er al., 1997; Bergiund et al., 1999), and DNA
vaccine constructs (Olsen et al., 1997).

[0006] Crawford ef al. (1999) demonstrated that influenza HA expressed in baculovirus
infected insect cells is capable of preventing lethal influenza disease caused by avian HS and
H7 influenza subtypes. At the same time, another group demonsirated that baculovirus-
expressed influenza HA and NA proteins induce immune responses in animals superior to
those induced by a conventional vaccine (Johansson ef al., 1999). Immunogenicity and
efficacy of baculovirus-expressed hemagglutinin of equine influenza virus was compared to a
homologous DNA vaccine candidate (Olsen ef al., 1997). Taken together, the data

demonstrated that a high degree of protection against influenza virus challenge can be




induced with recombinant HA or NA proteins, using various experimental approaches and in
different animal models.

[0607] Lakey er al. {1996) showed that a baculovirus-derived influenza HA vaccine was
well-tolerated and immunogenic in human volunteers in a Phase I dose escalation safety
study. However, results from Phase II studies conducted at several clinical sites in human
volunteers vaccinated with several doses of influenza vaccines comprised of HA and/or NA
proteins indicated that the recombinant subunit protein vaccines did not elicit protective
immunity [G. Smith, Protein Sciences; M. Perdue, USDA, Personal Communications].
These results indicated that conformational epitopes displayed on the surface of HA and NA
peplomers of infectious virions were important in the elicitation of neutralizing antibodies
and protective immunity.

[0008] Regarding the inclusion of other influenza proteins in recombinant influenza
vaccine candidates, a number of studies have been carried out, including the experiments
involving influenza nucleoprotein, NP, alone or in combination with M1 protein (Ulmer ef
al., 1993; Ulmer et al., 1998; Zhou e al., 1995; Tsui ef al., 1998). These vaccine candidates,
which were composed of quasi-invariant inner virion proteins, elicited a broad spectrum
immunity that was primarily cellular (both CD4" and CD8" memory T cells). These
experiments involved the use of the DNA or viral genetic vectors. Relatively large amounts
of injected DNA were needed, as results from experiments with lower doses of DNA
indicated little or no protection (Chen ef al., 1998). Hence, further preclinical and clinical
research may be required to evaluate whether sach DNA-based approaches involving
influenza NP and M1 are safe, effective, and persistent.

[0009] Recently, in an attempt to develop more effective vaccines for influenza, particulate
proteins were used as carriers of influenza M2 protein epitopes. The rationale for
development of an M2-based vaccine was that in animal studies protective immunity against
influenza was elicited by M2 proteins (Slepushlkin er /., 1995), Neirynck ef al. (1999) used a
23-aa long M2 transmembrane domain as an amino terminal fusion partner with the hepatitis
B virus core antigen (HBcAg) to expose the M2 epitope(s) on the surface of HBcAg capsid-
like particles. However, in spite of the fact that both full-length M2 protein and M2-HBcAg
VLP induced detectable antibodies and protection in mice, it was unlikely that firture
influenza vaccines would be based exclusively on the M2 protein, as the M2 protein was

present at low copy number per virion, was weakly antigenic, was unable to elicit antibodies



that bound free inflnenza virions, and was unable to block virus attachment to cell receptors
(i.e. virus neutralization).

[0010]  Since previous research has shown that the surface influenza plycoproteins, HA and
NA, are the primary targets for elicitation of protective immunity against influenza virus and
that M1 provides a conserved target for cellular immunity to influenza, a new vaccine
candidate may include these viral antigens as a protein macromoiecular particle, such as
virus-like particies (VL.Ps). Further, the particle with these influenza antigens may display
conformational epitopes that elicit neutralizing antibodies to multiple strains of influenza
viruses.

f0011] Several studies have demonstrated that recombinant influenza proteins could self-
assemble into VLPs in cell culture using mammalian expression plasmids or baculovirus
vectors (Gomez-Puertas ef al., 1999; Neumann er al,, 2000; Latham and Galarza, 2001),
Gomez-Puertas et al. (1999) demonstrated that efficient formation of influenza VLP depends
on the expression levels of viral proteins. Neumann ef al. (2000) established a mammalian
expression plasmid-based system for generating infectious influenza virus-like particles |
entirely from cloned cDNAs. Latham and Galarza (2001) reported the formation of influenza
VLPs in insect cells infected with recombinant baculovirus co-expressing HA, NA, M1, and
M2 genes. These studies demonstrated that influenza virion proteins may self-assemble upon

co-expression in eukaryotic cells.

SUMMARY OF INVENTION

[0012]  The present invention provides for a virus like particle (VLP) comprising an
influenza virus M1 protein and influenza virus HS and N1 hemagglutinin and neuraminidase
proteins. In one embodiment, the M1 protein is derived from a different influenza virus
strain as compared to the HS5 and N1 proteins. In another embodiment, said H5 or N1 are
from a H5N1 clade 1 influenza virus.

[0013] The present invention also provides for a VLP expressed from a enkaryotic cell
comprising one or more nucleie acids encoding influenza H5 and N1 protein§ and an
influenza M1 protein under conditions that perniit the formation of VLPs. In one
embodiment, said eukaryotic cell is selected from the group consisting of yeast, insect,
amphibian, avian and mammalian cells, In other embodiment, said eukaryotic cell is an

insect cell




[6014] The present invention also provides for a VLP that elicits neutralizing antibodies in
a human or animal that are protective against influenza infection when administered to said
human or animal.

[6015] The present invention also provides for an immunogenic composition comprising
an effective dose of a VLP of the invention. In one embodiment, said composition comprises
an adjuvant.

[0016] The present invention also provides for a vaccine comprising an effective dose of a
VLP of the invention. In one embodiment, said vaccine comprises at least a secaond VLP
which comprises HA and NA from different influenza strains. In another embodiment, said
vaccine comprises an adjuvant.

[0017] The present invention also provides for a method of inducing substantial imrmunity
to influenza virus infection in an animal, comprising administering at least one effective dose
of & vaccine comprising the VLP of the invention. In one embodiment, said vaccine is
administered to an animal orally, intradermally, infranasally, inframusclarly,
intraperitoneally, intravenously, or subcutaneously.

[0018] The present invention also provides for the use of a VLP of the invention for the
preparation of a vaccine for an animal, wherein the vaccine induces substantial immunity to
influenza viras infection in said animal.

[00619] The present invention also provides for a method of making a VLP of the invention,
comprising expressing M1, HA and NA proteins in a eukaryotic cell.

[0020] The present invention provides for a vaccine comprising an influenza VLP, wherein
said VL.P comprises influenza M1, HA and NA proteins, wherein said vaccine induces
substantial immunity to influenza virus infection in a human. In one embodiment, said
vaccine comprises an influenza VLP, wherein said VLP consists essentially of influenza M1,
HA and NA proteins, wherein said vaccine induces substantial immunity to influenza virus
infection in 2 human. In another embodiment, said vaccine comprises an influenza VLP,
wherein said VLP comprises influenza proteins selected from the group consisting of
influenza M1, HA and NA proteins, wherein said vaccine induces substantial immunity to
influenza virus infection in a human.

[0021]  The present invention also provides for the use of an influenza VLP, wherein said
VLP comprises influenza M1, HA and NA proteins, for the preparation of a vaccine, wherein

the vaccine induces substantial immunity to influenza virus infection in a human.
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{0022)  Thus, the invention provides a macromolecular protein structure containing (a) a
first influenza virus M1 protein and (b} an additional structural protein, which may include a
second or more influenza virus M1 protein; a first, second or more influenza virus HA
protein; a first, second, or more influenza virus NA protein; and a first, second, or more
influenza virus M2 protein. If the additional structural protein is not from a second or more
influenza virus M1 protein, then both or all members of the group, e.g., first and second
influenza M2 virus proteins are included. As such, there is provided a functional influenza
protein structure, including a subviral particle, VLP, or capsomer structure, or a portion
thereof, a vaccine, a multivalent vaccine, and mixtures thereof consisting essentially of
infiuenza virus structural proteins produced by the method of the invention. In a particularly
preferred embodiment, the influenza macromolecular protein structure includes influenza
virus HA, NA, and M1 proteins that are the expression products of influenza virus genes
cloned as synthetic fragments from a wild type virus.

[0023] The macromolecular protein structure may also include an additional structural
protein, for example, a nucleoprotein (NP), membrane proteins from species other than
noninfluenza viruses and a membrane protein from a non-influenza source, which are derived
from avian or mammalian origing and different subtypes of influenza virus, inclnding subtype
A and B influenza viruses. The invention may include a chimeric macromolecular protein
structure, which includes a portion of at least one protein having a moiety not produced by
influenza virus.

[6024] Prevention of influenza may be accomplished by providing a macromolecular
protein structure that may be self-assembled in a host cell from a recombinant construct. The
macromolecular protein structure of the invention has the ability to self-assembile into
homotypic or heterotypic virus-like particles (VLPs) that display conformational epitopes on
HA and NA proteins, which elicit neutralizing antibodies that are protective. The
composition may be a vaceine composition, which also contains a carrier or diluent and/or an
adjuvant The functional influenza VILPs elicit neutralizing antibodies against one or more
strains or types of influenza viras depending on whether the functional influenza VLPs
contain HA and/or NA proteins from one or more viral strains or types. The vaccine may
include influenza virus proteins that are wild type influenza virus proteins. Preferably, the
structural proteins containing the influenza VLP, or a portion of thereof, may be derived from

the various strains of wild type influenza viruses. The influenza vaccines may be




administered to humans or animals to elicit protective immunity against one or more strains
or types of influenza virus.

{0025] The macromolecular protein structures of the invention may exhibit hemagglutinin
activity and/or neuraminidase activity.

[0826] The invention provides a method for producing a VLP derived from influenza by
constructing a recombinant construet that encodes infiuenza structural genes, including M1,
HA, and at least one structural protein derived from influenza virus, A recombinant construct
is used to transfect, infect, or transform a suitable host cell with the recombinant baculovirus.
The host cell is cultured under conditions which permit the expression of M1, HA and at least
one structural protein derived from influenza virus and the VLP is formed in the host cell.
The infected cell media containing a functional influenza VLP is harvested and the VLP is
purified. The invention also features an additional step of co-transfecting, co-infecting or co-
transforming the host cell with a second recombinant construct which encodes a second
influenza protein, thereby incorporating the second influenza protein within the VL.P. Such
structural proteins may be derived from influenza virus, including NA, M2, and NP, and at
least one structural protein is derived from avian or mamimalian origins. The structural
protein may be a subtype A and B influenza viruses. According to the invention, the host cell
may be a eukaryotic cell. In addition, the VLP may be a chimeric VLP.

[0027] The invention also features 2 method of formulating a drug substance containing an
influenza VLP by introducing recombinant constructs encoding influenza viral genes into
host cells and allowing self-assembly of the recombinant influenza viral proteins into a
functional homotypic or heterotypic VLP in cells. The influenza VLP is isolated and purified
and a drug substance is formulated containing the influenza VLP. The drug substance may
further include an adjuvant. In addition, the invention provides a method for formulating a
drug product, by mixing such a drug substance containing an influenza VLP with a lipid
vesicle, i.e., 2 non-ionic lipid vesicle. Thus, fanctional homotypic or heterotypic VLPs may
bud as enveloped particles from the infected cells. The budded influenza VLPs may be
isolated and purified by ultracenirifugation or column chromatography as drug substances
and formulated alone or with adjuvants such as Novasomes®, a product of Novavax, Inc., as
drug products such as vaceines. Novasomes®, which provide an ephanced immunclogical

effect, are further described in U.S. Pat. No. 4,911,928, which is incorporated herein by

reference.




[6028] The invention provides a method for detecting humoral immunity to influenza virus
infection in a vertebrate by providing a test reagent including an effective antibody-detecting
amount of influenza virus protein having at least one conformational epitope of an influenza
virus macromolecular structure. The test reagent is contacted with a sample of bodily fluid

- from a vertebrate to be examined for influenza virus infection. Influenza virus specific
antibodies contained in the sample are aliowed to bind to the conformational epitope of an
influenza virus macromolecular structure to form antigen-antibody complexes. The
complexes are separated from unbound complexes and contacted with a detectably labeled
immunoglobulin-binding agent. The amount of the detectably labeled immunoglobulin-
binding agent that is bound to the complexes is determined.

[0029] Influenza virus may be detected in a specimen from an animal or human suspected
of being infected with the virus by providing antibodies, which have a detectable signal
producing label, or are attached to a detectably labeled reagent, having specificity to at least
one conformational epitope of the particle of the influenza virus. The specimen is contacted
with antibodies and the antibodies are allowed to bind to the influenza virus. The presence of
influenza virus in the specimen is determined by means of the detectable label,

[0030] The invention provides methods for treatment, prevention, and generating a
protective immune response by administering to a vertebrate an effective amount of the
composition of the invention.

[0031] Alternatively, the influenza VLP drug substance may be formulated as laboratory
reagents used for influenza virus structure studies and clinical diagnostic assays. The

invention also provides a kit for treating influenza virus by administering an effective amount
of a composition of the invention and directions for use,

[0032] The invention also provides for a VLP comprising HA, NA and M1 proteins
derived from an avian influenza virus which can cause morbidity or mortality in a vertebrate.
In one embodiment, said HA, NA an’d M1 proteins ars derived from an avian influenza type
A virus. Inanother embodiment the HA is selected from the group consisting of H1, H2, H3,
H4, H5, H6, H7, H8, H9, H10, H1i1, H12, H13, H14, H15 and H16 and the NA is selected
from the group consisting of N1, N2, N3, N4, N5, N6, N7, N8 and N9. In a further
embodiment, said HA and NA proteins are HS and N1, respectively. In another embodiment,
said HA and NA proteins are H9 and N2, respectively, In another embodiment, said HA

and/or NA exhibits hemagglutinin activity and/or neuraminidase activity, respectfully. In one




embodiment, the VLP consists essentially of HA, NA and M1 proteins, i.e., these are
substantially the only influenza proteins in the VLP,

[0033] The invention also provides for a method of preducing a VLP, comprising
transfecting vectors encoding avian influenza virus proteins into a suitable host cell and
expressing said avian influenza virus proteins under condition that allow VLPs fo be formed.
In one embediment, this method involves transfecting a host cell with recombinant DNA
molecules that encode only the HA, NA and M1 influenza proteins.

[0034] The invention also comprises an antigenic formulation comprising a VLP
comprising HA, NA and M1 proteins derived from an avian influenza virus which can cause
morbidity or mortality in a vertebrate, In another embodiment, the HA is selected from the
group consisting of H1, H2, H3, H4, H5, H6, H7, H8, HS, H10, H11, H12, H13, H14, H13
and H16 and the NA is selected from the group consisting of N1, N2, N3, N4, N5, N6, N7,
N8 and N9, In a further embodiment, said HLA and NA proteins are HS and N1, respectively.
In another embodiment, said HA and NA proteins are H9 and N2, respectively. In 2 further
embodiment, said antigenic formulation is administered to the subject orally, intradermally,
intranasally, intramusclarly, intraperitoneally, intravenously, or subcutaneously.

[0035] The invention further provides for a method of vaccinating a vertebrate against
avian influenza virus comprising administering to said vertebrate a protection-inducing
amount of a VLP comprising HA, NA and M1 proteins derived from an avian influenza
virus.

[0036] This invention also comprises a method of inducing substantial immunity to
influenza viras infection or at least one symptom thereof in & subject, comprising
administering at least one effective dose of an influenza VLP. In one embodiment, said VLP
consists essentially of HA, NA and M1, In another embodiment, said VLP comprises
infiuenza proteins, wherein said influenza proteins consist of HA, NA and M1. In another
embodiment, said HA and/or NA exhibits hemagglutinin activity and/or neuraminidase
activity, respectfully.

f0037] This invention also comprises a method of inducing substantial immunity to
influenza virus infection or at least one symptom thereof in a subject, comprising
administering at least one effective dose of an avian influenza VLP. In one embodiment, said
influenza VLP consists essentially of avian HA, NA and M1. In another embodiment, said
influenza VLP comprises influenza proteins, wherem said influenza proteins consist of avian

HA, NA and M1.



[0638] This invention further comprises a method of inducing substantial immunity to
influenza virus infection or at least one symptom thereof in a subject, comprising
administering at Jeast one effective dose of a seasonal influenza VLP. In one embodiment,
said influenza VLP consists essentially of seasonal HA, NA and M!. In another
embodiment, said influenza VLP comprises influenza proteins, wherein said influenza

~ proteins consist of seasonal HA, NA and M1.

[0039] This invention further comprises a method of inducing substantial immunity to
influenza viras infection or at least one symptom thereof in a subject, comprising
administering at least one effective dose of at least one seasonal influenza VLP, In one
embodiment, said influenza VLP comprises seasonal influenza HA, NA and M1. In another
embodiment, said infinenza VLP consists essentially of seasonal influenza HA, NA and M1.
[0040] This invention further comprises a methoed of inducing a substantially protective
antibody response to influenza virus infection or at least one symptom thereof in a subject,
comprising administering at least one effective dose of an influenza VLP.

[0041] This invention comprises a method of inducing a substantially protective cellular
immune response to influenza virus infection or at least one symptom thereof in a subject,
comprising administering at least one effective dose of an influenza VLP.

[0042] This invention further comprises a method of formulating a vaccine that induces
substantial immunity to influenza virus infection or at least one symptom thereof 1o a subject,
comprising adding to said formulation an effective dose of an influenza VL.P. In one
embodiment, said substantial immunity to influenza virus infection or at least one symptom
thereof is delivered in one dose. In another embodiment, said substantial immunity to
influenza virus infection or at least one symptom thereof is delivered in multipie doses.
[0043] This invention further comprises a vaccine comprising an infiuenza VLP, wherein
said vaccine induces substantial immumnity to influenza virus infection or at least one
symptom thereof when administered to a subject. In one embodiment, said influenza VLP is
an avian influenza VLP. In another embodiment, said mfluenza VLP is a seasonal influenza
VLP. _

[0044] This invention further comprises an antigenic formulation comprising an influenza
VLP, wherein said vaccine induces substantial immunity to influenza virus infection or at
Jeast one symptom thereof when administered to a subject. In one embodiment, said

influenza VLP is an avian influenza VL.P. In another embodiment, said influenze VLP is a

seasonal influenza VLP.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 depicts the nucleotide sequence of avian influenza A/Hong Kong/1073/99
(HON2) virus neuraminidase (NA) gene (SEQ ID NO:1).

[0046] FIG. 2 depicts the nucleotide sequence of avian influenza A/Hong Kong/1073/99
(HON2) virus hemagglutinin (HHA) gene (SEQ ID NO:2).
[0047]  FIG. 3 depicts the nucleotide sequence of avian influenza A/Hong Kong/1073/99
(H9N2) virus matrix protein M1 (M1} gene (SEQ ID NO:3).

{0048] FIG. 4 depicts the fransfer vectors for construction of recombinant baculoviruses for
expression of avian influenza A/Hong Kong/1073/99 (HON2) HA, NA, and M1 proteins.
FIG. 4A depicts a transfer vector for e};preésion of individual genes and FIG, 4B depicts the
transfer vector for multi-expression of the genes.

[0649] FIG. 5 depicts the expression of avian influenza A/Hong Kong/1073/99 (HON2)
virus HA, NA, and M1 proteins in S£-98 cells.

[6050] FIG. 6 depicts the purification of avian influenza A/Hong Kong/1073/99 (F9N2)
VLPs by the sucrose density gradient method.

f0051) FIG. 7 depicts the detection of influenza virus protein by gel filtration
chromatography. The antibodies used in the Western blot analyses are as follows: (A} rabbit
anti-HINZ; (b) murine anti-M1 mAb; and (C) murine anti-BACgp64.

[0052] FIG. 8 depicts the detection of avian influenza A/Hong Kong/1073/99 (F19N2)
proteins including subviral particles, VLP, and VLP complexes, by electron microscopy.
[0053]  FIG, 9 depicts the hemagglutination activity of purified avian influenza A/Hong
Kong/1073/99 (HON2) VL.Ps.

10034] FIG. 10 depicts the newraminidase activity of purified avian influenza A/Hong
Kong/1073/99 (HONZ) VLPs.

[0055] FIG. 11 depicts the immunization and bleed schedule for the immunogenicity study
of recombinant influenza with purified avian influenza A/Hong Kong/1073/99 (HON2) VLPs
in mice.

[0056] FIG. 12 depicts the results of an immunogenicity study in mice immunized with
recombinant influenza HON2 VLPs. FIG. 12A depicts sera from BALB/c mice immunized
with recombinant VL.Ps comprised of HA, NA, and M1 proteins from avian influenza virus
type A/HON2/Hong Kong/1073/99. FIG. 12B depicts sera from New Zealand white rabbits

immumized with inactivated avian influenza virus type A HON2 were reacted with Western
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blots containing inactivated avian influenza virus type A HIN2 (fanes I and 3) or cold-
adapted avian influenza virus type A HON2 (lanes 2 and 4).

[G037] ' FIG. 13 depicts the geometric mean antibody responses in BALB/c mice aftera
primary and secondary immunization.

[0058] FIG. 14 depicts serum hemagglutinin inhibition (HI) responses in BALB/c mice.
[6059] FIG. 15 depicts weight loss (%) in BALB/c mice challenged with HON2 influenza.
[0060] FIG. 16 depicts lung virus titers at 3 and 3 days post challenge with HON2.

[0061] FIGS. 17A, 17B and 17C depict mice antibody response to A/Fujian/411/2002
when immunized with H3NZ VLP.

[0062] FIG. 18 A and B depict mice IgG antibody isotypes

[0063] FIG. 19 hemagglutinin inhibition (HI) antibody responses in SD Rats immunized
with HON2 VLP vaccine.

[0064] FIGS. 20A and 20B depict hemagglutinin inhibition (HI) antibody responses to
different doses of HONZ VLPs with and without adjuvant in BALB/c mice.

[0065] FIG 21 depicts serum hemagglutinin inhibition (HI) responses in BALB/c mice
between different doses of VLPs.

[0066] FIG 22 depicts serum hemagglutinin inhibition (HI) responses in ferrets.

[0067] FIG 23 depicts serum hemagglutinin inhibition (HI) responses from serum pulled
on days 21 and 42 from ferrets after administration of different strains of H3N2 VLPs,
[0068] FIG 24 depicts anti-HA Antibody (Endpoint Dilution Titer) of mice inoculated
mntramuscularly with HSN1 (Vietnam/1203/2003) VLPs at Jow doses,

[0069] FIG 25 depicts anti-HA Antibody (Endpoint Dilution Titer) of mice inoculated
intranasally with H5N1 (Vietnam/1203/2003) VLPs at low doses.

[0070] FIG 26 depicts an example for manufacturing, isolating and purifying VL.Ps of the
nvention. |
[0671] FIG 27 depicts mice inoculated with H3N2 VLPs given intramuscularly and
subsequently challenged intranasally with A/Aichi/2/68x31 (FI3N2) virus.

[0072] FIG 28 depicts mice inoculated with H3N2 VLPs given intranasally and
subsequently challenged intranasally with A/Aichi/2/68x31 (H3N2) virus.

[0073] FIG 29 depicts virus shedding in nasal washes of ferret inoculated with HON2 VLP
vaccine and subsequently challenged intranasally with HON2 virys.

[0074] FIG 30A, 30B, 30C, 30D, 30E, 30F, 30G, 30 depicts hemagglutinin inhibition
(HI) antibody responses in mice after inoculation with different doses of A/Fujian/411/2002
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(H3N2) VLPs intramuscularly or infranasally tested against different H3N2 strains of

mflnenza viruses.

DETAILED DESCRIPTION OF THE INVENTION

[0075] Asused herein, the term “baculovius,” also known as baculoviridae, refers to a
family of enveloped DNA viruses of arthropods, members of which may be used as
expression vectors for producing recombinant proteins in insert cell cultures. The virion
contains one or more rod-shaped nucleocapsids containing a molecule of circular supercoiled
double-stranded DNA (Mr 54 x 10%-154 x 10%). The virus used as a vector is generally
Autographa californica nuclear polyhedrosis virus INVP). Expression of introduced genes is
under the control of the strong promoter that normally regulates expression of the polyhedron
protein component of the large nuclear inclusion in which the virnses are embedded in the
infected cells.

{0076] Asused herein, the term “derived from™ refers to the origin or source, and may
include naturally occurring, recombinant, unpurified, or purified niolecules. The proteins and
molecules of the present invention may be derived from influenza or non-influenza
moleculss.

{0677] Asused herein the term “first” influenza virus protein, i.e., a first influenza virus
M1 protein, refers to a protein, such as M1, HA, NA, and M2, that is derived from a
particular strain of influenza virus. The strain or type of the first influenza virus differs from
the strain or type of the second influenza virus protein. Thus, “second” influenza virus
protein, i.e., the second infinenza virus M1 protein, refers o a protein, such as M1, HA NA,
and M2, that is derived from a second strain of influenza virus, which is & different strain or
type than the first influenza virus protein.

[0078]  As used herein, the term “hemagglutinin activity” refers to the ability of HA-
containing proteins, VLPs, or portions thereof to bind and agglutinate red blood cells
(erythrocytes). |

[0079] Asused herein, the term “neuraminidase activity” refers to the enzymatic activity of
NA-containing proteins, VLPs, or portions thereof to cleave sialic acid residues from
substrates including proteins such as fetuin,

[0080] As used herein, the term “heterotypic” refers to one or more different types or
strains of virus.

[6081] Asused herein, the term “homotypic” refers to one type or strain of virus.
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[0082] As used herein, the term “macromolecular protein structure” refers to the
consiruction or arrangement of one or more proteins,

[0083] As used berein, the term “multivalent” vaceine refers to a vaceine against multiple
types or strains of influenza virus,

[0684]  As used herein, the term “non-influenza” refers to a protein or molecule that is not
derived from influenza virus. |
[0085]  As used herein, the texm “vaccine” refers to a preparation of dead or weakened
pathogens, or of derived antigenic determinants, that is used to induce formation of
antibodies or immunity against the pathogen. A vaccine is given to provide immunity to the
disease, for example, influenza, which is caused by influenza viruses. The present invention
provides vaccine compositions that are immunogenic and provide protection. In addition, the
term “vaccine” also refers to a suspension or selution of an immunogen (e.g. VLP) that is
administered to a vertebrate to produce protective immunity, i.e., immunity thai reduces the
severity of disease associated with infection.

[0086] Asused herein the term “substantial immunity™ refers to an immune response in
which when VLPs of the invention are administered to a vertebrate there is an induction of
the immune system in said vertebrate which results in the prevention of influenza infection,
amelioration of influenza infection or reduction of at least one symptom related to influenza
virus infection in said vertebrate. Substantial immunity may also refer to a
haemagglutination inhibition (HI) titer of 2 40 in a mammal wherein the VLPs of the
invention have been administered and have induced an immune response.

[0087] As used herein the term “adjuvant” refers to a compound that, when used in
combination with a specific immunogen {e.g. a VLP)} in a formulation, augments or otherwise
alters or modifies the resultant immune response. Modification of the immune response
includes intensification or broadening the specificity of either or both antibody and cellular
immune responses. Modification of the immune response can also mean decreasing or
suppressing certain antigen-specific immune responses.

[6088]  As used herein the term “immune stimulator” refers to a compound that enhances
an immune response viag the body’s own chemical messengers (cytokines). These molecules
comprise various cytokines, lyvmpholkines and chemokines with immunostimulatory,
immunopotentiating, and prouinﬂanunafory activities, such as interleulins (e.g., IL-1, IL-2,
IL-3, IL~4, IL~12, [L~13); growth factors (e.g., granulocyte-macrophage (GM)-colony

stimulating factor (CSF)); and other immunostimulatory molecules, such as macrophage
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inflammatory factor, FIt3 ligand, B7.1; B7.2, etc. The immune stimulator molecules can be
administered in the same formulation as the influenza VLPs, or can be administered
separately. Either the protein or an expression vector encoding the protein can be
administered to produce an immunostimulatory effect,

[0089]  Asused herern an “effective dose™ generally refers to that amount of the VLP of the
invention sufficient to induce immunity, to prevent and/or ameliorate influenza virus
infection or to reduce at least one symptom of influenza infection and/or to enhance the
efficacy of another dose of a VLP. An effective dose may refer to the amount of the VLP
sufficient to delay or minimize the onset of an influenza infection. An effective dose may
also refer to the amount of the VP that provides a therapeutic benefit in the treatment or
management of influenza infection. Further, an effective dose is the amount with respect to
the VLPs of the invention alone, or in combination with other therapies, that provides a
therapeutic benefit in the treatment or management of an influenza viral infection. An
effective dose may also be the amount sufficient to enhance a subject’s (e.g., a human’s) own
immune response against a subsequent exposure to influenza virus. Levels of immunity can
be monitored, e.g., by measuring amounts of neutralizing secretory and/or serum antibodies,
e.g., by plagque neutralization, complement fixation, enzyme-linked immunosorbent, or
microneutralization assay. In the case of a vaccine, an “effective dose™ is one that prevents
disease or reduces the severity of symptoms.

[0090]  As used herein the term “avian influenza virus” refers to influenza viruses found
chiefly in birds but that can also infect humans or other animals. In some instances, avian
influenza viruses may be transmitted or spread from one human fo another. An avian
influenza virus that infects humans has the potential to cause an influenza pandemic, i.c.,
morbidity and/or mortality in humans. A pandemic occurs when a new strain of influenza
virus (a virus in which human have no natural immunity) emerges, spreading beyond
individual localities, possibly around the globe, and infecting many humans at once.

[0091]  As used herein the term “seasonal influenza virus” refers to the influenza viral
strains that have been determined to be passing within the human population for a given
influenza season based on epidemiological surveys conducted by National Influenza Centers
worldwide. These epidemiological studies, and some isolated infiuenza viruses, are sent to
one of four World Health Organization (WHO) reference laboratories, one of which is at the
Centers for Disease Control and Prevention (CDC) in Atlanta for detailed testing. These

labaratories test how well antibodies made to the current vaccine react to the circulating virus

15



and new flu viruses. This information, along with information about flu activity, is
summarized and presented to an advisory committee of the U.S. Food and Drug
Administration (FDA) and at a WHO meeting. These meetings result in the selection of three
viruses {two subtypes of influenza A viruses and one influenza B virus) to go into flu
vaccines for the following fall and winter, The selection occurs in February for the northern
hemisphere and in September for the southern hemisphere. Usually, one or two of the three
virus strains in the vaccine changes each year,

{0092]  As used herein the term “substantially protective antibody response” refers to an
immune response mediated by antibodies against an influenza virus, which is exhibited by a
vertebrate (e.g., a human), that prevents or ameliorates influenza infection or reduces at least
one symptom thereof. VLPs of the invention can stimulate the production of antibodies that,
for example, neutralizing antibodies that block influenza viruses from entering cells, blocks
replication of said influenza virus by binding to the virus, and/or protect host cells from
infection and destruction,

[0093]  As used herein the term “substantially protective cellular response” refers to an
immune response that is mediated by T-lymphocytes and/or other white blood cells against
influenza virus, exhibited by a vertebrate (¢.g., a human), that prevents or ameliorates
influenza infection or reduces at least one symptom thereof. One important aspect of cellular
immunity involves an antigen-specific response by cytolytic T-cells (“CTL”s). CTLs have
specificity for peptide antigens that are presented in association with proteins encoded by the
major histocompatibility complex (MHC) and expressed on the surfaces of cells. CTLs help

e

induce and promote the destruction of intracellular microbes, or the lysis of cells infected
with such microbes. Another aspect of cellular immunity involves an antigen-specific
response by helper T-cells. Helper T-cells act to help stimulate the fimction, and focus the
activity of, nonspecific effector cells against cells displaying peptide antipens in association
with MHC molecules on their surface. A “cellular immune response” also refers to the
production of cytokines, chemokines and other such molecules produced by activated T-cells
anid/or other white blood celis, including those derived from CD4+ and CD8+ T-celis.
[0094]  Asused herein the term “substantial immunity in a population-wide basis” refers to
immunity as a result of VLPs of the invention administered to individuals in a population.
The immunity in said individual in said population results in the prevention, amelioration of
influenza infection, or reduction of at least one symptom related to influenza virus infection

in said individual, and prevents the spread of said influenza virus to others in the population.
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The term population is defined as group of individuals (e.g. schooichildreﬁ, elderly, healthy
individuals etc.) and may comprise a geographic area (e.g. specific cities, schools,
neighborhoods, workplace, country, state, etc.).

[0095]  As use herein, the term “antigenic formulation™ or “antigenic composition” refers
to a preparation which, when administered to a vertebrate, especially a bird or a mammal,
will induce an immune response.

[0096] Asuse herein, the term “vertebrate™ or “subject” or “patient” refers to any member
of the subphylum cordata, including, without limitation, humans and other primates,
inctuding non-human primates such as chimpanzees and other apes and monkey species.
Farm animals such as cattie, sheep, pigs, goats and horses; domestic mammals such as dogs
and cats; laboratory animals including rodents such as mice, rats and guinea pigs; birds,
including domestic, wild and game birds such as chickens, turkeys and other gallinaceous
birds, ducks, geese, and the like are aiso non-limiting examples . The terms “mammals” and
“animals™ are included in this definition. Both adult and newborn individuals are intended to
be covered.

[0097] Influenza remains a pervasive public health concern despite the availability of
specific inactivated virus vaccines that are 60-80% effective under optimal conditions. When
these vaccines are effective, illness is usually averted by preventing viral infection. Vaccine
failure can occur as a result of accumulated antigenic differences (antigenic shift and
antigenic drift). For example, avian influenza virus type A H9N2 co-circulated with human

influenza virus type A Svdney/97 (H3N2)} in pigs and led to genetic reassortment and
emergence of new strains of human influenza virus with pandemic potential (Peiris ef al,,
2001). In the event of such antigenic shift, it is unlikely that current vaceines would provide ‘
adequate protection.

[0098] Anocther reason for the paucity of influenza vaccine programs is the relatively short
persistence of immunity elicited by the current vaccines. Further inadequacy of influenza
control measures reflects restricted use of current vaccines because of vaccine reactogenicity
and side effects in young children, elderly, and people with allergies to components of eggs,
which are used in manufacturing of commercially licensed inactivated virus influenza
vaceines,

[0099] Additionally, inactivated influenza virus vaccines often lack or contain altered HA
and NA conformational epitopes, which elicit neutralizing antibodies and play a major role in

protection against disease. Thus, inactivated viral vaccines, as well as some recombinant
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monomeric influenza subunit protein vaccines, deliver inadequate protection. On the other
hand, macromolecular protein structures, such as capsomers, subviral particles, and/or VLPs,
include multiple copies of native proteins exhibiting conformational epitopes, which are
advantageous for optimal vaccine immunogenicity.

[00100] The present invention describes the cloning of avian influenza A/Hong
Kong/1073/99 (HON2) virus HA, NA, and M1 genes into a single baculovirus expression
vector alone or in tandem and production of influenza vaccine candidates or reagents
comprised of recombinant influenza structural proteins that self-assemble into functional and
immunogenic homotypic macromoiecular protein structures, including subviral influenza
particles and influenza VLP, in baculovirus-infected insect cells.

[00101] The present invention describes the cloning of human influenza A/Sydney/5/97 and
A/Fujian/411/2002 (H3N2) virus HA, NA, M1, M2, and NP genes into baculovirus
expression vectors and production influenza vaccine candidates or reagents comprised of
influenza structural proteins that self-assemble into functional and immuncgenic homotypic
macromolecular protein structures, including subviral influenza particles and influenza VLP,
in beculovirus-infected insect cells.

[00102] In addition, the instant invention describes the cloning of the HA gene of human
influenza A/Sydney/5/97 and A/Fujian/411/2002 (H3NZ2) virus and the HA, NA, and M1
genes of avian influenza A/Hong Kong/1073/99 (HON2) into a single baculovirus expression
vector in tandem and production influenza vaccine candidates or reagents comprised of
influenza structural proteins that self~assemble into functional and immunogenic heterotypic
macromolecular protein structures, including subviral influenza particles and influenza VLP,

in baculovirus-infected insect cells.

VL.Ps of the Invention

[00103] Influenza VLPs of the invention are useful for preparing vaccines against influenza
viruses. One important feature of this system is the ability to replace the surface
glycoproteins with different subtypes of HA and/or NA or other viral proteins, thus, allowing
updating of new influenza antigenic variants every year or to prepare for an influenza
pandemic. As antigenic variants of these glycoproteins are identified, the VLPs can be
updated to include these new variants {e.g. for seasonal influenza vaccines). In addition,
surface glycoproteins from potentially pandemic viruses, such as H3N1, or other HA, NA

combinations with pandemic potential could be incorporated into VLPs without concern of
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releasing genes that had not circulated in humans for several decades. This is because the
VLPs are not infectious, do not replicate and cannot cause disease. Thus, this system allows
for creating a new candidate influenza vaccine every year and/or an influenza pandemic
vaccine whenever it is necessary,

[00104] There are 16 different hemagglutinin (HA) and 9 different neuraminidase (INA) all
of which have been found among wild birds. Wild birds are the primary natural reservoir for
all types of influenza A viruses and are thought to be the source of all ‘iypes of influenza A
viruses in all other vertebrates. These subtypes differ because of changes in the
hemaggiutinin (HA) and neuraminidase (INA) on their surface. Many different combinations
of HA and NA proteins are possible. Each combination represents a different type of
influenza A virus. In addition, each type can be further classified into strains based on
different mutations found in each of its § genes.

[00105] All known types of influenza A viruses can be found in birds. Usually avian
influenza viruses do not infect humans. However, some avian influenza viruses develop
genetic variations associated with the capability of crossing the species barrier. Such a virus
ig capable of causing a pandemic because humans have no natural immunity to the virus and
can easily spread from person to person. In 1997, avian influenza virus jumped from a bird
to a human in Hong Kong during an outbreak of bird flu in poultry. This virus was identified
as influenza virus H5N1. The virus caused severe respiratory illness in 18 people, six of
whom died. Since that time, many more cases of known H5N1 infections have occurred
among humans worldwide; approximately hailf of those people have died.

[00106]) Thus, the present invention encompasses the cloning of HA, NA and M1
nucieotides from avian influenza viruses, influenza viruses with pandemic potential and/or
seasonal influenza viruses into expression vectors. The present invention also describes the
production of influenza vaccine candidates or reagents comprised of influenza proteins that
seif-assemble into functional VLPs. All combinations of viral proteins must be co-expressed
with a M1 nucleotide.

[60107] VLPs of the invention consist or comprise influenza HA, NA and M1 proteins. In
one embodiment, said VLP comprises a HA from an avian, pandemic and/or seasonal
influenza virus and a NA from an avian, pandemic and/or seasonal influenza virus, wherein
said HA is selected from the group consisting of H1, H2, H3, H4, HS, He, H,7 H8, H9, H10,
H11, H12, H13, H14 , H15 and H16 and said NA is selected from the group consisting of N1,
N2, N3, N4, N5, N6, N7, N8 and NS. In another embodiment, the invention comprises &
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VLP that consists essentially of HA, NA and M1. Said HA and NA can be from the above
list of HA and NA. These VLPs may comprise additional influenza proteins and/or protein
contaminates in negiigible concentrations. In another embodiment, said influenza VLP
comprises influenza proteins, wherein said influenza proteins consist of HA, NA and M1
proteins. These VLPs contain HA, NA and M1 and may contain additional cellular
constituents such as cellular proteins, baculovirus proteins, lipids, carbohydrates ete., but do
not contain additional influenza proteins (other than fragments of M1, HA and/or NA). In
another embodiment, the HA and/or the NA may exhibit hemagglutinin activity and/or
neuraminidase activity, respectively, when expressed on the surface of VLDPs.

f00108] In another embodiment, said VILP comprises HA and NA of the H5N1 virus and a
M1 protein (the M! protein may or may not be from the same viral sirain). In another
embodiment, said VLP consists essentialiy of HA, NA of the H5NT1 virus and a M1 protein.
These VLPs may comprise additional influenza proteins and/or protein contarninates in
negligible concentrations. In a further embodiment, said VLP consists of HA, NA of the
H5N1 virus and a M1 protein. In another embodiment, said influenza VLP comprises
influenza proteins, wherein said influenza proteins consist of HS, NI and M1 proteins. These
VLPs contain H5, N9 and M1 and may contain additional cellular constituents such as
cellular proteins, baculovirus proteins, lipids, carbohydrates etc., but do not contain additionat
influenza proteins (other than fragments of M1, H5 and/or N1). In another embodiment, the
H5 and/or the N1 may exhibit hemagglutinin activity and/or neuraminidase activity,
respectively, when expressed on the surface of VLPs.

[00109] In another embodiment, said VLP comprises the HA and NA of the HON2 virus,
and a M1 protein. In another embodiment, said VLP consists essentially of the HA and NA
of the H9N2 virus, and 2 M1 protein. These VLPs may comprise additional influenza proteins
and/or protein contaminates in negligible concentrations. In another embodiment, said VLP
cohsists of the HA and NA of the HONZ virus, and a M1 protein. In another embodiment,
said influenza VLP comprises influenza proteins, wherein said influenza proteins consist of
H9, N2 and M1 proteins. These VLPs contain H9, N2 and M1 and may contain additionat
cellular constituents such as cellular proteins, baculovirus proteins, lipids, carbohydrates ete.,
but do not contain additional influenza proteins (other than fragments of M1, H9 and/or N2},
In another embodiment, the HY and/or the N2 may exhibit hemagplutinin activity and/or

neuraminidase activity, respectively, when expressed on the surface of VLPs.



[06110] In another embodiment, said VLP comprises the HA and NA from an influenza B
virus, and a M1 protein. Influenza B viruses are usually found only in humans. Unlike
influenza A viruses, these viruses are not classified according to subtype. Influenza B viruses
can cause morbidity and mortality among humans, but in general are associated with less
severe epidemics than influenza A viruses. In another embodiment, said VIP consists
essentially of the HA and NA of the influenza B virus, and a M1 protein. These VLPs may
comprise additional infiuenza proteins and/or protein contaminates in negligibie
concentrations, In another embodiment, said influenza VLP comprises influenza proteins,
wherein said influenza proteins consist of HA, NA and M1 proteins. These VLPs contain
HA, NA and M! and may contain additional cellular constituents such as cellular proteins,
baculovirus proteins, lipids, carbohydrates ete., but do not contain additional influenza
proteins (other than fragments of M1, HA and/or NA). In another embodiment, said VLP
consists of the HA and NA of the influenza B virus, and a M1 protein. In another
embodiment, the HA and/or the NA may exhibit hemagglutinin activity and/or neuraminidase
activity, respectively, when expressed on the surface of VLPs.

[00111] The invention also encompasses variants of the said influenza proteins expressed on
or in the VLPs of the invention. The variants may contain alierations in the amino acid
sequences of the constituent proteins. The term “variant” with respect to a polypeptide refers
to an amino acid sequence that is altered by one or more amino acids with respect to a
reference sequence. The variant can have “conservative” changes, wherein a substituted
amino acid has similar structural or chemical properties, e.g., replacement of leucine with
isoleucine. Alternatively, a variant can have “noncenservative” changes, e.g., replacement of
a glycine with a tryptophan. Analogous minor variations can also include amino acid
deletion or insertion, or both. Guidance in determining which amino acid residues can be
substituted, inserted, or deleted without eliminating biological or immumological activity can
be found using computer programs well known in the art, for example, DNASTAR software.
[00112] Natural variants can occur due to antigenic drifts, Antigenic drifts are small
changes in the viral proteins that happen continually over time. Thus, a person infected with
a particular flu virus strain develops antibody against that virus, as newer virus strains appear,
the antibodies against the older strains no longer recognize the newer virus and reinfection
can occur. This is why there is a new vaccine for influenza each season, In addition, some
changes in an influenza virus can cause influenza virus to cross species. For example, some

avian influenza viruses developed genetic variations associated with the capability of
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crossing the species barrier. Such a virus is capable of causing a pandemic becaunse people
have no natural immunity to the virus and the virus can easily spread from person to person.
These natvrally occurring variations of the influenza proteins are an embodiment of the
invention,

[00113] General texts which describe molecular biological techniques, which are applicable
10 the present invention, such as cloning, mutation, cell culture and the like, include Berger
and Kimmel, Guide to Molecular Cloning Techniques, Methods in Enzymology volume 152
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook et al., Molecular Cloning--A
Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 2000 (“Sambrook™) and Current Protocols in Molecular Biclogy, F. M. Ausubel ef al,,
eds., Current Protocols, a jéim venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (“Ausubel™). These texts describe mutagenesis, the use of vectors,
promoters and many other relevant topics reiated to, e.g., the cloning and mutation of HA
and/or NA molecules, ete. Thus, the invention also encompasses using known methods of
protein engineering and recombinant DNA technology to improve or alter the characteristics
of the influenza proteins expressed on or in the VLPs of the invention. Various types of
mutagenesis can be used to produce and/or isolate variant HA, NA and/or M1 molecules
and/or to further modify/mutate the polypeptides of the invention, They include but are not
Bmited to site-directed, random point mutagenesis, homologous recombination (DNA
shuffling), mutagenesis using uracil containing templates, oligonucleotide-directed
mutagenesis, phosphorothicate-modified DNA mutagenesis, mutagenesis using gapped
duplex DNA or the like. Additional suitabie methods include point mismatch repair,
mutagenesis using repair-deficient host strains, restriction-selection and restriction-
purification, deletion mutagenesis, mutagenesis by total gene synthesis, double-strand break
repair, and the like, Mutagenesis, e.g., involving chimeric constructs, is also included in the
present invention. In one embodiment, mutagenesis can be guided by known information of
the naturally occurring molecule or altered or mutated naturally occurring molecule, e.g.,
sequence, sequence comparisons, physical properties, crystal structure or the like.

[00114] The invention further comprises influenza protein variants which show substantial
biological activity, e.g., able to elicit an effective anfibody response when expressed on or in
a VLP. Such variants include deletions, insertions, inversions, repeats, and substitutions

selected according to general rules known in the art so as have little effect on activity.
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[00115] Methods of cloning said influenza proteins are known in the art. For example, the
influenza gene encoding a specific influenza protein can be isolated by RT-PCR from
polyvadenylated mRNA extracted ffom cells which had been infected with an influenza virus.
The resulting product gene can be cloned as a DNA insert into a vector. The term “vector”
refers to the means by which a nucleic acid can be propagated and/or transferred between
organisms, cells, or cellular components. Vectors include plasmids, viruses, bacteriophages,
pro-viruses, phagemids, transposons, artificial chromosomes, and the like, that repiicate
autonomously or can integrate into a chromosome of a host cell. A vector can also be a
naked RNA polynucleotide, 2 naked DNA polynucleotide, a polynucieotide composed of
both DNA and RNA within the same strand, a poly-lysine-conjugated DNA or RNA, a

- peptide-conjugated DNA or RNA, & liposome-conjugated DNA, or the like, that is not
autonomously replicating. In many, but not all, common embodiments, the vectors of the
present invention are plasmids or bacmids.

[06116] Thus, the invention comprises nucleotides which encode the HA, NA and/or M1
influenza proteins cloned into an expression vector which can be expressed in a cell which
induces the formation of VLPs. An “expression vector™ is a vector, such as a plasmid that is |
capable of promoting expression, as well as replication of a nucleic acid incorporated therein.
Typicaily, the nucleic acid to be expressed is “operably linked™ to a promoter and/or
enhancer, and is subject to transcription regulatory control by the promoter and/or enhancer.
In one embodiment, said nucleotides that encode for HA from an avian, pandemic and/or
seasonal influenza virus is selected from the group consisting of H1, H2, H3, H4, H5, HS,
H7, H8,HS, H10,H11, H12, {13, H14, H15 and H16. In another embodiment, said
nucleotides that encode for NA from an avian, pandemic and/or seasonal influenza virus, is
selected from the group consisting of NI, N2, N3, N4, N5, N6, N7, N8 and N9. In another
embodiment, said vector comprises of nucleotides that encode the HA, NA and/or M1
influenza protein. In another embodiment, said vector consists of nucleotides that encodes
the HA, NA and M1 influenza protein. A preferred expression vector is a baculovirus vector.
After the nucleotides encoding said influenza proteins have been cloned said nucleotides can
be further manipulated. For exampie, a person with skill in the art can mugtate specific bases
in the coding region to produce variants, The variants may contain alterations in the coding
regions, non-coding regions, or both. Such variants may increase the immunogenticity of an
influenza protein or remove a splice site from a protein or RNA. For example, in one

embodiment, the donor and acceptor splicing sites on the influenza M protein (full length) are
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mutated to prevent splicing of the M mRNA. into M1 and M2 franscripts. In another
embodiment the HA 1s engineered to remove or mutate the cleavage site. For example, wiid
type H5 HA has 2 cleavage site that contains multiple basic amino acids (RRRKR), This
wild type sequence makes the HA more susceptible to multiple ubiquitous proteases that may
be present in host or system expression these HAs, In one embodiment, removing these
amino acids can reduce the susceptibility of the HA to various proteases. In another
embodiment, the cleavage site can be mutated to remove the cleavage site (e.g. mutate to
RESR).

[00117] The invention also utilizes nucleic acid and polypeptides which encode NA, HA
and M1. In one embodiment, an influenza NA nucleic acid or protein is at least 85%, 90%,
05%, 96%, 97%, 98% or 99% identical to SEQ ID NOs 1,11, 31, 32, 39, 38, 46, 47, 54 or 55.
In ancther embodiment, an influenza HA nucleic acid or protein is at least 85%, 90%, 95%,
96%, 97%, 98% or 99% identical to SEQ ID NOs 2, 10, 56, 57, 58, 27, 28, 29, 30, 37, 36, 33,
34, 35,42, 43, 44, 45, 50, 51, 52, or 53, In another embodiment, an influenza M1 nucleic
acid or protein is at least 85%, 90%, 95%, 96%, 97%, 98% or 99%: identical to SEQ ID NOs
12, 40, 41, 48 or 49.

[00118] In some embodiments, mutations containing alterations which produce silent
substitutions, additions, or deletions, but do not alter the properties or activities of the
encoded protein or how the proteins are made. Nucleotide variants can be produced for a
variety of reasons, ¢, g., to optimize codon expression for a particular host (change codons in
the human mRINA to those preferred by insect cells such as Sf9 cells). See U.S. patent
publication 2005/0118191, herein incorporated by reference in its entirety for all purposes.
Examples of optimized codon sequences of the invention are disclosed below {e.g. SEQID
42,44, 46,48, 50, 52, and 54).

[00119] In addition, the nucleotides can be sequenced to ensure that the correct coding
regions were cloned and do not contain any unwanted mutations, The nucleotides can be
subcloned into an expression vector {e.g. baculovirus) for expression in any cell. The above
is only one example of how the influenza viral proteins can be cloned. A person with skill in
the art understands that additional methods are available and are possible.

[60120] The invention also provides for constructs and/or vectors that comprise avian,
pandemic and/or seasonal nucleotides which encode for influenza virus structural genes,
inciuding NA, M1 and/or HA. The vector may be, for example, a phage, plasmid, viral, or

retroviral vector. The constructs and/or vectors that encodes avian, pandemic and/or seasonal
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influenza virus structural genes, including NA, M1 and/or HA should be operatively linked to
an apprepriate promoter, such as the AcMINPV polyhedrin promoter (or other bacuiovirus),
phage lambda PL promoter, the E. colf lac, phoA and tac promoters, the SV40 early and late
promoters, and promoters of retroviral LTRs are non-limiting examples. Other suitable
promoters will be known to the skilled artisan depending on the host cell and/or the rate of
expression desired, The expression constructs will further contain sites for transcription
initiation, termination, and, in the transeribed region, a ribosome binding site for translation.
The coding portion of the transcripts expressed by the constructs will preferably include a
transiation initiating codon at the beginning and a termination codon appropriately positioned
at the end of the polypeptide to be transiated.

[60121] The expression vectors will preferably include at least one selectable marker. Such
markers include dihydrofolate reductase, G418 or neomycin resistance for eukaryotic cell
culture and tetracycline, kanamycin or ampicillin resistance genes for culturing in E. coli and
other bacteria. Among vectors preferred are virus vectors, such as baculovirus, poxvirus
(e.g., vaccinia virus, avipox virus, canarypox virus, fowlpox virus, raccoonpox virus,
swinepox virus, etc.), adenovirus {e.g., canine adenovirus), herpesvirus, and retrovirus. Other
vectors that can be used with the invention comprise vectors for use in bacteria, which
comprise pQE70, pQE6D and pQE-9, pBluescript vectors, Phagescript vectors, pNHSA,
pNH16a, pNH18A, pNH46A, ptre99a, pKEK223-3, pKK233-3, pDR540, pRITS. Among
preferred eukaryotic vectors are pFastBacl pWINEO, pSV2CAT, pOG44, pXT1 and pSG,
pSVK3, pBPV, pMSG, and pSVL. Other suitable vectors will be readily apparent to the
skilled artisan. In one embodiment, said vector that comprises nuclectides encoding for
avian, pandemic and/or seasonal influenza virus structural genes, including HA, M1 and/or
NA, is pFastBac. In another embodiment, said vector that comprises an insert that consists of
nuclectides encoding for avian, pandemic and/or seasonal influenza virus structural genes,
comprises HA, M1 and NA, is pFastBac.

[00122] Next, the recombinant vector can be transfected, infected, or transformed into a
suitable host cell. Thus, the invention provides for host cells which comprise a vector (or
vectors) that contain nucleic acids which code for HA, M1 and/or NA and permit the
expression of HA, M1 and/or NA in said host cell under conditions which allow the
formation of VLPs.

[00123] In one embodiment, the recombinant constructs mentioned above could be used to

transfect, infect, or ransform and can express HA, NA and M1 influenza proteins in
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eukaryotic cells and/or prokaryotic cells. Among eukaryotic host cells are yeast, insect,
avian, plant, C. elegans (or nematode) and mammalian host cells. Non limiting examples of
insect cells are, Spodoprera frugiperda (SY) cells, e.g. SI9, S121, Trichoplusia ni cells, e.g.
High Five cells, and Drosophila S2 cells. Examples of fungl (including veast) host cells are
S. cerevisiae, Kluyveromyees lactis (K. laciis), species of Candida including C. albicans and
C. glabrata, Aspergillus nidulans, Schizosaccharomyces pombe (S. pombe), Pichia pastoris,
and Yarrowia lipolytica. Examples of mammalian cells are COS cells, baby hamster kidney
cells, mouse L cells, LNCaP celis, Chinese hamster ovary (CHO) cells, human embryonic
kidney (HEK) cells, and African green monkey cells, CV1 cells, HeLa cells, MDCK cells,
Vero and Hep-2 cells. Xenopus laevis oocytes, or other cells of amphibian origin, may also
be used. Prokaryotic host cells include bacterial cells, for example, E. coli, B. subtilis, and
mycobacteria.

[00124] Vectors, e.g., vectors comprising HA, NA and/or M1 polynucleotides, can be
transfected into host cells according to methods well known in the art. For example,
introdueing nucleic acids into eukaryotic cells can be by calcium phosphate co-precipitation,
electroporation, microinjection, lipofection, and transfection employing polyamine
transfection reagents. In one embodiment, the said vector is a recombinant baculovirus. In
another embodiment, said recombinant baculovirus is transfected into a eukaryotic cell. Ina
preferred embodiment, said cell is an insect cell. In another embodiment, said insect cell is a
S19 cell.

[00125] In another embodiment, said vector and/or host cell comprise nucleotides which
encode an avian, pandemic and/or seasonal influenza virus HA protein selected from the
group consisting of H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, HI4, H15
and H16. In another embodiment, said vector and/or host cells comprise nucleotides which
encode an NA protein which is selected from the group consisting of N1, N2, N3, N4, N5,
N6, N7, N8 and N9. In another embodiment, said vector and/or host cell comprises influenza
HA, M1 and/or NA. In another embodiment, said vector and/or host cell consists essentially
of HA, M1 and/or NA. In a further embodiment, said vector and/or host cell consists of
influenza protein comprising HA, M1 and NA. These vector and/or host cell contain HA,
NA and M1 and may contain additional cellular constituents such as cellular proteins,
baculovirus proteins, lipids, carbohydrates ete., but do not contain additional influenza

proteins (other than fragments of M1, HA and/or NA). In another embodiment, said
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nucleotides encode for an HA and/or the NA that exhibits hemagglutinin activity and/or
neuyraminidase activity, respectively, when expressed on the surface of VLPs.

[60126] This invention also provides for constructs and methods that will increase the
efficiency of VLPs production. For example, removing cleavage sites from proteins in order
1o increase protein expression (see above), Other method comprises the addition of leader
sequences to the HA, NA and/or M1 protein for more efficient transporting. For example, a
heterologous signal sequence can be fused to the HA, NA and/or M1 influenza protein. In
one embodiment, the signal sequence can be derived from the gene of an insect cell and fused
to the influenza HA protein (for expression in insect cells). In another embodiment, the
signal peptide is the chitinase signal sequence, which works efficiently in baculovirus
expression systems. In other embodiment, interchanging leader sequences between influenza
proteins can provide better protein fransport. For example, it has been shown that H5
hemagglutinin is less efficient at being transported to the surface of particles. HS
hemagglutinins, however, targets the surface and is integrated into the surface more
efficiently. Thus, in one embodiment, the H9 leader sequence is fused to the H5 protein.
[00127] Another method to increass efficiency of VL P production is to codon optimize the
nucleotides that encode HA, NA and/or M1 proteins for a specific cell type. For example,
codon optimizing nucleic acids for expression in S9 cell (see U.S. patent publication
2005/0118191, herein incorporated by reference in its entirety for all purposes). Examples of
optimized codon sequences for SfY cells are disclosed below (e.g. SEQ ID 42, 44, 46, 48, 50,
52, and 54). In one embodiment, the nucleic acid sequence of codon optimized influenza
protein is at least 85%, 90%, 95%, 96, 87, 98, or 99% to any one of SEQ ID Nas. 42, 44, 46,
48, 50, 52, and 54.

[00128] The invention also provides for methods of producing VLPs, said methods
comprising expressing an avian, pandemic and/or seasonal influenza proteins under
conditions that allow VLP formation. Depending on the expression system and host cell
selected, the VLPs are produced by growing host cells transformed by an expression vector
under conditions whereby the recombinant proteins are expressed and VLPs are formed. The
selection of the appropriate growth conditions is within the skill or a person with skill of one
of ordinary skill in the art.

[00129] Methods to grow cells engineered to produce VLPs of the invention include, but are
not Iimited to, batch, batch-fed, continuous and perfusion cell culture techniques. Cell

culture means the growth and propagation of cells in a bioreactor (a fermentation chamber)
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where cells propagate and express protein (e.g. recombinant proteins) for purification and
isolation. Typically, cell culture is performed under sterile, controlled temperature and
atmospheric conditions in a bioreactor. A bioreacior is a chamber used to culiure cells in
which environmental conditions such as temperature, atinosphere, agitation and/or pH can be
monitored. In one embodiment, said bioreactor is a stainless steel chamber. In another
embodiment, said bioreactor is a pre-sterilized plastic bag (e.g. Cellbag®, Wave Biotech,
Bridgewa%ez, NJ). In other embodiment, said pre-sterilized plastic bags are about 50 L to
1000 L bags.

[00130] The VLPs are then isolated using methods that preserve the integrity thereof, such
as by gradient centrifugation, e.g., cesium chloride, sucrose and iodixanol, as well as standard
purification techniques including, e.g., ion exchange and gel filtration chromatography.
[00131] The following is an example of how VLPs of the invention can be made, isolated
and purified. Usually VLPs are produced from recombinant cell lines engineered to create a
VI.P when said cells are grown in cell cuiture (see above). Production of VLPs may be
accomplished by the scheme illustrated in Figure 26. A person of skill in the art would
understand that there are additional methods that can be utilized to make and purify VLPs of
the invention, thus the invention i not imited to the method described.

[00132] Production of VLPs of the invention can start by seeding S19 cells (non-infected)
into shaker flasks, allowing the cells to expand and scaling up as the cells grow and multiply
(for example from a 125-ml flask to a 50 L. Wave bag). The medium used to grow the cell is
formulated for the appropriate cell line {(preferably serum free media, e.g. insect medium
ExCell-420, JRH). Next, said cells are infected with recombinant baculovirus af the most
efficient multiplicity of infection (e.g. from about 1 to about 3 plague forming units per cell).
Once infection has occurred, the influenza HA, NA and M1 proteins are expressed from the
virus genome, self assemble into VLPs and are secreted from the cells approximately 24 to 72
houré post infection. Usually, infection is most efficient when the celis are in mid-log phase
of growth (4-8 x 10 celis/ml) and are at least about 90% viable.

[00133] VLPs of the invention can be harvested approximately 48 to 96 hours post
infection, when the levels of VLPs in the cell culture medium are near the maximum but
before extensive cell lysis. The S9 cell density and viability at the time of harvest can be
about 0.5x% 10° cells/ml to about 1.5 x 10° cells/m! with at least 20% viability, as shown by
dye exclusion assay, Next, the medium is removed and clarified. NaCl can be added to the

medium to a concentration of about 0.4 to about 1.0 M, preferably to about 0.5 M, to avoid
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VLP agpregation. The removal of cell and cellular debris from the cell culture medium
containing VLPs of the invention can be accomplished by tangential flow filtration (TFF)
with a single use, pre-sterilized hollow fiber 0.5 or 1.00 pm filter cartridge or a similar
device.

[00134] Next, VLPs in the clarified culture medium can be concentrated by ultrafiltration
using & disposable, pre-sterilized 500,000 molecular weight cut off hollow fiber cartridge.
The concentrated VLPs can be diafiltrated against 10 volumes pH 7.0 to 8.0 phosphate-
buffered saline (PBS) containing 0.5 M NaCl to remove residual medium components.
[00135] The concentrated, diafiltered VLPs can be furthered purified on a 20% to 60%
discontinuous sucrose gradient in pH 7.2 PBS buffer with 0.5 M NaCl by centrifugation at
6,500 x g for 18 hours at about 4° C to about 10° C. Usually VLPs will form a distinctive
visible band between about 30% to about 40% sucrose or at the interface (in a 20% and 60%
step gradient) that can be collected from the gradient and stored. This product can be diluted
to comprise 200 mM of NaCl in preparation for the next step in the purification process. This
product contains VLPs and may contain intact baculovirus particles.

[00136] Further purification of VLPs can be achieved by anion exchange chromatography,
or 44% isopyenic sucrose cushion centrifugation. In anion exchange chromatography, the
sample from the sucrose gradient (see above) is loaded into column containing a medium
with an anion (e.g. Matrix Fractogel EMD TMAE) and eluded via a salt gradient (from about
0.2’ M to ebout 1.0 M of NaCl} that can separate the VLP from other contaminates (e.g.
baculovirus and DNA/RNA). In the sucrose cushion method, the sample comprising the
VLPs is added to a 44% sucrose cushion and centrifuged for about 18 hours at 30,000 g,
VLPs form a band at the top of 44% sucrose, while baculovirus precipitates at the bottom and
other contaminating proteins stay in the 0% sucrose layer at the top. The VLP peak or band
is collected.

[00137] The intact baculovirus can be inactivated, if desired. Inactivation can be
accomplished by chemical methods, for example, formalin or B-propyl lactone (BPL).
Removal and/or inactivation of intact baculovirus can also be largely accomplished by using
selective precipitation and chromatographic methods known in the art, as exemplified above.
Methods of inactivation comprise incubating the sample containing the VLPs in 0.2% of BPL
for 3 hours at about 25 °C to about 27 °C. The baculovirus can also be inactivated by
incubating the sample containing the VLPs at 0.05% BPL at 4 °C for 3 days, then at 37 °C for

one hour,
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[00138] After the inactivation/removal step, the product comprising VL.Ps can be nim
through another diafiltration step to remove any reagent from the inactivation step and/or any
residual sucrose, and to place the VLPs into the desired buffer (e.g. PBS). The solution
comprising VLPs can be sterilized by methods known in the art (e.g. sterile filtration) and
stored in the refrigerator or freezer.

[00139] The above techniques can be practiced across a variety of scales. For example, T-
flasks, shake-flasks, spinner bottles, up to industrial sized bioreactors. The bioreactors can
comprise either a stainless stee] tank or a pre-sterilized plastic bag (for example, the system
sold by Wave Biotech, Bridgewater, NJ). A person with skill in the art will know what is
most desirable for their purposes.

[00140] Expansion and production of baculovirus expression vectors and infection of cells
with recomnbinant baculovirus to produce recombinant influenza VIPs can be accomplished
in insect cells, for example SI9 insect cells as previously described. In a preferred

embodiment, the cells are SF9 infected with recombinant baculovirus engineered to produce

mfluenza VLPs,

Pharmaceutical or Vaccine Formulations and Administration

[06141] The pharmaceutical compositions useful herein contain a pharmaceutically
acceptable carrier, including any suitable dilnent or excipient, which includes any
pharmaceutical agent that does not itself induce the production of an immune response
harmful to the vertebrate receiving the composition, and which may be administered without
undue toxicity and a VLP of the invenfion. As used herein, the term “pharmaceutically
acceptable” means being approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopia, European Pharmacopia or other generally
recognized pharmacopia for use in vertebrates, and more particularly in humans, These
compositions can be useful as a vaccine and/or antigenic compositions for inducing a
protective immune response in & vertebrate.

[00142] Said pharmaceutical formulations of the invention comprise VL.Ps comprising an
influenza M1, HA and/or NA protein and a pharmaceutically acceptable carrier or excipient.
Pharmaceutically acceptable carriers include but are not limited to saline, buffered saline,
dextrose, water, glycerol, sterile isotonic agueous buffer, and combinations thereof. A
thorough discussion of pharmaceutically acceptable carriers, diluents, and other excipients is

presented in Remington’s Pharmaceutical Sciences (Mack Pub. Co. N.J. current edition).
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The formulation should suit the mode of administration. In a preferred embodiment, the
formulation is suitable for administration to humans, preferably is sterile, non-particulate
and/or non-pyrogenic.

[06143] The composition, if desired, can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. The composition can be a solid form, such as a
lyophilized powder suitable for reconstitution, a liquid solution, suspension, emulsion, tablet,
pill, capsule, sustained release formulation, or powder. Oral formulation can include standard
carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc.

[00144] The invention also provides for a pharmaceutical pack or kit comprising one or
more containers filled with one or more of the ingredients of the vaccine formulations of the
invention. In a preferred embodiment, the kit comprises two containers, one containing VLPs
and the other containing an adjuvant. 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.

[06145] The invention also provides that the VLP formulation be packaged in a hermetically
sealed container such as an ampoule or sachette indicating the quantity of composition. In
one embodiment, the VLP composition is supplied as a liquid, in another embodiment, as a
dry sterilized lvophilized powder or water free concentrate in a hermetically sealed container

and can be reconstituted, e.g., with water or saline to the appropriate concentration for

fentiron oy x
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administration 1o g subject, Preferably, the VLP com ie

& subj eler cmposition is supplied as a dry
Iyophilized powder in a hermetically sealed container at a unit dosage of preferably, about 1
ug, about 5 ug, about 10 pg, about 20 pg, about 25 ug, about 30 ng, about 50 pg, about 100
g, about 125 pg, about 150 ug, or about 200 png. Alternatively, the unit dosage of the VLP
composition is less than about 1 pg, (for example about 0.08 pg, about 0.04 pg ; about 0.2
ng, about 6.4 ug , about 0.8 ug , about 0.5 ug or less, about 0.25 g or less, or about 0.1 ug
or less), or more than about 125 pg, (for example about 150 pg or more, about 250 pg or
more, or about 500 ng or more). These doses may be measured as total VLPs or as ug of
HA. The VLP composition should be administered within about 12 hours, preferably within
about 6 hours, within about 5 hours, within about 3 hours, or within about 1 hour after being

reconstituted from the lyophylized powder.
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[00146] In an alternative embodiment, a VLP composition is supplied in liquid form in a
hermetically sealed container indicating the quantity and concentration of the VLP
composition. Preferably, the liquid form of the VLP composition is supplied in a
hermetically sealed container at least about 50 pg/ml, more preferably at least about 100
ng/ml, at least about 200 pg/ml, at Jeast 500 pg /ml, or at least 1 mg/ml.

[00147] Generally, influenza VLPs of the invention are administered in an effective amount
or quantity (as defined above) sufficient to stimulate an immune response against one or more
strains of influenza virus. Preferably, administration of the VLP of the invention elicits
substantial immunity against at least one influenza virus. Typically, the dose can be adjusted
within this range based on, e.g., age, physical condition, body weight, sex, diet, time of
administration, and other clinical factors. The prophylactic vaccine formulation is
systemically administered, e.g., by subcutaneous or intramuscular injection using a needle
and syringe, or a needle-less injection device, Alternatively, the vaccine formulation is
adminigtered intranasally, either by drops, large particle aerosol (greater than about 10
microns), or spray into the upper respiratory tract. While any of the above routes of delivery
results in an immune response, intranasal administration confers the added benefit of eliciting
mucosal immunity at the site of entry of the influenza virus.

[00148] Thus, the invention also comprises a method of formulating a vaccine or antigenic
composition that induces substantial immunity to influenza virus infection or at least one
symptom thereof to a subject, comprising adding to said formulation an effective dose of an

influenza VLP.

1001491 While stimulation of substantial immunity with 2 single dose is preferred, additional
dosages can be administered, by the same or different route, to achieve the desired effect. In
neonates and infants, for example, multiple administrations may be required to elicit
sufficient levels of immunity, Administration can continue at intervals throughout childhood,
as necessary to maintain sufficient levels of protection against influenza infection. Similarly,
adults who are particularly susceptible to repeated or serious influenza infection, such as, for
example, health care workers, day care workers, family members of young children, the
elderly, and individuals with compromised cardiopulmonary function may require multiple
imraunizations to establish and/or maintain protective immune responses. Levels of induced
immunity can be monitored, for example, by measuring amounts of neutralizing secretory

and serum antibodies, and dosages adjusted or vaccinations repeated as necessary to elicit and

maintain desired levels of protection.
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[60150] Thus, in one embodiment, a method to induce substantial immunity to influenza
virus infection or at least one symptom thereof in a subject, comprises administering at least
one effective dose of an influenza VLP, wherein said VLP comprises influenza HA, NA and
M1 proteins. In another embodiment, a method of inducing substantial immunity to
influenza virus infection or at least one symptom thereof in a subject, comprises
administering at least one effective dose of an influenza VLP, wherein said VLP consists
essentially of influenza HA, NA and M1. Said VLPs may comprise additional influenza
proteins and/or protein contaminates in negligible concentrations. In another embodiment, a
method of induciﬁg substantial immunity to influenza virus infection or at least one symptom
thereof in a subject, comprises administering at least one effective dose of an influenza VLP,
wherein said VLP consists of influenza HA, NA and M1. In another embodiment, said
influenza HA, NA and M1 is derived from seasonal influenza and/or avian influenza virus.
In another embodiment, a method of inducing substantial immunity to influenza virus
infection or at least one symptom thereof in 2 subject, comprises administering at least one
effective dose of an influenza VLP comprises influenza proteins, wherein said influenza
proteins consist of HA, NA and M1 proteins. These VLPs contain HA, NA and M1 and may
contain additional cellular constituents such as cellular proteins, baculovirus proteins, lipids,
carbohydrates etc., but do not contain additional influenza proteins (other than fragments of
M1, HA and/or NA). In another embodiment, said HA and/or NA exhibits hemagglutinin
activity and/or neuraminidase activity, respectfully, In another embodiment, said subject is a

mammal. In another embodiment, said mammal is a human. In another embodiment, the

method comprises inducing substantial immunity to influenza virus infection or at least one
symptom thereof by administering said formulation in one dose. In another embodiment, the
method comprises inducing substantial immunity to influenza virus infection or at least one
symptom thereof by administering said formulation in multiple doses.

[00151] Methods of administering a composition comprising VLPs (vaccine and/or
antigenic formulations) include, but are not limited to, parenteral administration (e.g.,
intradermal, intramuscular, intravenous and subcutaneous), epidural, and mucosal (e.g.,
intranasal and oral or pulmonary routes or by suppositories). In a specific embodiment,
comnpositions of the present invention are administered intramuscularly, intravenously,
subcutaneously, transdermally or intradermally. The compositions may be administered by
any convenient route, for example by infusion or bolus injection, by absorption through

epithelial or mucocutansous linings {e.g., oral mucous, colon, conjunctiva, nasopharynx,



oropharynx, vagina, urethra, urinary bladder and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. In some embodiments, intranasal
or other mucosa! routes of adminisiration of a composition comprising VLPs of the mmvention
may induce an antibody or other immune response that is substantially higher than other
routes of adminisiration. In another embodiment, intranasal or other mucosal routes of
administration of a composition comprising VLPs of the invention may induce an antibody or
other immune response that will induce cross protection against other sirains of influenza
viruses. Adnﬁrﬁs%xatioz}-can be systemic or local.

[00152] In yet another embodiment, the vaceine and/or antigenic formulation is
administered in such a manner as to target mucosal tissues in order to elicit an immune
response at the site of immunization. For example, mucosal tissues such as gut associated
lymphoid tissue (GALT) can be targeted for immunization by using oral administration of
compositions which contain adjuvants with particular mucosal targeting properties.
Additional mucosal tissues can also be targeted, such as nasopharyngeal lymphoid tissue
(NALT) and bronchial-associated lymphoid tissue (BALT).

[60153] Vaccines and/or antigentic formulations of the invention may also be administered
on a dosage schedule, for example, an initial administration of the vaccine composition with
subsequent booster administrations. In particular embodiments, a second dose of the
composition is administered anywhere from two weeks to one year, preferably from about 1,
about 2, about 3, about 4, about 5 to about 6 months, after the inftial administration.
Additionally, a third dose may be administered after the second dose and from about thre

@

even longer, preferably about 4, about 5, or about 6 months, or

A

months to about two years, o
about 7 months to about one year after the initial administration. The third dose may be
optionally administered when no or low levels of specific immunoglobulins are detected in
the serum and/or urine or mucosal secretions of the subject after the second dose. Ina
preferred embodiment, & second dose 1s administered about one month after the first
administration and a third dose is administered about six months after the first administration.
In another embodiment, the second dose is administered about six months after the first
administration.

[00154) In another embodiment, said VLP of the invention can be administered as part of a
combination therapy. For example, VLPs of the invention can be formulated with other
immunogenic compositions and/or antivirals (e.g. Amantadine, Rimantadine, Zanamivir and

Osteltamivir),
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f00155] The dosage of the pharmaceutical formulation can be determined readily by the
skilled artisan, for example, by first identifying doses effective to elicit a prophylactic or
therapeutic immune response, e.g., by measuring the serum titer of virus specific
immunoglobulins or by measuring the inhibitory ratio of antibodies in serum samples, or
urine samples, or mucosal secretions. Said dosages can be determined from animal studies.
A non-limiting list of animals used to study the influenza virus include the guinea pig, Syrian
hamster, chinchilla, hedgehog, chicken, rat, mouse and ferret. Most animals are not natural
hosts to influenza viruses but can still serve in studies of various aspects of the disease. For
example, any of the above animals can be dosed with a vaccine candidate, e.g. VLPs of the
invention, to partially characterize the immune response induced, and/or to determine if any
neutralizing antibodies have been produced. For example, many studies have been conducted
in the mouse model because mice are small size and their low cost allows researchers to
conduct studies on a larger scale. Nevertheless, the mouse’s small size also increases the
difficulty of readily observing any clinical signs of the disease and the mouse is nota
predictive model for disease in humans.

[00136] There has been extensive use of ferrets for studying various aspects of human
influenza viral infection and its course of action. The development of many of the
contemporary concepts of immunity to the influenza virus would have been impossible
without the use of the ferret (Maher ef al. 2004). Ferrets have proven to be a good model for
studying influenza for several reasons: influenza infection in the ferret closely resembles that
in humans with respect to clinical signs, pathogenesis, and immunity; types A and B of
human influenza virus naturally infect the ferret, thus providing an opnortumity to study a
completely controlied population in which to observe the interplay of transmission of
infection, iliness, and sequence variation of amino acids in the glycoproteins of the influenza
virus; and ferrets have other physical characteristics that make it an ideal model for
deciphering the manifestations of the disease. For example, ferrets and humans show very
similar clinicai signs of influenza infection that seem to depend on the age of the host, the
strain of the virus, environmental conditions, the degree of secondary bacterial infection, and
many other variables. Thus, one skilled in the art can more easily correlate the efficacy of an
influenza vacecine and dosage regiments from a ferret model to humans as compared to a
mouse or any other mode! described above,

[60157] In addition, human clinical studies can be performed to determine the preferred

effective dose for humans by a skilled artisan. Such clinical studies are routine and well
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known in the art. The precise dose to be employed will also depend on the route of
administration. Effective doses may be extrapolated from dose-response curves derived from
in vitro or animal test systems.

j00158] As also well kmown in the art, the immunogemicity of a particular composition can
be enhanced by the use of non-specific stirnulators of the immune response, known as
adjuvants. 'Adjuvants have been used experimentally to promote a generalized increase in
Immunity against unknown antigens (e.g., U.S. Pat. No. 4,877,611). Immunization protocols
have used adjuvants to stimulate responses for many years, and as such, adjuvants are well
known to one of ordinary skill in the art. Some adiuvants affect the way in which antigens
are presented. For example, the immune response is increased when profein antigens are
precipitated by alum. Emmulsification of antigens also prolongs the duration of antigen
presentation. The inclusion of any adjuvant described i Vogel er al., “A Compendium of
Vaccine Adjuvants and Excipients (2”d Hdition},” herein incorporated by reference in its
entirety for all purposes, is envisioned within the scope of this invention.

[00159] Exemplary, adjnvants include compiete Freund’s adjuvant (a non-speciﬁc
stimulator of the immune resi)onse containing killed Mycobacterium tuberculosis),
incomplete Freund’s adjuvants and aluminum hydroxide adjuvant, Other adjuvants comprise
GMCSP, BCG, aturpinum hydroxide, MDP compounds, such as thur-MDP and nor-MDP,
CGP (MTP-PE}, lipid A, and monophosphoryl lipid A (MPL}. RIBI, which contains three
components extracted from bacteria, MPL, trehalose dimycolate (TDM) and cell wall
skeleton (CWS) in a 2% squalene/Tween 80 emulsion also is contemnplated. MF-59,
Novasomes®, MHC anfigens may also be used.

[00160] In one embodiment of the invention the adjuvant is a paucilamellar lipid vesicle
having about two to ten bilayers arranged in the form of substantially spherical shells
separated by agueous layers surrounding a large amorphous central cavity free of lipid
bilayers, Paucilamellar lipid vesicles may act td stimulate the immune response several
ways$, as non-specific stimulators, as carmriers for the antigen, as carriers of additional
adjuvants, and combinations thereof. Paucilamellar lipid vesicles act as non-specific immune
stimulators when, for example, a vaccine is prepared by intermixing the antigen with the
preformed vesicles such that the antigen remains extracellular to the vesicles. By
encapsulating an antigen within the central cavity of the vesicle, the vesicle acts both as an
immune stimulator and a carrier for the antigen. In another embodiment, the vesicles are

primarily made of nonphospholipid vesicles. In other embodiment, the vesicles are
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Novasomes. Novasomes®

are paucilamellar nonphospholipid vesicles ranging from about
100 nm to about 500 nin. They comprise Brij 72, cholesterol, oleic acid and squalene.
Novasomes have been shown to be an effective adjuvant for influenza antigens (see, U.S.
Patents 5,629,021, 6,387,373, and 4,911,928, herein incorporated by reference in their
entireties for ail purposes).

[00161] In one aspect, an adjuvant effect is achieved by use of an agent, such as alum, nsed
m about (.05 to about 0.1% solution in phosphate buffered saline. Alternatively, the VLPs
can be made as an admixture with synthetic polymers of sugars (Carbopol®) used as an about
(.25% solution. Some adiuvants, for example, certain organic molecules obtained from
bacteria; act on the host rather than on the antigen. An example is muramyl dipeptide (N-
acetylmuramyl-L-alanyl-D-isoglitamine [MDP]), a bacterial peptidoglycan. In other
embodiments, hemocyanins and hemoerythring may also be used with VLPs of the invention.
The use of hemocyanin from keyhole mpet (KT H) is preferred in certain embodiments,
although other molluscan and arthropod hemocyanins and hemoerythrins may be employed.
[00162] Various polysaccharide adjuvants may also be used. For 'example, the use of
various pneumocaoccal polysaccharide adjuvants on the antibody responses of mice has been
described (Yin et al., 1989). The doses that produce optimal responses, or that otherwise do
not produce suppression, should be empioyed as indicated (Yin et al,, 1989). Polyamine
varieties of polysaccharides are particularly preferred, such as chitin and chitosan, inciuding
deacetylated chitin. In another embodiment, a Epophilic disaccharide-tripeptide derivative of
muramyl dipeptide which is described for use in artificial liposomes formed from
phosphatidyl choline and phosphatidyl glycerol.

[00163] Amphipathic and surface active agents, e.g., saponin and derivatives such as QS21
{Cambridge Biotech), form yet another group of adjuvants for use with the VLPs of the
invention. Nonionic block copolymer surfactants (Rabinovich ef al,, 1994) may also be
empioyed. Oligonucleotides are another useful group of adjuvants (Yamamoto ef al., 1988).
Quil A and lentinen are other adjuvants that may be used in certain embodiments of the
present mvention.

[00164] Another group of adjuvants are the detoxified endotoxins, such as the refined
detoxified endotoxin of U.S. Pat. No. 4,866,034, These refined detoxified endotoxins are
effective in producing adjuvant responses in vertebrates. Of course, the detoxified
endotoxins may be combined with other adjuvants to prepare multi-adjuvant formulation.

For example, combination of detoxified endotoxins with trehalose dimycolate is particularly
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contempiated, as described in U.S. Pat. No. 4,435,386. Combinations of detoxified
endotoxins with trehalose dimycolate and endotoxic glycolipids is also contemplated (U.S.
Pat. No. 4,505,899), as is combination of detoxified endotoxins with cell wall skeleton
(CWS) or CWS and trehalose dimycolate, as described in U.S. Pat. Nos. 4,436,727,
4,436,728 and 4,505,900, Combinations of just CWS and trehalose dimycolate, without
detoxified endotoxins, is also envisioned to be useful, as described in U.S. Pat. No.
4,520,019,

[00165] Those of skill in the art will know the different kinds of adjuvants that can be
comjugated 10 vaccines in accordance with this invention and these inciude alkyl
lysophosphilipids (ALP); BCG; and bivtin (including bictinylated derivatives) among others.
Certain adjuvants particularly contemplated for use are the teichoic acids from Gram-cells.
These include the lipoteichoic acids (LTA), ribito!l teichoic acids (RTA) and glycerol teichoic
acid (GTA). Active forms of their synthetic counterparts may alsc be employed in connection
with the invention (Takada et 4., 1995),

[00166] Various adjuvants, even those that ars not commonly used in humans, may still be
employed in other vertebrates, where, for example, one desires to raise antibodies or to
subsequently obtain activated T cells. The toxicity or other adverse effects that may result
from either the adjuvant or the cells, e.g., as may occur using pon-irradiated tumor cells, is
irrelevant in such circumstances.

[60167] Another method of inducing an immune response can be accomplished by
formulating the VLPs of the invention with “immune stimulsgiors.” These are the body’s own
chemical messengers (cytokines) to increase the immune system’s response. Immune
stimulators include, but not limited to, various cytokines, lvmphokines and chemokines with
mimunestimulatory, immunopotentiating, and pro-inflammatory activities, such as
mterieukins (e.g., IL-1, IL-2, IL-3, IL-4, IL-12, I1-13); growth factors (e.g., granulocyte-
macrophage (GM)-colony stimulating factor (CSF)); and other immunostimutatory
molecules, such as macrophage inflamumatory factor, Flt3 ligand, B7.1; B7.2, ete. The
mmunostimulatory molecules can be administered in the same formulation as the influenza
VLPs, or can be administered separately. Either the protein or an expression vector encoding

the protein can be administered to produce an immunostimulatory effect.

Method of Stimulating an Anti-Influenza Immune Response
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[00168] The VLPs of the invention are nseful for preparing compesitions that stimulate an
Immune response that confers immunity or substantial immunity to influenza viruses. Both
mucosal and cellular inpmumity may contribute to immunity to influenza infection and
disease. Antibodies secreted locally in the upper respiratory tract are 2 major factor in
resigtance to natural infection. Secretory immunoglobulin A (sIgA) is involved in protection
of the upper respiratory tract and serum Ig( in protection of the lower respiratory tract. The
immune response induced by an infection protects against reinfection with the same virus or
an sntigenically similar viral strain. Influenza virus undergoes frequent and unpredictable
changes; therefore, after natural infection, the effective period of protection provided by the
host’s immunity may only be a few years against the new strains of virus circulating in the
comnmunity.

[00169] VLPs of the invention can induce substantial immunity in a vertebrate (e.g. a
human) when administered to said vertebrate. The substantial immunity results from an
immune regponse against the influenza VLP of the invention that protects or ameleorates
influenza mfection or at least reduces a symptom of influenza virus infection in said
vertebrate. In some instances, if the said vertebrate is infected, said infection will be
asymptomatic. The response may be not a fully protective response. In this case, if said
vertebrate is infected with an inflnenza virus, the vertebrate will experience reduced
symptoms or a shorter duration of symptoms compared to a non-immunized vertebrate.
[001707 In one embodiment, the invention comprises a method of inducing substantial
immumity to mfluenza virus infection or at least one symptom thereof in a subject,
comprsing administering at least one effective dose of an influenza VLP. In another
embodiment, said induction of substantial immunity reduces duration of influenza symptoms.
In another embodiment, a method to induce substantial immunity to influenza virus infection
or at lezst one symptom thereof in a subject, comprises administering at least one effective
dose of an influenza VLP, wherein said VLP comprises influenza HA, NA and M1 proteins,
In another embodiment, said mfluenza VLP comprises influenza proteing, wherein said
influenza proteins consist of HA, NA and MI proteins. These VLPs contain HA, NA and M1
and may contain additional cellular constituents such as cellular proteins, baculovirus
proteins, lipids, carbohydrates etc., but do not contain additional influenza proteins (other
than fragments of M1, HA and/or NA}. In another embodiment, a method of inducing
substantial immunity to influenza virus infection or at least one symptom thereof in & subject,

comprises administering at least one effective dese of an influenza VLP, wherein said VIP
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consists essentially of influenza HA, NA and MI. Said VLPs may comprise additional
influenza proteins and/or protein contaminates in negligible concentrations. In another
embodiment, 2 method of inducing substantial immunity to influenza virus iafection or at
least one symptom thereof in a subject, comprises administering at least one effective dose of
an influenza VLP, wherein said VLP consists of influenza HA, NA and M1. In another
embodiment, said HA and/or NA exhibits hemagplutinin activity and/cr neuraminidase
activity, respectfilly. In another embodiment, said subject is & mammal. In another
embodiment, said mammal is a human. In a further embodiment, said VLP is formulated
with an adjuvant or immmune stimnulator.

[06171] Recently there has been a concerted effort to create a vaccine against avian
mfluenze virus that has the potential to create & pandemic. That is because a number of avian
influenza viruses have crogsed the species barrier and directly infected humans resulting in
illness and, in some cases, death. These viruses were H5N1, HIN2 and H7N7 (Cox ez al.,
2004). A recent stady examined the potential of using inactivated HSN1 influenza vires as a
vaccine. The formulation of the vaccine was similar to the licensed inactivated vaccines
currently licensed for marketing. The study concluded that nsing inactivated H5N! virus did
induce an immune response in humans, however the dose given was very high (90 ng of
avian influenza compared to 15 pg of the licensed vaccine) (Treanor ef al., 2006). This high
amount of avian influenza antigen is impractical for a worldwide vaccination campaign. As
Ullustrated below, the VLPs of the invention induces an iminune response in a veriebrate
when administered to said vertebrate.

{00172] Thus, the invention encompasses a method of inducing substantial immunity to
mfluenza virus infection or at least one symptom thereof in a subject, comprising
administering at least one effective dose of an avian influenza VLP. In another embodiment,
said induction of substantial immumnity reduces duration of mfluenza syrmaptoms. In another
embodiment, said induction of immunity is from administering at least 0.2 ug of avian HA in
VLPs of the invention. In another embodiment, said induction of imumunity is from
administering about 0.2 pg of avian HA to about 15 pg of avian HA in VLPs of the
invention. Administration may be 11 one or more doses, but may be advantageously in a
singie dose. In another embodiment, said VLP avian HA is derived from avian influenza
H5N1.

[00173] In another embodiment, the invention comprises a method of inducing substantial

imrmunity to avian influenza virus infection or at least one symptom thereof in a subject
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comprising administering at least one effective dose of an avian influenza VLP, wherein said
VLP comprises an avian influenza HA, NA and M1. In another embodiment, said avian
influenza VLP comprises avien influenza proteins, wherein said avian influenza proteins
consist of HA, NA and M1 proteins. These VLPs contain HA, NA and M1 and may contain
additional cellular constituents such as celluiar proteins, baculovirus proteins, lipids,
carbohydrates eic. but do not contain additional influenza proteins (other than fragments of
M1, HA and/or NA). In another embodiment, said method of inducing substantial immuanity
to avian influenza virus infection or at least one symptom thereof in a subject comprises
administering at least one effective dose of an avian influenza VLP, wherein said VLP
consists essentially of avian influenza HA, NA and M1. Said VLPs may comprise additional
influenza protems and/or protein contaminates in negligible concentrations. In another
embodiment, a method to induce substantial immunity to influenza virus infection or at least
one symptom thereof in a subject, comprises administering at least one effective dose of an
influenza VLP, wherein said VLP consists of avian influenza HA, NA and M1. In another
emboediment, said avian influenza HA and NA are H5N1, respectively. In another
embodiment, said avian mfluenza HA and NA are H9IN2, respectively. In another
embodiment, said avian influenza HA and NA are H7N7, respectively. In another
embodiment, said avian mfluenza HA and/or NA exhibits hemaggiutinin activity and/or
neurzminidase activity, respectfuily. In another embodiment, said subject is 2 mammal. In
another embodiment, said mammal is a human. In a further embodiment, said VLP is
formulated with an adjuvant or immune stimulator,

[00174] In another embodiment, said avian mwfluenza VLPs will induce an immune response
in a vertebrate that is abount 2 fold, about 4 fold, about 8 fold, sbout 16 fold, about 32 fold
about 64 fold, about 128 fold increase (or higher) more potent than a similar avian influenza
antigens formulated similarly to the Heensed inactivated vaccines currently licensed for
marketing, Cumrent formulations comprise whole inactivated virus (¢.¢. formaldehyde
treated), spiit virus (chemically disrupted), and subunit (purified glycoprotein) vaccines.
Methods for determining potency for a vaccine are known and routine in the art. For
example, microneutralization assays and hemagglutination inhibition assays can be
performed to determine potency of an avian VLP vaccine compared to avian influenza
antigens formulated similar to the licensed inactivated vaccines currsntly Heensed for
marketing. In one embodiment, said increase m potency is realized when about 0.2 pg ,

about 0.4 pg , about 0.6 pug about 0.8 pg, about 1 ng, about 2 pg, about 3 ug, about 4 ug,
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about 5 pg, about 6 ug, about 7 pg, about 9 pg, about 10 pg, about 15 pg, about 20 pg, about
25 pg, about 30 pg, abont 35 ug, 40 pg, about 45 g, about 50 ug, or higher of VLPs and the
antigen formulated similarly o the inactivated vaccines currently licensed for marketing is
administered to a vertebrate (i.e. equivalent amounts of HA and/or NA ina VLP with
equivalent amounts of HA and/or NA formulated in similarly to the Deensed inactivated
vaccines and/or any other antigen) Amounts can be measured according to HA content. For’
example, 1 pg of a VLP of the invention is about 1 pg of HA in a solution of VLPs
comprising HA or may be measared by weight of VLDs.

[00175] Seasonal influenza vaccines are administered to humans every year to reduce the
incidence of influenza cases every vear. Atpresent, there are two subtypes of influenza A
and influenza B circulating in the United States. Current vaccines are, therefore, trivalent to
provide protection against the strains currently circulating. Each year a different stain or
variation of an influenza viral changes. Thus, for most years a new vaccine compositicn is
manufactured and administered. Inactivated vaccines are produced by propagation of the
virus in embryonated hens’ eggs. The allantoic fluid is harvested, and the virus is
concentrated and purified, then inactivated. Thus, the current licensed influenza virns
vaceines may contain trace amounts of residual egg proteins and, therefore, should not be
administered to persons who have anaphylactic hypersesitiviety to eggs. In addition, supplies
of eggs must be organized and strains for vaceine production must be selected months in
advance of the next mfinenza season, thus limiting the flexibility of this approach and often
resulfing in delays and shortages in production and distributien. In addition, some influenzy
strains do not replicate well in embryonated chicken eggs which may lmit the influenza
strains which can be grown and formulated inte vaccines.

[00176] As mentioned above, VLP of the invention do not require eggs for production.
These VLPs are made via a cell culture system. Thus, the invention encompasses a method
of inducing substantial immunity to influenza virus infection or at least one symptom thereof
in a subject, comprising administering at least one effective dose of a seasonal influenza
VLP. A discussed above, seasonal influenza virus refers to the influenza viral strains that has
been determined to be passing within the human population for a given influenza season
based on the epidemiological surveys by National Infiuenza Centers worldwide. Said studies
and some isolated influenza viruses are sent to one of four World Health Organization
{WHO) reference laboratories, one of which is located at the Centers for Dissase Contro! and

Prevention (CDC) in Atlanta, for detailed testing. These laboratories test how well antibodies
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made to the current vaccine react to the circulating virus and new fiu viruses. This
information, along with information ebout flu activity, is summarized and presented to an
“advisory committee of the U.S. Food and Drug Administration (FDA) and at a WHO
mesting. These meetings result in the selection of three viruses (two subtypes of influenza A
viruses and one influenza B virus) to go into flu vaceines for the following fall and winter.
The selection occurs in February for the northern hemisphere and 1 September for the
southern hemisphere. Usually, one or two of the three virus straing in the vaccine changes
gach year. In another embodiment, said induction of substantial immunity reduces duration
of influenza symptoms.

[00177] In another embodiment, the invention corﬁprises a method of inducing substantial
immunity to a seasonal influenza virus infection or at least one symptom thereof in a subject
comprising adnyinisiering at least one effective dose of a seasonal influenza VIP, wherein
said VLP comprises a seasonal influenza HA, NA and M1. In another embodiment, said
seasonz! infiuenza VLP comprises seasonal mfluenza proteins, wherein said influenza
proteins consist of HA, NA and MI proteins. These VLPs contain HA, NA and M1 and may
contain additional cellular constituents such as cellujar proteins, baculovirus proteins, lipids,
carbohydrates etc. but do not contain additional influenza proteins (other than fragments of
M1, HA and/or NA). In another embodiment, said method of inducing substantial immunity
to seasonal influenza virus infection or at least one symptom thereof in a subject comprises
administering at least one effective dose of a seasonal influenza VLP, wherein said VLP
consists essentially of seasonal influenza HA, NA and M1. Said VLPs may comprise
additional influenza proteins and/or protein contaminates in negligible concentrations. In
another embodiment, a method to induce substantial immunity to influenza virus infection or
at least one symptom thereof in & subject, comprises admmisteﬁng at least one effective dose
of an influenza VLP, whersin said VLF consists of seasonal influenza BA, NA and M1. In
another embodiment, said avian infinenza HA and/or NA exhibits hemagglutinin activity
and/or nevraminidase activity, respectfully. In another embodiment, said subjectis a
mammal. In ancther embodiment, said mammal is a human. In a firther embodiment, said
VLP is formulated with an adjuvant or immune stimulator.

{00178} Generally, seasonal influenza VLPs of the invention are administered in a quantity
sufficient to stimulate substantial immunity for one or more strains of seasonal influenza
virus. In one embodiment, the VLPs are bilended fogether with other VLPs comprising

different influenza subtypes proteins (as listed above). In another embodiment, the
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formulation is a trivalent formulation which comprises a mixture of VLPs with seasonal
influenza HA and/or NA proteing from at least two influenza A and/or one at least one B
subtype. In another embodiment, said B subtype is produced by the same method as
described above. In another embodiment, a multivalent formulation comprises one or more
of the VLP of the invention as descrived above. '

[60179] In ancther embodiment, VLPs of the invention (avian or seasonal VLPs) may elicit
an immune response that will provide protection against more than one strain of influenza
virus. This cross-protection of a vertebrate with an influenza VLP constructed from a
particular strain, of a particular subgroup, may induce cross-protection against influenza virus
cf different strains and/or subgroups. The examples below show that VL.Ps of the invention
are capable of inducing cross reactivity with different strains and/or subgroups.

[06180] The humoral immune system prodnces antibodies against different infinenza
antigens, of which the HA-specific antibody is the most important for neutralization of the
virus and thus prevention of illness. The NA-specific antibodies are less effective in
preventing infection, but they lessen the release of virug from infected cells. The mucosal
tissues are the main portal entry of many pathogens, including influenza, and the mucosal
immune system provides the first line of defense against infection apart from innate
immunity. SlgA and, to some extent, IgM are the major neufralizing antibodies directed
against mucosal pathogens preventing pathogen entry and can function intraceliularly to
inhibit replication of virus. Nasal secretions contain neutralizing antibodies particularly to
influenza HA and NA, which are primarily of the IgA isotype and are produced locally.
During primary infection, all three major Ig classes (IgG, IgA and IgM) specific to HA can be
detected by enzyme-linked immunosorbent assay in nasal washings, although IgA and IgM
are more frequently detected than IgG. Both IgA and, to some extent, IgM are actively
secreted locally, whereas IgG is derived as a serum secretion. In subjects who have a local
IgA response, a serurn IgA response also 1s observed. The local 1gA response stimulated by
naturel infection lasts for at least 3~5 months, and influenza-specific, IgA-committed
memory cells can be detected locally. IgA also is the predominant Ig isotype in local
secretions after secondary infection, and an IgA response is detected in the serum upon
subsequent infection. The presence of locally produced neurralizing antibodies induced by
live virus vaceine correlates with resistance to infection and illness afier challenge with wild-

type virus.
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[00181] Resistance to influenza infection or llness is correlated with the level of local
and/or serum aniibody to HA and NA. Serum anii-HA antibodies are the most commonly
measured correlate of protection against influenza (Cox ef al., 1999). A protective serum
antibody (haemagglutination inhibition (HI) titer > 40) response can be detected in
approximately 80% of subjects after natural influenza infection. B cells producing 21l three
major Ig classes are present in the peripheral blood in normal subjects (Cox ef al., 1994) and
mdividuals undergoing influenza infection. In humans, serum antibodies play a role in both
resistance to and recovery from influenza infection. The level of serum antibody to HA and
NA in humans can be correlated with resistance to illness following experimental imfection
and natural infection. During primary infection, the three major Ig classes can be detected
within 1014 days. IgA and IgM levels peak after 2 weeks and then begin to decline,
whereas the level of 1gG peaks at 4-6 weeks. Whereas IgG and IgM are dominant in the
primary response, [gG and IgA predominate in the secondary immune response.

[00182] Thus, the invention encompasses a method of inducing a substantially protective
antibody response to influenza virus infection or at least one symptom thereof in a subject,
comprising administering at least one effective dose of an influenza VLP. In another
embodiment, said induction of substantially protective antibody response reduces duration of
influenza symptoms. In another embodiment, a method to induce substantially protective
antibody response to influenza virus infection or at least one symptom thersof in a subject,
comprises admimisiering at least one effective dose of an influenza VLP, wherein said VLP
comprises influenza HA, NA and M1 proteins.

[00183] In another embodiment, the invention comprises a method of inducing substantially
protective antibody response fo influenza virus infection or at least one symptom thereof in a
subject, comprises administering at least one effective dose of an influenza VLP, wherein
said VLP consists essentially of influenza HA, NA and M1. Said VLPs may comprise
additional influenza proteins and/er protein contaminates in negligible concentrations. In
another embodiment, said influenza VLP comprises influenza proteins, wherein said
influenza proteins consist of HA, NA and M1 proteins. These VIL.Ps contain HA, NA and M1
and may contain additional cellular constituents such as cellular proteins, baculovirus
proteins, lipids, carbohydrates etc., but do not contain additional influenza proteins (other
than fragments of M1, HA and/or NA). In ancther emnbodiment, a method of inducing
substantial immunity to influenza virus infection or at least one symptom thereof in a subject,

comprises adminigtering at least one effeciive dose of an influenza VLP, whersin said VLP
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consists of influenza HA, NA and M. In another embodiment, wherein said influenza HA,
NA and M1 is derived from seasonal influenza and/or avian influenza. In another
embodiment, said HA and/or NA exhibits hemagghutinin activity and/or neuraminidase
activity, respectfully. In another embodiment, said subject is a mammal. In another
embodiment, said mammal is 2 human. In a finther embodiment, said VLP is forrulated
with an adjuvant or immune stmulaior.

[00184] As used herein, an “antibody” is a protein comprising one or more polypeptides
substantially or partially encoded by mmmunoglobulin genes or fragments of immunoglobulin
genes. The recognized immunoglobulin genes include the kappa, lambda, alpha, gamma,
delta, epsilon and mu constant region genes, as well as myriad immunoglebulin variable
region genes. Light chains are classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in turn define the immunogiobulin
classes, 1gG, IgM, IgA, IgD and IgE, respectively. A typical immusnoglobulin (antibody)
structural unit comprises a teframer. Each tetramer 1s composed of two identical pairs of
polypeptide chaing, each pair having one “light” (about 25 kD) and one “heavy” chain {about
50-70 ¥D). The N-terminus of each chain defines a variable region of abowt 100 to 110 or
more amino acids primarily responsible for antigen recognition. Antibodies sxist as intact
mmunoglobuling or as a number of well-characterized fragments produced by digestion with
various peptidases.

[00185] Cell-mediated tmmunity also plays a role in recovery from influenza infection and
may prevent influenza-associated complications. Influenze-specific cellular lvmphocytes
have been detected in the blood and the lower respiratory tract secretions of infected subjects.
Cytolysis of influenza-infected cells is mediated by CTLs in concert with influenza-specific
antibodies and complement. The primary cytotoxic response is detectable in biood after 6-14
days and disappears by day 21 in infected or vaceinated individuals (Ennis et al., 1981).
Influenza-specific CTLs exhibit cross-reactive specificities in in vitro cultures; thus, they lyse
cells infected with the same type of influenza but not with other types (e.g. influenza A but
not influenza B virus). CTLs that recognize the internal nonglycosylated proteing, M, NP and
PB2 have been isolated (Fleischer er al., 1985). The CTL response is cross-reactive between
influenza A strains (Gerhard ef af., 2001) and is important in minimizing viral spread in
combination with antibody (Nguyen et al., 2001).

[00186] Cell-mediated immunity also plays a role in recovery from influenza infection and

may prevent inflnenza-associated complications. Influenza-specific cellular lymphocytes
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have been detected in the blood and the lower respiratory tract secretions of infected subjects.
Cytolysis of inflnenza-infected cells is mediated by CTLs in concert with influenza-specific
antibodies and complement. The primary cytotoxic response is detectable in blood after 6-14
days and disappears by day 21 in infected or vaccinated individuals (Eanis ez al., 1981).
Influenza-specific CTLs exhibit crossreactive specificities in in vitro cultures; thus, they lyse
cells infected with the same type of influenza but not with other types (e.g. influenza A but
not influenza B virus), CTLs that recognize the internal nonglycosylated proteins, M, NP and
PB2 have been isolated(Fleischer et al., (1985). The CTL response is cross-reaciive between
influenza A strains (Gerhard ef a/., 2001) and is Important in minimizing viral spread in
combination with antibody (Nguyen et al., 2001).

[08187] Thus, the invention éncompassas a method of inducing a substantially protective
cellular immune response to influenza virus infection or at least one symptom thereofin a
subject, comprising administering at least one effective dose of an influenza VLP. In ancther
embodiment, & method of induecing substantial fmmunity to influenza virus infection or at
ieast one symptom thereof in a subject, comprises adrinisiering at least one effective dose of
an influenza VLP, wherein said VLP consists of influenze HA, NA and M1. In another
embodiment, said influenza VLP comprigses influenza proteins, wherein said influenza
profeins consist of HA, NA and M1 protems. These VLPs contain HA, NA and M1 and may
contain additional cellular constituents such as cellular proteins, baculovirus proteins, lipids,
carbohydrates etc. but do not contain additional influenrza proteins (other than fragments of
M1, HA and/or NA). In another embediment wherein said mfluenza HA, NA and M1 is
derived from seascnal influenze and/or avian influenza virus, In another embodiment, said
HA and/or NA. exhibits hemaggiutinin activity and/or neuraminidase activity, respectfully. In
another embodiment, said subject is a mammal. In another embodiment, said mammal is g
human. It a further embodiment, said VLP is formulated with an adjuvant or immune
stimulator.

[00188] As mentioned above, the VL.Ps of the invention (2.g. avian and/or seasonal
inflnenza VLPs) prevent or recuce at least one symptom of infleenza infection i a subject.
Symptoms of influenza are well known in the art. They include fever, myalgia, headache,
severe malaise, nonproductive cough, sore throat, weight loss and rhinjtis. Thus, the method
of the invention comprises the prevention or reduction of at least one symptom associated
with inflnenza viral infection. A reduction in a symptom may be determined subjectively or

objectively, e.g., self assessment by a subject, by a clinician’s assessment or by conducting an
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appropriate assay or measurement {e.g. body temperature), including, e.g., a quality of life
assessment, a slowed progression of an influenza infection or additional symptoms, a reduced
severity of a influenza symptoms or a suitable assays (e.g. antibody titer and/or T-cell
activation assay). The objective assessment comprizes both animal and human assessments.
[00189] The principal strategy advocated by the Advisory Committee on Immunization
Practices (ACIP) for contro] of influenza has been the vaccination of persons at rigk for
serious complications from influenza, in particular, people 2635 years old. Yearly influenza
epidemics, however, continue mmabated and are responsible for significant health and
financial burden to our society (Glaser ef arl., 1996). In the last 20 years (1976-1999), a
significant increase has occurred in influenza-associated all cause excess deaths. From 1990
to 1999, the annual number of influenza-associated all cause deaths ekceeded 50,000
{Thompson et al., 2003). Despite the increase in vaccine coverage of people > 65 years to
65% during the iast decade, a corresponding reduction in influenza-associated all cause
excess deaths has not been observed,

[06190] Thus, another strategy for the prevention and contro! of influenza is universal
vaccination of healthy children and individuals. Chiidren have high rates of infection,
medically attended illness and hospitalization from influenza (Neuzil ef al., 2000). Children
play an important role in the transmission of influenza within schools, families and
communities. Vaccination with current influenza vaccines of approximately 80% of
schoolchildren in a community has decreased respiratory illnesses in adults and excess deaths
in the elderly (Reichert ef al., 2001). This concept is known as community immunity or
“herd immunity” and is thought to play an important part of protecting the community against
disease. Because vaccinated people have antibodies that neutralize influenza virus, they are
much less likely to transmit influenza virus to other people. Thus, even people who have not
been vaccinated (and those whose vaccinations have become weakened or whose vaccines
are not fully effective) often can be shielded by the herd immunity becanse vaceinated people
around them are not getting sick. Herd sommunity is more effective as the percentage of
people vaccinated increases. It is thought that approximately 95% of the people in the
community must be protected by a vaccine to achieve herd immunity. People who are not
immunized increase the chance that they and others will get the disease.

[00191] Thus, the invention encompasses a method of inducing a substantially protective
immunity to influenza virus infection to a population or a community in order to reduce the

incidence of influenza virus infections among immunocompromised individuals or non-
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vaccinated individual buy administering VEPs of the invention to a population in 2
commmmity. Inone embodiment, most school-aged children are immunized against influenza
virus by administering the VL.Ps of the invention. In another embodiment, most heaithy
mdividuals in a community to are immunized against influenza virus by a&ninésteﬂng the
VLPs of the inventiont. In another embodiment VLPs of the invention are part of a “dynamic
vaceination” strategy. Dynamic vaccination is the steady production of a low-efficacy
vaccine that is related to an emerging pandemic strain, but due to an antigentic drift may not
provide complete protection in a mammal (see Germann ez al., 2006). Because of the
uncertainty about the future identity of a pandemic strain, it is almost impossible to stockpile
a well matched pandemic strain. However, vaccination with a poorly matched but potentially
efficacious vaccine may slow the spread of the pandemic virus and/or reduce the severity of
symptoms of a pandemic strain of influenza virus.

[00192} The invention also encompasses a vaccine comprising an influenza VLP, wherein
said vaccine induces substantial immunity to influenza virus infection or at least one
symptom thereof when administered to a subject. In another embodiment, said induction of
substantial immunity reduces duration.of influenza symptoms. In another embodiment, a said
vaccine induces substantial immunity to influenza virus infection or at least one symptom
thereof in a subject, comprises a2 VLP which comprises influenza HA, NA and M1 proteins.
In snother embodirnent, a said vaccine induces subsiantial immumnity to influenza virus
infection or at least one symptom thereof in a subject, comprises a VLP which consists
essentially of influenza HA, NA and M1 proteins. Said VLPs may comprise additional
influenza proteins and/or protein contaminates in negligible concentrations. In another
embodiment, a said vaccine induces substantial immunity to influenza virus infection or at
least one sympiom thereof in a subject, comprises a VLP which consists of infiuenza HA, NA
and M1 proteins. In another embodiment, a said vaccine induces substantial immunity to
influenza virus infection or at least one symptom thereof in a subject, comprises & VLP
comprises infiuenza proteins, wherein said infiuenza proteins consist of LA, NA and M1
proteins. These VLPs contain HA, NA and M1 and may contain additional cellular
constitents such as cellular proteins, bacuiovirus proteins, lipids, carbohydrates ete., but do
not contain additional infiuenza proteins {other than fragments of M1, HA and/or NA). In
another embodiment, said influenza HA, NA and M1 proteins are derived from an avian
and/or seasonal influenza virus. In another embodiment, said HA and/or NA exhibits

hemagghitinin activity and/or neuraminidase activity, respectflly, In another embodiment,
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said subject is a mammal. In another embodime:nt, said mammal is a human. In a further
embodiment, said VLP is formulated with an adjuvant or immune stimulator. In another
embodiment, where said vaccine is administered o a mammal. In a further embodiment, said
mammal is a human.

[60193] This tovention is further illustrated by the following examples which should not be
construed as lmiting. The contents of all references, patents and published patent
applications cited throughout this application, as well as the Figures and the Sequence

Listing, are incorporated herein by reference.
EXAMPLES

Example 1

Materials and Methods

[00194] Avian influenza A/Hong Kong/1073/99 (HON2) virus HA, NA, and M1 genes were
expressed in Spodoptera frugiperda cells (S£-95 cell line; ATCC PTA-4047) using the
baculovirus bacmid expression system. The HA, NA, and M1 genes were synthesized by the
reverse {ranscription and polymerase chain reaction (PCR) using RNA isolated from avian
influenza A/Hong Kong/1073/99 (HON2) virus (FIGS. 1, 2, and 3). For reverge franscription
and PCR, oligonucleotide primers speciﬁb for avian influenza A/Hong Kong/1073/99
(HON2) virus HA, NA, and M1 genes were used (Table 1). The cDNA copies of these genes
were cloned initially into the bacterial subcloning vector, pCR2Z.1TOPO. From the resulting
three pCR2.1TOPO-based plasmids, the HA, NA, and M1 genes were inserted downstream
of the AcMNPV polyhedrin promoters in the baculovirus transfer vector, pFastBact
{(InVitrogen), resulting in three pFastBacl-based plasmids: pHA, pNA, and pM1 expressing
these influenza virus genes, respectively. Then, a single pFastBacl-based plasmid pHAM
was constructed encoding both the HA and M1 genes, each downstream from 2 separate
polyhedrin promoter (FIG. 4). The nucleotide sequence of the NA gene with the adjacent 5'-
and 3'-regions within the pNA plasmid was determined (SEQ ID NO:1) (FIG. 1). Atthe
same time, the nucleotide sequences of the HA and M1 genes with the adjacent regions were
alsc determined using the pHAM plasmid (SEQ ID NOS:2 and 3) (FIGS. 2 and 3).

[00195) Finally, a restriction DNA fragment from the pHAM plasmid that encoded both the

HA and M1 expression cassettes was cloned into the pNA plasmid. This resulted in the
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plasmid pNAHAM encoding avian influenza A/Hong Kong/1073/99 (HON2Z) virus HA, NA,
and M1 genes (FIG, 4).

[00196] Plasmid pNAHAM was used to construct 2 recombinant baculovirus contaming
influenza virus NA, HA, and M1 genes integrated info the genome, each downstream from a
separate baculovirug polyhedrin promoter. Infection of permissive S£-9S insect cells with the
resulting recombinant baculovirus resulted in co-expression: of these three influenza genes in
sach S£-98 cell infected with such recombinant baculovirus.

[00197] The expression products in infected S£-95 cells were characterized at 72 hr
postinfection (p.i. by SDS-PAGE analysis, Coomassie blue protein staining, and Western
immunoblot analysis using HA~ and M1 -specific antibodies (FIG. 5). Western immunobiot
analysis was carried out using rabbit antibody raised against influenza virus type A/Hong
Kong/1073/99 (HON2) (CDC, Atlanta, Ga., USA), or mouse monocional antibody to
influenza M1 protein {Serotec, UK). The HA, NA, and M! proteins of the expected
molecular weighis (64 kd, 60 kd, and 31 kd, respectively) were detected by Western
immunoblot analysis. Compared to the amount of HA protein detected in this assay, the NA
protein showed lower reactivity with rabbit serum to influenza A/Hong Kong/1073/99
(HON2) virus. Explanations for the amount of detectable NA protein included lower
expression levels of the NA protein from S£-9S cells infected with recombinant baculovirus
as compared to the HA protein, lower reactivity of the NA with this serum under denatuning
conditions in the Western immunoblot assay (due to the elimination of important NA
epitopes during gel electrophoresis of membrane binding), lower NA-antibody avidity as
compared to HA-antibody, or a lower abundance of NA-antibodies in the serum.,

[00198] The culture medium from the S{-9S cells infected with recombinant baculovirus
expressing A/Hong Kong/1073/99 (HON2) HA, NA, and M1 proteins was also probed for
influenza proteins. The clarified culture supernatants were subjected to ultracentrifugation at
27,000 rpm in order to concentrate high-molecular protein complexes of infiuenza virus, such
as subviral particles, VLP, complexes of VLP, and possibly, other self-assembled particulates
compmnsed of influenza HA, NA, and M1 proteins. Pelleted protein products were
resuspended in phosphate-buffered saline (PBS, pH 7.2) and further purified by
ultracentrifngation on discontinuous 20-60% sucrose step gradients. Fractions from the
sucrose gradients were collected and analyzed by SDS-PAGE analysis, Western immunoblot

analysis, and electron microscopy.
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[00199] Influenza HA and M1 protems of the expected moelecular weights were detected in
multiple sucrose density gradient fractions by Coomassie blue staining and Western
immunoblot analysis (FIG. 6, Table 1). This suggested that inflnenza viral proteins from
mfected S£-0S cells are aggregated in complexes of high-molecular weight, such as
capsomers, subviral particles, VLP, and/or VLP complexes. The NA proteins, althongh
inconsistently detectéd by Coomassie blue staining and Western immunoblot analysis, which
was likely due to the inability of the rabbit anti-influenza serum to recognize denatured NA
protein in the Western immumoblot assay, were consistently detected in neuraminidase

enzyme aclivity agsay (F1G. 10).

TABLE 1

Fraction#* Titer
1 <1:5001

3 <1:500

5 1:500

7 1:1000

o 1:2000

it 1:2000

12 1:4000

14 o 1:500

16 <1:500
PBS** <1:506
A/Shangdong/9/93 <1:1000

*Fraction from 20-60% sucrese gradient
**Negative Control
**¥Pogitive Control
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Virus Strain Gens RT-PCR Primer SEQ I

NGO
Type A (H3NZ) Hemagglutinin Forward 5-A GOATCCATG AAGACTATCATIGCTITTGAG-Y 13
Sydney/5/97  (HA)
Reverse S-A GGTACC TCAAATGCAAATGTTGCACCTAATG-3 14
Meoraminidase Forward SSGOOCGACAAGTTTGTACAAAAAAGCAGGCTTAGAAG i3
{MA} GAGATAGAACC ATG AATCCAAATCAAAAGATAATAAC-Y
Reverse “GOGGACCACTTTGTACAAGAAAGCTOGGTCCTATAT 16
AGGCATGAGATTGATGTCCGC-3
Matrix (M3 Forsward SCAMA GAATTC ATG AGTCTTCTAACCGAGGTCGAAACGTA-Y  }
Reverse SRAAM TTCOAA TTACTCCAGCTCTATGCTGACAAAATGAC-S 18
M2 Forward oA GAATC ATG AGTCTTCTAACCGAGGTCGAAACGCCT 12
ATCAGAAACGAATGGGGGTGC
Reverse S-AAL TTCOAA TTACTCCAGCTCTATGCTGACAAAATGAL-3 20
Nucleoprotein Forward 5-A QAATTC ATG GCOTCCCAAGGCACCAAACG-3! 21
NP
*eE) Reverse oA ’ 22
GCOOLCOOCTTAATTOTCGTACTCOTCTGCATTGTCTCCTG AA
GAAATAAG-Y
Type B  Harbin Hemagghutinin Forward 5-A GAATTC ATG AAGGCAATAATTGTACTACTCATGG- 23
[HA)
Reverse A GCGGCCGCTTATAGACAGATGGAGCAAGAAACATTGIC 24
TCTGGOAGA-Z
MNeuraminidase Forward SA GAATT CATG CTACCTTCAACTATACAAACG- 25
{NA,
} Reverge A 26

GCOGCCGLTTACACGAGCCATATCAACACCTGTGACAGTG-Y

[66200] The presence of high~molecular VLPs was coxlfnmed by gel filtration
chromatography. An aliquot from sucrose density gradient fractions containing influenza
viral proteins was loaded onto a Sepharose CL-4B column for fractionation based on mass.
The column was calibrated with dextran blue 2000, dexiran yellow, and vitamin B12
(Amersham Pharmacia) with apparent molecuniar weights of 2,000,000; 20,000; and 1,357
daltons, respectively, and the void volume of the column was determined. As expected, high-
molecular influenza viral proteins migrated in the void volume of the column, which was
characteristic of macromolecular proteins, such as virus particles. Fractions were analyzed
by Western immmunoblot analysis to detect influenza and baculovirus proteins. For example,
M? proteins were detected in the void volume fractions, which aisc contained baculovirus
proteins (F1G. 7).

[60201] The morphology of influenza VLPs and proteins in sucrose gradient fractions was
ehicidated by electron microscopy. For negative-staining electron microscopy, influenza
proteins from two sucrose density gradient fractions were fixed with 2% glutaraldehyde in
PBS, pH 7.2. Electron microscopic sxamination of negatively-stained samples revealed the
presence of macromolecular protein complexes or VLPs in both fractions. These VLPs
displayed different sizes inchuding diameters of approximately 60 and 80 nm and

morphologies (spheres). Larger complexes of both types of particles were also detected, as
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well as rod-shaped particles (FIG, §). All observed macromolecular structures had spikes
{peplomers) on their surfaces, which is characteristic of influenza viruses. Since the size and
appearance of 80 nm particles was similar to particles of wild type influenza virus, these
structures likely represented VLPs, which have distinct stmilarities to wild fype influenza
virions, including similar particle geometry, architecture, triangulation number, symmetry,
and other characteristics. The smaller particles of approximately 60 nm may represent
subviral particles that differ from VLPs both morphologically and structuraily. Similar
phenomenon of recombinant macromolecular proteins of different sizes and morphologies
was also reported for other viruses. For example, recombinant core antigen {(HBcAg) of
hepatitis B virus forms particles of different sizes, which have different architecture and
triangulation number T=4 and T=3, respectiﬁely (Crowther ez al., 1994).

[00202] To characterize the functional properties of the purified influenza A/Hong
Kong/1073/99 (FI9N2) VLPs, samples were tested in a hemagglutination assay (FIG. 8 and a
newraminidase enzyme assay (FIG. 10). For the hemagglutination assay, 2-fold dilutions of
purified influenza VLPs were mixed with 0.6% guinea pig red blood cells and incubated at 4°
C. for 1 br or 16 br. The extent of hemagghutination was inspected visually and the highest
dilution of recombinant influenza proteins capable of agglutinating red blood cells was
determined and recorded (FIG. 9). Again, many fractions from the sucrese density gradient
exhibited hemagglutination activity, suggesting that multiple macromolecular and monomeric
forms of influenza proteins were present. The highest titer detected was 1:4000. In a control
experiment, wild-type infiuenza A/Shangdong virus demonstrated a titer of 1:2000. The
hemagglutination assay revealed that the recombinant VLPs consisting of inflnenza A/Hong
Kong/1073/99 (HON2) virus HA, NA, and M1 proteins were functionally active. This
suggested that the assembly, conformation, and folding of the HA subunit proteins within the
VLPs were similar or identical to that of the wild type influenza virus. _

[00203] Additionally, & neuraminidase enzyme assay was performed on samples of purified
HSN2 VLPs. The amount of neuraminidase activify in sucrose density gradient fractions was
determined using fetuin as a substrate. In the neuraminidase assay, the newraminidase
cleaved sialic acid from substrate molecules to release sialic acid for measurement. Arsenite
reagent was added to stop enzyme activity. The amount of sialic acid liberated was
determined chemically with thiobarbituric acid that produces a pink color that was
proportional to the amount of free sialic acid. The amount of color {chromophor}) was

measured spectrophotometrically at wavelength 549 nm. Using this method, nevraminidase
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activity was demonstrated in sucrose gradient fractions containing influenza VIPs (FIG. 10).
As expected, the activity was observed in several fractions, with two peak fractions. Asa
positive centrol, wild type influenza vims was used. The wild type influenza virus exhibited
neuraminidase enzyme activity comparable to that of purified influenza VLPs. These
findings corroborated the HA results with regard to protein conformation and suggested that
purified VI.Ps of influenza A/Hong Kong/1073/99 (HON2) virus were functionally similar to
wild type influenza virus.

[00204] The results from the above analyses and assays indicated that expression of
mfluenza A/Hong Kong/1073/99 (HON2) HA, NA, and M1 proteins was sufficient for the
self-~assembly and transport of functional VLPs from baculovirus-infected insect cells. Since
these influenza VLPs represented self-assembled influenza structural proteins and
demonstrated functional and biochemical properties similar to those of wild type influenza
virus, these influenza VLPs conserved important structural conformations including surface

epitopes necessary for effective influenza vaccines.

Example 2

RT-PCR Cloning of Avian Influenza A/Hong Kong/1073/99 Virai Genes

[06205] It is an object of the present invention to provide synthetic nucleic acid sequences
capable of directing production of recombinant influenza virus proteins. Such synthetic
nucleic acid sequences were obtammed by reverse iranscription and polymerase chain reaction
(PCR) methods using influenza virus natural genomic RNA isolated from the virus. Forthe
purpose of this application, nucleic acid sequence refers to RNA, DNA, ¢cDNA or any
syathetic variant thereof which encodes the protein.,

[60206] Avian influenza A/Hong Kong/1073/99 (HONZ2) virus was provided by Dr. K.
Subbarac (Centers for Disease Control, Atlanta, Ga., USA). Viral genomic RNA was
isclated by the acid phenol RNA extraction method under Biosafety Level 3 (BSL3)
containment conditions at CDC using Trizol LS reagent (Invitrogen, Carlsbad, Calif. USA).
cDINA molecules of the viral RNAs were obtained by reverse transcription using MulLV
reverse transcriptase (InVitrogen} and PCR using oligonucleotide primers specific for HA,
NA., and M1 proteins and Tag I DNA polymerase (InVitrogen} (Table 1), The PCR
fragments were cloned into the bacterial subcloning vector, pCR2.1TOPO {InVitrogen),
between Eco RI sites that resulted in three recombinant plasmids, containing the HA, NA,
and M! ¢cDNA ciones.




Example 3

RT-PCR Cloning of Human Influenza A/Sydney/5/94 (H3N2) Viral Genes

{00207} Influenza A/Sydney/5/97 (H3NZ2) Virus was obtained from Dr. M. Massare
{Novavax, Inc., Rockville, Md.). Viral genomic ENA was isolated by the RNA acid phenol
extraction method under BSL2 containment conditions at Novavax, Inc. using Trizol LS
reagent (Invitrogen). c¢DNA molecules of the viral RNAs were obtained by reverse
transcription and PCR. using oligonucleotide primers specific for HA, NA, M1, M2, and NP
protems {Table 1). The PCR fragments were cloned into the bacterial subcloning vector,
pCR2.1TOPO, between Eco RI sites that resuited in five recombinant plasmids, containing
the HA, NA, M1, M2, and NP ¢cDNA clones,

Example 4

Cloning of Avian Influenza A/Hong Kong/1073/99 Viral cDNAs into Baculovirus
Transfer Vectors

[00208] From the pCR2.1TOP(-based plasmids, the HA, NA, or M1 genes were subcloned
into pFastBacl baculovirus transfer vector (InVitrogen) within the polvhedron locus and Tn7
att sites and downstream of the baculovirus polyhedrin promoter and upstream of the
polyadenylation signal sequence. The viral genes were ligated with T4 DNA ligase. For the
HA gene, 2 Bam HI-Kpn I DNA fragment from pCR2.1TOPO-HA was ingerted into BamHI-
Kpnl digested pFastBacl plasmid DNA. Forthe NA gene, an EcoRI DNA fragment from
pCR2.1TOPO-NA was mnserted into ZcoRI digested pFastBacl plasmid DNA. Forthe M1
gene, an Bco RI DNA fragment from pCR2.1TOPO-M1 was inserted into Eco RI digested
pFastBacl plasmid DNA. Competent E. coli DH5a bacteria (InVitrogen) were transformed
with these DNA ligation reactions, transformed colonies resulted, and bacterial clones
isolated. The resulting pFastBaci-based plasmids, pFastBacl-HA, pFastBacl-NA, and
pFastBacl-M]1 were characterized by restriction enzyme mapping or agarose gels (FIG. 4A}.,
The nuclectide sequences as shown on FIGS. 1.3 of the cloned genes were determined by
automated DNA sequencing. DNA sequence analysis showed that the cloned influenza HA,
NA, and M1 genes were identical fo the nucleotide sequences for these genes as published
previousiy [INA, HA, and M1 genes of influenza A/Hong Kong/1073/99 (HON2) (GenBanic
accession numbers AJ404620, AJ404626, and AJ278646, respectively}].
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Example 5

Cloning of Human Influenza A/Sydney/5/97 Viral ¢cDNAs into Baculovirus Transfer
Vectors

[00209} From the pCR2.1TOPO-based plasmids, the HA, NA, M1, M2, and NP genes were
subcloned into pFagtBac! baculovirus transfer vector within the polyhedron locus and Tn7 att
sites and downstream of the baculovirus pelyhedrin promoter and upstream of the
polyadenylation signal sequence. The viral genes were ligated with T4 DNA ligase. For the
HA gene, a Bam MI-Kpn I DNA fragment'from pCR2.1TOPO-hHA3 was inserted into
BamHI-Kpnl digested pFastBact plasmid DNA. Forthe NA gene, an Eco RI DNA fragment
from pCR2.1TOPO-hNA was inserted into Ecofl digested pFastBacl plasmid DNA. For the
M1 gene, an Eco RI DNA fragment from pCR2.1TOPO-hM] was inserted into EcoRI
digested pFastBac] plasmid DNA. Forthe M2 gene, an FcoRI DNA fragment from
pCR2.1TOPO-hM?2 was inserted into EcoRI digested pFastBacl plasmid DNA. For the NP
gene, an EcoRl DNA fragment from pCR2.1TOPO-hENP was inserted into EcoRI digested
pFastBac] plasmid DNA. Competent £, coli DHS5a bacteria were transformed with these
DNA Hgation reactions, transformed colonies resulted, and bacterial clones isolated. The
resuiting pFastBac 1-based plasmids, pFastBacl-hHAS3, pPastBacl-hNA2, pFastBacl-hM1,
pFASTBACI-hM?2, and pFASTBACI-hNP were characterized by restriction enzyme
mapping on agarose gels. The nucleotide sequences of the cloned genes were determined by
automated DNA sequencing. DNA sequencer analysis showed that the cloned influenza HA,
NA, M1, M2, and NP genes were idenfical to the nucleotide sequences for these genes as

published previously.

Example 6

Construction of Multigenic Baculovirus Transfer Vectors Encoding Multiple Avian
Influenza A/Hong Kong/1073/99 Viral Genes

{00210] In order to construct pFastBac!-based bacmid transfer vectors expressing muitiple
influenza A/Hong Kong/1073/9% (HON2) virus genes, initially a Sna BI-Hpa I DNA fragment
from pFastBacl-M! plasmid containing the M1 gene was cloned into Hpa I site of
pFastBacl-HA. This resulted in pFastBacl-HAM plasmid encoding both HA and M1 genes
within independent expression cassettes and expressed under the coptrol of separate

polyhedrin promoters.
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{60211} Finally, a SnaBl-dvril DNA fragment from pFastBacl-HAM containing the HA
and M1 expression cassettes, was transferred inte Hpa I-4vr 11 digested pFastBacl-NA
plasmid DNA. This resulted in the plasmid pFastBac1-NAHAM encoding three independent
expression casssites for expression of infiuenza HA, NA, and M1 genes and expressed under
the control of separate polyhedrin promoters (FIG. 4B).

[00212] In another example, the H3 gene from pFASTBACI-hHAS3 (see Example 5) was
cloned into pFASTBACI-NAHAM as a fourth influenza viral gene for the expression and
production of heterotypic influenza VLPs.

Example 7

Generation of Muliigenic Recombinant Baculovirus Encoding NA, HA, and M1 Genes
of Avian Influenza A/Hong Kong/1073/99 Virus in Insect Celis

[00213] The resulting multigenic bacmid transfer vector pFastBacl-NAHAM was used to
generate a multigenic recombinant baculovirus encoding avian influenza A/Hong
Kong/1073/99 (FHON2) HA, NA, and M1 genes for expression in insect cells. Recombinant
bacmid DNAs were produced by site-specific recombination at polvhedrin and Tn7 att DNA
secuences between pFastBacl-NAHAM DNA and the AcMNPC baculovirus genome
harbored in competent E. coli DHIOBAC cells (InVitrogen) (FIG. 4B). Recombinant bacmid
DNA was isolated by the mini-prep plasmid DNA method and transfected into Sf-9s cells
using the cationic lipid CELLFECTIN (InVitrogen). Following transfection, recombinant
baculoviruses were isolated, plague purified, and amplified in Sf-98 insect ceils. Virus stocks
were prepared in Sf-98 insect cells and characterized for expression of avian influenza viral

HA, NA, and M1 gene products. The resulting recombinant baculovirus was designated
bNAHAM-HIN2.

Example §

Expression of Recombinant Avian Influenza A/Hong Kong/1073/99 Proteins in Insect
Cells

[60214] Sf-9S insect cells maintained as suspension cultures in shaker flasks at 289 C. in
serum-free medium (HyQ SFM, HyClone, Ogden, Utah) were infected at a cell density of 2 ¥
10° cells/ml with the recombinant baculovirus, BINAHAM-HON?, at a multiplicity of
mfection (MOI) of 3 pfu/cell. The virus infection proceeded for 72 hrs. to allow expression
of influenza proteins. Expression of avian influenza A/Hong Kong/1073/95 (HONZ) HA and
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M1 proteins in infected insect cells was confirmed by SDS-PAGE and Western immunoblot
analyses. SDS-PAGE analysis was performed on 4-12% linear gradient NuUPAGE gels
(lnvitrogen) under reduced and depaturing conditions. Primary antibodies in Western
immunoblot analysis were polycional rabbit antiserum raised against avian influenza A/Hong
Kong/1073/99 (HON2) obtained from CDC and monoclonal murine antiserum to influenza
M1 protein (Serotec, UK). Secondary antibodies for Western imimunoblot analysis were
alkaline phosphatase conjugated goat IgG antisera raised against rabbit or mouse IgG (H+L)
(Kirkegaard and Perry Laboratories, Gaithersburg, Md., USA). Resuits of these analyses
(FIG. 3) indicated that the HA and M1 proteins were expressed in the baculovirus-infected

insect celis.

Example 9

Purification of Recombinant Avian Influenza HON2 Virus-Like Particles and
Macromolecular Protein Complexes

[00215] Culiure supernatants (200 ml) from S£-98 insect cells infected with the recombinant
baculovirus bNAHAM-HON2 that expressed avian influenza A/Hong Kong/1073/99 (HON2)
HA, NA, and M1 gene products were harvested by low speed cenirifugation. Culture
supernatants were clarified by centrifugation in a Sorval RC-5B superspeed centrifnge for 1
hr at 10,000 x g and 4° C using a G3-3 rotor. Virus and VLPs were isolated from clarified
culture supernatants by centrifugation in a Sorval OTD-635 ultracentrifuge for 3 hir at 27,000
pm and 4° C, using a Sorval TH-641 swinging bucket rotor. The virus peliet was
resuspended in I ml of PBS (pH 7.2), loaded onto a 20-60% (w/v) discontinuous gucrose step
gradient, and resolved by centrifugation in a Sorval OTD-65 uliracentrifuge for 16 hr at
27,000 rpm and 4° C using a Sorval TH-641 rotor. Fractions (0.5 ml) were collected from the
top of the sucrose gradient.

[00216] Influenza proteins in the sucrose gradient fractions were analyzed by SDS-PAGE
and Western immuncblot analyses as described above in Example 6. The HA and M1
proteins were found in the sarne sucrose gradient fractions (FIG. 6) as shown by Western blot
analysis and suggested that the HA and M1 proteins were associated as macromolecular
protein complexes. Also the HA and M1 proteins were found in fractions throughout the
sucrose gradient suggestimg that these recombinant viral proteins were associated with

macromolecular profein complexes of different densities and compositions.
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Example 10

Analysis of Recombinant Avian Inflnenza HIN2 VLPs and Proteins by Gel Filtration
Chrematography

[60217] Protein macromolecules such as VLPs and monomeric proteins migrate differently
on gel filtration or size exclusion chromatographic colurns based on their mass size and
shape. To determine whether the recombinant influenza proteins from sucrose gradient
fractions were monomeric proteins or macromolecular protein complexes such as VLPs, a
chromatography column (7 mm x 140 mm) with a resin bed volume of 14 mi of Sepharose
CL-4B (Amersham) was prepared. The size exclusion column was equilibrated with PBS
and calibrated with Dextran Blue 2000, Dexiran Yellow, and Vitamin B12 (Amersham
Pharmacia) with apparent molecular weights of 2,000,000; 20,000; and 1,357, respectively, to
ascertain the column void volume. Dextran Blue 2000 eluted from the column in the void
volume (6 ml fraction} also. As sxpected, the recombinant influenza protein complexes
eluted from the column in the void vohune (6 ml fraction). This result was characteristic of 2
high molecular weight macromolecular protein complex such as VLPs. Viral proteins in the
column fractions weres detected by Western immunoblot analysis as described above in
Example 6. The M1 proteins were detected in the void volume fractions (FIG. 7). As

expected baculovirus proteins were also in the void volume,

Example 11
Electron Microscopy of Recombinant Influenza VILPs
[00218] To determine whether the macromeolecular protein complexes isolated on sucrose
gradients and containing recombinant avian influenza proteins had morphologies similar to
influenza virions, electron microscopic examination of negatively stained samples was
performed. Recombinant avian influenza A/Hong Kong/1073/99 (HON2Z) protein coniplexes
- were concentrated and purified from culture supernatants by ultracentrifugation on
discontinuous sucrose gradients as described in Example 7. Aliquots of the sucrose gradient
fractions were treated with a 2% glutaraldehyde in PBS, pH?7.2, abscrbed onto fresh
discharged plastic/carbon~coated grids, and washed with distilled water. The samples were
stained with 2% sodium phosphotungstate, pH 6.5, and observed using a transmission
electron microscope (Philips). Electron micrographs of negatively-stained samples of
recombinant avian influenza HON?Z protein complexes from two sucrose gradient fractions

showed spherical and rod-shaped particies (FIG. 8) from two sucrose gradient fractions. The
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particles had different sizes (60 and 80 nm) and morphologies. Larger complexes of both
types of particles were also detected, as well as rod-shaped particles (FIG. 8). All observed
protein complex structires exhibited spike like surface projections resembling influenza virus
HA and NA peplomers. Since the size and appearance of the 80 nm particles was similar to
that of wild type influenza virus particles, these structures likely represented enveloped
influenza VLPs. The smaller particles of approximately 60 nin probably represented subviral
particles that differed from the above VL.Ps both morphologically and structuraily.

Exampie 12

Axnalysis of Functional Characteristics of Inflnenza Proteins by Hemagglutination Assay
[00219] To determine whether the purified inflnenza VL Ps and proteins possessed
functional activities, such as hemaggiutination and neuraminidase activity, which were
characteristic for influenza virus, the purtfied influenza VILPs and proteins were tested in
hemagghutination and neuraminidase assays.

{00220} For the hemagglutination assay, a series of 2-fold dilutions of sucrose gradient
fractions containing influenza VILPs or pesitive control wild type influenza virus fype A were
prepared. Then they were mixed with 0.6% guinea pig red blood cells in PBS (pH 7.2) and
incubated at 4° C. for 1 to 16 hr, As anegative control, PBS was used. The extent of
hemagglutination was determined visually, and the highest dilution of fraction capable of
agglutinating guinea pig red blood celis was determined (FIG. 9). The highest
hemagelutination titer observed for the purified influenza VI.Ps and proteins was 1:4000,
which was higher than the titer shown by the wild type influenza control, which was 1:2000.

Example 13

Analysis of Functional Characteristics of Influenza Proteins by Neuraminidase Assay
[60221] The amount of neuraminidase activity in influenza VLP-containing sucrose gradient
fractions was determined by the neuraminidase assay. In this assay the NA {an enzyme)
acted on the substrate {fetuin) and released sialic acid. Arsenite reagent was added to stop
enzyme activity. The amount of sialic acid liberated was determined chemically with the
thiobarbituric acid that produced a pink color in proportion to free sialic acid. The amount of
color (chromophor) was measured in a spectrophotometer at wavelength 594 nm, The data,

as depicted in FIG. 8, showed that a significant amount of sialic acid was produced by VLP-
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containing fractions of the sucrose gradients and that these fractions corresponded to thoss

fractions exhibiting hemagglutination activity.

Example 14

Immunization of BALB/c Mice with Funetional Homotypic Recombinant Infiuenza
HI9N2 VL.Ps

[60222] The immunogenicity of the recombinant influenza VLPs was ascertained by
immunization of mice followed by Western blot analysis of immune sera. Recombinant
VLPs (1 pg/injection) comprised of viral HA, NA, and M1 proteins from avian influenza
virus type A/Honk Kong/1073/99 and purified on sucrose gradients were inoculated
subcutaneously into the delioid region of ten (10) female BALB/c mice at day 0 and day 28
(FIG. 11). PBS (pH 7.2) was administered similarly as a negative control into five (5) mice.
The mice were bled from the supraorbital cavity at day-1 (pre-bleed), day 27 (primary bleed),
and day 54 (secondary bieed). Sera were collected from biood samples following overnight
clotting and centrifugation.

[00223] For Western blot analysis, 200 ng of inactivated avian influenza virus type A HIN2
or cold-adapted avian influenza virus type A HON2, as well as See Blue Plus 2 pre-stained
protein standards (InVitrogen), was denatured (95° C., 5 minutes) and subjected to
electrophoresis under reduced conditions (10 mM B-mercaptoethanol) on 4-12%
polyacrylamide gradient NuPAGE gels (InVitrogen) in MES buffer at 172 volts until the
bromophenol blue tracking dye disappeared. For protein gels, the electrophoreses proteins
were visualized by staining with Colloidal Coomassie Blue reagent (InVitrogen). Proteins
were transferred from the gel to nitrocellulose membranes in methanol by the standard
Westemn biot procedure. Sera from VLP-immunized mice and rabbits immunized with
inactivated avian influenza virus HON2 {positive control sera) were diluted 1:25 and 1:100,
respectively, in PBS solution (pH 7.2) and used as primary antibody. Protein bound
membranes, which were blocked with 5% casein, were reacted with primary antisera for 60
minutes at room {emperature with constant shaking. Following washing of primary antibody
membranes with phosphate buffered saline solution containing Tween 20, secondary antisera
[poat anti-murine IgG--alkaline phosphatase conjugate (1:10,000) or goat anti-rabbit IgG --
alkaline phosphatase conjugate (1:10,000)] were reacted 60 minutes with the membrane.

Following washing of secondary antibody membranes with phosphate buffered saline
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solution containing Tween 20, antibody-binding proteins on the membranes were visualized
by development with the chromogenic substrate such as NBT/BCIP (InVitrogen).

[00224] The results of Western blot analysis (FIG. 12) were that proteins with molecular
weights similar to viral HA and M1 proteins (75 and 30 kd, respectively) bound to positive
conirel sera (FIG. 12B) and sera from mice immunized with the recombinant influenza HON2
VILPs (FIG. 124). These resuits indicated that the recombinant influenza HON2 VIL.Ps aione

were immunogenic in mice by this route of administration.

Example 15

Kong/1073/99 (HON2) VLP Immunogenicity And Challenge Study In BALB/c Mice
[60225] BALB/C mice were immunized with HON2 VLPs (1 pg HA or 10 ug HA/dose),
with or without 100 pg Novasome adjuvant, on day 0 and day 21 and challenged with
homoelogous infectious virus IN on day 57. Mice were bled on days 0, 27 and 57 with the
serum as sayed' for anti-HA antibodies by the hemagglutination inhibition assay (HI) using
turkey RBCs, and influenza by ELISA. Results of this study are shown in Figure 13 through
Figure 16.

[00226] High titers of HINZ antibodies were induced after a single immunization (primary)
with HON2 VLP vaccine without or with Novasomes and 2 dose of 10 pg VLPs containing 1
ug HA (Figure 13). Specific antibody titers were increased about half to one log following a
booster immunization.

[00227] After immunization and a boost with 1 ug of HA in the form of HON2 VLPs the
serum HI levels were at or above the level generally considered protective (log2 = 5) in all
animals (Figure 14, lower left panel). HON2 VLPs formulated with Novasome adjuvant
increased HI responses about 2 fold following primary immunization and about 4 fold after
the booster (Figure 14, lower righ’t.panel). Purified subunit HON2 hemaggtutinin also
induced protective levels of HI antibodies after boosting and Novasomes again increased HI
antibody responses by about 2 fold after the primary and 4 fold after the booster
immunizations (Figore 14, upper panels). The level of Hi antibody induced with 10 ug of
HA given as a subunit vaccine was equivalent to 1 pg of HA presented in the form of a VLP.
[00228] In addition, weight loss was significantly less in the mice immunized with HON2
VLPs or with VLPs plus adjuvant compared to unvaceinated contro! animals (Figure 15).
There was no statistical difference in weight loss in the groups immunized with HON2Z VLPs

and HON2 VLPs plus Novasome adjuvant,
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[00229] Likewise, lung virus titers at 3 and 5 days post chalienge with HONZ virus were
significantly reduced in mice immunized with HON2 VLPs (Figure 16). At day 3 when the
influenza virus titers peak in the Jung tissues, mice immunized with HONZ VLPs pius
Novasomes® had a significantly greater reduction in virus titer compared to mice immunized

with VLPs alone and the unvaccinated conirol mice.

Example 16

A/Fujian/411/2002 (H3N2) VLP Immunogenicity and Cross Reactivity between several
influenza Strains

[00230] BALB/c mice were immunized with A/Fujian/411/2002 VLPs (3.0, 6.6, 0.12 and
0.24pg HA/dose), twice IM and IN. Mice were bled on days 0 and 35. The serum was then
assayed for anti-FHA antibodies by the hemagglutination inhibition assay (HI) using turkey
RBCs, and for anti-influenza antibodies by ELISA. Results of this study are shown on
Figures 17A, 17B and 17C. These results indicate that an immune response was mounted

both IM and IN against HA and NA,

Exampie 17

Determination of the JgG isotypes in mouse affer inocunlation with H3N2 VLPs
[00231] Mice were inoculated with VLPs intramuscularly and intranasal. At week 5 sera
was collected and assayed to distinguish between IgG isotypes.

[00232] Serz was tested on plates coated with purified HA (Protein Sciences)
A/Wyoming/3/2003 using an ELISA assay. Serial five-fold dilutions of sera was added to
the wells and the plates were incubated. Next, the biotinyiated goat anti-mouse Ig, or anti-
mouse 1gG1, anti-mouse IgG2a, anti-mouse 1gG2b and anti-mouse IgG3. Then,
streptavidine-peroxidase was added to the wells. Bound conjugates were detected. Results
are illustrated opn Figures 18A and B. These results illustrate that IgG2a are the most

abundant isotype in an immune response against VLPs in mouse.

Example 18

A/Hong Kong/1073f99 (H9N2) VLP dose-ranging study in SD rats

[00233] SD rats (n=6 per dose) were immunized on day 0 and day 21 with purified A/Heong
Kong/1073/99 (HONZ) VLPs diluted with PBS atneutral pH to 0.12, 0.6, 3.0, and 15.0 ng
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HA or with PBS alone. Blood samples were taken from the animals or day 0, day 21, day 35
and day 49 and the serum agsayed for hemagglutination inhibition assay (¥I) to detect
fanctional antibodies able to inhibit the binding function of the HA. The dosage was based
on HA content as measured using SDS-PAGE and scanning densitometry of purified HON2
VLPs. Hemagglutinin inhibition assay titer results are depicted in Figure 19. A single 0.6 pg
HA dose of HON2 VLPs or two doses of 0.12 ug HA produced protective levels of HI
antibodies in rats. These data indicate that a lower amount of HA can induce a protective

response when said FLA is part of a VLP.

Exampie 19

Kong/1073/99 (H9N2) VLP Immunogenicity

[00234] BALB/C mice were immunized with HON2 VLPs (0.12, 0.6 ug HA /dose), with or
without 100 pg Novasome and Alum adjuvant, on day O and day 21 and challenged with
homelogous infectious virus IN on day 57. Mice were also immunized with 3.0 and 15.0 ug
HA. /dose (no adjuvant). Mice were bled on days 0, 21, 35 and 49 with the serum assayed for
anti-HA antibodies by the hemagglutination inhibition assay (FHI) using turkey RBCs, and
influenza by ELISA. Results of this study are shown in Figures 20 A and B.

[00235] The resuits indicate that a more robust overall immune response was observed when
. the VIPs were administered with an adjuvant. However, a protective response was elicited
with 0.12 pg HA /dose at week 3 when compared to the VLPs formulation with Alum and
VLPs with no adjuvant. Also in weelk 7, the VLPs comprising Novasomes had about 2 log
increase in HI titer as compared to the VLP with Alum. The robustuess of the response was
similar to VLPs administered at 3.0 and 15.0 pg HA /dose without an adjuvant. These results
indicate that Novasomes elicit & more robust response as compared to Alum. In addition, a
protective immune response can be achieved with 25x less VLPs when said VLPs are
administered in a formulation comprising Novasomes.

[00236] Also, in the 0.6 pg HA /dose data, the Novasome formulation had an about 1.5 log
greater response than compared to Alum. The immune responses were similar in magnitude
te VLPs administered in 3.0 and 15.0 pg HA /dose without adjuvant. These resnlis indicate
that with an adjuvant, approximately 5x less VLPs are needed to be administered to achieve a
protective response.

[00237] Also, Figare 20B depicts the HI titer of HON2 VLPs using different formulations of

Novasomes. The following are the formulas used in the experiment:
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Group 1: HON2 VLP (0.1pg) (n=5)

Group 2: HON2 VLP {0.1ug) w/ DCW neat) (n=5)
Group 3: HON2 VLP (0.1pg) w/ DCW 1:3) (n=5)
Group 4; HON2 VLP (0.1ug) w/ DCW 1:9) (n=5)
Group 5: HON2 VLP (0.ipg) w/ DCW 1:.27) (n=75)
Group 6: HON2 VLP (0.1pg) w/ NVAX 1) (n=5)
Group 7: HON2 VLP (0.1ng) w/ NVAX 2) (n=5)
Group & HON2 VLP {0.1ng) w/ NVAX 3) (n=5)
Group 9: HON2 VLP (0.1pg) w/ NVAX 4) (n=5)
Group 10: HON2 VLP (0.1pg) w/ NVAX 5) (0=5)
Group 11: HON2 VLP (0.1ug) w/ Alum-OH) (n=5)
Group 12: HON2 VLP (0.1ug) w/ CpG) (0=5)
Group 13: PBS (0.6ug) (nm=5)

Group 14: H3 VLPs (0.6ug) (n=5)

Group 15: H5 VLPs (0.6pg) (n=8)

-H9: {Lot# 11005)
-DCW: Novasomes (Lot#121505-2, Polyoxyethvlene-2-
cetyi ether, Cholesterol, Superfined soybean oil, and
Cetylpridinium chloride)
-NVAX 1. B35P83, MF-59 replica {(Squalene, Polysorbate, and Span)
-NVAX 2: B35P87 (Soybean Oil, Brij, Cholesterol, Pluronic F-68)
-NVAZ 3: B35P88 (Sovbean O, Brij, Cholesterol, Pluronic F-68, and Polyethyleneimine)

-NVAX 4: B31P60 (Squalene, Brij, Cholesterol, Oleic acid)

NVAX 5: B31P63 (Soybean oil, Glyceryl monosiearate, Cholesteral, Polysorbate)
-CpG: (Lot 1026004)

-H35: (Lot# 22406)

[00238] Figure 21 depicts and HIN2 VLP dose response curve. This data indicates that a
dose of VLPs at 0.6 ng HA /dose is the minimum to elicit a proiective immune response 1o

mice after 3 weeks.

Example 20

Materials and Methods for Ferret Studies

[00239] Ferrets were purchased from Triple F Farms (FFF, Sayre, PA). All ferrets
purchased has an HAI titer of less that 10 hemagglutination units. Approximately two days
prior to vaccination, animals were implanted with a temperature transponder (BioMedic Data
Systems, Inc.). Animal (6 amimals/group) were vaccinated on day 0 either with (1) PBS
(negative control, group one), (2) H3N2 influenza VLPs @ 15 pg of H3 (group 2), (3) H3N2
influenza VLPs @ 3 pg of H3 (group 2), (4) H3N2 influenza VLPs @ 0.6 pg of H3 {group
3), (5) H3N2 influenza VLPs @ 0.12 pg of H3 (group 5), or (6) rH3HA @ 15 ug {group 6).
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On day 21 anirmals were boosted with vaccine. Animals were bled on days 0 (prior to
vaccination), day 21 {(prior to vaccine boest), and day 42. Animals were assessed for ciinical
signs of adverse vaccine effects once weekly throughout the study period. Similar studies

were performed with other influenza VLPs.

HAT levels in ferret sera

[00240] Ferret sera were obtained from FFF, treated with Receptor Destroving Enzyme
(RDE)} and tested in a hemagglutination inhibition (HAT} assay by standard procedures
(Kendal ¢f ¢l (1982)). All ferrets that were chosen for the study tested negative (HAI =10)
for pre-existing antibodies to currently circulating human influenza virus (A/New
Caledonia/20/99 (HIN1), A panama/2007/99 (H3IN2}, A/Wellington/01/04 (H2N3) and
B/Sichuan/379/99 and H5N1).

Ferrets

[00241] Approximately 8 month-oid, influenza naive, castrated and descented, male Fitch
ferrets (Mustela putorius furo) were purchased form FFF. Animals were housed in stainless
stee] rabbit cages (Shor-line, KS) containing Sani-chips Laboratory Animal Bedding (P.J.
Murphy Forest Products, NJ). Ferrets were provided with Teklad Global Ferret Diet (Harlan
Teklad, WI) and fresh water ad /ibitum. Pans were changed three fimes each week, and cages

were cleaned biweekly.

Vaceinations and Blood Cellection of Ferrets

[00242] The vaceine, H3N2 influenza VLPs or HONZ influenza VLPs and controls, for
example, TH3NA (A/Wyoming/3/2003) and PBS (negative control) were stored at 4° C prior
to use. For most studies, six groups of ferrets (N-6/group) were vaccinated intramuscuiarly
with either concentration of vaceine or control in a volume of 0.5 ml.

[00243] Prior to blood coliection and vaccination, animals were anesthetized by
intramuscular injection into the inmer thigh with a solution of Katamine (25 mg/kg, Atropine
(0.05 mg/kg) and Xylazine (2.0 mg/kg) “KAX.” Once under anesthesia, ferrets were
positioned in dorsal recumbency and blood was collected (volume between 0.5 and 1.0 mi)
from the anterior vena cava using a 23 gauge 1'° needle connected to a 1 ce tuberculin
syringe. Blood was transferred tc a tube containing a serum separator and clot activator and

allowed to clot at room temperature. Tubes were centrifuged and sera was removed and
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frozen at -80° C. Blood was collected prior to vaccination (day 0), prior to boost {day 21)
and day 42 and fested by HAI assay.

Monitoring of Ferrets

[00244] Temperetures were measured weekly at approximately the same time threughout
the study period. Pre-vaccindtion values were averaged to obtain a baseline temperature for
each ferret. The change in temperature (in degress Fahrenheit) was calculated at sach time
potnt for each animal. Ferrets were examned weekly for clinical signs of adverse vaccine
effects, including temperature, weight loss, loss of activity, nasal discharge, sneezing and
diarthea, A scoring system bases on that described by Reuman ef el (1989) was used to
agsess activity level where 0 = alert and playful; 1 = alert but playful only when stimulated; 2
= alert by not playful when stimulated; 3 = neither alert not playful when stimulated. Based
01-1 the scores for each animal in 2 group, a relative inactivity index was calculated as Z(day0
~Day 42)[activity score +1§/ 2(day0 —Day 42), where n equals the total number of
observations. A value of 1 was added to sach bage score so that a score of “0” could be

divided by a denominator, resulting in an index value of 1.0.

Serum Preparations

[00245] Sera generally have low levels of non-specific inhibitors on hemagglutination. To
inactivate these non-specific inhibitors, sera were ireated with (RDE) prior to being tested.
Briefly, three part RDE was added to one part sera and incubated overnight at 37° C. RDE
was inaciivated by incubation at 56° C for approximately 30 minutes. Following inactivation
of RDE, PBS was added to the sample for a {inal serum dilation of 1:10 (RDE-Tx). The
dilnted RDE-Tx sera was stored at 4° C prior to testing (for 7 davs) or stored at -20° C.

Preparation furkey erythrocytes:

[00246] Human influenza viruses bind to sialic acid receptors containing N-
acetylneuraminic acid a 2,6-galactose linkages. Avian influenza viruses bind to sialic acid
receptors containing N-acetylneuraminic acid o 2,3 galactose (@ 2,3 linkages) and express
both @ 2,3 and « 2,6 linkages, Turkey erythocytes (TRBC) are used for the JTAT assay since
A/Fujian is a human influenza virus. The TRBCs adjusted with PBS to achieve a 0.5%

vol/vol suspension, The celis are kept at 4 °C and used within 72 hours of preparation.
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HAT Assay
{00247] The HAT assay was adapted from the CDC laboratory-based influenza surveiliance

manual (Kendal e al. (1982) Concepts and procedures for laboratory based influenza
surveiliance, U.S. Departinent of Health and Human Services, Public Health Service, Centers
for Disease Conirol, Atlanta, Georgia, herein incorporated by reference in its entirety for all
purposes). RDE-Tx sera was serially two-fold diluted in v-bottom microtiter plates. An
equal volume of virus adjusted, adjusted to approximately 8 HAU/50ul was added to each
well. The plates were covered and incubated at room temperature for 15 minutes followed by
the addition of 0.5% TRBC. The piates were mixed by agitation, covered, and the TRBC
were allowed to settle for 30 minutes at room temperatizre. The HAI titer was determined by
the reciprocal dilution of the last row which contained non-agglutinated TRBC. Positive and

negative serum controls were included for each plate.

Example 21

A/Hong Kong/1073/99 (HIN2) VLP dose-ranging study in Ferrets

{00248] Ferrets, serologically negative by hemagglutination inhibition for influenza viruses,
were used to assess the antibody and Hi titer after an inoculation with HON2 VLPs. Ferrets
were bled on days 0, and 21 days with the serum assayed for anti-HA antibodies by the
hemagglutination inhibition assay (HI) using turkey RBCs, and for anti-influenza antibodies
by ELISA. Results are illustrated in Figure 22. These results show Hi titers corresponding to
protective antibody levels at VLP doses of 1.5 and 15 pg.

Exampie 21

Vaccination of H3N2 VL.Ps in Ferrets

[00249] Ferrets were vaccinated at day 0, and given a boost on day 21 with different strains
of H3N2 VLPs at different dosages (HA dosages of 0.12, 0.6, 3.0, 15.0 ug). The positive
control was rH3HA at 15 pug and PBS alone is the negative control. Sera, as described above,
were taken from the ferrets on day 0 poor to vaceination, day 21 (prior to boost) and day 42.
An HY assay was conducted on the serum samples to determine if there was an immune
response against the VI.Ps, These data are illustration on Figure 23, These data indicate that
H3NZ VLPs, when introduced into ferrsts, do induce an immune response. Thus, the HIN2

VLPs are immunogenic in ferrets.
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Exappie 22

RT-PCR and cloning of HA, NA, and M1 genes of influenza A/Indonesia/5/05 (H5N1)
virus

[00250] Clade 2 influenza virns, sirain A/Indonesia/5/05 (H5N1) viral RNA was extracted
using Trizol LS (Invitrogen, Carlsbad, CA) under BSL-3 containment conditions. Reverse
transcription (RT) and PCR were performed on exiracted viral RNA using the One-Step RT-
PCR systern {Invitrogen) with gene-specific oligonucleotide primers. The following primer
pairs were used for the synthesis of the H5N1 hemagglutinin (HA), neuraminidase (NA), and

matrix (M1) genes, respectively:

3 AACGGTCCGATGGAGAAAATAGTGCTTCTTC-3® (SEQ ID. 4) and
5. AAAGCTTTTAAATGCAAATTCTGCATTGTAACG-3® (SEQ ID. 5) (HA);
5"-AACGGTCCGATGAATCCAAATCAGAAGATAAT-3’ (SEQ ID. 6)and
5°-AAAGCTTCTACTTGTCAATGGTGAATGGCAAC-3’ (SEQ ID. 7) (NA); and

5°. AACGGTCCGATGAGTCTTCTAACCGAGGTC-3" (SEQ ID. 8)and

5. AAAGCTTTCACTTGAATCGCTGCATCTGCAC-3 (SEQ ID. 9) (M1) {ATG codons

are underlined).

[00251] Following RT-PCR, cDNA fragments containing influenza HA, NA, and M1 genes
with molecular weights of 1.7, 1.4, and 0.7 kB, respectively, were cioned into the pCR2.1-
TOPO vector (Invitrogen). The nucleotide sequences of the HA, NA, and M1 genes were
determined by DNA sequencing. A similar strategy was followed for cloning a clade 1 HIN1
influenza virus from Vietnam/I1203/20G3.

Example 23

Generation of recombinant baculoviruses comprising H5N1

1002527 The HA gene was cloned as a Rsril-Find[IT DNA fragment (1.7 kb) downstream of
the AcMNFV polvhedrin promoter within pFastBacl bacmid transfer vector (Invitrogen)
digested with Rs#i] and Hindlll. Similarly, the NA and M1 genes were cloned as EcoRI-
HindIIT DNA fragments (1.4 and 0.8 kb, respectively) into FeoRI-HindIII-digested
pFastBacl plasmid DNA. The three resulting baculovirus transfer plasmids pHA, pNA, and
le contaiming influenza A/Indonesia/5/05 (HISN1yvirus HA, NA, and M1 genes,

respectively, were used to generate recombinant bacmids.
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[00253] Bacmids were produced by site-specific homaologous recombination following
transformation of bacmid transfer plasmids containing infivenza genes into £. coli DH10Bac
competent cells, which contained the 4cMNPV baculovirus genome (Invitrogen). The

recombinant bagmid DNA was transfected into the $f9 insect calls.

Nucleotide sequences of the Indonesia/5/05 HA, NA, and M1 genes.

HA  (SEQ ID. 10}

ATGEAGARRATAGTGCTTCTTCTIGCAATAGTCASTCTTGTTRRAAGTGATCAGSATTTGC
ATTEETTACCATGCAAACAATTCARCAGAGLAGETICACACAATCATEEAARAGAACETT
ACTGETTACACATGCCCAAGACATACTGGAARACGACACACAACGEGERAAGSCTUTGCGATCTA
GATGGAGTGARGLCTCTAAT T TRAAGAGATTGTAGTGTAGCTGEATGGCTUCTCEGRGAAC
CCARTGTETGACGART TCATCAATETACCGEAATGGTCTTACATAGT GGAGRAGGCCARAT
CCRACCAATGACCTCTGTTACCCAGGGAGTITCARCGACTAT GAAGRAACTGARRCACCTA
TTGAGCAGRATAAACCATT TTGAGAAAATTCAARTCATCCCCARAAAGY TCTTGETCCEAT
CATGAAGCCTCATCAGGAGTEAGCTCAGCATGTCCATACCTEGEAAGTCCCTCCTTTTTT
AGAAATGTGGTATGECTTATCAARRRAGARCACGTACATACCCAACRATARAGARRAGCTAL
ALTARTACCRACCAAGAAGATCTTIITGGTACYGTGEGEAATTCACCATCCTARTGATGLG
GCAGABCAGACAAGGCTATATCAAAACCCAACCACCTATATTICCATTGCEGACATCARCA
CTARACCAGASATTGETACCARARATAGCTACTAGATCCARAGTARACGEGECAARAGTGGA
AGGATGGAGTTCTTCTGGACAATITTAARACCTAATGATGCAATCAACT TCGAGRGTAAT
GGABRATTTCATTGCTCCAGREATATGCATACRAARATTGTCAAGARAGEGGACTCAGCARTT
ATGRRARGTGAATIGCAATATGETRACTGCAACACCARGTGTCAAACT CCAATEEGGEEEG
ATARACTCTAGTATGCCATTCCACAACATACACCCTICTCACCATCEGEGAATGCCCCARA
TATGTGARATCABACAGATTAGTCCTTGCAACAGGGCTCAGRRATAGUCCCYCARAGAGAG
AGCAGAAGAZAARAGAGAGGACTATT TGGAGCTATAGCAGETTTTATAGRAGGGAGGATGG
CAGGGAATGETAGATGGTTGCTATGGETACCACCATAGCAATGAGCAGGGBAGTGGGETAL
GCTGCAGACAAAGARTCCACTCAARAGGUAATAGATGGAGTCACCAATAAGGTCARCTCA
RTCATTGACLAAALTGAACACTCACTTTCAGECCGTTGGAAGGGAATTTAATAACTTAGAR
AGGAGAATAGAGAATTTARACAAGAAGATGEARGACGEGTTICTAGATGTCTGGACTTAT
AATGCCGAACTTCTGETITCTCATGCAAARTCAGAGRACTCTAGACTTTCATGACTCAAAT
GTTRAAGAACCTCTACGACAAGETCCHACTACAGCTTAGGEATAATGUAAAGCAGCTGEET
BACGGTTGTTTICGAGTTCTATCACAAATCTGATAATGAATCTATGGAAAGTATAAGRARRL
GGAACGTACRACTATCCGCAGYATTCAGARGARAAGCAAGATTAARALGAGAGGARATARGT
GGGGTARAATT GGAATCAATAGGAACTTACCARATACTGTCAATTTATTCAACAGTGGECS
AGTTCCCTAGCACTGECAATCATGATGEUTEGTCTATCTITATGGATETGCTCCARTGGA
TCETTACARTECAGRRATTTGCATTIAL

NA (SEQ ID. 11)

ATGAATCCARRATCAGARGATRATAACCATTGEAT CARTCIGTATGGTAATTGGARTAGTT
AGCTTAATGTTACRARAT T GGGAACATGATCICAATATGGGTCAGTCATTCAATTCAGACA
GGGAATCAACACCAAGCTGAATCAATCAGCAATACUTAACCCTCTTACTGAGARAGCTETG
GCTTCAGTARCATTAGCGGGCARTTICATCTCI I TGCCCCATTAGAGGATGEGCTGTACAT
AGTAAGGACRAACRATATAAGGATCGGTICCARGGEEEATGIGTTTGTTATTAGAGAGCCS
TTCATCTCATGCTCCCACCTGRAATGCAGAACTTTCTTCTTGACTCAGGGAGCCTTGCTG
ARTGACARGCACTCCARACGGEACTGTCAAAGACAGRAGCCCTCACAGARCATTAATGAGT
TGETCOTEIEEETEAGECTCCOPCTCCATATAACTCAAGGITTGAGTCIGTTGCTTGGETCR
GCAAGTGCTTGCCATGATGGLACCAGT IGETTGACRATIGEARATITCTGGCCCAGATAAT
GRGGCTETGECTETATTGRARATACARTGACATAATAACAGACACTATCRAAGAGTTGGAGE
AACAACATACTGAGAACTCAAGAGTCIGAATGTGECATGTGTARAT GECTCTTGCT TTACT
GTAATGACTGATGGACCAAGTGATGEGCAGECAT CATATAAGATCTTCARARTGGAARLA
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GRARAAGTEGTCARATCAGTCGRATTGGATGCTCCTAATTAT CACTATEAGGAATGECTLC
TETTATCCTGATGCCEECEARATCACATCIGTTTGCAGGGATAATTGGCATGGCTCAAAT
AGGCCATGGGTATCTTTCALTCARART I TGGAGTATCARATAGGATATATATEGCAGTGGA
GTTTTCGEAGACARTCCACGCCCCAATGATGGAACAGGTAGT TETGECCCEATGTCCCCT
ALCGGGECATATGGECETAARAGECTTTTCAT T TARAATACGECAATGCTEITTGGATCGEGSE
AGRACCARARAGCACTAATTCCAGGAGCGGLTI T TEAAATGATT TGEGATCCARATEGETEE
ACTGGAACGGACAGTAGCTTTTCAGTGARARCAAGATATAGTAGCRAATAACTGATTEGTCA
GEATATAGCGEGAGT TTIGTCCAGCATCCAGRAC TGRCAGGRAT TAGATTGCATARGRACCT
PETTTCTEEEITEAGTTAATCAGAGGECGECCCAAAGAGAGLACARTTTGGACTAGTGGE
AGCRGCATATCTTTTIGTRGTEGTARRTAGTGACACTETCAGTTGETCTTGECCAGALCGET
GCTGAGTTGCCATTCACCATTGACRAGTAG

M1 (8EQ ID. 12}

ATGAGTCTTCTAACCGAGGTCGARACGTACGT ICTCTCTATCATCUCGTCAGGCCCCLTC
AAAGCCEAGATCGCGCAGRLACT TGAAGATGTICTTTGCAGGAARAGAACACCEGRATCTCGAG
GCTCTCATEEAGTGECTGAAGACAAGACCAATCCTGTCALCT CTGACTARAGGEATTTTG
GEATTTCTATTCACECTCACCGTGUCCAGTGAGCGAGGACTECAGCGTAGACGCTTTSETC
CAGARTGCCCTEAATCGRAAATGGAGATCCARRTAATATGEATAGEGCAGTTARGCTATAT
AAGRAGCTGARRAGAGAEAATARACATTCCATGGGECTARAGAGGTTTCACTCAGCTACTCA
ACCGETGCACTTECCAGTTGCATGGETCTCATATACRAACAGCATGGEAACGETGACTALG
GARGTGECTTTTGRCCTAGTGIGIGCCACT TG TGAGCAGATTGCAGATTCACAGCATCEG
TCTCACAGGCAGATGECAACTATCACCARCCCACTRATCAGECATGARAACAGAATGETG
CTGGCCAGCACTACAGCTRAAGECTATGEAGCACGATEECGEGATCAAGTCGAGCAGGCAGCS
GARGCCATGGAGGTCGCTAATCAGGCTAGEBCAGATGGTGCAGGCARTGAGGACARATTGGA
ACTCATCCTAACTCTAGTGCTGGTCTGAGAGRTAATCTTCTTGAARATTTGCAGGCCTAC
CAGAAACGAATGEGAGTGCAGATGCAGCCGATTCAAGT GA

[00254] One cloned HA gene, pHAS, contained two nucleotide changes, nt #1172 and nt
#1508 (in the wt), as compared to the wild-type HA gene sequéncei A similar strategy was
followed for constructing and creating clade 1 HSN1 influenza virus from
Vietnam/1203/2003 VLPs (see below). The alignments of pHAS nucleotide and amino acid

sequences follow,

wt I e e e ATGGAGAAAATAGTGCTTCTTICTTGCARTAG 31 seq id 10

PRURRERTREE R b bbb
pHAS 51 ATTCECCCTTRACGGTCCGATGGAGRAAATAGTGCTTCTTCTTGCARTAG 100 seg id 56

32 TCAGTCTTGITAAAAGTGATCAGATTTGCATTIGETTACCATGCARACRAT 81

RN R R R R R R R R R RN AR RN R
101 TCAGTCTIGITARAAGTGATCAGATTITGCATTGETTACCATGCARACART 150

82 TCAACAGAGCAGGTTGACACAATCATGGCAARAGAACGTTACTGTTACACA 131

PITEILEREI O R P D R T e bR TR b iy i
151 TCRACAGAGURAGGTTGACACRATCATGGAARAGAACETTACTGTTACACE 200

TGCCCRAGACATACTGGAAAAGACACACAACGGGAAGCTCTGCGATCTAG 161
RN R R RN R N AR R AR DA R RN
TGCCCRAGACATACTGGAARAGACACACAACGEGAAGCTCTIGCEATCTAG 250

13z
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232

301

zZ82

351

332

401

382

432

501

482

551

532

601

582

651

632

682

751

732

801

782

g51

832

201

g82

ATGGAGTGRAGCCTCTAATT I TAAGAGATTGTAST GTAGCTBGAT GECTC
RN R RN R R A R AR R R R R AR AR R R R R ER R
ATGGEAGTGRAGCCTCTART TTTARAGAGATTGTAGT GTAGCTEGATEGCTC

CrCGEEAACCCARTETGIGACGARTTICATCAATGCTACCGGAATGGTCTTA

AR R R R R R R RN R R R R R R R R R RN AR R R R
CTCGGERAACCCARTGTGTGACGARTT CATCARTGTACCSGARTGETCTTA

CATAGTGGAGRAGGCCAATCCAACCARTGACCTCTGTTACCCAGGEAGTT

(RERR RN AR AR R R R RN R R R AR SR R AR AR AR R AR A RN
CATASTGGAGARGGCCAATCCARCCARTEACCTCTGTTACCCAGGGAGTT

TCAACGACTATGAAGAACTGARACACCTAT TGAGCAGAATARRCCATTTT
AR R R R R R RN R R R R RN RN AR R
TCARCGACTATGARGARCTGARRCACCTAT TEAGCAGARTARACCATTTT

GRGRRAATTCRAATCATCCCCRARAGTTCTTEATCCEATCATGARGCCTE

R AR RN R R R R AR R R AR RN R AR N R
GAGRARRATTCAARTCATCCCCAARRGTTCT TGET CCGATCATEARGCCTC

ATCAGGAGIGAGCTCAGCATGTCCATACCTGEERAAGTCCCTCCT T TTTTA

R R R R R AR R R N AR R R R AR R R RN
ATCAGGAGTGAGCTCAGCATGICCATACCTGEEARAGTCCCTCCT T TTT T A

GRAATGTEGTATGGCTTATCARABAGRACAGTACATACCCAACAATAAAG

R RN R R R R R R R R NN RN AN
GRAATGTGGTATGECTTATCAAAAAGARCAGTACATACCCARCRARATARRE

AAAAGCTACAATAATACCAACCAAGAAGATCTITTGGTACTCTEEEREAAT

AR RN AR R R RN R RN R AN NS R RN R R SR
ARARGCTACARTAATACCAACCAAGARGAT CTTTTGETACTCTEEGGAAT

TCACCATCCTAATGATGOGGCAGAGCAGACARGSCTATATCARRACCCRA

SRR R RN R RN R R R RN R R R R RN RN N
TCACCATCCTAATGATGCGGUAGABCAGACRAGGCTATATCARARCCCAR

CCACCTATATTTCCATTGGEACATCRAACACTARACCACAGRTTGETACCA

R AR R AR R e R AR RN SRR R RN RS
CCACCTATATTTCORAYTGGGACATCAACEC TARRCCAGAGAT TGRTACCA

ARAATAGCTACTAGATCCAAAGTARACGGGCARAGT GEGARGEATGGAGTT

PIOTEER R PR e e b i i e e i i
ARARTAGCTACTAGATCCARRGTARACGGGCARAGTGGAAGGATGGAGTT

CTTCTGGACAATTTTAARACCTAATGATGCART CAACTTCGAGAGTARTG

R RN R RN R R N R AR N R AR R R R
CTTCTGGACAATTTTARARCCTAATGATGCART CARCTTCGAGAGTARTG

GAAARTTTCATTGCTCCAGARTATECATACARRRTTETCARGARAGGGGAT

AR R R R R R N AR R R AR RO
GRRATTTCATTGCTCCAGRATATGCATACARAATTGTCARGARAGEGEAL

TCAGCARTTRTGAARRGTCARTYGGARTATEGTARCT GCARCACCAAGTG
R R RN RN RN AN R RS AR DR RN
PCAGCAATTATGARAAGTGAAT TGGRATATGGTAACTGCARCACCARGTG

TCABACTCCARTGGEGGCEATARACTOTAGTATGCCATTCCACAACATALC

R R R R R R A R RN R A R AR R
TCABACTCCARTGGGEECGATARACTCTAGTATGCCATICCACAACATAC

73

231

300

281

350

400

ael

450

431

300

481

550

700

681

750

731

800

781

BHO

800

881

950

531

1000




832

1601

282

1051

1032

1101

1082

1182

1251

1232

1301

1282

1332

1582

1651

1632

1701

ACCCTCTCACCATCOGEEAATGCCCCAANTATETGARATCRAAACAGATTE

N R N R R R RN RN AR A AR AR R RN
ACCCTCTCACCATCGGEGAATGCCCCARATATGT GARATCABACAGATTA

GICCTTGCARACAGGGCTCAGARATAGCCCTCRAAGAGAGAGCACAAGARD

SRR R N R R R R R R R AR R R R NN RN
GTCCTTGCAACAGGGCTCAGRAATAGCCCTCAARGAGAGAGCAGAAGARA

ARAGARGSAGGACTATTTIGGAGCTATAGCAGCTTTTATAGAGEGAGGATGGC

AR R R R R R R AN R R R A R R RS AR AR R R AR R
LARGAGARGGACTATTIGEAGCTATAGCAGETTTTATAGAGEGREEATGGC

AGGEAATGETAGATGGTTGGTATEGETACCACCATAGCARTGAGCAGGGE
PELETTIN R R R R R L D e i T e b
RAGBGARTGETAGRTGETTGOTATGGETACCACCATACCARTGAGCAGEGE

AGTGEETACGCTGCAGACARAGRATCCACTCAANAGGCARTAGATGEAGT

PILIPERI R R P LR TR T R DT ey LT il
AGTGGETACGUTSCAGACARAGAATCCACTUAARAGGCARTGGATGGAGT

CACCAATAARGETCARCTCAATCATTGACAARATGARCACTCAGT T TGAGE

RN R RN R AR R AR R R AR AR RN RR R NN
CACCAATAAGGTCAACTCAATCAT TGACARARTGARCACTCAGTTTGAGG

CCETTECARGEGAATTTAATARCTTAGAAAGGAGRRTAGAGRATTITARAL

RN R R R R RN R R R R R R R AR R R D
CCETTGERAAGGEART TTARTARCT TAGARAGGAGALTAGAGAATT TAARD

AAGAAGATGGAAGACGGEITICTAGATETCTGGACTTATAATGCCGAACT

R AR R RN N R R R RN R RN R AR N
ARGAAGATGGARGACGGETTTCTAGATGTCTGERCTTATART GLCGRACT

CTCATGGARART GAGRGAACT CTAGACTTTCATGACTCRARATG
RN RN R AR R R AR R AR AN AN
CTCRT

T
|
T GERARRTGRAGRAGAACTCTAGACTTTCATGACTCARATG

3 — 3

CTGET
BREN
CTGET

TTARGAACCTCTACGACAAGGETCCEGACTACAGCTTAGGGATARTGCRARG

R N RN R NN R R R R AN DR R R R AR N R
TTRAGAACCTCTACGACAAGETCCGACTACAGCTTAGEGATARTGCARAG

GAGTTCTATCACARATOTGATARTGAATS
FETERT P ETEEE LRI bbby
GhGETTCTATCACARATGTGATAATGRATG

TATGGEARAGTATARGAARCEERAACETACAACTATCCGUAGTATTCAGRRG
PEOPEITTE VR bR s e Db b Lt
TATGEAAAGTATARGARRCGGRACGTGCAACTATCCECAGTATTCAGRAG

RAGCARGATTAARARGAGAGEARATARGTGGEGTARAATTGEARTCARTA
SRR R NN N R R R R R R RN AR AR R A
AAGCAAGATTAARRAGARGAGGAAATARGT GGGETARART TGGAATCAATA

GGAACTTACCRAATACTETCRATT TAL TCARCAGTGGCAAGTTCCCTAGD
R AN R R R R AN AN R R R R R RN N
GEARCTTACCAAATACTEYCART T T APT CARCAGTEGECGAGTTCCCTALT

ACTGECAATCATGATGECTGGTCTATC I TTATGGATGTGOTCCRATGGAT

SRR R R R R R AN AR R AR RN RN
ACTGECARTCATGATGGCTGETCTATCTTTATGGATGTGCTCCARTGGAT

74

881

1050

103

1100

1081

1150

1131

1181

1250

1231

13C0

1350

1331

1400

1381

14590

1600

1581

1650

1631

1700

1681

17350



1682

CGTTACAATéCAGAATTTGCATtTAA...:......._.:.........:
RN R AR RERRR RN

1751 CGTTACAATGCAGARTYTTGCATTTAARAGCTTTAAGGEGCGRAATTCCAGCA 1800

Amino Acid Segquence Alignment of Hemagglutinin

pHEBS

1

1

5l

51

10l

301

301

351

351

401

401

503

301 &

551

551

MEKIVLLLAIVSLVKSDQICTGYHANNSTEQVDmIMEKNVTVTﬂAQDILE

RN R R R R R RN R AR AR R E RN R R RN
warvwLTATVSLVKQDGICIGYHAMNSTEQVD ITMEKNVTVTHAQDILE

KTHNGKLCDLDGVEPLILRDCEVAGWLLGNPMCDEFINVPEWNSYIVEKAN

R RN R R R AR R R RN RN R R AR R RR NS
KTENGKLCDLDGVEPLILRDCSVAGWLLGNPMC DEFINVEEWS YIVEKAN

?TNDLCYPGSFNDYEELKFLLSRINH FEKIQIIPKESWSDHEASSGVS3A

PURREER R e i b ey e b b b bbb
PTNDLCYPGSFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGVSSA

CPYLGE PSP FRNVVHLIKEN S TY P I KK SYNNTNQEDLLVLWGIHEPNDA

PEREPETER DR PR b TP R b s vt b il
CEYLGSPSFFRNVVWLIKKNSTY PTIKKS YNNTNQEDLLVIWG I HEENDA

ARQTIRLYONPTTYISIGTSTLNOQRLVEPRIATRSKVNGOSGRMEFFRITILK

R R R AR R R R R R R R S RN R R
ABQTRLYQNPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFHTILE

PNDAINFESNGNFIAPEYAYKIVKKEDSAIMKSELEYGHCNTKCQTPMGA

R R R R R R R AR R R R NN DE RN RN
PNDATNFESNGNFIAPEYAYKIVEKGDSAIMKSELEYGNCNTRCQTPMGA

INSSMPFHNIHPLTIGECPRKYVKENRLVLATGLRNS PQRESRREKRRGLEG

R R N R R NN R N R S R R RN R
INSSHMPFPHNIHFLTIGECPRYVKSNRLVLATGLRNS PQRESRREKRGLEG

ATAGFIEGGWQGMVDGHY GYRHSNEQGSEYARDKE S TQRAMDGVTNKVNS
SRR R R N R R R RN N AR R SRR R RN
AIAGFIEGGWOGMVDGHYGYHASNEQESGYARDKES TOKAT DGVTINKVNS

ITDKMNTOFEAVGREFNNLERRLENLNKEMEDGFLDVW I YNAELLVLMEN

AR AR AR NN R L R RN RN N DU R RN
IIDKMNTQFEAVGREFNNLERRI ENLNKKMEDGFLDVNT YNAELLVLMEN

ERTLDFHDSNVKNLY DEKVRLOLRDNAKELGNGCFEFYHKCDNECMESIRN

RN AR R NN R N AR AR RN AR RSN R AR NN
ERTLDFEDSNVENLYDXVRLOLRDNAKELGNGCFEFY HKCDNECMESTRY

GTCNYPQYSEEARLKREEISGVELESIGTYQILSIYSTVASSLALAIMMA 5

RN AR AR R R R R AR RN R RN AR AR RN R R
TYNYPQYSEEARLKREEISGVKLESIGTYQILESIYSTVASSLALAIMMA

GLSLWMCSNGSLQCRICI. 568

PRaiebieereirin
CLSLWMCSNGSLQCRICI* 569

75

50 seg id 57
50 seq id 58
100
160
150
150
200
200
250
250
306
300
350
350
400
400
450
450
500

300

550



Example 26

Generation of influenza A/Indonesia/5/05 HA, NA, and M1 genes optimized for efficient
expression in Sf9 cells.

[00255] The following polypeptides were derived from codon-optimized nucleotides
coxrespondiﬁg to the Indonssia/5/05 HA gene (see example 31). The codon-optimized
nucleotides were designed and produced (Geneart GMBH, Regensburg, FRG) according to
the methods disclosed in US patent publication 2005/01 18191, herein incorporated by
reference in its entirety for ali proposes. See Example 31 for nucleic acid sequences

(SEQ ID 27)

Vacz~hac-opt (unmodified aa sequence)

MERIVLLLAI
KTHNGELCDL
PINDLCYPES
CPYLGEPEFF
AEQTRLYONPE
PNDAINFESN
" INSSMPFHENI
AIAGYIEGEW
IIDEMNTQFE
ERTLDFHDEN"
GTYNYPQYSE
GLSLWMCENG

VSLVKSDOIC
DEVEPLILRD
FNDYEELKHL
RNVVWLIKKN
TTYIZIGTST
GNFIAPEYARY
HPLTIGRECPK
QEMVDEWYGY
AVGREFNNLE
VENLYDEVRL
EARLKREETS
SLOCRICI*

VacZ—hac-spc-opt
signal peptide from Chitinase, undasrlined)
Mpivkilnvlwlvavsnaip DQICIGYHANNSTE (QVDTIMEKNV TVTHAQDILE

{modified,

KTHNGHLCDL
PTNDLCYPGSE
CPYLGERSEFE
AEQTRLYQNP
PNDAINFESN
INSSMPFHRI
ATAGFIEGGW
IIDKMNTQFE
ERTLDFHDSHN
GTYNYFQYSE
GLSLWMCSNG

VacZ-hac-sphl~opt

[SEQ ID 29)
METISLITI

DGVKPLILRD
FNDYERLKHL
RNVVWL TERN
TTYISIGTST
GHNFIAPEYAY
HFLTIGECFEK
QEMVDGHYEY
AVGREFNNLE
VENLYDKVRL
EARLKREELS
SLOCRICI*

{modified,

TGYHANNSTE
CSVAEWLLGN
LSRINEFERI
STYPTIKKSY
LNORLVPKIA
KIVEKKGDSAI
YVESHRLVLA
HHSNEQGSGY
RRIENLNKEKM
OLRDNBKELG
GVEKLESIGTY

CSVAGWLLGN
LSRINHFEKT
STYPTIKRIY
LNORLVERIA
KIVEKGDSAT
YVKSNRLVLA
HHSNEQGSGY
RRIBNLNERM
OLRDNAKELG
GVKLESIGTY

OVDTIMEKNY
PMCDEFINVE
QIIPKSSHSD
NNTNQEDLLYV
TESKVNGQSG
MESELEYGNC
TGLRNSPQRE
AADKESTOKA
EDGFLDVRHTY
NGCFEFYHKC
QILSIYSTVE

PMCDEFINVE
UIIPKSSWSD
NNTHOEDLLY
TREKVMGOSGE
MESELEYGNC
TELRNSPORE
AADKESTOKA
EDGFLDVETY
NGCIEFYHKC
QILSIYSTVA

signal peptide from ES,

TVTHAQDILE
EWSYIVEKAN
HEA3ZSGVSEA
LWGIHHPNDA
BMEFFWTILEK
NTKCQTPMGA
SRREKRGLFG
IDGVINKVNS
NAELLVLMEW
DNECMESIRN
SSLALAIMMA

EWSYIVEKAN
HEASBGVSSA
LWGIHHEPNDA
RMEFFWTILK
NTKCQTPMGA
SRREKKRGLEG
IDGVINRVNS
NAELLVLMEN
DRECMESIRN
SELALATMMA

(BEQ ID 28)

underlined)

LVVTASNA DQICIGYHANNSYTE QVDTIMEKNV TVTHAQDILE

KTHNGRLCDL
PINDLCY PGS
CEYLGSPEFF
REQTRLYQNF
PNDAINFESN
INSSMPEHNI
RIBRGFIBGEH
IIDKMNTOFE

DEVEPLILRD
FNDYEELKRL
RNVVWLIKEN
PTTYISIGTET
GNFIAPEYAY
HPLTIGECPK
QEMVDEWYGY
AVGREFNNLE

CESVAGWLLGN
LERINHFEKI
STYPTIKESY
LWQRLVPKIA
KIVEKGDSAL
YVESHNRLVLA
HASHNEQGSGY
RRIENLNEEK

PMCDEFINVPE
QLIPKSBWSED
NNTNQEDLLV
TRIKVNGOEGE
MESELEYGNC
TELRNSPQRE
AADEESTOKA
EDGFLDVWTY

76

EWSYIVEEKRN
HEBRZSGVISA
LWGIHHPNDA
RMEFFWTILK
NTECQTPMGA
SRREKKRGLEG
IDGVINKVNE
NAELLVLMEN



ERTLDFHDSN
GTYNYPQYSE
GLSTLWMCSNG

VagZ-hac-cs5-0opil

MEKIVLLLATL
KTHNGKLCDL
PINDLCYPGES
CPYLGSESEF
AEQTRLYQONP
PHNDAINFESN
INSSMPEHNI
ATAGFIEGGH
TIDKMNTOTE
ERTLDFHDSN
GTYNYPQYSE
GLSLWMCOSNG

VENLYDKVRL
EARLKREEILS
SLOCRICT*

(= is
VBLVKSDQIC
DGVEPLILRD
FHNDYRELKHL
RNVVWLIKKN
TTYISIGTET
GHFIAPEYAY
HPLTIGECPK
QGMVDGHYGY
AVGREFNNLE
VENLYDKVRL
EARLKREEIS
SLOQCRICI™*

QLRDNAKELG
GVRLESIGTY

NGCFEFYHET
QILSTYETVA

the modified cleavage

IGYHANNSTE
CEVAGWLLGN
LSRINHFEKI
STYPTIKKSY
LNQRLVPKIA
KIVEEGDSATL
YVESNRLVIA
HHSNEQOGESGY
ERIENLNKEM
QLRDNAKELG
GVKLESIGTY

QVDTIMERNV
PMCDEFINVE
QIIPKESSWSD
NNTHQEDLLV
TREREVNGQSE
MKSELEYGENC
TELRNSPQRE
RADEESTQKAR
EDGFLDVATY
NGCFEFYHKC
QILSIYSTVA

DNECMESIRN
SSLALAIMMA

zite) (SEQ
TVTHACDILE
EWSTIVEKAN
HEASSGVSSA
LWGIHRTNDA
RMEFTWTILK
HTKCQTFMGA
§=—=-RELFG
IDGEVTNEVINS
NABRLTVLMEN
INECMESIRN
SSLALATMMA

100256] The following polypeptides corresponding to unmodified,

M1 genes whers also synthesized.

VagZ-nai-opt

MNPHOEKIITI
NINPLTEKAV
FISCSHLECR
NERFESVAWS
NNILRTQRESE
RPNYHYEECSE
VEGDNPREND
FEMIWDPNGW
CEWVELIRGR

VacZ-me-opt

MSLLTEVETY
LLSPLTKGIL
KERLKREITFR
CEQIZDSQHER
EAMEVANQRR
FR*

GEICMVIGIV
ABVILAGNSS
IFFLTQGALL
ASACHDGTSW
CACVNGSCET
CYPDAGEITC
GTGSCEPMSE
TGTDSSETSVE
PRESTIWTSG

{matrix)
VLSIIPSGPL
GFVETLTVPS
GAKEVILSYS
SHROMATITH
OMVOAMRTIG

(neuraminidase}

SLMLOIGNMI
LCPIRGWAVE
NDKHSNGTVE
LTIGISEPDN
VMTDGEPSDGEQ
VCRDONWHGSN
RGRYGVERGES
QDIVAITDWS
SEISFCEVNS

(SEQ ID 32}

KAEIAQKLED
ERGLORERFV
TGALASCMGIL
PLIRHENRMV
THPNSSAGLR

{SEQ ID 31)

STWVSHSIQT
SHDNNIRIGS
DREPHRTLMS
EAVAVLEYNG
ASYKIFKMEK
RPWVEFNONL
FRYGNGVRIG
GYSGEBFVQHP
DTVSWSWEDG

VFAGKNTDLE
ONALNGNGDE
TYNRMGETVTT
LASTTAKAME
DNLLENLQAY

GNQREQAESIS
KGDVEVIRED
CRPVGEAPSPY
LITDTTESWR
GREVVKSVELD
EYQIGYICSS
RTKSTINSRSG
ELTGLDCIRP
AELFETIDK*

ALMEWLKTRP
MNMDRAVELY
EVAFGLVCAT
OMAGSSEQRA
OREMGVOMOR

ID 30}

codon-optimized NA and

[00257] The synthetic, codon-optimized HA, NA, and M1 genes were subcloned into

pFastBacl transfer plasmid using BamAT and HindII] sites, as described above. Recombinant

bacmids for expression in Sf9 cells of synthetic HA, NA, M1 genes were generated as

described above, using E.coli strain DH10Bac (Invitrogen).

Example 24

Cloning of Clade 1 A/Viet Nam/1203/04 (H5N1} influenza virus by RT-PCR

77




[00258] The HA, NA and M1 genes were cloned by RT-PCR according to the above
describes method. The below sequences are comparisons of the published gene compared to

the cloned genes.

The HA gene for Clade 1 A/Viet Nam/1203/04 (H5N1)

Upper Lane: hcc #AYB18135 HA gene (SEQ ID 36}
Lower Lane: Novavax’s B/Vietnam/1203/2004 (H3W1) HA gene (SEQ ID 37

P ATGGAGRAARR 10
(AEREERE RN
301 AGTETGATGGRTATCTGUAGRRTTCGCECTTAGGCGCGCCATGGAGARAR 350

13 TRAGTGCTTCTTTTTGCAATAGTCAGTCITCTTARRAAGCTGATCAGATTTGC 60

AR AR R R R R R R AR A R R AR R R AR SRR R N
351 TAGTECTTCTTTTTGCARATAGTCAGTCTTGTTARARGTGATCAGRTTTGS 400

61 ATTGGETTACCATGCARACRACTCGACAGAGCAGGTTGACACARTRATGEE 110

R R AR N R N AR R R R AR AR R AR AR AR AR
401 ATTGEGTTACCATSCARACAACTCGACAGAGCAGGTTGACACAATARTGGA 450

L1l AAAGAACGTTACTGTTACACATGCCCAAGACATACTGGAAAAGAAACACA 160

PERTLLE DR LR E LR LR v e e b et i
451 AAAGAACGTTACTGTTACACATGCQCAAGACATAGTGGAAAAGAAACACA 550

161 ACGGGRAGCTCTGCGATCTAGATGGAGTGAASCITCTRAATTTTGAGAGAT 210

ERN R R R R R N R R R R R R R AR AR R
501 ACGGGAAGCTCTGCCATCTACGATGGAGTGAAGCCTCTARTTTTGAGAGAT 550

211 TGTAGCGTAGCTGGATGGCTCCTCGGAAACCLAATCTGTGACGAATTCAT-260

PELELTIIR R TR e b b e e e i i i
551 TGTA@CGTAGCTGGATGGCTCCTcGGAAACCCAAT@TGTGACGAATTCAT 600

261 CAATGTGUCGGAATGGETCTTACATAGTGEAGAAGGCCAATCCAGTCAATG 310

SRR RN N R R AR R AR R R AR R RN R R NN AR RN
501 CAATGTGCCGGAATGETCTTACATAGTGEAGRAGGCCARTCCAGTCRATG 650

ITGAAACACCTA 380
PEETEITTOEDY
TTGAAACACCTA 700

uﬁwxs

ACCTCTGTTA
RERRRRRN
651 ACCTCTETT
361 TTGEAGCAGAATARACCATTTTGAGAAAATTCAGATCATCCCCARRAGTTC 410

R R R N R R R RN AN
701 TTGAGCAGAATARACCATTTIGAGRAARLTTCAGATCATCCCCARBAGTTC 750

411 TTGETCCAGTCATGEAAGCCTCATTAGGGEETGAGCTCAGCATCTCCATACT 460

ARER AR AN R R R A N R N AR R NN R R AR RN AR N,
751 TTGGTCCRETCATGAAGCCTCATTAGGGGTEAGCTCAGCATGTCCATRACC 800

161 AGGGAARGTCCTCCTTTTTCAGARATGTGATATGGCTTATCARARAGAAC 510
R R R R R R R AR A R R SRR AR R R R R RN R R
801 AGGGRRAGTCCTCCITITTCAGRAATGTGETATGECTTATCARRAAGRAC B850

511 AGTACATACCCAACARTRARG AGGAGCTACAATAATACuAACCAAGAAGA 560
USRI EE DR bR D e e AERENE

78



831

661

1001

711

1054

761

1101

811

1151

Bel

1011

1351

1061

1401

1111

148%

116l

1501

1211

1551

1261

AGTACATACCCRACARATARAGRAGGAGCTACAATAATACCAACCAAGRAGA

TCTTITEGETACTGTGGEGGAT TCACCAT CCTARTGATECEECAGAGCAGA

R NN R R N N AR R AR R R R AR R R
TCTTTTGETACTGTGEGEEATTICACCATCOTRAATGATGCGGCAGAGCRAGA

CARAGCTCTATCAARACCCARCCACCTATATTTCCGTTGGEACATCARCA

AREREE R RN R R AR R R R R R R R RN R AR R AR R
CARAGCTCTATCARAACCCAACCACCTAT AT P TCCET TGEGACATCARCE

CTARRCCAGAGATTGGTACCAAGARTAGCTACTAGATCCARAGTARACGS
RN N AR RN R R SR NN AR RN N
CTRAACCAGAGATT GG TACCAACARTAGCTACTAGATCCARAGTARACEE

GCARAGTGGAAGGATGEAGTTCTTCT GGACARTTTTAAR
RN AR R R R AR R AR R AR AR RN AR N

CGRATGATGE
AERRN
GCARAGTGGAAGGATGEAGTTCTTCTGCACRATT I TAAA

GC
PETETETEENY
GCCGARATGATG
CARTCAACTTCGAGAGTRAT GEARATTTCATTGUTCCAGARTATGCATALC

R R R R A R R R N R R R S AR AR N
CAATCARCTTCGAGAGTARTGEGAARTTTCATTECTCCAGRRTATGCATAT

ARAATTGTCARAGELEGGEGACTCAACEATTATGARARGTGARTTGGARTA

RN R R N AR R R R AR R R R NN RN R,
ARAATTGTCARGRAAGGECACTCARCAATTATCARARGTGAAT TGGAATA

TGETAACTGCAACACCARAGTGTCARACT CCAATGEGEECEATAARCTCTA

(RERE RN R R R R R A A R R R R AR AR R RN
TGETAACTECRACACCAAGTGTCAAACT CUAATEGGEGCGATARACTCTA

GCATGUCATTCCACAATATACRACCCTCTCACCATTGEGEAATGCCCCARA

R R R N R R R N AR AR AR AR AR
GCATGCCATTCCACARTATACACCCTCTCACCATT GBEGAATGCCCCERA

TATGTEARATCARACEGATTAGTCOTTGCGACTGEGCTCAGARARTAGOCS

R RS RN R e R R R AR RN R REAR R
TATETGAARTCARACRGATTAGTCCTITGCGACTGEGLTCAGAAATAGCCC

TCAAAGAGAGAGARGAAGAARRALGAGAGGATTATTTGGAGCTATAGCAS

AR R R R R R R R N R R R R R AR AR AR AR R R
TCAARGAGRGAGARGAAGRALARAGAGAGGATTATTTGEAGCTATAGCAS

GTTITATAGAGGEAGGATGECAGGGAATEETACATCETTGGTATGGETAL

RN R AR R AR R RN R R AR R R R RS AR R R DR RN
GUTTTATAGAGGGAGGATGOCACGEART GG TAGATGETTGETAT GEETAC

CACCATAGCARTGAGCAGGGGAGTHEGTACGLCTGCAGACAAAGARTCCAL

CETTER T e PR e b e T L e T T T T
CACCATAGCAATGAGCAGEGEAGTGEETACGCTGCAGACARRGARTCCAC

TCARAAGGCARTAGATGEAGTCACCARTAAGGTCAACTCGATCATTGACA

R R R R AR R R AR R AR R RN A OR RN RR R
TCARRAGGCEATAGATGEAGT CACCARTAAGETCARCTCGATCATTEACA

AAATGAACACTCAGTTTIGAGECCETTGGRAGGCRATTTARACARCTTAGAR

R R R N R R R AR R N AR DR SR N
ARATGAARCACTCAGTTTGAGECCETTGEGRAAGEGAATTTAACARCTTAGAR

BGGAGRATAGAGRATTTARACARGALGAT GGAAGACGGETTCCTAGATET 1

RN R R RN SRR AR R AR R R R SRR RRREY
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900
£10
850
6640
1600
710
1030

760

36t
1200
8310
1250
960
1380
1010
1380
1060

1400



1601

1311

1651

136l

1701

1561

1801

1611

1251

1661

2001

LGGAGRATAGAGRATTTAAACAAGAAGATGGAAGACGEGTTCCTAGATGT

CTGGACTTATAATGOTGRACTTCTGETTCTCATGGAAAATGAGAGARCTC

AR RN R RN R AN R R A A R R AR R R R AN
CIGGACTTATAATGCTEARCT TCTGETTCTCAYGEARARTGAGAGAACTL

TAGARCTTTCATGACTCAALTGTCARGAACCITTACGACAAGGTCCGACTA
RERRR R R RN RR RN R R R AR R N AR R R RN
TAGACTTTCATGACTCAAATGTECAAGAACCTTTACGACAAGETCCEACTA

CAGCTTAGGGATAATGCRAARGGAGCTGGETARCEETTGTTTCGAGBTITOTA

R R R AR RN AR R RN R RN AR RN
CAGCTTAGGEATAATGCARAAGGAGCT GGG TARCGETTGITTCGAGTTCTA

TOATARATGTGATAATCAATGTATGGAAAGTGTAAGAARTGERACGTATE

R R R R R RN AR R R RN AR R R Y
TCATARATETGATAATGAATGTATGCARAGTGTAAGARATGGAACGTATE

ACTACCCGCAGTATICAGRRGAAGCEAGACTAARRAGAGAGEARATAARGT

SRR R A R R R AR R AR AN R RN R AR
ACTACCCECAGTATTCAGRAGAAGCGAGACTAARARAGAGAGGARATAAGT

GGAGTAAARATTGCEARTCAATAGEAATTTACCAAATACTGETCRATTTATTC

PIRTERITE IR R e b i b e b bbb i n
GGAGTAARATTGGARTCARTAGGRATTTACCARATACTGTCARTTTATTC

TACAGTGECGAGTTCCCTAGCACTGGCARTCATGGTAGCTGETCTATCCT

AR RN SRR RN R R R R R RN RN R R R R R RN
TACAGTEGCIAGTICCCIAGCACT GECAATCATGETAGCTGETCTATCCT

TATGGATGTGCTCCAATGLATCLTTACAATGCAGAATTTIGCATITAA. .

R RN AR RN AN R N RN AR AR AR RN
TATGGATGTGCTCCRATEGETCET TACAR T GCAGRATTTECATTTARGCS

Comparison of the NA genes.

1650

1260

1760

1750

1460

1800

1510

1850

1850

1660

2000

1707

2050

The NA gene for Clade 1 A/Viet Wam/1203/04 (HS5N1) (SEQ ID 39%)
E5NinalANL ISDN 28704 x NA Vietl2(03 Lark (NVAX) (SEQ ID 3B)

501

g6

551

146

601

196

..... ATGARTCCAAATCAGRAGATAATARCCATCGGATCAATCTETATG

ERRRR RN AR R R N RN R R AR R R R R R RN
CCEEEATGAATCCARATCAGRAAGATARTALCCATCGGATCAATITCTATG

GTAACTGGAATAGTTAGCTTAATGTTACAARTTGGGAACAT GAT CTCART

RN RN RN AN R SRR R R AR AR AR RN R
GTRACTGGAATAGTTAGCTTAATGTTACARRTTGGGARCATGATCTCART

ATGGETCAGTCATTCARTTCACACAGGGRAATCAACACCAAT CTGARCCAR
R AR R R R R RN R R R R R R R R AR AR R AR R
ATGGGTCAGTCATTCAATTCACACAGGGART CARCACCART CTGARCCAA
TCRGCAATACTAATITTCITACTGAGARAGUTETGGCTTCAGTARRATTA
PERLLEEDS IR i b b b b L b e eI b
PCAGCAATACTARITTTCTTACT GAGRAAGCTETGGCTTCAGTAARATTA

GCEGECRATTCATCTCTTITGCCCCATIAACGEATGGECTGTATACAGTAA

80

43

500

95

550

145

600

185

830



651

246

701

801

156

851

546

100l

5386

1051

6de

1101

696

1151

748

g4a

130%

898

SRR RN R R RN R AR R R R R R R RN RN RN
uGGGCAATTCATCTC“TTGCCCCATTAACGwATGGG TGTATACAG TAA

GGACARCAGCTATAAGLATCGETTCCAAGGGGEATGTGTITGTTATAAGAG

RN RN RN RN R R R RN R RN RN R R R RN
GGACAACAGTATAAGGATCEETTCCAAGGEGEATGTETTIGTTATARGAG

AGCCGTTCATCTCATECTCCCACTTGEAATGCAGAACTTITCTTTITGRALT

R RN AR R R R N R AR R AR R RN
AGCCETTCATCTCATGCTCCCACT TGGRATGCAGARCTTTCTTTTTGACT

CAGBGAGCCTTGCTCARTGACAAGCACTCCAATGEGACTGTCAARGACAS

PORLEE TR d e R e P B PP LB LR T T
CAGGGAGCCTCECTGAATGACRAGCACTCCARTGGGACTGTCARAGRCAG

AAGCCCTCACAGAACATTAATGAGTTETCCTETGGETEAGECTCCITLCT

R R R R RN R R N R R R R R RN O
ARAGCCCTCACAGARCATTAATGAGTTIGTCUTRTGEETGAGRCTCCOTCCS

CATATAACTCAAGGTTTGAGTCTGTTGC*TuGTCAGCAAGTGCTTGCCAT

SRR R R R R N R R R R R N R R AR AR R R
CATATAACTCAAGGTTTGAGTCTGTTGCT TGETCAGCARGTGCT TGCOAT

GATGGCRACCAGTTGGETTGACGATTGGAATT TCTGGCCCAGACARTGEGEEC

RN N R N R AR AN R R NN
GATGGCACCAGTTGETTGACGATTGEAATT TCTGGCCCAGACAATGEGGE

TGTGGCTGTATTGAAAT%CAATGGCATAATPACAGACACTATCAAGAGTT

SRR R R RN R R R R R R R SRR R R R
TGTGGCTGTATTGAAATACAATGGCATAATAACAGACACTATCAAGAGTT

GGAGEAACARCATACTGAGARCTCARGAGT CTGAATGTGCATGTGTARAT

PEEEEI DR b i e i b b e e g
GGAGGAACAACATACTGAGRACTCAAGAGT CTGAATGTACATGTETARAT

TACTGTAATGACTGACGGACCAAGTAATGGTCAGGCRTC

R R R N RN AR RN R AR R RN N

GG
il
GG TACTGTAATGRCTGACG GACCARGTARTGETCAGBCATC

£ — g

ACATAAGATCT*CAAAATGGAAAAAGGGAAAGTGGTTARATCAGTCGAAT

N RN R AR R R N U NS RN R
kCATAAFATCTTCAAAATGGAAAAAGGGAAAGTGGTTAAATCAGTCGAAT

TGEATGCTCCTAATTATCACTATGAGGAATGOTCCTETTATCCTAATGCC

PEOTEERE R bR I b e i n e e il
TGGATGCTCCTAATTATCACTATGAGGAATGCT CCTGTTATCCTAATECC

GGAGAAATCRCATGTCTGTGCAGGGATAATTGGCATGGCTCAAATCGGCC

N N R R R RN RN AR
GGAGAAATCACATGTGTGTGCAG@GATAATTGGCATGGCTCAAATCGGCC

ATGGGTATCTTTCAATCAAAATTTGGAGTATCAAATAGGATATATATGCA
R R R R R RN R A R R R AR R RER
ATGGGTATCTTTCAATCAAAATTTuGAGTATCAAALAGGATATATATGCA
GTGGAGTTTTCGGAGACAATCCACcpccCAATGATGGAACAGGTAGTTGT
RN N RN R RN A RN R R DR
GTPGPGTTTTCGuAGACAA$CCA”GCLCCAATGATGGAACAGGmAGTT

GETCCGEGETGTCCTCTRAACGEGECATATGEEETARAAGRETTTTCATTTAA

81

700

2585

750

345

800

385

850

445

8043

s

1250

845

1300

135¢C

945

1400

985



1401

836

1451

1046

1501

1096

1551

114¢

1601

1651

124¢

1701

1296

17351

1346

1801

PUPIPL R DR R PR b PR b D b nn
GCTCCGGTGTCCTCTAACGGGGCATATGGGGTAAAAGGGTTTTCATTTPA

ATACGGCAPTGGTGTCTGGATCGGGAGAACCAAAAGuACmAATTC”AGGA

AR R R R R R R R R R R N RN R RN RN
ATACGGCAATGGTGTCTGGATCGGGAGAACCRAAAGCACTAATTCCAGGA

GCGGCTTTGAAATGATTTGGGATCCAAATGGGTGGACTuAAACGGACAGT

UV ELIE TR R b i e bbb b b bbbt iy
GCGGLTTTGARATGAT TTGEGATCCAAATGEGT GGACTGARACGGACAGT

AGCTTTTCAGTERARCARAGATATCGTAGCARTAACTGATTGETCAGGATA

AR RN R RN R AR A R AR RN R R A RN R R
AGCTTTTCAGTGRARCARGATATCGTAGCARTARCTGAT T GETCAGGATA

TAGCGGGAGTTTTGTOCAGCATCCAGARCTGACAGGACTAGATTGCATRA

AR AR R R R RN A AR R AR R AR AR AR RN
TAGCGGEAGTTTTETCCAGCATCCAGARCTGACAGEACTAGRTTGCATAR

GACCTTGITTCTGEETTCAGTTGATCAGAGEGCGGCCCARAGAGAGCACE 1

R RN R R R A A S AR R R RN R RN AR RN RN
CACCTTGTTTCTGGETTGAGTTGAT CACAGEGCGECCCAARGAGAGCACA

ATTTGGACTAGTGGGAGCAGCATATCTETTTGTGGTGTAAATAGTGACAC
AR RN R R R R R R R AR AR AR
ATTTGGACTAGTGGGAGCAGCATATCTTTTTGTGGTGTAAATAGTGACAC

TGTGEGETTEETCTTGGCCRAGACGETGUCEACTTGCCATTCACCATTGACA

RN R AR R R AN R AN R R AN RN
TETGEETTGETCTTGGUCAGRCEGTGCTCAGT TGCCATTCACCATTGACR

RS
AGTAGGEGECCCTCGAGTAAGGGCGARTTCCAGCACACTGECAGCOGTTAC

Comparisons of the M1 genes.
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1085
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The Ml gene for Clade 1 A/Viet Nam/1203/04 (HSN1} {SEQ ID 40)
H5N1mlLanl ISDMN32858 x M1 Vietl203 Lark({NVAX) (SEQ ID 41}

3c1

17

3351

&7

401

117

.................................. ATGAGTCTTC“AACCG

NERERREERERRERE
ATATCTGCAGAATTUGCCOTTAGAATTCGACGTCATGAGTCTTCTAACCE

AGGTICGRAACGTACGTTCICTCTATCATCCCETCAGGOCTUCCT CARAGCC

PETRLLELOI T e e e b e e e
AGETCOARACETACETICTCTCTATCATCCCGT CAGGCCCCCTCARAGRT

GAGATCGCACAGAAACTTGAAGRTGTCTITGCAGGAAAGAACACCERATLT

PEVTERI T b p b i e b b e b it
GRGATCGCACAGAARCTTGARGRTGTCTT TGCAGEARAGAACACCGATLT

CGRGGCTCTCATGEAGT GECTARAGACARGACCARTCCTGTCACCTCTGA
AR R R R RN N RN N N SR AR R R AR RN AR
CGAGECTCTCATGEAGTGECTARAGACARGACCARTCCTGTCACCTCTEA
CTAARGGGATTTIGEGATTTG ATT»ALGCTCACCGTGCCCAGTGAGCGA
PEER TR i SRR R R NN

82

16

350

66

400

115

430

166

300

216



501 CTARAGGGATTTTGGGATTITGTATTCACGCTCACCEYGLCCAGTEAGLGA £50

217 GGACTGECAGCGTAGACGCTTIGICCAGAATGCCCTAARTGGRABATGEAGA 266

AR R R RN R NN AR R AR R AR R R AR
531 GGACTGCAGCGTAGACGCTITIGTCCAGARTGCCCTARATGGAARTGGAGA 600

267 TCCAAATAATATGGATAGGGCAGT TAAGCTATATARCRAGCTGARARGAG 316

PIRTERTEELE TR P PR R I e R e r i
601 TCCRRATRATATGGATAGGECACTTAAGCTATATAAGARGCTCARRAGRE 650

317 ARATRACATTCCATGGGGUTAAGGAGCTCGCACTCAGCTACTCAACCGEET 366

PERTERET R PR R TR PR T L e e
651 BARTAACATTCCATGEGECLARGEAGGTUGCACTCAGCTACTCAALCEET 700

CATATACARACAGGATGGGRACGHYGAC 416
PEATLEY LRV T EER T b E Tk
CATATACAACAGGATEGEARCGETGRT 150

H— g
— (2
=3 e i)

417 TACGEAAGTGGLTTTIGGCCTAGT GTGTGCCACTTETGACCAGATTGCAG 466

AR R NN R R AN RN R R A RN RN AR AR RSN
751 TACGRABRGTGGECTTTTGGCCTAGTGTETECCACTT GTGAGCAGRATTGCAG 800

467 ATTCACAGCATCGGTCTCACAGACAGATGGUAACTATCACCARACCCACTA 2316

RN R RN R NN R R R RN RN R AR R R R R AN AR AR
801 ATTCACAGCATCGGTCTCACAGACAGATGGCAACTATCACCEACCCACTE 850

517 ATCAGACATGAGAACAGRAATGGETGCTGGCCAGCACTACAGCTAAGGCTAT 566

PEVELELTIERE P R R T P R T i i et
851 ATCAGACATGAGABCAGRAATGGTGUTGGCCAGCACTACAGCTAAGECTAT 304

567 GOAGCAGATGGCGGGATCAACTGAGCAGGCAGCGGARGCCATGGAGATCG 16

AR AR R RN A R R R RN AR R AR N
801 GEAGCAGATGGCEECATCARGTGAGCAGECAGUGEARGCCATEGAGATCG 250

617 CTRATCAGGUTAGGCAGATGETSCAGGUAATCGAGGACAATT GEGACTCAT 666
SRR RN R R RN A R R AR R R AR RN RN R RRR RN
951 CTAATCAGGCTAGGCAGATGGTGCAGGCAATSRGGACAATTGEGACTCAT 1000
£67 CCTAACTCTAGTGCTGETCIEAGAGATAATCTTCTIGRAARAT I TECAGGEE 716
AR AR R R AR RN R R R AR R SR R R R AN RN AR
1001 CCTAACTCTAGTGCTGETCTGAGAGATAATCITCT TGRARATTTGCAGGS 10560
717 CTACCAGRRACGRATGGGAGTGCAGATGCAGCGATTCARSTEA

SRR R R RN R AR AR AN R R AR AR
1051 CTACCAGAARCGARTGEGAGTGCAGRTGCAGCGATTCAAGTGR

[00259] All the sequences were cloned and analyzed according to the disicosed methods

above,
Example 25

Generation of Clade 1 H5N1 influenza A/Viet Nam/1203/04 HA, NA, and M1 genes

optimized for efficient expression in 3f9 cells
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[00260] The following polypeptides were derived from codon-optimized nucleotides
corresponding to A/Viet Nam/1203/04. The nucleotides were designed and synthesized
{Geneart GMBH, Regensburg, FRG) as disclosed above (see Example 24).

VN1203-ha-cs-opt (modified cleavage site, underlined) (SEQ ID 33)

MERIVLLFAIVSLVESDQICIGYEANNSTEQVDT IMEENVTVTH
AQDILEKTENGRLODLDGVEELILRDCEVAGHLLGNPMCDEFINVPERSYIVERKANPA
NDLCY PGDFNDYEELKHLLSRINEFEKIQIIPKNSWS SHEASLEVESACPYQGRESFE
RNVVHLIKRNNZY PTIKRSYNNTHOEDLLVLWGTHEPNDAREOTRLYONPTTYISVGT
STLNQRLVPKIATRSKVNGONGRMEFFHT ILKPNDAINFESNGNEIAPEYAYKIVKKG
DS ATMKSELEYGNCNTKCOTRMGRINS SMPFENIHPLTIGEC PEYVESNRLVLATGLR
N3 PORET ~——-RGLFGAIAGF IEGGWOCMVDGWY GYHHSNEQGSGYAADKE STORAID
GVTHKVNE LTI DEMNTOFEAVGRE FNNLERRIBNLNKEME DGFLDVATYNAELLVIMEN
ERTLDFHDSHVIKILYDRVRLOLRDNAKELGNGCFEFY HRCDNECMESVRNGTY DY PQY
SEEARLKREZISGVRLESIGTYRILSTYSTVASSLALATMVAGLS LWMCSNGELOCRI
cI+

VN1203-ha-spc-opt (modified signal peptide, underlined) (SEQ ID 34}
Mplvkllnviwlvavsnaip DQICIGYHANNS TEQVDT IMEKNVIVTH
AQODILERTHNGHKLCDLDGEVEKPLILRDCSVAGHLLGH PMCDEF TNV PEHS Y IVERKANBR
MDY PG AN DY EELEKHLLSRINEFERTIQI I PRN SWS SHEAS LGV S SACPYOSKE S FE
RNVVWL I KKNAY PT I KR SYNNTNOE DLLVLWGIHHPNDAREQTRLY NPT TYISVET
STLNQRLVPKIATRSKVNGONGRMEFFNT I LEPNDAINFESNGNFIAPEYAYRIVKEG
DSAIMKSELEYGNCNTKCOT PMGAINSSMPFENIHPLTTGECPKY VKSNRLVLATGLR
NS PORERRREKRGLFGATAGE I EGGWOGEMY DEWY GYHASNEOGSGYARADKESTORATD
GVTNREVNSITTIDRMNTOFEAVERE PNNLERR IENENKKME DG FLDVW T YNAR LLVIMEN
ERTLDFHDSNVENLYDRVRLOLRDNAKELGNGCFEFYHKCDNECMESVRENGTY DY POY
SEEARLKREEISGVKLESIGTYRILSIYSTVASSLALATMVAGLSIWMCSNGSLOCRI
CI*

VN1203~ha=sphb~opt (The signal peptide and cleavage site are shaded)
{SEQ ID 35} N

METISLITIL LVVTASNA DOICIGYHANNSTEQVDTIMEKNVIVTE
AODILEKTHNGKLCDLDGVKELILRDC SVAGHL LGN PMCDEFINV PEWS Y IVEKANER,
NDLCYPGDINDYEELKHLLSRINEFEKIOT I PN SWS SHEAS LGV S SACPYQCKSSFT
BNVVHLIKENNAY PTTKRS YN THOE DLLVIWG T HE PNDAARQ TR LY QNP TTY ISVET
STLNORLY DK AT RSKVNGONGRMEE FRT I LKPN DATNFESNGNF IAPEYAYKIVREG
DSATMKSELEY GNCHNTKCOT PMGATN SSMPFHN T HPL T IGECPRY VKSNRLVLATGLR
NSPORERRREKXRELFCAIACFIEGERCEMYVDOHYGYHH SHEQCSEYARDKESTORATD
GVINKVNST I DEKMNTQFEAVGREFNNLERR [ BN LNKKMEDEF L.DVW T Y NAE LLVLMEN
ERTLDFEDSHVENLYDKVRLOLRDIAKELGNGCFEFYHKC DRECMESVRNGTY DY POY
SERARLKREEISGVELESIGTYQILS IYSTVASS LALA TMVAGLS LWMCS NESLOCRT
cr*

Example 26

HSN1 Vietnam/1203/2003 VL.P Immunogenicity (Extreme Dose Sparing)

[00261] BALB/C mice were immunized intramuscularly and infranasally with FHISN1 VLPs
at very low doses of VLPs (0.2, 0.04, 0.008, 0.0016 pg HA /dose), Mice were bled on days 0,

21 and 35. The mice were given a boost on day 21. The serum was assaved for anti-FHA
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antibodies by the hemagglutination inhibition assay (HI) using turkey RBCs and mfluenza
virus using an ELISA. Resulis of this study are shown in Figures 24 and 2.5,

[00262] The results indicate that a robust overall immune response was observed when the
V1.Ps were administered intramuscularly at very lose doses, The robustuess of the response
was simiiar to contro! at 3.0 and 0.6 pg HA /dose. These data show see a true dose response
" and the aptibody response to 0.2 pg of VLP is greater than 3.0 pg of rHA protein. Although
the response was not as robust for the intranasal administration, a dose of VL.Ps at 0.2 pug HA
/dose did induce a robust response. The ELISA titer with the 0.2 ug dose in this experiment

is similar to the 0.12 vg dose of the HIN2 VLP vaccine in previous experiments, see above.

Example 27

Challenge studies

After inoculating BALB/c mice with VLPs at concentrations of 3 pg, 0.6 pug 0.12 pg and 0.02
pg of H3N2 VLPs mtramuscularly and intranasaily (total HA dose), mice were challenged
with influenza virns A/Aichi/268x31. The results of this study are shown on Figures 27 and
28. These data show that there is a decrease in weight in all vaccinated animals, however the
animals that were vaccinated with 3.0 pg and 0.12 pug of VLPs recovered quicker than the
other animals in both intramuscular and intranasal vaccinations, The intranasal doges

provided enhanced protection.

Example 29
Chalienge studies (ferrets)

In thie study, ferrets were vaccinated with HONZ VLPs. There were a total of 18 ferrets in the
challenge study: 6'mock vaccinated, 6§ vaccinated with medium dose (1.5 pg), and 6
vaccinated with high dose (15.0 pg) intramuscularly. Next, ferrets were challenged with 10°
EIDss of A/HK/1073/99 intranasally. Nasal washes were collected on days 1, 3, 5 and 7.
The virus in the nasal washes was titered on days 3, 5 and 7 for all animels. These data are

- represented on Table 2 and in Figure 29. These data show that by day 7, all of the vaccinated

animals had no detectable virus in nasal washes while the mock group had detectable viral

fiters.

TABLE 2. Wild Type Virus Titers (log 10/ml) in Ferrets after viral challenge

Group: Placebo Mock Control (2=6)
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Ferrat Day 3 Dav 5 Day 7
4512 7 5.5 3.5
4524 8.5 8.75 t.98
4525 7.5 8.5 8.75
4528 7.5 7.25 3.5

| 4527 6.75 7.25 2.5
| 4528 7.5 8,25 275
! Mean 7.125 | 6.583333 | 3.496667

Std. ]

Dev. 044017 | 0.66458 | 1.609137

Group: Low Dose

Ferst |Day3 _iDay5 |Day7
3916 | 6.75 275 | 1.5
3517 7.5 5.5 1.5
3g18 7.5 6.5 1.5
3019 5.5 3 1.5
3g20 .75 2.25 1.5
3821 6.5 3.5 1.5

AV 8.75 | 3.916667 1.5

Std Dev | 0.74162 | 1.693123 0

Group: High Dose

Ferrat Dav 3 Dav 5 Day?
3022 6.5 275 15
3923 8.25 3.75 1.5
3924 5.75 1.5 1.5
3925 6.5 4.75 1.5
3926 6.25 3.5 1.5
3927 5.75 1.5 1.5

Avg. 6.166667 | 2.058333 1.5

Sid Dev | 0.341565 | 1.208236 0

Example 30

Mice Intramuscular and Intranasal Inoculation Studies

[00263] Mice were inoculated with A/Fujian/411/2002 (H3N2) VLPs at concentrations of 3
ug, 0.6 ug 0.12 pg or 0.024 pg (total HA dose) intrammscularly or intranasally at day 0 and
were boosted 3 weeks later. Conirol mice were inoculated with formalin inactivated
A/Wyoming (Fujian-Like, vaccine strain) or PBS. Sera were collected from the inoculated
mice at weeks 0, 3, 5 and 8. The collected gera were assayed for anti-HA antibodies by the
hemagglutination inhibition assay (HI) for anti-influenza antibodies by ELISA. The assay
was conducted using A/Fujian/411/2002, A/Panama/2007/99, A/Wyoming/3/03 and A/New
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York/55/2004 influenza virus strains of H3N2. Results of this study are shown on Figures 30
A-H. These datz indicate the H3N2 VLPs induced antibodies against the parent
A/Fujian/411/2002 strains of influenza virus and against other H3N2 strains. These data also
indicate that the titers in intranasally inoculated mice rise iater than intramuscularly
inoculated mice. However, the intranasal titers are higher than intramuscular titers afier
about 8 weeks. In addition, titers to the inactivated virus antigen appear to be comparable to
the VLP at equivalent doses following intramuscular inoculation. However, the inactivated
antigen does not appear o be as immunogenic following intranasal inoculation, nor is it as

broadly protective following intranasal inoculation.

Example 31
Generation of Clade 2 HSN1 infiuenza HA, NA, and M1 genes optimized for efficient

expression in Sf9 cells

The following optimized nucieotides and polypeptides corresponding to HA, NA and M1 of
Clade 2 H5N1 viruses, A A/Indonesia/5/05, A/Bar headed goose/Qinghai/1 A/2005 and
A/Anhni/1/2005, were designed and synthesized (Geneart GMBH, Regensburg, FRG) as
disclosed above. The optimized nucleotides and polypeptides are listed below. In order to
malke VILPs, A/Anhui HA can be expressed with A/Indonesia NA and M1. For VLPs
éomprising A/Quinghai HA and NA, A/Indonesia M1 gene can be co-expressed with
A/Quinghai A and NA.

A/INDONESIA/S/05

e

zed HA (Start and stop codon are underlined) (BEQ ID 42}

E3
[N

/IRDOMESIA Ophim

"

GETACCEEATCCGCCACCATGEGAGRRGATICEGTGCTGUTGCTGGUTATCGTGTCCCIGETE
ALRGTCCCACCAGRTCTGCATCGGTTACCACGUTAACRACTCCACCEAGCAGETGEGACACT
ATCATGGAGRAAGAACGTCACCETGACCCACGCTCAGGACATCCTCGAAARGACLCACAAL
GECAAGCTETGCGACCTGRACGETGTCAAGCCCCTGATCCTGUGTGACTGCTCCETGEGELT
GETTGGECTECTEEETARCCCCATGTGLGACGAGT TCATCAACETGCCCGAGTGETCCTAC
ATCGTGGAGARGGOTARCCCCACCAARCCACCTGTGCTACCCCGEETCCTTCARCGACTAC
GAGGAGCTEARGCACCTGCTGTCCCETATCAACCACTTCGAGAAGRATCCAGATCATCCCC
AASTCCTCTTGGPCCEACCACGRAGGCTTCCTICCEGRTGYCTCCTCCECTTGLCCOTACCTG
GGTTCCCCCTCCTTCTTCCETAACGTGETETEGCTGATCARGAAGAACTCCACCTACCCS
ACCATCARGRAAGTCCTACAACAACACCAACCAGGAGGACCTGCTGETCCTETGEEETATL
CACCACCCCAACGACGCTGCCGAGCAGACCCETCTIGIACCAGAACCCCACCACTTACATC
TCCATCGOCACCTCCACCCTGAACCAGCGTCTGETECCCAAGATCGCTACCCATTCCAAS
GTGAACGECCAGTCLEETCETATGEAGTICTTUTGGACCATCCTGRAGCCTAACEACGCT
ATCAACTTCGAGTCCAACGGCRACT TCATCGCTCCCGAGTACGCTTACARGATCCTGAAG
ABRGGGRCGACTCCGC TATCATGARGTCCCAGCT GGAGTACGGTAACTGCAACACCARGTGT
CAGACCCCCATGGETECTATCARCTCCTCCATGCCCTITCCACRAACATCCACCCCCTGALC
ATCGGCGASTGCCCCAAGTACGTCRAGTCCARCCETOTGETGCTGGCTACCEETCTGCET
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AACTCCCCCCAGCGCGAGTCCCGTCGTARACGAAGCETGETCTETTCGGLGCTATCEGCTREET
TTCATCEAGEGCGETTEECAGGECATGETGGALGGATGGTACGETTACCACCACT CTAAC
GAGCAGGGTTCCGETTACGCTGCTGACRAGGAGTCCACCCAGARGGECTATCGACGELETC
ACCARCARGETGAACTCCATCATCGACARRGATGAARCACCCAGT ICGAGGLTCTGEETCGET
GAGTTCAACRACCTCGAGCETCGTATCGAGAACCTGRACARGAAGATEGAGGACGLETTTC
CTGERCETETGEACCTACARCGUCCAGCTCCIGGETGCTGATEEAGARCCAGCETACCLTIC
GACTTCCACGACTCCARCETGARAGRACCTGTACGACAAGETCCGCCTGCAGCTGCGTGAC
AACGUTAAGGAGCTGEETAACGETTGCTTCGAGTTCTACCACAAGTECGACAACGAGTGC
ATGEAGTCCATCCETAACGECACCTACAACTACCCCCAGTACTCCEAGGAGGLTCETCTG
AAGCGTGAGGAGATCTCCGOECETGAAGCTCGAGTCCATCGGAACCTACCAGATCCTGTCC
ATCTACTCCACCETGECTTCCTCCCTGGCICTGELTATCATGATGECTEETCTIGTCCLTG
TGEATETGCTCCAACGETTCCCTGCAGTGCCETAT CTGCATCTAATCAARGUTTGAGCTC

A/INDONESIZ HA Protein Seguence {(SEQ ID 43)

MEKIVLLLATI
KTHRGRLCDL
PINDLCYPGS
CPYLGSPSFF
BREQTRLYQNP
PHNDAINFESN
INSSMPFHENT
ATBAGFIEGGW
IIDKMNTQFE
ERTLDFHDSN
GTYNYPQYSE
GLSLWMCSHG

VSLVESDQIC
DGVKPLILRD
FNRYEELKEL
RNVVWILTKEN
TIYESIGTST
GNFIAPEYAY
HPLTIGECPK
QGMVDGEWYGY
AVGREFNNLE
VENLYDEVRL
EARLEREEIS
SLQCRICI

IGYHANNSTE
CEVAGWLLGN
LSRINHFEKT
STYPTIKKSY
LNQRLVPKIA
KIVKEGDSAI
YVKSNRLVLA
HHSNEQGSGY
RRIENLNKERM
QLRDNAKELG
GVKLESIGTY

QVDTIMERNY
PMCREFINVE
QIIPKSBWSD
NNTHNQEDLLV
TRSEVNGQSG
MEKSELEYGNC
TGLRNSPORE
AADEESTOKA
EDGEFLDVHTY
NGCFEFYHKC
QILSTYSTVA

TVTHAQDILE
BWSYIVERAN
HEASSGVESL
LWEIHHPNDA
RMEFFWTILR
NTHCQTPMGA
SRREKERGLFG
IDGVTNKVNS
NAELLVLMEN
DNECMEESIRN
SSLALAIMMA

A/INDONESIZ Optimized
{start and stop codon

H2 (cleavage sitza deleted)
are underlined) (SEQ ID 44}

GGATCCGCCACCégQGAGAAGATCGTGCTGCTGCTGGCTATCGTGTCCCTGGTGAEGTCC
GACCAGATCTGCATCGETTACCACGCIAACAACTCCACCEAGCAGETGGACACCATCATS
GLGAAGAACGTCACCGTGACCCACGCTCAGGACATCCT CGAAARGACCCACARCEECAAG
CTETGCGACCTGEACGETETCAAGCCCCTGATCCTECETGACTGCTCCGIGGLTGRTTGE
CTGCTEECTAACCCCATGTGUGACCGAGTTCATCAACCTGCCCGAGTEGTCCTACATCRETG
GAHGAAGGCTARCCCCACCAACGACCTGCTGCTACCCCEETTCCTTCAACGACTACGAGGAG
CTGAAGCACCTGCTGETCCCETATCAACCACTTCGAGAAGATCCAGATCATCCCCARGTCC
TOTTGETCCGACCACGAGECTTCCTCCEETETCTCCTCCECTTECCCCTACCTEEETTCC
CCCTCOTTCTTCCGTAACGTGETGTGECTGATCAAGAAGRACTCCACCTACCCCACCATC
AAGARGTCCTACARCARCACCAACCAGGAGGACCTGCTGETCCIGTEGEGTATCCACCAC
CCCRACGACGUTGCCGAGCAGACCCETICYETACCAGARACCCCACCACCTACATCTCCATC
GGCACCTCCACCCTGARCCAGCGTCTGETGCCCARGATCGCTACCCEI TCCAAGGETGAAC
GGCCAGTCCGETCETATGGAGTTCTICTGRGACCATCCTGAAGCCTRAACGACGCTATCAAC
TTCEAGTCCAACEGCRACTTCATCECTCCCGAGTACGCTTACRAGATCOTGARAGRRGEGEGC
GACTCCGCTATCATGAAGTCCEAGCTEEAGTACGGTAACTGCAACACCAAGTECCAGACT
CCCATGGGETGCTATCAACTCCTCCATGCCCTTICCACARCATCCACCCCCTGACCATCGEL
GAGTECCCCAAGTACGTGAAGTCURACCETUTEETGCTGGCTACCEETCTGCGTARCTCC
CCCCAGCGLGAGTCCCGTGETCTGTTCEECECTATCGCTGETTTCATCGRAGEGCGETTEG
CAGGGCATEETGEACGEATGETACGGTTACCACCACTCTAACGAGCAGGETTCCEETTAL
GCTGCTGACRAGEAGTCCACCCAGAAGGCTATCGACCELGTCACCARACARGETGRACTLC
ATCATCGACAAGEATGAACACCCAGTTCCAGGLTGTGEETCGTGACGTTCAACRACCTCGAG
CETCGTATCGAGAACCTIGARCARAGAAGATEGAGGACGETTTCCTGGACGTGTGERCCTAC
ABCGCCEAGCTGCTEETGCTGATGEAGRACGAGLUGTACCCTGRACTTCCACGACTCCAAC
GTGAAGRACCTETACGACARGETCCECCTGCAGCTGCETCACARCGCTAAGGAGCTGGET
ARCGETTECTTCEAGTTCTACCACRAGTGCEACAACCAGTGCATGGACTCCATCCETAAC
GGCACCTACAACTACCCCCAGYACTCCLAGGAGGLTCGTCTGARGCGTGAGRAGATCTCC
GGECGTGARAGCTCEAGTCCATCGGARACCTACCAGATCCTGTCCATCTACTCCACCETGGLT
TCCTCCCTGGCTCTGGOTATCATGATGGCTGETCTGICCCIGTGGATETGCTCCAACGET

&8




TCCCTIGCAGTGCCGTATCTGCATCTAATGAARGCTT

A/INDONESIZA HA Protein seguence

MEKIVLLLAZL
KTHNGKLCDIL:
PTHDLCOYEGS
CEYLGSPSFE
ABQTRLYQNP
PNDRAINFESN
INSSMPEFHANT
FIEGGWQEMV
MNTQFEAVGR
DFHDSNVENL
TPOLSEEARL

VSLVKSDQIC
DGVEPLILRD
FNDYEELKEL
RNVVWLIKEN
TTYISIGTST
GNEIARPEYAY
HPLTIGECPX
DEWYGYHHASN
EFNNLERRIE
YDEVRLQLRD
KREEIEGVEL

IGYHANNETE
CESVAGWLLGN
LSRINHEFEKI
STYPTIKKSY
LNQRLVEKIA
KIVEKGDSATL
YVESNRLVLA
EQGSGYARDE
NLNEKKMEDGE
NAKELGNGCE
ESIGTYQILS

{SEQ ID 45}

QVDTIMEKNV
PMCDEFINVE
DITPKSBWSD
NNTNQEDLLV
TRESKVNGEQSGE
MEKSELEZYGNC
TGLRNSPQRE
ESTQRAIDGV
LDVWTYNAEL
EFYHKCDNEC
IYSIVASSLA

TVIHAQDILE
EWSYIVEKAN
HER33GEVSSA
LWGIHHEPNDA
EMEFFTWRTILE
NTRCOTPMGA
SRELFGAIAG
TREVNSIIDK
LVIMENERTL
MESIRNGTYN
LAIMMAGLSL

WMCSNGELQC RICI

B/INDONESIA Optimized MA (Start and stop codon are underlined)
(SEQ ID 46)

GETACCEGATECGCCACCAT GARCCCCARCCAGAAGAT CATCACCATCGECTCCATCTGE
ATGGTEATCGETATCETGTCCCTGATGCTGCAGAT CAGTAACATGATCTCCATCTGGETE
TCCCACTCCATCUAGACCGETARCCAGCACCAGRCTGAGTCOATCTCCARCACCARCCEC
CTGACCGRGRAGECTET GGCT TCCGTGACCCTGECTEETARCTCCTCCCTGTGCCCCATS
CETGET TEEGCTETECACT CCARGEACAACARCAT CCGCATCGETTCCAAGEETEACETE
TTCGTIGATCCGTGAGECCTTCATCTCCTGCTCCCACCTCEAGTGCCGTACCTTCTTCOTS
ACCCAAGGTGCTCTGCTGAACGACARGCACTCCARCGGCACCETGARGGACCETTCCCCE
CACCGTACCCTGATGTCCTGCCCCETGEECEAGECTCCCTCCCCCTACAACTCCCGTTTS
GAGTCCGTGGCTTGETCCECTTCCGCT TGCCACGACEGCACCTCTTGECTGACTATCGET
ATCTCCGETCCCEACARCGAGECTGTCECTETGUT GAAGTACARCGECATCATCACCGAC
ACCATCARGTCCTGECGTARCARCATCCTGCGTACCCAGEACTCOGAGTECECTTGOGTE
BACGGTTCCTECTTCACCGTEATGACCGACGETCCCTCCCACGGCCAGECTTCCTATARG
ATCTTCAAGATGEAGARGEECARGETGETCRAGTCCETGGAGCTGEACGCTCCCARCTAL
CACTACGAGGAGTGCTCTIGCTACCCCGACGCTGECEAGATCACCTGCGTETGCCGTGAC
ARCTGECACGETTCCARCCETCCCTGEETETCCT TCARCCAGARCCTCGAGTACTAGATC
GETTACATCTGCTCCGECETGI TCEGTGACAACCCCCGTCCCAACGACEGARCCRGTTCC
TECGETCCCATETCCCCCARCGGT GCTTACGETE T CARGEGCTTCTCOTTCARGTACGGT
ARCGETGTCTEGATCGGTCETACCARGTCCACCARLTCCCGCTCCEGTTTCOAGATGATC
TEGGACCCCARCGETTGGACCEGCACCEACTCTTCCITCTCCGT GARGCAGGACATCETE
GUTATCACCGACTBETCCEETTACTCCGGTTCCTTCATGUAGCACCCCEGARCTHACCEET
CTGGACTECATITRTCCCTGCTTCT GEGTEEAGLTGATCCETGETCETCCCAAGGAGTCC
ACCATCTEEACCTCCEGCTCCTCCATCTCTTTCTGCGETGTGAACT CCGACACCETGETCT
TEETCCTEGECCCEACEETGCCEAGCTGCCCTTCALCAT CGACAAGTAATGARAGCTTGAG
cTe

A/INDOWESIA NA Protein sequence (SEQ ID 47)

MNPNQKIITI
NTNPLTERAV
FEISCSHLECR
NSRFESVARKS
NRILRTQESE
APNYHYEECS
VEGDNPREND
FEMIWDENGW
CFWVELIRGR

GSICMVIGIV
ASVTLAGHNSS
TFFLTQGALL
ASACHBETSW
CACVNGSCET
CYPDAGEITC
GTGSCEPMED
TGTDESFSVE
PKESTIWISG

A/INDONESIA Optimdzed

SLMLOIGNMI
LCPIRGWAVH
NDEKHSNGTVE
LITGISGPDN
VMTDGEPS DGO
VCRDNWHGSN
NGAYGVKGES
QDIVALITDWS
EBI8FCGEVNS

M1l (8EQ ID

STWYSHSIOT
SKDNNIRIGS
DRSPHRTILMS
EAVAVLEYNG
ASYKIFEMEK
REWVS FIONL
FKYGNGVWIG
GYSGEEFVQORP
DTVSWSWEDG

485
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GNQHQAESIS
KGDVEVIRER
CPVGEAPSPEY
IITDTIKSWR
GRVVKSVELD
EYQIGYICSG
RTKSTHSREG
ELTELDCIRE
AELPFTIDK



GETRCCGEATCCGCCACCATIGTCCCTGUTGACCGAGEGTGGAGACCTACGTGCTGTCCATC
ATCCOCTCOGGTCOICTGARGGUT GAGATCGCTCASAAGCT CEAGCGACETTTTCGCTGEGEE
AAGAACACCGACCTCGAGGUTCTIGATEGEAGTGECTCARGACCCGTCCCATCCTETCCCCT
CTGACCARAGGETATICCTEGETTTCETGTTCACCCTGACCETGECCTCCGAGCGYGGTCTG
CAGCGTCETCETTTICOTGCAGRACGCTCTGRAACGETARCEGETGACCCCARCARACATGEAL
CETGCTETGAAGCTOTACAAGRAGCTGRAAGCGCGAGRTCACCTTCCACGGTGCTARGEASL
GTGTCCCTETCCTACTCCACCEETGCTCTGGLTAGCTGCATGGECCTGATCTACARCCET
ATGGGUACCETGACCACCGAGETGGLCTTCEETCIGGTCTGCECTACCTECGAGCRGRTL
GCTGEACTCCCAGCACCGTTCCCACCGTCAGATGEUTACCATCACCARCCCCCTGATCCGET
CACGAGAACCGTATGGTGCTGGUTTCCACCACCGC TARGGCTATGGAGCAGATGECTGET
TCCTCCRAGLAGGLIGLTGAGGCUATGEAGETGECCARCCAGGCTCETCAGATGRTECAL
GUTATGECETACCATCGGCACCCACCCCAACTCCTCCEGOTGGTOTGCETGACRAACCTELRC
GAGARCCTGCAGGCT TACCRGAAGCGTATGEEAGT CCAGATGCAGCECTTCAAGTAATGA

ARGCTTGEAGCTC
A/INDONESIA M1 Protein sequence (SEQ ID 48)

MSLLTEVETY VLSIIPSGPL KAEIAQKLED VFAGKNTDLE ALMEWLKTRP
ILSPLTKEIL GFVFTLTVPS ERGLORRRFV QNALNGNGDP NNMDRAVELY
KRLKREITFH GAKEVELSYS TGALASCMGL IYNRMGTVIT EVAFGLVCAT
CEQIADSQER SHROMATITH PLIRHENRMV LASTTAKAME OMAGSSEQAA
EAMEVANGQAR OMVQAMRTIG THPNSSAGLR DNLLENLQAY QERMGVOMOR
X

A/Enhui/l/200%
A/Bnhui Optimized HA (Start and stop codon are underlined) {8BQ ID 50)

GGTACCGEATCCCTICGAGATGEGAGAAGATCGTGCTGCTGCTGECTATCETETCCCTGETG
AAGTCCGRCCRAGATCTGCATCGETTACCACGCTARACAACTCCACCGAGCAGETGGACACT
ATCATGGAGRAGAACGTCACCGTGACCCACGUTCAGEACATCCTGEAARAGACCCACAAL
GECRAGCTGTGCGACCTGEACGEGTGTCARGCCCCTGATCCTGCGTEACTGCTCCGTGGET
GETTGECTCCTEGETAARCCCCATGTGUGACGASTTCATCRAACGTGCLUGAGTGETCCTAL
ATCETEGAGAAGGTUTAACCCCECTAACGACCTIETGCTACCCCGETAACTTCAACGACTALC
GAGEAGCTEAAGCACCTGUTCTCCCGTATCARCCACTTCGAGAAGATCOAGATATCCCC
AAGTCOTCTTGETICCGACCACGAGECTTCCTCCEEIGTCTCCTCCGCTTECCCATALCAG
GGCACCCCATCTITICTICCGTAACGTGGTGTCECTGATCAAGAAGAACARCACCTACCCE
ACCATCAAGCGTTCCTACARCAACACCAACCAGGAGGACCTGCTGATCCTGTGEEGTATC
CACCACTCCAACGACGCTGUCGAGCAGACCARGUTETACCAGARCUCCACTACCTACATC
TCCETEGGCACCTCCACCCTGARCCAGCETCTEETECCCAAGATCEGCTACCCETTCCRRAG
GTGAACGGCCAGTCCEETCGTATEGEACTICTICTGGACCATCCTGAAGCCTAREGACGLT
ATCARCTTCGAGTCCARCGGCAARCTTICATCECTCCCGAGTACGCTTACAAGATCETGAAG
AAGGGCGACTCCGLTATCG I CARGTCUGAGETGEGAGTACGEGTAACTGCAACACCARGTSC
CAGACCCCCATCGETGCTATCAACTCCTCCATECCCTTCCACARCATCCACCCCCTGACC
ATCEGCGAGTGCCCCARGTACGTGAAGTCCARCAAGCTGGIGCTGGCTACCGGTCTGCET
AACTCCCCCCTGCGTGAGCGTGETCTGTTCGECGLIATCGCTGETTTCATCGAGGGLGET
TGEGCRAGGECATGETGEACGETTGETACGGETTACCACCACAGCARCEAGCRGEETTCCSET
TACGCTGCTGACRAGEAGTOCACCCAGRAGECTATCGACGGCGTCACCAACAAGETGAAL
TCCATCATCGACAAGATGARCACCCAGTTCGAGGCTETGEETCETGAGT TCRACAACCTG
GAGCGTCGTATCEAGRRCCTGAACARGAAGATGGAGGACGETTTCCTBGACGTETGRACT
TACARCGCCGAGCTGCTIGETGCTEATGEAGAACGAGCGTACCCTGGACTTCCACGACTCT
ARCGTGAAGRACCTGTACCGACARGGTCCGLCTGLAGCYGCETEACAACGLCTARGGAGCTG
GGETAACGEITGCTTCEGAGT TCTACCACAAGTECGACAACGAGTGCATGEAGTCCETECGT
ARCGGCACCTACGACTACCCCCAGTACTCCGAGGAGGUTCETCTGAAGCGTGAGGAGATC
TCCEGECETGAAGCTGGAGTCCATCGECACCTACCAGATCCTGTCCATCTACTCCACLGTG
GCTTCOTCCOTGECTCIGGCTATCATGETGHECTIGETCTGTCCCTETGRATGTGCTCCARC
GGITCCCTECAGTGCCETATCIGCATCTARTAATGAGGCGCECCAAGCTTGAGCTC
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A/Anhul HA

MEKIVLLLAT
KTHNGKLCDL
PANDLCYPGN
CPYQGTPSEFR
REQTRLYONP
PNDATHFESN
INSSMPFHENT
IEGEWQGMYD
NTOFEAVERE
FADSNVENLY
POYSEREARLE
MCSNGESLOCR

Protein sequence

VSLYKESDQIC
DGVEPLILRD
FNDYEELKEL
RNVVWLIKEN
TTYIEVGETET
GNFIAPEYAY
HRLTIGECPEK
GWYGYHHSNE
ENNLERRIEN
DEVRLOLRDN
REEISGVELE
ICT

(3EQ

IGYEARNNETE
CEVAGWLLGN
LSRINHFEKT
NTYPTIKREY
LNQRLVEKIA
KIVEXGDEART
YVESNELVLA
OGSEYRRDKE
LNKKMEDGFEL
AKELGNGCFE
SIGTYQILSBI

ID 513

QVDTIMEKNY
PMCDEFINVE
QITEPKSEWSD
HNTNQEDLLI
TREKVNGQ3G
VESEVEYGHC
TGLRMSPLRE
STOKAIDGVT
EVIITYNAELL
FYHKCDNECH
YSTVASSLAL

A/Bar headed goose/Qinghal/lA/2005

L/Qinghai Cptimized HA

TVITHAQDILE
EWSYIVEKAN
HEAS3GVESA
LWGETHHSNDA
RMDEFWTILR
NTRCQTPIGA
RGLEGAIAGE
NEVNSIIDKM
YILMENERTLD
ESVRNGTYDY
ATMVAGLSLW

(Start and stop codon are underiined}

(SEQ ID 32)

COGGECECEEARCHECCECATGGAGARGRTICETECTGCTGLTGGCTATCGTGTCTCTGETCRAGTCCGACCAGATCTGCA
TCGETTACCACGCTRACAACT CCACCGAGCAGGTGGACACCATCAT GGAGARGAACGTCACCGTGACCCACGC TCAGGA
CATCOTCGAAARAGACCCACAACGECAAGLTGT GCGACTUTGEACEGCETERAGCCCCTGATLCTGCETGALTGCTCCETE
GCTGEGETTGGCIGCTIGEETAACCCCATETGCGACGAGTTCCTCAACGTGCCCEAGTGETCCTACATCGTGGAGAAGATCA
ACCCCGUTAACGACCTGETGCTACCUCGETAACT TCAACGACTACGAGGAGUTGRAAGCACCTGCTETCCCGTATCAACCA
CTTCEAGAAGATCCAGATCAT CCCCAAGTCCICTTGGTCCEACCACGAGGLUTTCCTCCGETGTCTCCTCCGUITELCCA
TACCASGECCETTCITCCITC T TCCGCARCGTGETGTGGUTGAT CAAGARGARCARCGCCTACCCCACCATCRAGCETT

CTACRACAACRACCARCCAGGAGHEACCTGLTGETCCTGTGEGETATCCACCACCCCAACGACGUTGCCGAGTAGACCCS
TCTETACCAGRACCCCACCACCTACATCICCGT GGGCACCTCTACCCTYGAACCAGCETCTGETELCCARGATCECTACT
CETTCCAAGATIGAACGECCAGTCCGEPCETATCGAGT TCTICY GGACCATCCTGARGCCTARCGACECTATCAACTTCS
AGTCCAACEGGCAACTTCATCGOTCCCOAGRACGCTTACAAGAT CGTCAAGAAGGECGACTCCACCATCATGAAGTCCEA
GUTGGAGTACGGCRACTGCARCACTARGTGUCAGRACCCCCATCGETGCTATCARCYCCTCCATGCCCTTCCACAACATC
CACCCCCTGRCTATCEECGASTECLCCAAGTACGTEARGTCCARCCETCTGETGCTEGCTACUGETCTGEUGTARCTCCC
CCCAGATCGAGRCTCEIGETCIGTTCECCECTATICGUTGETITCAT CEGAGERLBET TGECAGEGCATGETEEACGETTG
GTACGGTTACCACCACTCTAARCGAGCAGGGTTCCGETTACSCT G TGACAAGGAGTCTACCCAGRRAGGL TATCGACGEGEC
GTCACCAACARGETGAACTCCATCATCEACARGATGALCACCCAGTTCGAGRECTGTGEETCETEAST TCARACARCCTCG
AACETCETRTCGAGARCCTGAACARGRAGATGGAGGACGETTTCCTGGACETETECACCTATARCECCEGAGLTGCTEET
GCTGATGEAGAACCGAGCETACCCIGGACTTCCACGACT CCAACGT GRAGRACLTGTACGACRAGETCCGCCTGCALBLTG
CGETGRCAACGCTARGGRAGCTEGCTAACGETTGCTICGAGTTCTACCACCETTGCGACAACGAGTGCATGGAGTLCETEC
CTARCSECACCTACGACTACCCCCAGTACTCCEAGGAGGCICGT CTGRAGCGTCAGGAGRATCTCCGETETCARECTCER
ATCCRTCGERACCTACCAGATCOTGTCCATCTACTCCACCGETGECTTCCTOCCTGECTCTGGCTATCATGGTEECTGET
CTGTCCOPGTEEATGETGCTCCAACGEETTCCCTGCAGTBLCETATCTGCATUTAATAATGAGGCGUECCALGCTTETCGA

B/Qinghal Ha Protein seguence (SEQ ID 53}

MERIVLLLAT
KTHNGKLCDL
FPANDLCYPGHN
CPYQGRESEF
BEQTRLYQNP
PNDAINFESH
IMSSMPIHENT
FIEGEWQGEMY
MNTQFEAVGR
DPHDSNVENL
YPQYSEEARL
WMCSNGESLOT

2/Qinghal Optimized NE&

VSLVKSDQIC
DGVKPLILRD
FNDYEELKHL
BHYVVALIKEN
TTYISVGETET
GNFIAFPENAY
BEFLTIGECPK
DGWYGYHISH
EFNNLERRIE
YORVRLQLRD
KREEISGVKL
RICT

TEYHANNSTE
CEVAGWLLGN
LSRINHFEKI
NAEYPTIKREY
LNQRLVPKIA
KIVEEGDETI
TVESNRL VLA
EQGSGEYAADK
NENKKMEDGE
NAKELGNGCE
ESIGTYQILS

QVDTIMEKNV
PMCDEFLNVP
QIIPKSSWSED
NNTNQEDLLV
TREEKVNGQSS
MKSELEYGNC
TGLRMSRPQIE
ESTQOKAIDGV
LDVWIYNAEL
EFYHRCDNEC
IYSTVASSLA
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TVTHAQDILE
EWSYIVERIN
HEASSGVESEA
LYWGIEHPNDA
RMEFFRTILE
NTRCQTPIGA
TRGLFGAIAG
THNEVNEIIDK
LVLMENERTL
MESVRNGTYD
LATIMVAGLSL

{8tart and stop codon are underlined)

(SEQ ID 54}



ACCOTCCCACCATCEGECACEGATCCLICEAGATCAACCCCAACCAGAAGATCATCACCATCEECTCCATCTGCRTGET
GATCGETATCGTGTICCCTGATGCTGCAGATCGGTARCATGATCTCCAYCTGEGTGTCCCACTCCATCCAGACCEETAAC
CAGCGTCAGGCCGAGCCCATCTCUARCACCAAGTTCCT CACCEAGARGECTGTEGCTTCCETGACCCTIGECIGETRACT
CCTCCCTGTGECCCCATCTCOGGTTGEGCTETETACTCCAAGGACAACTCCATCCETATCGET TCCCETGETGRLGTGTT
CGTGATCCETGAGCCCTTCRTCTCOTGCICCCALCTCERATGUCETACCTTCTTCCTBACCCAGGETGCTCIGLTERAL
GACAAGCACTCCARCGEGCACCGTGAABGACCETTICCCCOCACCETACCCTGRTETCCTECCOCETEEELEAGECTCCCT
CCCOCTRCARCTCCOCOT T ICGAGTCCATGECTTGGTCCEUT TCCECTTECCACEACGBCACCTCTTGGCTGACCATCGE
TATCTCCGETCCCEACRACEETACTETEGCTETELIGARGTACARCGEOATCATCACCGACACCAT CAAGTCCTIGECET
ARCAACATCCIGCCTACCCAAGAGTCCEAGTGCGCTTECETGAACEETTICTECE TCACCETEATGACCEACGETCCCT
CCARCGGCCAGGCTITCCTACRAGATCTITCARGRT GGAGRAGGECAAGETGETGRAAGTCCGTGGAGCTGGACGCTCCTAA
CTACCACTACGAGCAGTGECTCTTGCTACCCCCACGCT GG CGAGATCACCTGUETETGCCGTGACAACTGECACGETTICC
AACCGTCCCTGEGTGTCOTTCAACCAGAACCTCGARTACCAGATCEGTTACATCTGCTCCGGLGTGTTCEETGACRACC
CCCETCCCRACGRCGGARCCGETTCCTIGCEETCCCETET CCCCCAACGETGCTTACEETGTCARGEECTTCTCCTTCAR
GTACGETARCGGTETCTGEATCEGTCETACCARCTCCACCARCTCUCECTCLEETTTCGAGATSATCTGGGEACCCCRARC
GETTEGACCEECACCGACTCTTCCTICTCOGTGAAGCAGCACATCETGEUTATCACCGALTGGTCCEETTACTCCGETT
CCTTCETECAGCACCCCGAGUTGACCGEICTGEACTETATCCETCCUTECTTCTGGETEGAGCTGATCOGTEETCETCC
CAARGGRAGTCCACCATCTGEACCTICCEECTCCTCCATCTCTI TP CT GCEETETEARCTCCGATACCGTEICCTGETCCTEE
CCCBACGETRCCEAGCTGUCCTTCACCATCEACAAGT AR T AATGAAY CGATT TG TCGAGAAGTACTAGAGRATCATAAT
Protein saguence:

A/Qinghai NA Protein sequence(SEQ ID 53}

MNPNQKIITI
NIEFLTEXAY
FISCEHLECR
NESRFESVAWS
NNILRTQESE
APNYHYERCS
VFGDNPRPND
FEMIWDPNGW
CEWVELIRGR

GEICMVIGIV
ABVTLAGHNSS
TEFLTQGARLL
BSACTHDGTEW
CRCVNGSCEFT
CYPDAGEITC
GTESCGERPVEP
TETDSSEFEVE
PKESTIWTEG

SLMLOIGNMI
LCPISGHAVY
NDEHSNGTVE
LTIGISGPDN
VMTDGPSNGQ
VCRDNWHESN
NGAYEVHKGES
QDIVAITDWS
SEISFCGVNS

SIWVEHSIQT
SKDNSIRIGE
DRSPHRTLMS
GAVAVLEKYNG
ASYKIFKMEK
RPUVEEFNORL
FRYGHNGVWIG
GYSGIFVOHE

TVSHSWEDE

GNQROQAEPIS
RGDVFVIREP
CPVGEARSPY
IITDTIKSWR
GEVVEKSVELD
BEYQIGYICEG
RTKSTNERSG
ELTGLDCIRP
AELPFTIDK
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Other BEmbodiments
Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the mvention described

herein. Such equivalents are intended to be encompassed by the following claims;
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Clains:

1. A virus like particle (VLP) comprising an influenza virus M1 protein and influenza

virus HS and N1 hemagglutinin and nevraminidase proteins.

2. The VLP of claim 1, wherein said M1 protein is derived from a different inflnetza

virus strain as compared to the H5 and N1 proteins.
3 The VLFP of claim 1, wherein said HS or N1 are from a H3N1 clade 1 influenza virus.

4, The VLP of claim 1, wherein said HS and N1 are from a H3N1 clade 2 influenza

virus.

5. The VLP of ¢claim 3, wherein said H5 and N1 proteins comprise SEQ ID NOS: 43 and

46, respectively, or a sequence comprising at least 90% sequence identity to said sequences.

8. The VLP of claim 4, wherein said H5 and N1 proteins comprise SEQ ID NOS: 50 and

54, respectively, or a sequence comprsing at least 90% sequence identity fo said sequences.

7. The VLP of claim 1, wherein said HS and N1 are from an influenza virus which was

isolated from an infected animal,

8. The VLP of clamm 7, wherein said infected animal is a human.

9. The VLP of claim 1, wherein the VLP is expressed from a eukaryotic cell comprising
one or more nueleic acids encoding influenza HS and N1 proteins and an influenza M1

protein under conditions that permit the formation of VLPs,

10.  The VLP of claim 9, wherein said eukaryotic cell is selected from the group

consisting of yeast, msect, amphibian, avian and mammalian cells.
11.  The VLP of claim 10, wherein said eukaryotic cell is an insect cell.
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12, The VLP of claim 11, wherein said msect cell is Si9.

13, The VLP of claim 1, wherein said VLP elicits neutralizing antibodies in a human or
animal that are proiective against influenza infection when administered fo said human or

. anirdal,

14. An immunogenic composition comprising an effective dose of a VLP of any one of

claims 1-13.
15, The composition of claim 14, wherein ssid composition comprises an adjuvant.
16. A vaccine comprising an effective dose of a VLP of any one of claims 1-13.

17.  The vaccine of claim 16, wherein said vaccine comprises at least a second VLP which

comprises HA and NA from different influenza strains.

18  The vaccine of claims 16 or 17, wherein said vaccine comprises an adjuvant.
19.  The immunogenic composition or vaccine of ¢laim 15 or 18 wherein said adjuvant

COPrises Novasomes®.

b2

0. A method of inducing substantial immunity to influenza virus infection in an animal,

comprising administering at least one effective dose a vaccine of any one of claims 16-18.
1. A method of claim 20, wherein the vaccine is administered to an animal orally,
intradermally, intrapasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneousiy.

22. A method of claim 20 or 21, wherein the animal 15 a lmman.
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23, The use of a VLP of any one of claims 1-13, for the preparation of a vaccine for an
anirnal, wherein the vaccine induces substantial immunity to influenza virus infection in said

animal.

24, The use of clazm 23, wherein the vaccine is administered to the animal oraliy,
intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.

25. A method of making a VLP of any one of claims 1-13, comprising expressing said

M1, HA and NA proteins in a eukaryotic ceil.

26.  The method of claim 25, wherein said eukaryotic cell is selected from the group

consisting of yeast, insect, amphibian, avian and mammalian cells.

27. The method of claim 26, wherein said eukaryotic cell is an insect ceil,

28. The method of claim 27, wherein said insect cell is Si5.

29.  An insect cell expression vector encoding at least one influenza HS or N1 protein.
30. A vaccine comprising an influenza VLP, wherein said VLP comprises influenza M1,
HA and NA proteins, wherein said vaccine induces substantial immunity o influenza virus
infection in a2 human,

31, A vaccine comprising an influenza VLP, wherein said VLP consists essentially of
influenza M1, HA and NA proteins, wherein said vaccine induces substantial immunity to
influenza virus mfection in a human.

32. A vaccine comprising an influenza VLP, wherein said VLP comprises influenza

proteins selected from the group consisting of influenza M1, HA and NA proteins, wherein

said vaccine induces substantial immunity to influenza virus infection in a human.
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33, A method of inducing substantial immunity to influenza virus infection in a human,

comprising administering at least one effective dose a vaccine of any one of clatms 30-32.

34, A method of claim 33, wherein the vaccine is administered orally, intradermally,

mtranasally, intramusclarly, imtraperitoneally, intravenously, or subcutaneously.

35.  Theuse of an influenza VLP, wherein seid VLP comprises influenza M1, HA and NA
proteins, for the preparation of a vaccine, wherein the vaceine induces substantial ity

to influenza virus infection in a human.

36. The use of an influenza VLP, wherein said VLP consists essentially of influenza M1,
HA and NA proteins, for the preparation of a vaceine, wherein the vaceine induces

substantial immunity to influenza virus infection in a human.

37 Theuse of an infiuenza VLP, wherein said VLP comprises influenza proteins selected
from the group consisting of influenza M1, HA and NA proteins, for the preparation of a
vaccine, wherein the vaccine induces substantial immunity to influenza virus infection in a

human.

38. The use of any one of claims 35-37, wherein the vaccine is adminisiered to a human
orally, intradermally, iniranasally, intramusclarly, fntraperitoneally, intravenously, or

subcutaneously.

39. A vaccine of any one of claims 16-19 and 30-32, wherein said vaccine has been freated

to imachivate baculovirus.

40. The vaccine of claim 40, wherein said inactivation treatment comprises incubating a
sample comprising VLPs in about a 0.2% of B-propyl lactone (BPL) for about 3 hours at
about 25 °C.
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