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Methods for stabilizing influenza antigen enveloped
virus-based virus-like particle solutions

FIELD

[0001] The present invention relates to the field of stabilized enveloped virus-based
virus-like particles that inchude an influenza antigen. In particular, methods of stabilizing
such virus-like particles and stabilized compositions comprising such virus like-particles

are disclosed herein.
BACKGROUND

[0002] Influenza A and B are the two types of mfluenza viruses that cause epidenic
human disease {111). Influenza A viruses are further categorized into subiypes on the
basis of two surface anfigens: hemagglutinin {HAj and neuranunidase (NA). Influenza B
viruses are not categorized info subtypes, but do under go drift whereby strains diverge
over time. Since 1977, influenza A (HIN1) viruses, mfluenza A (HIN2) viruses, and
influenza B viruses have been mn global circulation. Influenza A {(HIN2) viruses that
probably emerged after genetic reassortinent between human A (H3N2j and A (HIND)
viruses have been detected recently in many countries. Both influenza A and B viruses
are further separated into groups on the basis of antigenic characteristics. New influenza
virus variants result from frequent antigenic change (1.¢., antigenic drifi) resulting from
pomt mutations that ocowr during viral rephication. Influenza B viruses undergo antigenic
drift less rapidly than influenza A viruses. Frequent development of anfigenic variants
through antigenic driff is the virologic basis for seasonal epidenzics and the reason for the

mncorporation of at least one new strain i each vear's influenza vaccine.

[0003] A person's immunity to the surface antigens, especially hemagglutinin, reduces
the hkelihood of infection and severity of disease if infection occurs {(112). It 1s generally
thought that antibody against one influenza virus type or subtype confers himited or no
protection agamnst another. Furthenmore, it is generally accepted that antibody fo one

antigenic variant of influenza virus nught not protect against a new antigenic variant of
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the same type or subtype {113). Therefore, the demonstration of cross-protection is

unexpected.

[0004] Human-avian reassortant influenza viruses were responsible for the previous two
mfluenza pandemics in 1957 and 1968. Since H2 viruses have not circulated in bumans
after 1968, an antigenic shift arising from an H2 reassortant virus s theoretically possible
at any time. However, the recent emergence of highly pathogenic avian influenza
{HPAI) viruses {HS and H7) and the sporadic transmission of these viruses directly from
birds to humans since 1997 {1-5) brings a new human pandemic threat potential
addition to the population’s ever tncreasing susceptibiliiy to H2 viruses. The fact that
human HPAT H3NT outbreaks have been antigenically distinct makes it all but impossible
o prepare advance stockpiles of a well-matched vaccine against a pandenuic threat (3, 6).
While mouse HS imnmmnization and challenge data mdicate that good cross reactivity 1s
seen between various HS isolates i this model (7), it is not known if sumilar levels of
cross reactivity will be seen in humans with existing vaccine technology. Thus, there 1s a
need for mfluenza vaceine platforms that may be quickly adapted fo include antigens

from new viral outbreaks.

[0005] The present egg-based nactivated vaccine technology is inadequate to meet the
demands of an emerging pandemic due to the mability to propagate HPAI viruses in eggs
and the need for enhanced brocontatnment {6, 8). Reverse genetics approaches offer a
means of producing low pathogenicity reassortants with the desired HA and NA makeup
that can be cultured m eggs {7, 9-11); however, vaccines produced by this approach are
only now entering the clmic due to previous mtellectual property and regulatory issues
{8). An additional concern is the apparent low level mmmunogenicity assoctated with HS
hemagglutinins evalnated m human chinical trials (12-14) which makes it clear that
nnproved vaccines, delivery systems, and the use of adjuvants may be required fo
efficiently mduce protection in a population that is completelv HS-naive. Thus, thereisa
need for an influenza vaccine platform that allows for expression of HPAT antigens in

combination with adjuvants.

[
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[0006] Influenza VLPs represent an alternative technology for generating mfluenza
vaccines. Influenza VLPs have been produced using the influenza mairix, HA and NA
proteins expressed i msect cells which are markedly tmmunogenic following intranasal
delivery (26, 27). Indeed, VLPs in general appear well suited for the mduction of
mucosal and systemic mmumity following miranasal delivery as has been shown for
rotavirus, porovirus, and papilloma virus VLPs (28-31). Influenza VLPs have been
produced m eukaryotic expression systems by expression of influenza matrix, HA and
NA proteins. The mfluenza matrix 1s the driving force behind virus budding and NA 15
required for budded VLP release from producer cells when HA is also being expressed
owing to HA's assoctation with sialic acid at the cell surface (51). There are also data o
indicate that interactions between matiix and the C-terminus of HA play a role in
directing matrix to the membrane as part of the budding process {51). Intluenza VLPs
produced m an msect cell baculovirus expression system have proven mununogenic m
animal trials and represent an important strategy for future pandemic preparedness (26,
27, 47). In addtiion, mtranasal delivery of influenza VLPs can result m antibody titers
exceeding those obtained following parenteral admimistration. However, VLPs are
complex structures of lipid membranes embedded with one or more different
glycoproteins embedded i or associated with the membrane. To have practical utihity,
the VLPs will need to have a reasonably long shelf-life. Thus, there 1s a need for
methods of stabilizing virus hke particles that mclude an mfluenza antigen in a hquid

solution.
SUMMARY

[0007] The disclosure of the present application meets this need by providing methods of
stabilizing virus like particles that mchude an mfluenza antigen in a hquud solution

together with the stabilized solutions and methods of using such stabilized solutions.

[0008] One aspect of the disclosure provides methods for stabilizing a solution
contalning an influenza antigen enveloped virus-based virus-like particle preparation
comprising {a) providing the solution contaimng the influenza anfigen enveloped virns-
based virus-like particle; and (b) (1) adding a stabihizing amount of a stabilizing agent

selected from a monosaccharide, sorbitol, a disaccharide, trehalose, diethanolamine,

(S
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alveerol, glveine, and a combination of the preceding stabilizing agents to mfluenza
antigen enveloped varus-based virus-like particle preparation, {2) buffering the solution
so that the pH 1s between about pH 6.5 and about pH 8.0, between about pH 6.5 and
about pH 7.5, or about pH 7, or (3} both steps {1) and (2}, wherem the mfluenza antigen
enveloped virus-based virus-like particle preparation after step (b) exlubits at least one of
the following characteristics (1) reduced aggregation of the virus-like particles as
compared to the influenza antigen enveloped virus-based virus-like particle preparation
before step (b} as measured by optical density, (1) stabilized mfluenza antigen as
compared to the influenza antigen enveloped virus-based virus-like particle preparation
before step (b) as measured by circular dichroism or ANS binding, and (111} reduced
temperature induced hydration of the hipid bilayer of the virus-like particle as compared
to the mfluenza antigen enveloped virus-based virus-like particle preparation before step
(b} as measured by laurdan fluorescence. In certain embodiments, the buffering is
performed using a buffering agent selected from the group consisting of phosphate, Tris,
MES, citrate and other GRAS buffers. In certain embodiments, which may be combined
with the preceding buffering agent embodiments, the stabilizing agent 1s selected from
trehalose, sorbitol, diethanolamine, glycerol, glyveine and a combination of the preceding
stabilizing agents and the characteristic 1s {1}. In certain embodiments, which niay be
combined with the precedmg buffering agent embodiments, the stabilizing agent 1s
selected from trehalose, sorbitol, and a combination of the preceding stabilizing agents
and the charactertstic 1s (11). In certain embodiments, which mayv be comnbined with the
preceding buffering agent embodiments, the stabilizing agent is selected from trehalose
and glveine and the characteristic is (i1}, In certain embodiments, which may be
combined with the precedmg buffering agent embodiments, the stabilizing agent 1s
trehalose and all three characteristics are present. In certain embodiments, which may be
combined with any of the preceding emboduments, the mfluenza antigen enveloped virus-
based virus-like particle comprises a hemagglutinin polypeptide. In certain embodiments,
which may be combined with any of the preceding embodiments, the mfluenza anfigen
enveloped virus-based virus-like particle comprises a second polypeptide selected from
the group comprising a gag polypeptide, an influenza M1 polvpeptide, a Newcastle

disease vuns matnx polypeptide, an Ebola virus VP40 polypeptide and a Marburg virus
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VP40 polvpeptide. In certain embodiments, which may be combined with anv of the
preceding embodiments including a gag polypeptide. the gag polypeptide may be from
murine leukemia virus, nman immunodeficiency virus, Alpharetroviruses,
Betaretrovirnses, Gammaretroviruses, Deltaretroviruses and Lentiviruses. In certain
embodiments, which may be combined with any of the preceding embodiments, the
influenza antigen enveloped vuns-based virus-like particle further corprises a
neuraminidase polypeptide. In certain embodumnents, which may be combined with any
of the preceding embodiments, the stabilizing agent is selected from monesaccharide,
sorbitol, a disaccharide, and trehalose, and the stabihzing amount is greater than 10%
{w/w) or at least about 20% (w/w). In certain embodunents, which may be combined
with any of the preceding embodiments, the stabilizing does not require glass formation.
In certain embodiments, which may be combined with any of the preceding
embodiments, the stabilizing amount is less that the amount required for glass formation
upon freezing. In certain embodiments, which may be combined with any of the
preceding embodiments, the stabilizing agent 1s not sucrose. In cerfain embodiments,
which may be combined with any of the preceding embodiments, the influenza antigen
enveloped virus-based virus-like particle preparation further comprises an adpvant in
admixture with the mfluenza antigen enveloped virus-based virus-like particle, which
may be located inside said virus-like particle or located ouiside said virus-like particle.

In certain embodiments, which may be combined with any of the preceding emboduments
that include an adjuvant and a second polvpeptide, the adjuvant 1s covalently linked to the
second polypeptide to form a covalent linkage. In certamn embodiments, which may be
combined with any of the preceding embodiments that include an adjuvant and a
hemagglutintn polypeptide, the adjuvant is covalently hinked to said hemagghutinin
polypeptide to form a covalent inkage. In cerfain emboduments, which may be combined
with any of the preceding embeodiments that include an adjuvant, the adjuvant comprises
an adjuvant-active fragment of flagellin. In certain embodiments, which may be
combined with anv of the preceding embodiments, the methods further comprise step {c)
storing the solatton in hquid form for a peried of time of at least two weeks, at least one
month, at least two months, at least three months, at least four months, at least six

months, or at least one vear, wherein the influenza antigen enveloped virus-based virus-

LA
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like particle preparation after such time period induces at least eighiv percent, at least
ninety percent, or at least ninety five percent of the imnmme response induced by the
mfluenza antigen enveloped virus-based virus-like particle preparation before such tumne

period.

[0009] Another aspect of the disclosure provides an mfluenza antigen enveloped virus-
based virus-like particle preparations comprising influenza antigen enveloped virus-based
virus-like particles and a stabilizing amount of a stabilizing agent selected from trehalose,
sorbitol, diethanolamine, glycerol, glycine, and a combination of the preceding stabilizing
agents fo influenza antigen enveloped virus-based virus-like particle preparation, wherein
the mfluenza antigen enveloped virus-based virus-like particle preparation exhibits at
least one of the following characteristics (1) reduced aggregation of the virus-like
particles as compared to a influenza antigen enveloped virus-based virus-like particle
preparation without the stabilizing agent as measured by optical density, (it) stabilized
mnfluenza antigen as compared to the influenza antigen enveloped virus-based virus-like
particle preparation without the stabilizing agent as measured by circular dichroisny or
ANS binding, and (111} reduced temperature induced hydration of the hipid bilaver of the
virus-like particle as compared to the mfluenza antigen enveloped virus-based virns-like
particle preparation without the stabilizing agent as measured by lanrdan fluorescence. In
certain embodiments, the buffering 1s performed using a buffering agent selected from
the group consisting of phosphate, Tris, MES, citrate and other GRAS butfers. In certain
embodiments, the stabilizing agent 1s selected from trehalose, sorbitol, diethanolamine,
glycerol, glyveine and a combination of the preceding stabilizing agents and the
characteristic 1s {1). In certain embodiments, the stabilizing agent is selected from
trehalose, sorbitol, and a combination of the preceding stabilizing agents and the
characteristic 1s (11). In certam embodiments, the stabilizing agent 1s selected from
trehalose and glycine and the characteristic is {i11). In certain embodiments, the stabilizing
agent is trehalose and all three characterisiics are present. In certain embodiments, which
may be cambined with any of the preceding embodinzents, the influenza antigen
enveloped virus-based virus-like particle comprises a hemagglutinin polypeptide. In
certamn embodiments, which mav be combmed with any of the preceding embodiments,

wherem the mfluenza antigen enveloped virus-based virus-like particle comprises a
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second polypeptide selected from the group comprising a gag polypeptide, an influenza
M1 polvpeptide, a Newcastle disease virus matrix polypeptide, an Ebola virus VP40
polvpeptide and a Marburg virus VP40 polvpepiide. In certain embodiments, which may
be combined with any of the preceding embodinents that include a gag polypeptide, the
gag polypeptide 1s from a retrovirus selected from the group consisting of: murine
leukemia viras, human immunodeficiency virus, Alpharetroviruses, Betaretroviruses,
Gammaretroviruses, Deltaretroviruses and Lentivirnses. In certain embodiments, which
may be combined with any of the preceding embodiments, the mfluenza antigen
enveloped virus-based virus-hike particle further comprises a neuranunidase polypeptide.
In certamn embodiments, which may be combined with anv of the preceding
embodiments, the stabilizing agent 1s selected from monosaccharide, sorbitol, a
disaccharide, and trehalose, and the stabilizing amount 1s greater than 10% {(w/w) or at
least about 20% (w/w). In cerfain embodunents, which may be combined with any of the
preceding embodiments, the stabilizing does not require glass formation. In certain
embodiments, which may be combined with any of the preceding embodiments, the
stabilizing amount 1s less that the amount required for glass formation upon freezing. In
certain embodiments, which may be combined with any of the preceding embodiments,
the stabilizing agent is not sucrose. In certain embodiments, which may be combined
with any of the preceding embodimentis, the influenza antigen enveloped virus-based
virus-like particle preparation further comprises an adjuvant in admixture with the
mnfluenza antigen enveloped virus-based virus-like particle. In certam embodiments,
which may be combined with any of the preceding embodiments that mclude an adjuvant,
the adjuvant 1s located inside said virus-like particle. In certain emboduments, which may
be combined with any of the preceding embodiments that include an adjuvant, the
adjuvant 1s located outside said virus-hike particle. In certain embodiments, which may
be combmed with any of the preceding embodiments that mclude an adjuvant and a
second polypepiide, the adjuvant is covalently linked to said second polypeptide to form
a covalent linkage. In certain embodiments, which may be combined with any of the
preceding embodiments that include an adjuvant, adjuvant is covalently linked to said

hemagglutinin polypeptide fo form a covalent linkage. In certain embodiments, which
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may be combined with any of the preceding embodiments, the adjuvant comprises an

adjuvant-active fragment of flagellin.

[00108} Another aspect of the disclosure provides methods for treating or preventing
mnfluenza comprising admstering fo a subject an imnmnogenic amount of the mfluenza
antigen enveloped virus-based virns-like particle preparation of the preceding aspect and
any of its various embodiments or a solution containing an mmnogenic amount of an
influenza antigen enveloped vurms-based virus-like particle preparation stabilized m
accordance with the preceding method aspect and any of its various embodiments. In
certain embodiments, the adnumistering induces a protective imnmnization response il
the subject. In certain embodiments that may be combined with the preceding
embodiments, the admmuistering 1s selected from the group consisting of subcutaneous
delivery, transcutaneous delivery, miradermal delivery, subdermal delivery,
intranmiscular delivery, peroral delivery, oral delivery, mtranasal dehivery, buccal
deltvery, sublingual delivery, intraperitoneal delivery, intravaginal deliverv, anal delivery

and intracranial delivery.
SUMMARY OF THE FIGURES

[0011] Figure | shows western blots of the media from S£9 cells infected with separate
Gag. HA or control vectors and with HA-gag-NA trniple vectors. (A) was probed with

anti-Gag antibodies and (B) was probed with anti-HA antibodies.

[0012]} Figure 2 shows western blots of fractions from a sucrose step gradient
recendrifugation of pelleted HA-gag-NA VLPs. {A) was probed with anti-Gag antibodies

and (B) was probed with anti-HA antfibodies.

[0013} Figure 3 shows the dynamic hight scattering by influenza VLPs. Effective
diameter {A), static light scattering intensity (B}, and sample polydispersity (C) are
plotted as a function of temperature. Each point represents the mean of three independent

samnples, and error bars show the standard deviation.

fes)
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[0014] Figure 4 shows the circular dichroism specira of mfluenza VLPs. Low
temperature (107°C) spectra at each umit pH from 4 to 8 (A) and pH 7 spectra at a variety

of teraperatures (B) are shown.

[0015] Figure 5 shows the response of influenza VLP protfein secondary structure to
thermal stress. The normalized {-1 to 0) CD at 227 nm 1s presented as a function of
temperature. Each point represents the mean of three mdependent samples, and error

bars show the standard deviation.

[0016] Figure 6 shows the mtrinsic fluorescence peak position of mfluenza VLPs as a
function of temperature. Also presented as a function of temperature {lower right) 1s the
normalized (0 to 1) mtensity of fluorescence at 330 nm. Each point represents the mean

of three independent samples, and error bars show the standard deviation.

[0017} Figure 7 shows the {lnorescence of ANS as a probe of mfluenza VLP physical
structure. The wavelength of peak emission is presented as a function of temperature.
Also presented as a function of temperature (lower right) 1s the normalized (0 to 1)
intensity of ANS fluorescence at 485 nim. Each point represents the mean of three

independent samples, and error bars show the standard deviation.

[0018] Figure 8 shows a generalized polarization of laurdan fluorescence i the presence
of mfluenza VLPs as a function of temperature. Each point represents the mean of three

independent samples, and error bars show the standard deviation.

[0019] Figure 9 shows the empirical phase diagram derived from biophysical
characterization of mfluenza VLPs. The EPD is prepared from temperature-dependent
effective diameter, static light scattering, polydispersity, CD at 227 am, mtrinsic
fluorescence {peak position and relative mtensity at 330 nmj, ANS fluorescence (peak
position and relative intensity at 485 nmy), and GP of laurdan fluorescence data collected

across the pH range from 4 to 8.

[0020] Figure 10 shows the mtrinsic fluorescence of mfluenza VLPS in the presence of

selected stabilizers. The position {wavelength) of the peak emission is presented as a
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function of temperature. Each point represents the mean of two independent samples, and

error bars show the standard deviation.

[0021]} Figure 11 shows the GP of laurdan fluorescence in the presence of influenza
VLPs formulated with selected stabilizers. Each point represents the mean of two

imndependent samples, and ervor bars show the standard deviation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The present nvention 1s based upon stabilized formulations of influenza antigen
enveloped-virus based VLPs. An exemplary enveloped-virus based VLP inchides gag
polypeptides as the basis for formation of the VLPs, such as the gag polvpeptide from the
murine leukemia virus (MLV). An exemplary miethod of generating such gag-based
VLPs is by expression n msect cells, preferably imncluding coexpression of an mnfluenza
HA and an NA polypeptide antigen. because of the significant vields of gag VLPs that

can be obtained from a variety of retroviruses in the baculovirus expression system.

[0023] The stabihization 1s mediated by a stabilizing amount of a stabilizing agent that s
included with the influenza antigen-virus based VLP preparation. Exemplary stabilizing
agents mclide monosaccharides {such as dextrose, mannitol, sorbitol} disaccharides
(such as lactose, trehalose, sucrose) diethanolanune, glycerol, glycine, or combinations

thereof.

[0024] The practice of the disclosed methods and protocols will employ, unless otherwise
indicated, conventional technigues of chemistry, molecular biology, microbiology,
recombmant DNA and immmunology, which are within the capabilities of a person of
ordinary skill in the art. Such fechniques are explained tn the hterature. See, for example,
J. Sambrook, E. F. Frifsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory
Manual, Second Edition, Books 1-3, Cold Spring Harbor Laboeratory Press; Ausubel, F.
M. et al. (1995 and pertodic supplements; Current Protocols in Molecular Biology, ¢h. 9,
13, and 16, Jobn Wiley & Sons, New York, N.Y.}; B. Ree, J. Crabtree, and A. Kahn,
1996, DNA Isolation and Sequencing: Essential Techniques, John Wiley & Sons; J. M.

Polak and James O'D. McGee, 1990, In Situ Hybridization: Principles and Practice;

10



WO 2011/090712 PCT/US2010/062217

Oxford University Press; M. 1. Gait {(Editor), 1984, Oligonucleotide Svnthesis: A
Practical Approach, Il Press; and, D. M. I. Lilley and 1. E. Dahlberg, 1992, Methods of
Enzymology: DNA Structure Part A: Synthesis and Physical Analvsis of DNA Methods
i Enzymology, Academnc Press. Each of these peneral texts s herem incorporated by

reference.
Definitions

[0025] An “enveloped virus-based VLF’ as used here vefers fo virus-like particles that
are formed using one or more components derived from an enveloped virus. Preferred
examples include, without himitation, VLPs generated using gag polypeptides with
mfluenza bemagglutinin polypeptides, VLPs generated using mfluenza hemagglutinin
polypeptides or Orthomyxovirus (imchuding influenza) M1 polypeptides with
hemagglutinin polvpeptides {in each case optionally with neuraminidase polypeptides),
VLPs generated using Paromyxovirus (inchiding Newcastle disease virus) matrix
polvpeptides with mfluenza hemagghitinin polypeptides, and VLPs generated using
Filovirus (imchuding Ebola or Marburg virus} VP40 polvpeptides with influenza

hemagghutinin polypeptides.

[0026] Additional examples include: filoviruses such as Ebola virus and Marburg virus
may be used to form enveloped virus based VLPs {e.g., coexpression of vius GP and
VP40 from fidoviruses in cells will generate VLPs owing to the association of these two
viral proteins tn liptd rafts (see U.S. Pat. Publ. 200600992253}; coronaviruses such as
SARS (e.g., E and M proteins are sufficient for coronavirus VLP formation {see Fischer
ef al., I Virol. (1998) 72:7883-7894 and Vennema et al. EMBO 1. (1996} 15:2020-
2028)); paramyxoviridae viruses such as respiratory synevtial virus (RSV) {e.g.,
expresston of the M protemn of RSV will generate VLPs (See, e.g., U.S. Pat. Publ.
20080233150)); and flaviviridae such as West Nile Vurus (e.g., expressing a construct
comprising the prM and E genes of 8 West Nile Virus 1 baculovirus expression system

will generate VLPs {See, e.g., U.S. Pat. Publ. 20080233150}).

[0027} Gag polvpeptides tnchude the retrovirus dertved structural polvpeptide that 1s

responsible for formation of the virus like particles described herein. In some

i1
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embodiments, the gag polypeptide may be purposely mutated in order to affect certamn
characterstics such as the propensity to package RINA or the efficiency of particle
formation and budding. One example of such a mutation would be amino acid changes
that affect the ability of gag-derived VLPs to incorporate RNA. Other such amine acid
changes could be made that improve or modify the efficiencv of VLP buddmg. The
genome of refroviruses codes for three major gene products: the gag gene coding for
structural proteins, the pol gene coding for reverse transcriptase and associated
proteolytic polypeptides, nuclease and mntegrase associated functions, and env whose
encoded glycoprotein membrane proteins are detected on the surface of infected cells and
also on the surface of mature released virus parficles. The gag genes of all refroviruses
have an overall structural suntlarity and within each group of retroviruses are conserved
at the amino acid level. The gag gene gives rise to the core proteins excluding the reverse
transcriptase. For MLV the Gag precursor polyprotein is Pr65%° and is cleaved into four
proteins whose order on the precursor 1s NHa-pl15-ppl12-p30-p10-COOH. These
cleavages are mediated by a viral profease and may occur before or after viral release
depending upon the virus. The MLV Gag protein exists i a glycosviated and a non-
clveosylated form. The glycosylated forms are cleaved from gPr80™¢ which is
synthesized from a different mnframe inttiation codon located upstream from the AUG
codon for the non-glycosviated Pr65%¢. Deletion mutants of MLV that do not svnthesize
the glveosylated Gag are still infectious and the non-glycosyiated Gag can still form
virus-like particles, thus raising the question over the nmportance of the glycosylation
events. The post translational cleavage of the HIV-1 Gag precursor of pr55%°€ by the
virus coded protease vields the N-myristoylated and mternally phosphorvlated p17 mainix
protemn {pl7MA}, the phosphorvlated p24 capsid protein (p24CA), and the nucleccapsid

protein pl3 {(p1INC), which s further cleaved mto p% and p6.

[0028] Stncturally, the prototypical Gag polyprotein i1s divided to three main proteins
that always occur m the same order In refroviral gag genes: the matrix protem (MA) (not
to be confused with influenza matrix protein M1, which shares the name matrix but 1s a
distinct protem from MA), the capsid protem (CA), and the micleocapsid protein (NC).
Processing of the Gag polyprotein inte the mature protems 1s catalyzed by the refroviral

encoded protease and ocours as the newly budded viral particles mature. Functionally,

12
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the Gag polyprotemn 1s divided into three domarms: the membrane binding domain, which
targets the Gag polyprotem to the cellular membrane; the imteraction domain which
promotes Gag polymerization; and the late domam which facilitates release of nascent
virions from the host cell. The form of the Gag protemn that mediates assembly 1s the
polyprotein. Thus, the assembly domains need not lie neatly within any of the cleavage
products that form later. The Gag polvpeptide as ncluded herein therefore includes the
impertant functional elements for formation and release of the VLPs. The sfate of the art
is quite advanced regarding these important functional elements. See, e.g., Hansen er @l.
I Virol 64, 3306-3316, 1990; Will er o/, AIDS 5, 639-634, 1991; Wang ef o/. . Virol.
72, 7950-7939, 1998 McDonunell er o/, J. Mol. Biol. 279, 921-928, 1998; Schultz and
Rein, J. Virol. 63, 2370-2372. 1989; Accola et al., J. Virol. 72, 2072-2078, 1998; Borsettz
etal.,J Virol, 72, 9313-0317, 1998; Bowzard ef ¢/, I. Virol. 72, 9034-0044, 1998,
Krishna ef al., J. Virol. 72, 564-5377, 1998; Wills er @/, J. Virol. 68, 6605-6618, 1994,
Xiang et al., 1. Virol. 70, 5695-5700, 1996; Garmnier ef /., J. Virol. 73, 2309-2320, 1999,

[0029] Exemplary retroviral sources for (zag polypeptides melude murine leukenua virus,
human imnmnodeficiency virus, Alpharetroviruses (such as the avian leucosis virus or
the Rous sarcoma virus), Betaretroviruses {such as mouse manmmary fumor virus,
Jaagsiekte sheep retrovirus and Mason-Phizer monkey virus), Gammaretroviruses {(such
as murime leukemia virus, feline leukemna virus, reticuloendotheliosis virus and gibbon
ape leukemia virus), Deltaretroviruses (such as hmman T-lymphotrophic virus and bovine
leukenua virus), Epsilonretroviruses (such as walleve dermal sarcoma virus), or
Lenfiviruses (huoman immunodeficiency virus type 1, HIV-2, simian mmnmmedeficiency
virus, feline nnmunedeficiency virus, equine infectious anenua virus, and caprine

arthritis encephalitis virus).

[0030] The “hemagglutinin polypeptide” as used heremn 13 derived from the influenza
virus protemn that mediates binding of the virus to the cell to be mfected. The protem 1s
an antigenic glycoprotein found anchored to the surface of influenza viruses by a single
membrane spanning domain. At least sixteen subtypes of the influenza hemagglutinin
have been 1dentified labeled HI through Hi6. H1, H2, and H3, are found m human

mfluenza viruses. Highly pathogenic avian flu viruses with HS, H7 or H9

o
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hemagglutinins have been found fo infect humans at a low rate. It has been reported that
single amine acid changes i the avian virus strain’s type HS hemagglhutinin have been
found m buman patients that alters the receptor specificity to allow the HS hemagglutinin
to significantly alter receptor specificity of avian H3N1 viruses, providing them with an
ability to bind to human receptors {109 and 110). Thus finding explains how an HSN1
virus that normally does not mfect huinans can mutate and become able to efficiently

mfect human cells.

[0031} Hemagglutinin 13 a homotrinzeric mtegral membrane polypeptide. The membrane
spanmng domain naturally assoctates with the rafi-hipid domams, which allows it fo
associate with the gag polypeptides for incorporation into VLPs. It 1s shaped like a
cvlinder, and is approximately 135 A long. The three identical monomers that constitute
HA form a central coiled-coil and a spherical head that contains the sialic acid binding
sites, which is exposed on the surface of the VLPs. HA monomers are synthesized as a
single polypeptide precursor that 1s glvcosylated and cleaved nto two smaller
polypeptides: the HA1 and HAZ2 subunits. The HA2 subumnits form the trimeric coiled-

coil that 1s anchored to the membrane and the HA 1 subumits form the spherical head.

[0032] As used i the VLPs of the present invention, the hemagglutinin polvpeptide shall
at a mimimum mciude the membrane anchor domain and at least one epitope from
hemagglutinim. The hemagghutinin polypeptide may be derived from any mnfluenza virus
tvpe, subtype, strain or substrain, such as from the H1, H2, H3, HS, H7 and HO
hemagglutining. In addition, the hemagglutinin pelyvpeptide may be a clumera of
different influenza hemagglutinins. The bemagglutiin polypeptide mav optionally
inchide one or more additional polypeptides that may be generated by sphicing the coding
sequence for the one or more additional polypeptides mto the hemagglutmin polypeptide
coding sequence. An exemplary site for insertion of additional polypeptides into the

hemagglutinin polypeptide 1s the N-ternunus.

[0033] The “neuraminidase polypeptide” as used herein is denved from the inflnenza
viras protein that mediates release of the influenza virus from the cell by cleavage of

ternunal stalic acid residues from glycoprotemns. The neuraminidase glycoprotein is

14
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expressed on the viral surface. The neuranunidase proteins are tetrameric and share a
common structure consisiing of a globular head with a beta-pinwheel structure, a thin
stalk region, and a small hydrophobic region that anchors the protem in the virus
membrane by a single membrane spanning domain. The active site for sialic acid residue
cleavage mcludes a pocket on the surface of each subuiut formed by fifteen charged
amino acids, which are conserved in all influenza A viruses. At least mine subtypes of the

influenza neuramimidase have been identified labeled N1 through N9.

[0034] As may be used 1n the VLPs disclosed herein, the neuraminidase polypeptide
shall at a muniinun include the membrane anchor domain and at least the sialic actd
restdue cleavage activity. The state of the art regarding functional regions is quite high.
See, e.g., Varghese ef af., Nature 303, 35-40, 1983; Colman ef al., Nature 303, 41-44,
1983; Leniz er g/, Biochem, 26, 5321-53835, 1987, Webster ef al., Virol. 135, 30-42,
1984. The newraminidase polypeptide may be dertved from any influenza virus type,
subtvpe sirain or substrain, such as from the N1 and N2 nenranumdases. In addition, the
newraminidase polypeptide may be a chimera of different influenza nenramimdase. The
newramnndase polypeptide mayv optionally include one or more additional polypeptides
that may be generated by splicing the coding sequence for the one or more additional
polvpeptides into the neuraminidase polvpeptide coding sequence. An exemplary sie for

msertion of additional polvpeptides mto the neuraminidase polypeptide is the C-ferminus.

[0035] The “GRAS bujffers” as used herein refers to buffers that are “generally
recogmized as safe™ as announced by an applicable governmental regulatory agency.
GRAS butfers preferably will buffer within the range of pH 6 to pH 8 {e.g.. pKa 5-9).
The effective buffering range of a compound 1s generally accepted to be pKa + about 1
pH umit, e.g., buffering capacity for H;PO, with a pKa of 7.2 1s approxumately 6.5-8.0.
Exemplary GRAS buffers will mchude tris{hydroxvmethyhaminomethane (Tris),
hydrogen or dihydrogen citrate, mnonobasic potassium phosphate, dibasic potassium
phosphate, monebasic sodium phosphate, dibasic sodium phosphate, 2-(N-
morpholmejethanesulforuc acid (MES}), 3-{N-norpholino )propanesulfonic acid (MOPS),
N-{2-Acetanmdemunodiacetic Actd {ADA}, 3-[N-Trnsthyvdroxymethyhmethylammo]-2-
hydroxvpropanesulfonic Acid (TAPSQ), 3-[N, N-bis(2-Hydroxyethvhamino}-2-
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hydroxvpropanesulfomc Acid (DIPSO), piperazine-N N'-bis{2-hvdroxypropanesulfonic
acid) (POPSO), N-(2-Hydroxymethyl) piperazine-N"-2-hvdroxypropanesulionic acid
(HEPPSO), piperazine-N N'"-bis(2-ethanesulfonic acid) (PIPES), N-{2-Acetanude}-2-
aminocethanesulfonic acid {ACES), Cholamine chloride, N N-Bis(2-hydroxyethyi)-2-
amunoethanesultonic Acid (BES), N-Tns(hydroxyinethyhmethyl-2-aminoethanesulfonic
Actd (TES), (4-(2-hydroxyethyl}-1-piperazmeethanesulfonic acid }YHEPES),
Acetanudoglycine, tricine, glvemanide, bicine, amino acid residues such as Histidine,
acetate, ammonum hydroxide, imidazole, 2-anuno-2-methvl-1-propanol (AMP), 2-
amino-2-methyl-1,3-propanediol {AMPD), 2-{Bis{2-hydroxvethyl}amino}-2-
{hydroxvmethyl}-1,3-propanediol (BIS-Tris}, 1.3-
bis{tristhydroxymethylymethviamino jpropane (BIS-Tris propane). carbonate, citrate,
ethanolamine, glycylglvene, N-(2-Hydroxvethylpiperazine-N'(4-butanesulfonic acid)
(HEPBS), and maleic acid. Exemplary functional groups that can provide bufferng in
the appropriate range include mnidazole, carboxylic acids, phosphates, piperazine,
anunes, and sulfonic acid. While GRAS 15 generally defined for use m food, GRAS
buffers as nsed herein also mcludes butfers that have been deemed pharmaceutically

acceptable for nclhusion m drug formulations.
Exemplary Methods of Making Enveloped Virus-Based VLPs

[0036] Enveloped virus-based VLPs may be made by any method available to one of
skill in the art. Enveloped virns-based VLPs typically mclude one or more polypeptide
responsible for the formation of the VLP 1 addition to the mfluenza antigen polvpeptide,
which includes chimeric forms where the polypeptide responsible for formation of the
VLP 1s itself an influenza anfigen such as M1 or 1s hinked to the influenza anfigen
polypeptide. In addition, the enveloped virus-based VLP may include one or more
additional polypeptide such as a membrane {including lipid-raft}-associated polypeptide
o provide additional antigens such as a second mfluenza antigen or another antigen. In
certain embodiments, the polypeptides may be co-expressed in any available protein
expresston system, such as a cell-based svstem that mncludes lipid raft domains 1o the
plasma membrane such as mammalian cell expression systems and msect cell expression

sysiems.

1o
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[0037] Recombinant expression of the polypepiides for the VLPs tvolves expression
vectors containing polynucleotides that encode one or more of the polypeptides. Once a
poelvnucleotide encoding one or more of the polypeptides has been obtamned, the vector
for the production of the polypeptide may be produced by recombinant DNA fechnology
using techmques well known in the art. Thus, methods for preparing a protetn by
expressing a polynucleotide contamning any of the VLP polypeptide-encoding nucleotfide
sequences are described herein. Methods which are well known to those skilled in the art
can be used to construct expression vectors containing the VLP pelvpeptide coding
sequences and appropriate transcriptional and transiational confrol signals. These
methods mclude, for example, in vitro recombinant DNA techniques, synthetic
technigues, and 1 vivo genetic recombination. The invention, thus, provides replicable
vectors comprising a nucleofide sequence encoding a gag polypeptide and a hipid-raft

associated polvpeptide hinked fo antigen, all operably hinked to one or more promoters.

[0038] The expresston vector may be transferred to a host cell by conventional
technigues and the transfected cells are then cultured by conventional techiiques to
produce the VLP polypeptide(s). Thus, the mvention mncludes host cells contamng a
polynucleotide encoding one or more of the VLP polypeptides operably linked to a
heterologous promnoter. In certatn emboduimnents for the generation of VLPs, vectors
encoding both the gag polypeptide and a lipid-raft associated pelypeptide linked to an
influenza antigen {or the mfluenza antigen itself may be a hipid-raft associated
polypeptide) may be co-expressed in the bost cell for generation of the VLP, as detailed

below.

[0039] A variety of host-expression vector systems may be utilized to express the VLP
polvpeptides. Such host-expression svsiems represent vehicles by which the VLP
polypeptides may be produced to generate VLPs such as by co-expression. A wide range
of hosts mayv be used 1n construct of appropriate expression vectors and, when relving
upon hipid-raft based assembly, preferred host-expression systems are those hosts that
have hipid rafts suitable for assembly of the VLP. These mnclude but are not linuted to
ancroorganisms such as bacteria {e.g., F. coli, B. subtilis) transformed with recombinant

bactertophage DNA, plasmid DNA or cosnud DNA expression vectors containing VLP
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polypeptide coding sequences; yeast {e.g., Saccharomyces, Pichia) transformed with
recombinant yveast expression vectors containing VLP polypeptide coding sequences;
msect cell systems mfected with recombinant virus expression vectors {e.g., baculovirus)
containing VLP polypeptide coding sequences; plant cell systems infected with
recombinant virus expression vectors {e.g., cauliflower mosate virus, CaMV; tobacco
mosatc virus, TMV) or transformed with recombinant plasmid expression vectors {e.g.,
Ti plasmid) containing VLP polypeptide coding sequences; or manumalian cell systems
(e.g., COS, CHO, BHK, 293, 373 cells} harboring recombinant expression constiucis
containing prometers dertved from the genome of mammalian cells {(e.g., metallothionein
promoter) or from mamimalian vuuses (e.g., the adenovirus late promoter; the vacctia
viras 7.3K promoter). Mammalian cells or insect cells may be used for the expression of
the VLP polypeptides where VLP assembly is driven by raft hipid association. For
example, mammahian cells such as MRC-5 cells, Vero cells, PER.C6({TM) cells, Chinese
hanster ovary cells (CHO), and HEK293 cells, in conpunction with a vector such as the
mayor nfermediate early gene promoter element from human cytomegalovirus 1s an
effective expression system for VLP polypeptides (Foecking et al., Gene 45:101 {1986},

Cockett et al., Bio/Technology 8:2 (1990}

[0040] In an insect system, Autographa californica nuclear polvhedrosis virus {AcNPV)
may be used as a vector to express foreign genes. The virus grows it Spodoptera
fiugiperda cells. The VLP polypepiide coding sequence(s) may be cloned mdividually
into non-essential regions (for example the polyhedrin gene) of the virus and placed

under control of an ACNPV promoter {for example the polyhedrin promoter).

[0041] In mammalian host cells, a number of viral-based expression systems may be
utilized. In cases where an adenovirus 1s used as an expression vector, the VLP
polypeptide sequence(s) of interest may be ligated to an adenovirus
franscription/translation control complex, e.g., the late promoter and tripartite leader
sequence. This ehimeric gene may then be inserted in the adenovirus genome by m vitro
or i vive reconibination. Insertion i a non-essential region of the viral genome (e.g.,
region E1 or E3) will result in a recombinant virus that is viable and capable of

expressing the VLP polypepiide(s) in mfected hosts. {e.g.. see Logan & Shenk, Proc.
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Natl. Acad. Sci. USA 81:355-359 (1984)). Specific mfiation signals may also be
required for efficient translation of imserted VLP polypeptide coding sequence(s). These
signals include the ATG mutiation codon and adjacent sequences. Furthermore, the
mtiation codon must be in phase with the reading frame of the desired coding sequence
o ensure transiabion of the entire insert. These exogenous translational control signals
and initiation codons can be of a variety of onigins, both natural and synthetic. The
efficiency of expression may be enhanced by the mclusion of appropriate transcription
enhancer elements, transcription terminators, etc. {see Bittner et al., Methods in Enzvmol.
153:51-544 (1987)). One example would be the buman CMV mnmediate early promwoter
as used m adenovirus-based vector systems such as the AdEASY-XL({TM) system from

Stratagene.

[0042] In addition, a host cell strain may be chosen which modulates the expression of
the mserted sequences, or modifies and processes the gene product in the spectfic fashion
desired. Such modifications (e.g., glycosviation} and processing {e.g., cleavage or
transport to the membrane) of protein products may be mmportant for the generation of the
VLP or function of a VLP polypeptide or additional polypeptide such as an adyuvant or
additional antigen. Different host cells have characteristic and specific mechamisms for
the post-transiational processing and modification of proteins and gene products.
Appropriate cell hines or host systems can be chosen to ensure the correct modification
and processing of the foreign protein expressed. To this end, eukaryotic host cells which
possess the cellular machinery for proper processing of the primary transeript,

glycosylation, and phosphoryiation of the gene product may be used.

[0043} The host cell may be co-transtected with two expression vectors of the mvention,
the first vector encoding a gag polypeptide and the second vector encoding a viral
membrane antigen or a lipid-raft associated polypeptide linked to an antigen. The two
vectors may contfain identical selectable markers which enable equal expression of each
VLP polypeptide. Alternatively, a single vector may be used which encodes, and 1s
capable of expressing, both the gag polypeptide and the lipid-raft associaied polypeptide

linked fo an antigen
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[0044] Once a VLP has been produced by a host cell, it may be purified by any method
known in the art for purification of a polvpeptide, for example, by chromatography {e.g..
1on exchange, affmity, particularly by affinity for any affimuty purtfication tags added to
the polypeptide, and size exclusion chromatography), centrifugation, differential
solubility, or by any other standard techmque for the purtfication of protemns or other
macromolecules. In addition, the VLP polypeptide can be fused to heterologous
polypeptide sequences deseribed herem or otherwise known in the art, to factltate
purification of the VLP. After purification, additional elements such as additional
antigens or adjuvants may be physically linked to the VLP either through covalent
lmkage fo the VLP polvpeptides or by other non-covalent hinkages mechanism. In certamn
embodiments where the VLP polypeptides are co-expressed int a host cell that has hipid-
raft domains such as manunalian cells and insect cells, the VLPs will self assemble and
release allowing purification of the VLPs by any of the above methods. Certain
embodiments of VLPs include VLPs engineered from homologous virus proteins, for
example VLPs constructed from M1, HA and optionally NA from mfluenza virus, and
VLPs engineered from heterologous viruses, for example Gag protein from MLV or HIV
or other retroviruses engmeered to form VLPs with antigens from: a different virus, for

example mfluenza HA and NA.
Exemplary Methods of Making Gag-based VLPs

[0045] VLPs may be readily assembled by any methods available to one of skilf i the art
that results m assembled VLPs mnchiding a gag polvpeptide and an mfluenza antigen
polypeptide. In certain embodiments, the polvpeptides may be co-expressed in any
avatlable protein expression system, such as a cell-based system that includes raft-lipid
dosnams m the hipids such as mamumalhian cell expression svstems and insect cell

expression systems.

[0646] Numerous examples of expression of VLPs formed using gag polypeptides have
been published denionstrating the range of expression systeins avatlable for generating
VLPs. Studies with several retroviruses have demonstrated that the Gag polypeptide

expressed m the absence of other viral components is sufficient for VLP formation and
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budding at the cell surface (Wills and Craven AIDS §, 639-654, 1991; Zhou et al., 3.
Virol. 68, 2556-2569, 1094; Morikawa et al., Virology 183, 288-297, 1991; Rover et al,
Virology 184, 417-422, 1991; Gheysen et al., Cell 59, 103-112, 1989; Hughes et al,,
Virology 193, 242-255, 1993; Yamshchikov et al., Virology 214, 50-38, 1995).
Formation of VLP upon expression of the Gag precursor in insect cells usmg a
Baculovirus vector has been demonstrated by several groups {Delchambre et al., EMBO
I8, 2653-2660, 1989; Luo et al., Virology 179, §74-880, 1990; Royer ef al., Virology
184, 417-422, 1991; Morikawa et al., Virology 183, 288-297, 1991; Zhou et al., 1. Virol.
68, 2556-2569, 1994; Gheysen et al., Cell 59, 103-112, 1989; Hughes et al., Virology
193, 242-253, 1993; Yamshchikov et al., Virology 214, 50-58, 1995). These VLPs
resemble immature lentivirus particles and are efficiently assembled and released by

budding from the insect cell plasma membrane.

[0047] It has been reported that the apino termunal region of the Gag precursor is a
targeting signal for transport to the cell surface and membrane binding which s required
for virus assembly {Yu et al., I. Virol. 66, 4966-4971, 1992; an, X etal., J. Virol. 67,
387-6394 1993: Zhou et al., J. Virol. 68, 2556-2569. 1994; Lee and Linial J. Virol. 68,
06644-6654, 1994; Dorfinan et al.. J. Virol. 68, 1689-1696, 1994; Facke et al.. J. Virol. 67,
4972-4980, 1993). Assembly of recombinant HIV based VLPs that contam Gag
structural proteins as well as Env glycoproteins gp120 and gp41 has been reported using

a vaccha virus expression system (Haffar et al., I Vol 66, 4279-4287, 1992).

Exemplary Methods of Inactivation of Infectious Agents in Enveloped Virus-

Based VLP Preparations

[0048] An exemplary method of inactivation is through electromagnetic radiation as
electromagnetic radiation 1s capable of inactivating the infectious agents without
substantially reducing the nmmunogenicity of the enveloped virus-based VLP. Asall
three exemplary modes of electromiagnetic radiation (7.e., UV irradiation with
photoreactive compounds, UV mradiation alone and ganuna irradiation) have a long
history of use for inactivation of pathogens in a wide variety of samples such as blood,

food, vaccines, efc. there are a wide variety of commmercially available apparatus for
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applving the mactivating electromagnetic radiation that mayv be used with hittle to no
maodification to practice the methods disclosed herein. Furthermore, optinuzing
wavelengths and dosages s routine i the art and therefore readily withun the capabilities

of one of ordinary skill in the art.

UV Irradiation with Photoreactive Compousids

[0049] An exemplary method of nactivation with eleciromagnetic radiation is a
combination of ultraviolet uradiation, such as UV-A irvadiation, in the presence of a
photereactive compound, such as one that will react with polynucleotides in the

mfectious agent.

[0050] Exemplary photoreactive compounds include: actinomyeins, anthracyclinones,
anthramyvcin, benzodipyrones, fluorenes, fluorenones, furocoumarins, isoalloxazine,
mitomyein, monostral fast blue, norphithin A, phenanthridines, phenazathionium salts,
phenazines, phenothiazmes, phenylazides, quinolimes, and thiaxanthenones. One species
1s furocouniarins which belong in one of two main categories. The first category is
pseoralens [ 7H-furo(3,2-g)-(1)-benzopyran-7-one, or delia-lactone of 6-hydroxy-3-
benzofuranacrvihic actd], which are hinear and m which the two oxygen residues appended
to the central aromatic moiety have a 1, 3 orientation, and further in which the faran ning
moiety is linked to the 6 position of the two ring coumarnin svstem. The second category
1s 1sopsoralens [2H-furo(2,3-h)-{1)-benzopyran-2-one, or delia-lactone of 4-hydroxy-3-
benzofuranacrvhic actd], which are angular and 1 which the two oxygen residues
appended fo the central aromatic motety have a 1, 3 ortentation, and further 1n which the
furan ring moiety is linked {o the § position of the two ring coumarin system. Psoralen
derivatives may be generated by substitution of the linear furocoumarin at the 3, 4, 3, &,
4', or ¥ positions, while isopsoralen derivatives may be generated by substitution of the
angnlar furocoumarin at the 3, 4, 5, 6, &, or 5 positions. Psoralens can infercalate
between the base pairs of double-stranded nucleic acids, fornung covalent adducts to
pyrimidine bases upon absorption of long wave ultraviolet ight {UVA}. See e g, G. D.
Cimnno ef ol , Ann. Rev. Biochem. 54:1151 {1983); Hearst ef ol , Quart. Rev. Biophys.

17:1 {1984).
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[0051] Exemplary wavelengths of UV (or m some cases visible light) radiation will
depend upon the wavelength at which appropriate reactions and/or photoadduets are
generated which ts dependent upon the chenustry of the photoreactive chenucal. By way
of example, UV radiation in the wavelengths between 320 and 380 nm are most effective
for many psoralens with 330 to 360 nm having maximum effectiveness. Stnular UV-A
wavelengths are also huighly effective m conjunction with riboflavin, a photoreactive
compound that can also be used coupled with visible light such as 419 nm for pathogen

nactivation.

UV Irradiation Alone

[0052] In addition to UV nradiation in the presence of a photoreactive compound,
infectious agents may be machivated by UV wrradiation alone. In certain embodiments,
the radiation 1s UV-C radiation having a wavelength between about 180 and 320 am, or
between about 225 and 290 nm, or about 254 nim {1.e., spectral region with a high
absorbance peak of polvincleotides and dimtnished protem absorption). UV-C radiation
may be used because it 1s less defrimental to the components of the enveloped virus-
based VLPs disclosed herein for both stability and immunogenicity such as the lipid
bilaver forming the envelope and proteins within the envelope while retaining sufficient
energy to mnactivate imfectious agents. However, other types of UV radiation such as, for

example, UV-A and UV-B may also be used.

Gamma frradiation

[0053] Gamma nradiation (7., lonizing radiation} may also be used in the practice of the
methods disclosed herein to generate the composifions. In this embodiment, gamma
irradiation doses of between 10 and 60 kGy are effective for pathogen mactivation.
Gamima nradiation can directly inactivate mfectious agents by mtroducing strand breaks
in the polynucleofides encoding the genome of the infectious agent or indirectly by
generating free radicals that attack the polynucleotides. Free radical seavengers and low
femperature may be used in conjunction with gamma trradiation fo inhibit radical-

mediated damage to lipid and protem compenents of enveloped VLPs.
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Exemplary Methods of Using VLPx

Fornwlations

[0054] An exemplary use of the enveloped-virus based VLPs described herein is as a
vaccine preparation. Typically, such vaccines are prepared as injectables either as hguid
solufions or suspensions; solid forms suitable for solution n, or suspension m, liguid
prior to mjection may also be prepared. Such preparations may also be emulsified or
produced as a dry powder. The active nnmunogenic ingredient is often nuxed with
excipients which are pharmaceutically acceptable and compatible with the active
ingredient. Suitable excipients are, for example, water, saline, dextrose, sucrose,
glycerol, ethanol, or the like, and combinations thereof. In addifion, if desired, the
vaccine may contain auxiliary substances such as wetting or emulsifving agents, pH

butfering agents, or adjuvants which enhance the effectiveness of the vaccines.

[0055] Vaccines may be conventionally administered parenterally, by mjection, for
example, either subcutaneously, mtradermally, snbdermally or mtrapmscularly.
Addittonal formulations which are suitable for other modes of adnunistration include
suppositories and, tn some cases, oral, intranasal, buccal, sublmmgual, mtraperitoneal,
mtravaginal, anal and intracranial formdations. For suppositories, traditional binders and
carriers may nchude, for example, polyalkalene glveols or triglycerides; such
supposttories may be formed from mixtures containing the active mgredient in the range
of 0.5% to 10%, or even 1-2%. In certain embodiments, a low melting wax, such as a
mixture of fatty acid glyeerides or cocoa bufter 1s first melted and the enveloped-virus
based VLPs described herein are dispersed homogeneously, for example, by stirring. The
molten homogeneous muxture 1s then poured nio conveniently sized molds, allowed to

cool, and to sohidify.

[00536] Fornunidations suitable for intranasal dehivery melude liguids (e.g., aqgueous
solution for adnunistration as an aerosol or nasal drops) and dry powders (e.g. for rapid
deposition withm the nasal passage). Formulations include such normally emploved
exciplents as, for example, pharmaceutical grades of mannitol, lactose, sucrose, trehalose,

xyhtol, and chitosan. Mucosadhesive agents such as chitosan can be used m either iquad
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or powder formuiations to delay mucocilhiary clearance of miranasally-admuustered
formulations. Sugars such as mannitol and sucrose can be used as stability agents in
liquid formulations and as stability, bulking, or powder flow and size agents in dry
powder formulations. In addition, adpuvants such as monophosphoryl lipid A (MPL) or
CpG oligonucleotides can be used 1n both hquid and dry powder formulations as an

nanmunostunulatory adpvant.

[0057] Formulations suitable for oral delivery mclude liguids, solids, senu-solids, gels,
tablets, capsules, lozenges, and the like. Formulations suitable for oral delivery inclide
tablets, lozenges, capsules, gels, lignids, food products, beverages, nutraceuticals, and the
like. Formulations include such normally employed excipients as, for example,
pharmaceutical grades of manntiol, lactose, starch, magnesmn: stearate, sodium
saccharine, cellulose, magnesium carbonate, and the like. Other enveloped-virus based
VLP vaccine compositions may take the form of solutions, suspensions, pitls, sustained
release formulations or powders and contain 10-95% of active mgredient or 25-70% or
active ingredient. For oral formudations, cholera toxin 13 an interesting formulation

pariner {and also a possible conjugation pariner}.

[0058] The enveloped-virus based VLP vaccines when formulated for vaginal
admmistration may be in the form of pessaries, tampons, creams, gels, pastes, foams or
sprays. Any of the foregomg formulations may contain agents in addition to enveloped-

virus based VLPs, such as carriers, known in the art to be appropriate.

[0059] In some emboduments, the enveloped-virus based VLP vaccine may be
formulated for systemic or localized delivery. Such formulations are well known in the
art. Parenteral vehicles tnchude sodmun chloride selution, Ringer's dextrose, dextrose and
sodium chlonde, lactated Ringer's or fixed oils. Infravenous vehicles inchide fluid and
nutrient replenishers, electrolyte replenishers (such as those based on Ringer's dextrose),
and the hike. Systemic and localized routes of admumistration melude, e.g., infradermal,

fopical application, intravenous, miramuscular, ete.

[0060] The enveloped-virus based VLPs may be formulated tnto the vaccine including

neutral or salt-based formulations. Pharmaceutically acceptable salts include acid
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addition salis (formed with the free amino groups of the peptide} and which are formed
with norganic acids such as, for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups may also be dertved from inorganic bases such as, for example, sodium,
potassitmn, ammoniuni, caletum, or ferric hydroxides, and such organic bases as

1sopropyviamine, trimethylamine, 2-ethyvlanuno ethanol, histidine, procatne, and the like.

[0061] The vaccines may be adnunistered m a manner compatible with the dosage
formulation, and n such amouant as will be therapeutically effective and momunogenic.
The quantity to be administered depends on the subject to be treated, including, e.g, the
capactty of the individual’s anmune system to mount an munune response, and the degree
of protection desired. Suitable dosage ranges are of the order of several hundred
micrograms active ingredient per vaccination with an exemplary range from about 0.1 pg
to 2000 ng (even though higher amounts in the 1-10 mg range are contemplated), such as
in the range from about 0.5 pg to 1000 ug, m the range from 1 pg to 300 ug, or in the
range from about 10 pg to 100 pg. Suitable regimens for mitial adnunistration and
booster shots are also vartable but are typified by an muttal adnumistration followed by

subsequent moculations or other administrations.

[0062} The manner of application may be varied widely. Any of the conventional
methods for admmustration of a vaccine are applicable. These include oral application on
a sohd physiologically acceeptable base or in a physiologically acceptable dispersion,
parenterally, by myection or the like. The dosage of the vaccine will depend on the route
of administration and will vary according to the age of the person to be vaccinated and

the formulation of the antigen.

[0063} Some of the vaceine formulations will be sufficiently inmunogenic as a vaccine
by themselves, but for some of the others the mmmune response will be enhanced if the

vaccine further comprises an adjuvant substance.

[0064] Delivery agents that mmprove nmucoadhesion can also be used to improve delivery
and imupmnogenicity especially for intranasal, oral or lung based delivery fonmulations.

One such compound, chitosan, the N-deacetyvlated form of chitin, 13 used in many
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pharmaceutical formulations (32). It 1s an atfractive nmcoadhestve agent for intranasal
vaccine delivery due to its ability fo delay mucociliary clearance and allow more time for
mucosal antigen uptake and processing (33, 34). In addition, it can transtently open tight
janctions which may enhance transepithelial transport of antigen fo the NALT. Ina
recent lmman trial, a frivalent inactivated inflnenza vaccine administered mtranasally
with chitosan but without any additional adjuvant vielded seroconversion and HI titers
that were only marginally lower than those obtained followmg mtramuscular moculation

(33).

[0065] Chitosan can also be formulated with adjuvants that function well mntranasally
such as the genetically detoxified E. coli heat-labile enterotoxin mutant LTK63. This
adds an mnnmnostinmiatory effect on fop of the delivery and adhesion benefits tmparted

by chitosan resulting in enhanced mucosal and systemic responses (35).

[0066] Finally, it should be noted that chitosan formulations can also be prepared in a dry
powder format that has been shown to mmprove vaccine stability and result i a further
delay i mucociliary clearance over hiquid formulations (42). This was seen in a recent
human chincal trial involving an intranasal dry powder diphtheria toxeid vaccine
formulated with clutosan 1 which the intranasal route was as effective as the traditional
intranmiscular route with the added benefit of secretory IgA responses {43). The vaccine
was also very well tolerated. Intranasal dry powdered vaccines for anthrax confaining
chitosan and MPL induce stronger responses in rabbits than mtramuscular moculation

and are also protective against aerosol spore challenge (44).

[0067] Intranasal vaccines represent an exemplary formulation as they can affect the
upper and lower respiratory fracts i contrast to parenierally administered vaccmes which
are better af affecting the lower respiratory tract. This can be beneficial for inducing

tolerance to allergen-based vaccines and inducing immunity for pathogen-based vaccines.

[0068] In addition to providing proteciion tn both the upper and lower respiratory tracts,
mtranasal vaccines avoid the complications of needle moculations and provide a means
of mducing both mucesal and systemic humnoral and cellular responses via mteraction of

particidate and/or soluble antigens with nasopharyngeal-associated lymphoid tissues

b2
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{NALT) (16-19). The miranasal route has been hustorically less effective than parenteral
inoculation, but the use of enveloped-virus based VLPs, novel delivery fornmiations, and
adjuvants are beginning to change the paradigm. Indeed, mfluenza vaccines confaining
functional hemagglutinin molecules may be especially well surted for intranasal dehivery
due to the abundance of sialic acid-contaunng receptors in the nasal mucosa resulting in

the potential for enbanced HA antigen binding and reduced mucociliary clearance.

[0069] With respect to influenza, protective immune responses including heterosubtypic
protection have been reported following infranasal vaccime delivery in experiments where
parallel parenteral administrations were less inununogenic and did not mduce
heterosubtypic protection (20-22). Moreover, inactivated influenza has been shown to be
an effective adjuvant for systemic and ncosal humoral and cellular responses when
admixed with a siimian immunedeficiency virus (SIV) VLP vaceine adnunistered
intranasally (23). This adjuvant effect was attributed to the ability of inactivated
mfluenza virions to aggregate with the VLPs and lead to enhanced binding fo mucosal
surfaces. A smnilar adyjuvant effect was also seen when influenza HA was directly
mcorporated into SIV VLPs which led to enhanced binding to and activation of dendritic

cells (DC) (24, 25).

Adjvants
[0070} Various methods of achieving adjuvant effect for vaccines are known and may be
used n conjunction with the enveloped-virus based VLPs disclosed herein. General
principles and methods are detailed in "The Theory and Practical Apphication of
Adjuvanis”, 1995, Duncan E. S. Stewart-Tull {ed.}, John Wiley & Sons Lid, ISBN 0-471-
95170-6, and also in "Vaccies: New Generation Immunological Adjuvants”, 1993,
Gregortadis G et al. (eds.), Plenum Press, New York, ISBN 0-306-45283-9, both of

which are hereby incorperated by reference herein.

[0071] In some embodiments, a VLP vaccine comprises the enveloped-virus based VLP
in admixture with at least one adpavant, at a weight-based ratio of from about 10:1 to
about 1081V LP:adjuvant, e.g., from about 10:1 to about 100:1, from about 100:1 to

about 1¢° .1, from about 10°:1 to about 10%1. from about 10%1 to about 10°:1, from about
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10°:1 to about 10°%1, from about 10%1 to about 107:1, from about 107:1 to about 103:1,
from about 10%1 to about 10%:1, or from about 16°:1 to about 10'°:1 VLP-adjuvant. One
of skill in the art can readily determune the appropriate ratio through mformation
regarding the adjuvant and routine experimentation to determine optimal ratios. One of
skill in the art can readily deternune the appropriate ratio through mformation regarding
the adjuvant and routine experunentation to determmne optimal ratios. Adnuxtures of
VLPs and adjuvants as disclosed heremn may include any form of combination available
to one of skill in the art including, without hmttation, suxture of separate VLPs and
adjuvants in the same solution, covalently hinked VLPs and adjuvants, ionically linked
VLPs and adjuvants, hydrophobically linked VLPs and adjuvants (including betng
embedded partially or fully in the VLP membrane), hydrophilically linked VLPs and

adjuvants, and any combination of the foregomg.

[0072} Exemplary adjuvants may include, but are not himited to, toll-like receptor {TLR)
agonists, monophosphorvi lipid A (MPL), synthetic hipid A, lipid A mumetics or analogs,
aluminum salts, eytokines, sapomns, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharnide (LPS) of gram-negative bacteria, polyphosphazenes, emulsions, oil m
water emulsions, virosomes, cochleates, poly{lactide-co-glycohides) {PLG)
microparticles, poloxamer particles, microparticles, and liposomes. Preferably, the
adjuvants are not bactenally-derived exotoxins. Preferred adjuvants are those which

stimulate a Thi type response such as 3DMPL, CpG oligonucleotides, or Q821.

[0073] Monophosphoryl Lipid A {(MPL), a non-toxic derrvative of hipid A from
Salmonella, 15 a potent TLR-4 agonist that has been developed as a vaccme adjuvant
{Evans et «f. 2003). In pre-chinical murine studies intranasal MPL has been shown to
enhance secretory, as well as systenmuc, humoral responses {Baldridge ef ol. 2000, Yang ef
ai. 2002). It has also been proven to be safe and effective as a vaccine adjuvant
chinical studies of greater than 120,000 patients (Baldrick ef ¢l., 2002; 2004). MPL
stimulates the induction of innate ity through the TLR-4 receptor and is thus
capable of eliciting nonspecific immune responses against a wide range of mfectious
pathogens, including both gram negative and gram positive bacteria, viruses, and

parasties (Baldrick erf of. 2004, Persing ef «f. 2002). Inclusion of MPL in infranasal
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formulations should provide rapid induction of mnate responses, eliciting nonspecific
imnmune responses from viral challenge while enhancing the specific responses generated

by the antigenic componenis of the vaccine.

[0074] Accordingly, in one embodiment, the present mvention provides a composition
comprising monophosphoryl lipid A {(MPL®) or 3 De-O-acvlated monophosphoeryl lipid
A (3D-MPL®) as an enhancer of adaptive and innate inmmunity. Chemieally 3D-MPL®
15 a nuxture of 3 De-O-acylated monophosphoryl hipid A with 4, 5 or 6 acvlated chains.
An exemplary form of 3 De-O-acylated monophosphoryl lipid A 1s disclosed i European
Patent 0 689 454 Bl (SmuthKline Beecham Biologicals SA. In another embodiment, the
present invention provides a composition comprising syathetic lipid A, hipid A mimetics
or analogs, such as BioMua’s PET Lipid A, or synthetic derivatives designed to function

like TLR-4 agonists.

[0075] Exemplary adjuvants are polypeptide adjuvants that may be readily added to the
enveloped-virus based VLPs described heremn by co-expression with the VLP
polvpeptides or fusion with the VLP polypeptides to produce chummeric polypeptides.
Bacterial flagellin, the major protein constituent of flagella, 1s an adjuvant which has
recetved mcreasing attention as an adjuvant protemn because of its recognition by the
innate e system by the toll-like receptor TLRS (65). Flagellin signaling through
TLRS has effects on both mnate and adaptive nnmune functions by inducing DC
maturation and migration as well as activation of macrophages, neutrophils, and intestinal

epithelial cells resulimg tn production of promnflanmunatory mediators (66-72).

[0076] TLRS recognizes a conserved structure within flagellin monomers that 1s unigue
{o this protemn and 1s required for flagellar function, precluding its mutation m respense to
imnmunological pressure (73). The receptor Is sensitive to a 100 M concentration but
does not recognize intact filaments. Flagellar disassembly tnto monoiers is required for

binding and stimulation.

[0077} As an adjuvant, flageilin has potent activity for induction of profective responses
for heterologous antigens admnustered either parenterally or intranasally (66, 74-77) and

adjuvant effects for DNA vaccines have also been reported (78). A Th2 bias 1s observed
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when flagellin 1s emploved which would be appropriate for a respiratory virus such as
influenza but no evidence for IgE induction in mice or monkeys has been observed. In
addition, no local or systenuc mflammatory responses have been reported following
mtranasal or systemie admunistration i monkeys (74). The Th2 character of responses
elicited following use of flagellin 1s somewhat surprising since flagelhin signals through
TLRS in a MyD88-dependent manner and all other MvDS88-dependent signals through
TLRs have been shown to result in a Th1 bias {67, 79). Importantly, pre-existing
antibodies to flagellin have no appreciable effect on adjuvant efficacy (74) making it

attractive as a nuidti-use adpuvant.

[0078] A comnon theme in many recent mtranasal vaccine trials 1s the use of adjuvants
and/or deltvery systems fo mnprove vaccine efficacy. In one such study an mfluenza H3
vaccine confaining a genetically detoxified E. colt heat-labile enterotoxin adpavant (LT
R192G) resulted 1n heterosubtypic protection against HS challenge but only following
mtranasal deliverv. Protection was based on the mduction of cross neutralizing
antibodies and demonstrated important nnplications for the infranasal route i

developinent of new mfluenza vaccines (22).

[0079] Cyiokines, colony-stinlating factors {e.g., GM-CSF, CSF, and the like); tumor
necrosts factor; interfeukin-2, -7, -12, and other like growth factors, may also be used as
adjuvants as they mayv be readily mcluded in the enveloped-virus based VLP vaccine by

admixing or fusion with the VLP polypeptides.

[0080] In some embodiments, the enveloped-virus based VLP vaccine compositions
disclosed herein may mgclude other adjuvants that act through a Toll-like receptor such as
a nucleic acid TLRY ligand comprising a CpG oligonucleotide; an imtdazoquinoline
TLR7 ligand: a substituted guanine TLR7/8 ligand; other TLR7 ligands such as
Loxoribine, 7-deazadeoxyguanosme, 7-thia-8-oxodeoxyguanosine, double stranded poly
(E:C), poly-inosinic acid, Inmquimod {R-837), and Resiquimod (R-84&); ora TLR4

agontst such as MPL® or svnthetic derivatives.

[0081] Certain adjuvants faciitate uptake of the vaccine molecules by APCs, such as

dendritic cells, and activate these. Non-limiting examples are selected from the group

|95
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consisting of an tmmune targeting adjuvant; an tmmune modulating adjuvant such as a
toxin, a cyvtokine, and a mycobacterial derivative; an otl formulation; a polymer; a micelle
fornung adjuvant; a saponin; an immunostinulating complex matnx (ISCOM matrix): a
particle; DDA aluminum adjuvants; DNA adpuvants; MPL; and an encapsulating

adjuvant.

[0082] Additional examples of adjuvants include agents such as alumium salts such as
hydroxide or phosphate (alum}, commonly used as (.05 to 0.1 percent solution In
buffered saline (see, e.g., Nicklas (1992) Res. Inmmmnol. 143:480-493), adpuxture with
sviithetic polviners of sugars (e.g. Carbopol™) used as 0.25 percent solution, aggregation
of the protein in the vaccine by heat treatment with temperafures ranging between 707 to
101°C for 30 second to 2 mumite pertods respectively and also aggregation by means of
cross-linking agents are possible. Aggregation by reactivation with pepsin treated
anttbodies (Fab fragments) to albumin, mixture with bacterial cells such as C. parvam or
endotoxins or hpopolysaccharide components of gram-negative bacteria, emulsion in
phystologically acceptable oid vehicles such as mannide mono-oleate (Aracel A) or
emulsion with 20 percent solution of a perfluerocarbon (Fluosol-DA) used as a block
substitute may also be emploved. Admixture with oils such as squalene and IFA may also

be used.

[0083] DDA (dimethvidioctadecylammontun bronude) 1s an inferesting candidate for an
adjuvant, but alse Freund's complete and mcomplete adpuvants as well as quillaja
sapomins such as QuiA and Q821 are inferesting. Further possibilities include
poly[di{earboxylatophenoxy)phosphazene (PCPP) dertvatives of lipopolvsaccharides
such as monophosphorvl lipid A (MPL™), muramyl dipeptide (MDP} and threonyl
muramyl dipeptide (tMDP). The hpopolysaccharide based adjuvants may be used to
produce a predominantly Thl-type response inchuding, for example, a combination of
monophosphorvl lipid A, such as 3-de-O-acviated monophosphoryl ipid A, together with
an aluminum salt. MPL® adjuvants are available from GlaxoSmithKline (see, for
example, U.S. Pat. Nos. 4,436,727, 4,877,611, 4,866,034 and 4,912,094, each of which is
mcorporated by reference m their entirety with particular reference to their

lipopolysaccharides related teachings).
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[0084] Liposome formulations are also known to confer adjuvant effects, and therefore

liposomne adjuvants may be used m conjunction with the enveloped-virus based VLPs.

[0085] Immunostimulating complex matrix type (ISCOM® matrix} adjuvants may also be
used with the enveloped-virus based VLP vaccines, especially since 1t has been shown
that this type of adjuvants are capable of up-regulating MHC Class I expression by
APCs. An ISCOM maatnix consists of (optionally fractionated) saponns (triterpenoids)
from Quillaja saponaria, cholesterol, and phosphohipid. When admixed with the
imnmnogenic protein such as in the VPLs, the resulting particulate formulation is what 13
known as an ISCOM particle where the sapomn may counstitute 60-70% wiw, the
cholesterol and phospholipid 10-13% w/w, and the protein 10-15% w/w. Details relating
o composition and use of immunostimulating complexes can for example be found in the
above-mentioned text-books dealing with adjuvants, but also Moremn B et al., 1995, Clin.
Immumother. 3: 461-475 as well as Barr 1 G and Mitchell G F, 1996, Immunol. and Cell
Biol. 74: 8-25 {(both mcorporated by reference herein) provide useful tnstructions for the

preparation of complete immunostimulating complexes.

[0086] The saponins, whether or not in the form of ISCOMSs, that may be used in the
adjuvant combinations with the enveloped-virus based VLP vaccines disclosed heremn
inchide those dertved from the bark of Quillaja Saponaria Molina, termed Quil A, and
fractions thereof, described tn U.S. Pat. No. 5,057 540 (which 1s mcorporated by
reference herein in its entirety with particular reference to the fractions of Quil A and
methods of iselation and use thereof) and "Saponing as vaccine adjuvants”, Kensil, C. R,
Crit Rev Ther Drug Carrter Syst, 1996, 12 (1-2}:1-35; and EP 0 362 279 Bl. Exemplary
fractions of Quil A are QS21, QS7, and (S17.

[0087} B-Escin 1s another hemolytic sapomins for use in the adpuvant compositions of the
enveloped-virus based VLP vaccines described herein. Escin is described in the Merck
mndex (12th ed: entry 3737) as a nuxture of saponins occurring 1 the seed of the horse
chestnut tree, Lat: Aesculus hippocastanum. Iis 1solation is described by chromatography
and purification (Fiedler, Arznenmitiel-Forsch. 4, 213 {1933)), and by 1on-exchange

resins {Erbring et al., U.S. Pat. No. 3.238,190). Fractions of escin have been purified and
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shown to be biclogically active (Yoshikawa M, ef al. (Chem Pharm Bull {Tokvo) 1996

Aungust;44(8):1454-1464)). B-escin 13 also known as aescin.

[0088] Another hemolyiic saponin for use with the enveloped-virus based VLP vaccines
is Digitonin. Digitonin is described in the Merck index (12% Edition, entry 3204) as a

sapomn, being derived from the seeds of Digitalis purpurea and purified according to the
procedure described Gisvold et al., I Am Pharm. Assoc., 1934, 23, 664; and Ruhenstroth-
Bauer, Physiol Chem., 1955, 301, 621. Hs use s described as being a cliucal reagent for

cholesterol deternination.

[0089] Another mteresting possibility of achteving adjuvant effect is to employ the
technigque described in Gosselin et al., 1992 {which 1s hereby incorporated by reference
herem). In brief. the presentation of a relevant antigen such as the VLP polypeptides or
additional antigens described herem can be enhanced by comjugating the antigen to
antibodies (or antigen binding antibody fragients) against the Fc receptors on
monocytes/macrophages. Especially conjugates between antigen and anti-FcRI have been
demonstrated to enhance immunogenicity for the purposes of vaccimnation. The antibody
may be conjugated to the enveloped-virus based VLP after generation or as a part of the

generation including by expressing as a fusion to any one of the VLP polypeptides.

[0090] Other possibilifies involve the use of the targeting and mnmne modulating
substances (1.e. cyiokines). In addition, synthetic mducers of cvtokines such as poly I.C

may also be used.

[0091]} Suitable mycobacterial dertvatives may be selected from the group consisting of
muramyl dipepiide, complete Freund's adjuvant, and a diester of trehalose such as TDM

and TDE.

[0092] Examples of sutiable mmmune targeting adjuvants include CD40 higand and CD40
antibodies or specifically binding fragments thereof (cf the discussion above), mannose,

a Fab fragment. and CTLA-4.

[0093] Examples of suitable polymer adjuvants mclude a carbobvdrate such as dextran,

PEG, starch, mannan, and mannose; a plastic polymer; and latex such as latex beads.

Lad
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[0094] Yei another interesting way of modulating an nnmune response 1s to include the
imnmunogen (optionally together with adjuvants and pharmaceutically acceptable carriers
and vehicles) m a “virtual lymph node” {VLN) (a proprietary medical device developed
by ImmunoTherapy, Inc., 360 Lexington Avenue, New York, N.Y. 10017-6501). The
VLN (a thin tubular device) mimics the structure and function of a lvmph node. Tnsertion
of a VLN under the skin creates a site of sterile inflammation with an upsurge of
cytokines and chemokines. T- and B-cells as well as APCs rapidly respond to the danger
signals, home to the inflamed stie and accunmiate mside the porous matrix of the VLN,

It has been shown that the necessary antigen dose required to mount an rnnRrine response
o an antigen 1s reduced when using the VLN and that tmmune protection conferred by
vaccination using a VLN surpassed conventional imnminization using Ribi as an adpivant.
The technology 1s described briefly in Gelber C et al., 1998, "Elicitation of Robust
Cellular and Humoral Immune Responses fo Small Amounts of Immunogens Using a
Novel Medical Device Designated the Virtual Lymph Node", in: "From the Laboratory to

the Clinic, Book of Abstracis, Oct. 12-135, 1998, Seascape Resort, Aptos, Calif.”

[0095] Oligonucleotides may be used as adjuvants in conjunction with the enveloped-
viras based VLP vaccines and may contam two or more dinucleotide CpG motifs
separated by at least three or at least six or more nucleotides. CpG-contamning
oligonucieotides (in which the CpG dinucleotide 1s unmethyliated) induce a
predominantly Thl response. Such oligonucleotides are well known and are described,
for example, 1n WO 96/023555, WO 99/33488 and U.S. Pat. Nos. 6,008,200 and
5,856,462, each of which 1s hereby incorporated by reference in their entirety with

particular reference to methods of making and using CpG ohigonucleotides as adyuvants.

[0096] Such oligonucleotide adjuvants may be deoxynucleofides. In certain
embodiments, the aucleotide backbone in the oligonucieotide 1s phosphorodithioate or a
phosphorothtoate bond, although phosphodiester and other nucleotide backbones such as
PNA may be used with the enveloped-virus based VLP vaccines mcluding
oligonucieotides with nuxed backbone linkages. Methods for producing
phosphorothioate oligonucleotides or phosphorodithioate are desertbed 1z ULS. Pat. No.

5,666,153, U.S. Pat. No. 3,278,302 and W093/26204, each of which 1s hereby
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mcorporated by reference m their entirety with particular reference fo the

phosphorothioate and phosphorodithioate teachings.

[0097} Exemplary oligonucleotides have the following sequences. The sequences may

contain phosphorothioate modified nucleotide backbounes.

(SEQ ID NO:1) OLIGO 1: TCC ATG ACG TTC CTG ACG TT (CpG 1826)

{(SEQ ID NO:2) OLIGO 2: TCT CCC AGC GTG CGC CAT {CpG 1758)

{SEQ ID NO:3) OLIGO 3: ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
{SEQ ID NO:4) OLIGO 4: TCG TCG TTT TGT CGT TTT GTC GTT {CpG 2006}
{(SEQ ID NO:3) OLIGO 5: TCC ATG ACG TTC CTG ATG CT (CpGs 1668}

[0098} Alternative CpG oligonucieotides inclide the above sequences with
mconsequential deletions or additions thereto. The CpG oligonucleotides as adjuvants
may be synthesized by any method known m the art {e.g., EP 468520). For example,
such oligonucleotides may be synthesized utilizing an automated synthesizer. Such
oligonuicieotide adjuvants may be between 10-50 bases in length. Another adjuvant
system involves the combination of a CpG-confamning oligonucleotide and a saponin

derivative parficularly the combination of Cp( and Q821 1s disclosed i WO 00/09150.

[0099] Manv single or multiphase emulsion systems have been described. One of skl in
the art may readily adapt such emulsion systems for use with enveloped-virus based
VLPs so that the enwlsion does not distupt the enveloped-vuus based VLP's stimcture.
1l 1in water emulsion adjuvants per se have been suggested to be useful as adjuvant
compositions (EPQO 399 843B), also combinations of o1l in water emulsions and other
active agents have been described as adjuvants for vaccines (WO 93/17210; WO
OB/56414: WO 99/12565; WO 99/11241). Other oil enntdsion adjuvants have been
described, such as water in oil emulsions (.S, Pat. No. 5,422.109; EP 0 480 982 B2) and
water 1 o1l 1n water emulstons (U.S. Pat. No. 5,424 067, EP 0 480 981 B).
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[0100] The oil emulsion adyuvants for use with the enveloped-virus based VLP vaccines
described herein may be natural or synthetic, and may be mineral or organic. Examples

of muneral and organic oils will be readily apparent to the man skilled in the art.

[0101] In order for any oil in water composition {o be suitable for human admumistration,
the otl phase of the emuision system may include a metabolizable oil. The meaning of
the term metabolizable oil 1s well known in the art. Metabolizable can be defined as
"being capable of being transformed by metabeolism” {(Dorland's Hlustrated Medical
Dictionary, W.B. Sanders Company, 25th edition {1974)). The otl may be any vegetable
oil, fish oil, anumal oil or svithetic oil, which 1s not toxic to the recipient and 1s capable
of being transformed by metabolisni. Nuts {such as peanut oil), seeds, and grains are
conunon sources of vegetable otls. Synthetic oils may also be used with the enveloped-
viras based VLP vaccines and can include commercially available otls such as
NEOBEE® and others. Squalene (2,6,10,15,19,23-Hexamethyl-2.6.10,14,18,22-
tefracosahexaene) 1s an unsaturated oil which is found in large quantities in shark-liver
oil, and i lower quantities in olive oil, wheat gern: oil, rice bran oil, and yeast, and may
be used with the enveloped-virus based VLP vaccmes disclosed herein. Squalene is a
metabolizable o1l virtue of the fact that # 1s an intermediate in the biosynthesis of

cholesterol (Merck index, 10th Edition, entry no.8619).

[0102] Exemplarv oil enmisions are oil in water emulsions, and in parficular squalene

water emulsions.

[0103]} In addition, the o1l emulsion adjuvants for use in the enveloped-virus based VLP
vaccines may comprise an antioxidant, such as the o1l a-tocopherol (vitanun E, EP 0 382

271 B1).

[0104] WO 95/17210 and WO 99/11241 disclose enmision adjuvants based on squalene,
o-tocopherol, and TWEEN 80 (TM), optionally formulated with the immunostimulants
QS21 andfor 3D-MPL. WO 99/12565 discloses an tmprovement to these squalene
emulsions with the addition of a sterol into the oil phase. Additionally, a tniglyceride,
such as tricapryhin (C27HS006), may be added to the oil phase in order to stabilize the

emulsion (WO 98/56414).

|95
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[0105] The size of the o1l droplets found within the stable oil in water emulsion may be
less than 1 micron, may be in the range of substantially 30-600 nm, substantially around
30-500 nm i diameter, substantially 130-500 nm in diameter, or about 150 nm in
diameter as measured by photon correlation spectroscopy. In this regard, 80% of the o1l
droplets by number may be within these ranges, more than 90% or more than 95% of the
ot} droplets by number are within the defined size ranges. The amounts of the
components present in the oil emulsions are conventionally in the range of from 2 to 10%
oil, such as squalene; and when present, from 2 to 10% alpha tocopherol; and from 0.3 to
3% surfactant, such as polvoxyethyvlene sorbitan monooleate. The ratio of oil:alpha
focopherol may be equal or less than 1 as this provides a more stable emulsion.

SPAN 85 (TM)} may also be present at a level of abowt 1%. In some cases it may be
advantageous that the enveloped-virns based VLP vaccmes disclosed heremn will further

contain a stabilizer.

[0106] The method of producing oil m water emulsions is well known to the man skilled
in the art. Commonly, the method comprises the mixing the oil phase with a surfactant
such as a PBS/TWEENS0® solution, followed by homogenization using a homogenizer,
1t would be clear to a man skilled in the art that a method comprising passing the mixture
twice through a syringe needle would be suitable for homogenizing small volumes of
liquid. Equally, the emulsification process in microfhudizer (M110S mucrofluidics
machine, maxunun of 50 passes, for a pertod of 2 nunutes at maxumum pressure mput of
& bar {output pressure of about 850 bar)) could be adapted by the man skilled i the art to
produce smaller or larger volumes of emulsion. This adaptation could be achieved by
routine expermmentation comprising the measurement of the resultant emulsion until a

preparation was achieved with oil droplets of the required diameter.

[0107} The enveloped-virus based VLP vaccine preparations disclosed herein miay be
used to protect or treat a mammal or bird susceptible to, or suffering from viral influenza,
by means of admmnistering said vaccine by intranasal, mtramuscudar, infraperitoneal,
mtradermal, transdermal, infravenous, or subcutaneous admumistration. Methods of
systemic adminisiration of the vaceine preparations may include conventional syringes

and needles, or devices designed for ballistic delivery of solid vaccines (WO 99/279613,

et
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or needleless pressure lignid jet device (U.S. Pat. Ne. 4,596,556; U.S. Pat. No.
5,993,412), or transdermal patches (WO 97/48440; WO 98/28037). The enveloped-virus
based VLP vaccines may also be applied to the skin (fransdermal or transcutaneous
delivery WO 98/20734; WO 98/28037). The enveloped-virus based VLP vaccines
disclosed heremn therefore may include a delivery device for systenuc admunistration, pre-
filled with the enveloped-virus based VLP vaccine or adjuvant compositions.
Accordingly there 13 provided a method for inducing an immunie response m an
mdividual such as a mammal or bird, comprising the administration of a vaccine
comprising any of the enveloped-virus based VLP compositions described heremn and
optionally meluding an adjuvant and/or a carrter, fo the individual, wheretn the vaccine is

admmistered via the parenteral or systemic route.

[0108} The enveloped-virus based VLP vaccine preparations disclosed herein may be
used to protect or treat a mamnial or bird susceptible to, or suffering from viral influenza,
by means of administering said vaccine via a mucosal route, such as the oral/alimentarv
or nasal route. Alternative mucosal routes are mitravaginal and mtra-rectal. Exemplary
mucosal route of admintstration may be via the nasal route, termed inptranasal vaccination.
Methods of mtranasal vaccination are well known n the art, including the administration
of a droplet, spray, or dry powdered form of the vaccine tnto the nasopharynx of the
mdividual to be mnmunized. Nebulized or aerosolized vaccine formulations are
exemplary forms of the enveloped-wirus based VLP vaccines disclosed heremn. Enteric
formulations such as gastro resistant capsules and granunles for oral adnunistration,
supposttories for rectal or vaginal adnunistration are also fornndations of the enveloped-

virus based VLP vaccines disclosed heremn.

[0109] The exemplary enveloped-virus based VLP vaccine compositions disclosed
herem, represent a class of nmicosal vaccines suitable for application m humans to replace

systemic vaccmation by mucosal vaccination.

[0110] The enveloped-virus based VLP vaccines may also be admmistered via the oral
route. In such cases the pharmaceutically acceptable excipient may also include alkaline

buffers. or enteric capsules or pucrogranules. The enveloped-virus based VLP vaccines

Lad
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may also be administered by the vaginal route. In such cases, the pharmaceutically
acceptable excipients may also include emulsifiers, polymers such as CARBOPOL®, and
other known stabilizers of vaginal creams and suppostiories. The enveloped-virus based
VLP vaccines may also be administered by the rectal route. In such cases the excipients

may also mclude waxes and polymers known mn the art for forming rectal suppoesifories.

[0111] Alematively the enveloped-virus based VLP vaccines formulations may be
combined with vaccines vehicles composed of chitosan {as described above) or other
polycationic polyniers, polylactide and polylactide-coglycolide particles, poly-N-acetyl
glucosamine-based polymer mairix, particles composed of polysaccharides or chencally
modified polysaccharides, hiposomes and hipid-based particles, particles composed of
alvcerol monoesters, etc. The saponins may also be formulated in the presence of
cholesterel to form particulate structures such as hiposomes or ISCOMs. Furthermore, the
saponins may be fornmilated together with a polvoxyethylene ether or ester, in either a
non-particuiate solution or suspension, or 1 a particulate structure such as a paucilamelar

liposome or ISCOM.

[0112} Additional dlustrative adjuvants for use in the pharmaceutical and vaccine
compositions using enveloped-virus based VLPs as described herein mclude SAF
{Claron, Calif., United States), MF-59 (Chiron, see, e.g., Granoff et al. {1997) Infect
Immun. 65 (53:1710-1715), the SBAS series of adjuvants (e.g., SB-AS2 (SmthKline
Beecham adjuvant system #2; an oil-in-water emulsion contaiming MPL and QS21),
SBAS-4 (SauthKhne Beecham adjuvant system #4; contams alum and MPL), available
from SmithKline Beecham, Rixensart, Belgium), Detox {Enhanzyn®) {GlaxoSmithKline),
RC-312, RC-322, RC-527 RC-529 RC-544, and RC-560 (GlaxoSmithKhne) and other
ammnoalkyl glucosaminide 4-phosphates {AGPs), such as those described 1n pending U.S.
patent application Ser. Nos. 08/833,826 and 09/074,720, the disclosures of which are

mcorporated herein by reference 1n their entireties.

[0113] Other examples of adjuvants include, but are not limited to, Hunter's TiterMax™
adjuvants (CytRx Corp., Norcross, Ga.), Gerbu adjuvaats {Gerbu Biotechnik GmbH,

(Gatberg, Germany); nitrocellulose (Nilsson and Larsson {1992} Res. Immunol. 143:553-
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357); alum {e.g.. alurminwn hydroxide, alimunum phosphate) enmiston based
formulations including mineral oil, non-nuneral oil, water-in-oil or otl-in-water
emulsions, such as the Seppic ISA series of Mountanude adjuvants {e.g., ISA-51, ISA-57,
ISA-720, ISA-151, etc.; Seppic, Paris, France); and PROVAX® {IDEC Pharmaceuticals);
OM-174 {a glucosamine disaccharide related to lipid A); Leishmania elongation factor;
non-tonic block copolvmers that form micelles such as CRL 1005; and Syatex Adjuvant
Formulation. See, e.g.. O'Hagan et al. (2001) Biomol Eng. 18(3}:69-85; and "Vaccine
Adyjuvanis: Preparation Methods and Research Protocels™ D. O'Hagan, ed. (2000)

Humana Press.

[0114] Other adjuvants include adpuvant molecules of the general formula
HO(CH :CHO),-A-R, (D)

wherein, n 1s 1-30, A 15 a bond or -C{)--, R 15 Cy_5¢ alkyl or Phenvi C; 5 alkyl.

[0115] One embodiment of the enveloped-virus based VLP vaceine fornnidations
described heremn include a peolvoxvethylene ether of general formula (I}, wherein n 1s
between 1 and 50, 4-24, or 9; the R component 1s Cy_so, C4-Cop alkyl or Cyz alkyl, and A
1s a bond. The concentration of the polvoxyethylene ethers should be in the range 0.1-
20%, o the range 0.1-10%, or m the range 0.1-1%. Exemplary polvoxyethylene ethers
are selected from the following group: polyoexyethylene-9-laurvi ether, polvoxyethylene-
O-steorvl ether, polyoxyethylene-8-steoryl ether, polvoxyethylene-4-laurvi ether,
polvoxyethylene-35-laurvl ether, and polyoxvethylene-23-lauryl ether. Polvoxyvethyviene
ethers such as polyoxyvethylene lanryl ether are described in the Merck index (12th

edition: entry 7717). These adpmvant molecules are described in WO 99/52549.

[0116]} The polvoxyethyiene ether accerding to the general fornmda (I} above may, if
desired, be combined with another adjuvant. For example, an adpvant combination may

mclude the CpG as described above.

[0117] Further examples of suitable pharmaceutically accepiable excipients for use with
the enveloped-virus based VLP vaccines disclosed herein include water, phosphate

buffered saline, isotonic buffer solutions.
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Additional influenza antigens

[0118] The stabilized VLPs disclosed herein may include addifional antigens from
mfluenza to mcrease the immunoegenicity with respect to particular strains of influenza

and/or across multiple stramns of mfluenza.

[0119] An exemplary additional influenza antigen is the M2 polypeptide (also called
BM?2 m influenza B). The M2 polvpeptide of influenza virus is a small 97 anuno acid
class III integral imembrane protein encoded by RNA segment 7 (matrix segment}
following a splicing event {80, 81). Very hittle M2 exists on virus particles but it can be
found more abundantly on infected cells. M2 serves as a proton-selective ion channel
that 1s necessary for viral entry (82, 83). It is minnunally immunogenic during infection or
conventional vaccination, explaining s conservation, but when presented in an
alternative format it 1s more mmmunogenic and protective (84-86). This 1s consistent with
observations that passive transfer of an M2 mwonoclonal antibody in vivo accelerates viral
clearance and resulfs in protection (87). When the M2 external domain epitope 1s linked
to HBV core particles as a fusion protemn # 15 protective in nuce via both parenteral and
intranasal tnoculation and is most immunogenic when three tandein copies are fused to
the N-ternunus of the core protemn (88-90). Tlus is consistent with other carrier-hapten

data showing that increased epitope density increases inmunogentetty (91).

[0120] For intranasal delivery of an M2 vaccine an adjuvant may be required to aclieve
good protection and good results have been achieved with LTR 192G (88, 90) and CTAI-
DD (89). The peptide can also be chemieally conpgated to a carrier such as KLH, or the
outer membrane protein complex of N. meningitides, or human papilioina virus VLPs

and 1s protective as a vaceine in nuce and other anmmals {92, 83).

[0121]} Insofar as the M2 protein is highly conserved it 1s not completely without
sequence divergence. The M2 ectodomain epitopes of comunon strains A/PR/B8/34
{HIN1) and A/Awchi/08 (H3IN2) were shown to be nnmunologically cross reactive with
all other modern sequenced human strains except for A/Hong Kong/156/97 (HIN1) (92).
Exanunation of mfluenza database sequences also shows similar divergence in the M2

sequence of other more recent pathogenic H5N1 human 1solates such as
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AfVietnam/1203/04. This finding demonstrates that a successful H5-specific pandemic
vaccine incorporating M2 epitopes will need to reflect the M2 sequences that are unique
to the pathogenic avian strains rather than M2 sequences currently circulating i human

H1 and H3 isolates.

[0122} Additional proteins from influenza virus (other than HA, NA and M2) may be
mcluded in the VLP vaccine either by co-expression or via linkage of all or part of the
additional antigen to the gag or HA polypeptides. These additional antigens mclude PB2,
PBI, PA, nucleoprotem, matrix (M1), BM2, NS, NS1, and NS2. For Influenza A,
examples mclude: PB2, PB1, PA, nucleoprotem, Matrix (M1), M2, NS1, and NS2. For
Influenza B, examples include: HA, NA, NP, M, PBi, PB2, PA, NS and BM2. These
latter antigens are not generally targets of neutralizing antibody responses but may
contain important epiiopes recognized by T cells. T cell responses induced by a VLP

vaccinie to such epitopes may prove beneficial in boosting protective immunity.

EXAMPLES

Example 1 — Production of an influenza antigen enveloped virus-based virus-

like particle

[0123] The MLV gag coding sequence was obtained by PCR from plasnud pAMS
{ATCC) contaming the entire Moloney murine lenkenua virus amphotropic proviral
sequence. The gag coding sequence was mserted mifo pFastBacl (Invitrogen) behind the
polyhedron promoter and the resulting plasimid was transformed info DH10Bac
competent cells for recombination into the baculovirus genome. High molecular weight
bacnud DNA was then purified and transtected info 519 cells for generation of a gag-
expressing recombinant bacutovirus. Two other recombinant baculoviruses encoding the
hemagglutinin and neuranumdase, respectively, of A/PR/8/34 (HIN1) were produced m a
similar fashion after RT-PCR cloning of the HA and NA coding sequences from virus
RNA. Fmally, a single baculovirus vector encoding all three products (HA-gag-NA) was
produced by combining the HA, gag, and NA expression uaits {polvhedron promoter —

coding sequence — polvA site) from mdividual pFastBacl plasnuds into a single

e
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pFastBacl vector. For initial analysis, recoinbinant baculoviruses encoding gag or HA or
gag-HA-NA were infected into S{0 cells in 6 well plates at an MO of »1. Three days
following infection, medivum supernatants were clarified of debris then pelleted at
100,000 x g through a 20% sucrose cushion. Pellets were analyzed by Western blot

analysis using gag and HIN1-specific antisera (See Figure 1A and B).

[0124] The left three lanes on each blot in Figures 1A and B, respectively, show the
results of infecting Sf9 cells with separate gag or HA or control (EV=empty vector)
baculoviruses prior to harvesting the medium. As expected, infection with a gag-only
baculovirus results i significant amounts of gag antigen in the high melecular weight
mediun fraction due to VLP budding (Figwre 1A, lane “Gag™). In contrast, infection
with an HA only baculovumus, results i little HA released nto the mednum on 1ts own
{Figure 1B, lane “HA™). However, mfection of S{9 cells with a HA-gag-NA triple vector
resudts in significant amounts of both gag and HA appearing in the 100,000 x g fraction

(lanes 1-9, Figure 1A and B) showing that gag expression can pull HA out of the cell.

[0125] The Figures 2A and B show the results of recentrifugation of pelleted HA-gag-
NA VLPs on a 20-60% sucrose step gradient followed by Western blot analysis of
imndividual gradient fractions. Both gag and HA peak in the same fraction demonstrating
coincident banding at a density of approximately 1.16 g/ml which indicates that the gag

and HA were in VL Ps.

Example 2 — Biophysical Characterization of VLP Stability — pH and

femperaginre

[0126]} Concentrations are reported in molarity or as percent weight-by-volume. 6-
dodecanovi-2-dimethylaminonaphthalene (lawrdan) and 8-antlino-1-naphthalene
sulphonate {ANS) were purchased from Molecular Probes (Eugene, OR). A 1.2 mM
stock solution of laurdan and a 10 mM solution of ANS were prepared by dissolution in

dumethylsulfoxide {DMSO, Fisher Chemical).
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Preparation of VLPs for characterization

[0127} VLPs were produced m cultured S{9 cells infected with a “triple gene”
recombmant baculovirus as provided m Example 1. VLPs were prepared for
characterization by dialvsis into CP buffer at each unit pH fron: 4 to 8. Butter 1onic
strength was maintained at 0.1 using NaCl. Material recovered from the dialysis cassettes
(10,000 MWCO, Pierce, Rockford, IL} was concentrated at 4°C with an Amicon® Ultra
ultracentrifugation device (10,000 MWCO, Millipore, Billerica, MA) at 3,150 x g. The
protemn conceniration of the retentate was estimated by a BCA (bicinchoninic acid)
colorumetric techmque (Pierce, Rockford, IL). Unless otherwise noted, triplicate samiples
were prepared at a final protein concentration of 90 ug/mi. by diluting the retentate with

20 mM CP buffer of the appropriate pH.

Trvpsin treatment of surface hemagolutinin

[0128] Trypsin {Sigma, final concentration 5 pg/ml) was added to VLP stock solutions
{0.26 mg/ml fotal protein in 30% sucrose/Tris-buffered saline, pH 7.4) and mcubated for
5 nun In a 2-8°C cold room. Affer ncubation, a three-fold molar excess of frypsin
mhibitor from soybean (Fluka} was added and the resulting solution passed through a
0.45-jum syninge filter (Millipore). Samples were then dialvzed into the appropriate CP
buffer and concentrated as described above, but using 100,000 MWCO dialysis tubing
(Spectrum Laboratories, Rancho Donunguez, CA). Cleavage of HA, as well as non-

cleavage of MLV gag, was confirmied by western blot analysis.

Dhnamic licht scattering

[0129] Dvnamic hight scattermg {DLS) was used to measure changes in the mean
effective diameter of VLPs as a function of increasing temperature. Measurenments were
taken with a Brookhaven Instrument Corporation system (Holtzille, NY). Incident hight at
332 am was generated by a 125 mW diode-pumped laser. Scattered light was collected at
90° to the incident beam, and a digifal autocorrelator (BI-0000AT) was used to create the
autocorrelation function. Five measurements were taken every 2.5°C over the range of
10-853°C. Cunmlant analvsis was used to extract particle diffusion coetficients from the

correlation function and convert them to particle diameters by means of the Stokes-
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Emstein equation. It should be noted that the effective diameter calculated by {hus method
18 accurate for particles of diameter << 1 pm — the values obtained front measurements of
larger particles should be used for qualitative comparison enly. In addition to particle
size, the second cunndant of the distribution of particle diffusion coefficients was also

extracted from the correlation function as a measure of sample polvdispersity.

[0130] DLS measurements of VLP suspensions made using the protocol of Example 1
showed evidence of both pH- and temperature-induced changes m particle size (Figure
3{A)). Atlow temperatures, the particle size at pH 4 or 5 was 2-3 times greater than at
pH 6-8, mdicating that significant aggregation and/or swelling was mduced by acidic pH.
Samples at pH 4 do not show a temperature-induced change m particle size until about
75°C, after whuch a gradual mcrease in effective diameter was observed. On the other
hand, a sharp mcrease m particle size at pH 5 was seen at about 30°C, with another
possible increase at about 73-80°C. Samples at each pH from 6-8 were stable to
Increasing temperature up until about 38°C, above winch samples at pH 6 and 7 showed a
marked merease in particle size. Samiples at pH 8 also showed evidence of an increase in
size at about 60°C. The size mcrease In the latter case was relattvely small and may have
been due to swelling of VLPs rather than aggregation. In general, the polydispersity of
the VLPs (Figure 3{C}} was seen to increase with increasing acidity. The polvdispersity
of samiples at pH 4 and 5 remained nearly constant across the temperature range, while
samples at pH 6 and above show an increase 1n polydispersiiv near 60°C, consistent with

the changes seen in the size data.

[0131] The infensity of scattered light was also recorded during the DLS measurements
{Figure 3{B)). Normalized values are reported because instrument settings are optimized
for each sample, precluding meaningful divect sample-to-sample comparisons. In
general, an increase in particle size or particle refractive index (relative to the solvent)
will result 1 an mcrease in scattered hght mtensity. It should be noted, however, that a
reduction in refractive index as a result of decreased particle density (e.g. due to swelling)
would manifest itself as a lower scattering mntensity. This is the best explanation of the
data for samples at pH & where a smooth and gradual reduction of scattered light

intensity is seen over the majority of the temperature ramp. There is a shight disruption of
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the curvilimear decline around 60°C that corresponds to the mcerease tn effective diameter
seen for these samples (Figure 3{A)). Plots of light scattered by samples at pH 5 also
show evidence of structural alterations occurring around 60°C, manifested by a sharp
decrease in scattered light intensity. The plots corresponding to pH 6 and 7 are similar,
with the decrease in scattered light occurring at hugher temperatures {~75°C). These
decreases could be due to settling of precipitated material out of the mcident light beam,
consistent with the interpretation of the size data given above. The trace for pH 4 shows
only a gradual decrease i intenstiv, with no sharp changes that correlate with measured
changes n particle diameter (an exception is the transient reduction in scattering intensity

from 30-35°C, but see results of laurdan fluorescence below).

Civendor dichroism spectroscopy

[0132]} Circular dichroism spectroscopy {CD) measurements were made with a Jasco
J-810 spectrophotometer, using a sensitivity setting of 100 mdeg. a response time of 2
sec, and a band width of 1 nm. Composite {3-5 accunmiations) spectra of VLPs were
obtamed at a scan rate of 20 nmfsec and a data pifch of 0.5 mm/sec. Variable temiperature
expermments monitoring the CD signal at 227 nm were conducted to detect changes in
total VLP protein secondary stiucture as a function of temperature. Measurements were
taken every 0.3°C over the range of 10-90°C, with a temperature ramp rate of 15 *C/h
and a delay fime of 2 sec. Midpoint transiiion temperature {Tm) values were determuned
by mathematically fitting the temperature dependent data to a sigmoidal function using
the Ortgin® data analysis software. Both the spectra and the heating traces reflect
additive contributions from the three different proteins, although they are presumably
donunated by contributions from the most abundant of these proteins. The MLV gag
protein has been shown to be 3-4 times more abundant than the HA protein in these
VLPs, while the abundance of HA is perhaps an order of magnitude greater than that of

NA.

[0133] From pH 4 to 8, the CD spectra of influenza VLPs displaved mintma near 210 and
227 am, suggesting the presence of significant helical character across the pH range of
interest (Figure 4{A)}. The loss of signal with increasing temperature (Figure 4(B)) was

indicative of a temperature-dependent loss of secondary structure. To further mvestigate
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this effect, the signal at 227 nm was monitored as a function of temperature (Figure 5).
Observed sharp changes i the CD signal were consistent with temperature-dependent
protein stinctural fransttions. Samples at pH 6 show the highest Tmat around 35 °C.
Samples of increasing acidity have markedly reduced Twmvalues of 38 (pH 4) and 47°C
{pH 5), while samples at pH 7 or § are very sinular with Twmvalues of 33 and 51°C,
respectively. The shapes of the melting curves suggest multiple components, presumably

reflecting the heterogeneous nature of the system.

Fluorescence s BECIFOSCOPY

[0134] Unless otherwise noted, fluorescence enussion spectra were collected every 2.5°C
over the range 10-85°C usmg a Photon Technology International fluorometer
{Birmingham, NI}. The temperature was increased at a rate of 15 °C/h, with a step size of
1 nm and an mtegration time of 1 sec used for all measurements. Static light scattering
was also monitored during fluorescence experiments through the use of a second detector
{ortented 180° from the fluorescence detector). Using the Origmn® software package,
emission peak postiions were deternuned by derivative analysis and Tmvalues were
determuned by mathematically fitting the temperature dependent data to a sigmoidal

function.

[0135] The mtrinsic fluorescence of the aromatic anuno acids trvptophan and tyrosine
was employed to identify changes in VLP protein terfiary structure as a function of
femperature. Upon excitation at 280 nm, fluorescence emission spectra were collected
from 300 to 380 nm. Exciiation and emussion slit widths were set to 3 and 4 nm,

respectively.

[0136] The fluorescence emission of 8-anilme-1-naphthalene sulphonate (ANS) m the
presence of VLPs was utilized as an alternative method to monitor the stabihity of VLP
protem tertiary struchure. ANS, a small molecule that is known to have affinity for the
apolar regions of protems, displays weak fluorescence i solution, but, when bound,
exhibits enhanced and {usually blue) shifted enussion mtensities (114). The fluorescence

emussion spectra of VLP samples prepared with 70 pM ANS were collected from 425 to
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350 nm after excitation at 385 nm. While measurmg ANS fluorescence, the excitation

and enussion shit widths were both set to 4 nm.

[0137} Another molecular probe, 6-dodecanoyl-2-dimethylammonaphthalene {laurdan),
was used fo directly monitor thermally-mnduced changes tn the flurdity of the VLP
membrane. The chenncal structure of lawrdan contains a long acyl chain attached to
derivatized naphthalene, thus allowing it to readily incorporate info hpid bilayers. An
mcrease in menbrane hydration can drive a fransition in bilaver fluidtly from a gel (less
fluid) to a hqmd cryvstalline {more fluid) phase. When excited at 340 nm. an increase in
menibrane water content shifts the enussion of laurdan from approximately 440 nm fo
around 490 nm. A useful parameter s the generalized polarization {GP), defined {115} as
GP = (Laas-T4s0)/ (Fsa0+as0), where It = intensity at wavelength x. Therefore decreasing
GP values indicate an increase in membrane fhudity, and vice versa. Sht widths for

lanrdan expernments were set to 2 nm (excitation) and 5 nm {(enussion).

1. Durinsic fluorescence
[0138] The mnfrinsic fluorescence enussion peak position was deternuned for all samples
as a function of temperatune {Figure 6}. In each case, a shight decrease m peak position
over the temperature range ~10-40°C was followed by a sharp transition fo longer
wavelengths. For protein samiples, a thermally-induced red shift in peak maximum was
observed when fluorescent amino acid side chains are exposed to an environment of
mncreased polarity. This was consistent with an unfolding event in which amino actd
fluorophores, normally at least partially buried m the apolar protein core, are exposed to
the aqueous solveni. At temperatures between 35-65°C {depending on pH}) the peak
maxumiun retums to shorter wavelengths, consistent with the observed aggregation of
VLPs at elevated temperatures. The (normalized) emission mtensity at 330 nm was also
plotted as a function of temperature (Figure 6}). In the absence of structural transitions,
such plots typically exlubit a smooth curvilinear decline 11 emission intenstty with
mcreasimg temperature due fo the intrinsic effect of temperature. Deviations from the
curvidinear profile ocour for all samples in the range 45-65°C, confirmed that the

environments of mtrinsic fluorophores were altered upon heating.

ey
W



WO 2011/090712 PCT/US2010/062217

2. ANS fluorescence

[0139] The peak position (> 470 nm) and high imtensity of ANS fluorescence emission in
the presence of VLPs indicates that ANS was bound to apolar regions of these
macromolecular complexes at low temperature, which was expected given the presence
of the lipid bilayer. Plots of ANS emission peak position as a function of temperature
(Figure 7) display a teraperature-dependent shift to shorter wavelengths tn all samples,
followed I some cases {7.e. for pH 3, 6, and 7} by a shift to longer wavelengths. In all
samples, the extent of change in peak position (2-3 nmy) is mmch less than that observed
by mirinsic fluorescence. The high variability of the peak postiion and noise at elevated
temperature make it difficult to draw substaniial conclusions from these data. The relative
mtensity of ANS at 485 nm (Figure 7) manifested more definite evidence of teniperature
mduced exposure of apolar motifs. This was true I particular for the plots of samples at
pH 3-8, in which a shght mcrease m enussion intensity (beginning near 38°C at pH S and
43°C at pH 6-8) was seen supermmposed over the curvilinear decline in emission that

corresponded to the expecied non-specific thermal gquenching of fluorescence.

3. Laurdan fluorescence
[0140] Plots of generalized polarization ((GP) as a function of temperature (Figure &)
indicate a gradual increase in VLP membrane hydration {fluidity} upon heating. Not
surprisingly, the pH of VLP suspensions had an effect on the rate and extent of
membrane hydration. At low temperatures, the extent of membrane hydration (7.e. GP
values) for all samples was very similar. Above 40 °C, samples at pH 4 consistently
showed the least change in membrane hydration, and, m general, samples prepared at low
pH were slower to incorporate water molecules into the bilayer as the temperature 1s
increased {the temperature for which GP = 0 increased for more acidic samples). While
the GP values of samples prepared at pH 4, 7, or & varied i a sigmoidal fashion with
femperature, sanples at pH 5 and 6 showed a guasi-hinear decline in GP over the
temperature range exanuned. The extent of membrane hvdration was greatest at high
temperature (that 1s, above 73°C) for samples at pH 5 and 6. Static light scattermg at
340 nm was also monitored during laurdan fluorescence experunents. While these data

were stnular to the static light scattering measured durmg the DLS experiments, the
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franstent drop n scattered hight intenstiv observed for samples at pH 4 (Figure 3{B),
30-33°C) was not detected during this additional experiment, suggesting that it may have

been an artifact.

Empirical phase diagoram

[0141] To create a comprehensive visual representation of VLP physical stabilitv, the
data from the various biophysical methods discussed above were converted nfo a basis
set for a omitidimensional vector space. An n-dimensional vector was constructed for
every combination of temperature and pH for which a measurement was taken {every
2.5° from 10-85°C, untt pH values from 4 to 8), with each vector component a
normalized measurement from each of the » techniques apphied. The projectors of all
vectors in the setf were then sumuned to vield an » x » densiy matrix with » eigenvectors.
The three eigenvectors having the greatest contributions to the data set (i.e. with the
greatest elgenvalues) were then used to transform the original n-dimensional vector set
nto three dimensions. Finally, the three components of each new three dunensional
vector were assigned to three different colors (red, green, blue), vielding a unique color
combination for each individual vector. By this method, a colored marker could then be
assigned to everv combination of femperature and pH for which » measurements were
taken, vielding a three color map of the entire data set as a function of temperature and
pH. The utihity of such a diagram 1s that the most extreme changes in particle structure
detected by each technique can be visualized simulianeously as different apparent
“phases” of VLP structure. A more detailed description of the generation of EPDs has

been presented elsewhere (116, 117).

[0142} An empirical phase diagram (Figure 9) was generated from the temperature
dependent data presented m the preceding sections. Approxumately 10 different phases
could be seen over the experimental space, with the largest phase (pH 6-8, low
temperature, blue} corresponding to the least structurally disrupted state of the VLPs.
There was a transition region that appeared above this phase between 35 and 55°C for pH
6-7, and from 35 to 50°C at pH & {purple). The variably colored area above 60°C for pH
6 and 7 corresponded to particle aggregation. The lack of significant aggregation at pH 8

vielded a phase at lugh temperature {dark red) that was different than that seen at pH 6 or
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7. At pH 4 and 5, two different phases were seen at low temperature, both representing
sigmficant structural disruption (light blue). Additional temperature-induced
conformational changes gave rise to muliiple phases above 35°C mn the low pH region
(green/orange). The apparent phase boundaries between pH 5 and 6 and above 40°C
represented conditions of mtermediate stability, thus providing a starfing point for the

development of the excipient screening assay of Example 3, below.

Conclusions

[0143} Based upon the combined results of the biophysical characterization of the VLPs,
ageregation and changes to solubtlity are an important factor in the degradation of
enveloped virus-based VLPs. The VLPs were the most stable between pH 7 and pH 8.
For stability and chemical reasons, a preferred range 1s between about pH 6.5 and about
pH 7.5. Representative buftfers that mayv be used m this range are phosphate, Tris, MES,

and citrate.
Example 3 — Excipient screening of VLPs

[0144] Unless otherwise noted, all potential stabilizers were obtained from Sigma-
Aldrich {St. Louts, MO). Guantdine HCI, calcaumn chloride dihydrate, dexirose, D-
mannttol, citric acid, and sodium phosphate dibasic were from Fisher Chemical {Fair
Lawn, NJj. Type A porcine gelatin was purchased from Dvnagel (Calumet City, IL) and
D-sucrose and D-trehalose from Ferro-Planstield Laboratories, Inc. (Waukegan, IL).
Ectoin (ultra pure) was provided by Bitop AG {Witten, Germany), and NV10 was
obtamed from Expedeen (fenmetly Novexin, Cambridge, UK). Concentrated excipient
solutions were prepared by dissolution into 20 mM cifrate/phosphate (CP) buffer of the
appropriate pH. The pH was then adjusted (if necessary) to the target pH using
concentrated NaOH or HCL. Final stock solutions were filtered with a 0.22-um

Durapore® (PVDF) membrane syringe filter (Milhipore, Billerica, MA}.

Exeipient sereerting

[0145] The aggregation of VLPs at pH 6 and 60°C was momitored by measurements of

turbidity {optical density at 350 nm, ODaso) as a function of time. Duplicate samples of
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VLPs m the presence or absence of various GRAS {generally recognized as safe) agenis
were prepared at a protein concentration of 55 pg/mi. by diduting the concentrated
retentate {see above) with 20 mM CP buffer and/or a concentrated excipient solution of
the appropriate pH. Measurements were taken every 30 se¢ over a period of two hours

using a temperature-controlied Agilent 84353 spectrophotometer (Palo Alto, CA).

[0146] The library of GRAS compounds was screened for potential stabilizers of VLPs in
solution. Utilizing the empirical phase diagram that was produced from characterization
studies of Example 2 {Figure 9), a screening assay was developed to identify excipients
that prevent VLP aggregation (the most apparent physical degradation process). Although
the choice of mitial temperatwre and pH conditions for the screening assay was guided by
the phase diagram (see preceding Example), the final conditions were optimized to
enhance subtle differences between potential stabilizers. Depending on the behavior of
the control samples, percent inhibition of aggregation (Table 1) was calculated at either t
= 15 or t = 30 muntes - whichever represented the time of maximal aggregation. The
most pronusing aggregation-mhibiting compounds were found in a variety of molecular

classes, including detergents, polvels, amino acids, sugars, and sugar alcobols.

Effect of individual stabilizers

[0147] Usmg the fop performing aggregation inhibifors from several molecular classes —
nanely, trehalose, glyvcerol, sorbitol, lysine, and diethanolamine (given the propensity of
detergents to disrupt lipid bilayers, the apparent success of Tween 20 and Brij 35 as
aggregation inhibitors may be artifactual} — CD and fluorescence measurements of VLPs
in the presence of potential excipients were conducted. The solution pH was set to 7 for

these experiments, to more closely approximate an actual vaccine fornmidation.

[0148] As described above, variable-temperature CI) measurements were emploved to
determune if any of the selecied compounds stabilize the secondary structure of the VLP
protems {not tlustrated). Of all the compeounds tested, only sorbifol had a positive effect;
the Twof sorbitol-containing samples (55°C) was slightly elevated relative to the control
(54°C), whereas the other excipients showed Tm values In the range of 50°C {(irehalose) to

337°¢C {lysine).
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[0149] The infrisic fluorescence method was employed o measure the effect of
potential stabilizers on tertiary structure of the VLP proteins. Plots of the emussion peak
posttion versus temperature {Figure 10) show a transtiton from approximately 329 mm to
336 nm that begins at or near 40°C for most of the fornmlations tested. The exception is
the formulation contammg lysine, which extibits its fluorescence peak near 344 nm at
low femperature and shows evidence of a possible transition to slightly longer
wavelengths (+1-2 nm) starting at 43°C (the error in these measurements prevents the
conchusion that the shift is statistically significant). The Twof the control 1s 51°C.
Diethanolamine 1s not an effective stabilizer, inducing a Twof 49°C, while fornmlations
containing glycerol, trehalose, and sorbitol all show slightly elevated Tmvalues of 52, 53,
and 54°C, respectively. Static light seattering collected during these experinents {data
not shown) indicated similar behavior among all formulations except the one contanung
lysme. In the presence of lysine, light scattering infensity was reduced greater than
tenfold, suggesting structural disruption of the VLPs. Laurdan fluorescence was used to
measure the effect of several compounds on the fluidity of the VLP membrane as a
function of increasing temperature. In these experiments, excipients that exhibifed weak
or no posiive effect on physical stability {i.e. diethanolamine, glycerol, and lysine) were
supplanted by glvcine, ectoin, and NV10. Glyeine was introduced due to a personal
conunucation stating that it may stabilize the nfluenza HA and/or NA protemns. Eciom
{an organic osmolvte} and NV10 (a 5 kDa linear carbohydrate polymer) were tested as
potential novel stabilizers of the VLP membrane, based on reports of their general
effectiveness m stabihizing macromolecular systems (118). Upon visual mspection of the
temperature-dependent GP data {Figure 11), one or two of the compounds tested appear
o mhibit the gel-to-liquid crystal transition. Agam using sigmoidal fits to approxumate
the data, Tmvalues were extracted to quantitatively compare the effects of each stabilizer.
As compared to a conirol sample (Twm= 52°C), formmlations contatnmg sorbitel or ectoin
have shghtly lugher Tmvalues of 54°C. Given the magnitude of error associated with
these measurements, however, the apparent mcrease i Twis probably not significant in
both cases. On the other hand. glvcine and trehalose exert a significant stabilizing effect
with elevated Tmvalues of 59 and 60°C, respectively. NV 10 has a negative effect on the

stability of the VLP envelope, inducing (relative to the control) lower GP valies

LA
e



WO 2011/090712 PCT/US2010/062217

{increased membrane hydration} at temperatures above 20°C. The Tmcalculated for the

NV 16 formulation 18 46°C.

Concliusions

[0150] Several carbohydrates were tested including representative menosaccharides
{dextrose, manntiol, sorbitol) and disacchandes (lactose, trehalose, sucrose). In all cases
except dextrose, a 10% solution increased aggregation. However, in all cases 20%
solutions were effective m tnhibiting the aggregation of a VLP solution with trehalose the
most effective at 84% mhibition followed closely by sorbitol and lactose). By conirast,
oligosaccharides (such as cyclodextrans) were in general not effective in reducing
aggregation. Glycerol {a polyvalcohol shares structural ssmilarity to carbohydrates) was

also effective at reducing {82% mhibition at 10%) aggregation.

[0151} Four nontonie surfactants were evaluated at concentrations ranging from 0.01 to
0.10 percent. All four detergents tested (Bry 35, Tween 20, Tween 80 and Pluronic F-68)
were effective at mhibiting aggregation. While all detergents tested showed inhibition of

aggregation, Tween 20 appears to be superior to the others.

[0152} The two comunondy used proteins albumin and gelatin that were tested were not
effective in mubiting aggregation, but the results may have been due to 1ssues with the

albumin rather than the VLPs.

[0133] Representative amino acids were also tested. At 300 mM diethanolanmine,
arginine and lysine mhibited aggregation by 70%. Guanidine (30%), hustidine (30%) and
glycme (12%) were less effective and aspartic acid accelerated aggregation. However, it
15 not clear 1if the mhibition or acceleration of aggregation was caused directly by the
organic compound or indirectly through a change in pH. Further characterization of
lysme revealed that use of lysine resulis m disruption of VLP structure and therefore the

reduced turbidity appears to be an artifact and not evidence of inhsbition of aggregation.

[0154] Representative organic acids were also tesied. Ascorbic acid (150 mMj greatly

mcreased aggregation where as simlar concentrations of lactic acid and malic acid
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shightly inhibited aggregation. Agaim, 1t 1s not clear if these observations are a result of a

change i pH or a direct interaction of the organic acid with the VLPs.

[0135] Several carbohydrates tested show promise for stabilizing enveloped-virus based
VLPs. The concentration of the carbohydrate is important with protection afforded by
20% solutions but not 10% solutions or by 15% solutions. But by contrast, 10% glyvcerol
was effective at mhibiting aggregation. Based upon the foregoing, one of skill in the art

may readdy select a stabilizing amount of these stabilizing agents.

[0156] : Finally, biophvsical studies of trehalose and sorbitol showed that carbohydrates
stabilize tertiary structure of viral proteins and trehialose was also shown to slow

temperature-induced hydration of lipid bilaver.

[0157} Thus, the most pronusing candidate for the stabilization of VLPs was trehalose at
20% as this carbohydrate was shown to decrease aggregation, stabilize protein tertiary
structure and nunimize membrane hydration at elevated temperatures. Due to the
sinularity of structures and concentration dependence of the prevention of aggregation,

other carbohydrates are assumed to effer smutlar protective properties.
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What we claim is:

l. A method for stabilizing a solution contamning an influenza antigen enveloped

virus-based virus-like particle preparation comprising;

{a) providing the solution containing the mfluenza antigen enveloped virus-based

virus-like particle; and

{b) {1) adding a stabilizing amount of a stabilizing agent selected fron: a
monosaccharide, sorbiiol, a disacchande, trehalose, diethanolamine, glveerol,
glyeine, and a combination of the preceding stabilizing agents to mfluenza antigen
enveloped virus-based virus-like particle preparation, {2) buffering the solution so
that the pH is between about pH 6.5 and about pH &.0, between about pH 6.5 and
about pH 7.5, or about pH 7, or (3) both steps (1) and (2},

wherein the influenza antigen enveloped virus-based virus-like particle preparation after
step (b} exhibits at least one of the following characteristics (1) reduced aggregation of the
virus-like particles as compared to the mfluenza antigen enveloped virus-based virus-hike
particle preparation before step (b) as measured by optical density, {(11) stabilized
mfluenza antigen as compared to the influenza antigen enveloped virus-based virus-like
particle preparation before step (b} as measured by curcular dichroism or ANS binding,
and (i) reduced temperature mduced hydration of the lipid bilayver of the virus-like
particle as compared to the influenza antigen enveloped virus-based virus-like particle

preparation before step (b) as measured by lawrdan fluorescence.

2 The method of claun 1, wherein the buffering 1s performed using a buffering
agent selected from the group consisting of phosphate, Tris, MES, citrate and other

GRAS buffers.

-

3. The method of claim 1, wherein the stabilizing agent is selected from trehalose,
sorbiiol, diethanolamine, glycerol, glveme and a combination of the preceding stabilizing

agents and the characteristic 1s (1).
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4. The method of claim 1, wherein the stabilizing agent is selected from trehalose,
sorbtiol, and a combination of the preceding stabilizing agents and the characteristic 18

(i).

5. The method of claun 1, wherein the stabilizing agent 1s selected from trehalose

and glveine and the characteristic is (it}

0. The method of claun 1, wherein the stabilizing agent is trehalose and all three

characteristics are present.

7. The method of any one of claims 1-6, wherein the mfluenza antigen enveloped

virus-based virus-like particle comprises a hemagghitinin polypeptide.

R. The method of any one of claims 1-7, wherein the influenza antigen enveloped
virus-based virus-like particle comprises a second polypeptide selected from the group
comprising a gag polypeptide, an mfluenza M1 polypeptide, a Newcasile disease virus
matnx polypeptide, an Ebola virus VP40 polypeptide and a Marburg virus VP40
polypeptide.

9. The method of claim &, wherein said gag polvpeptide Is from a retrovirus selected
from the group consisting of: munine leukemia virus, hnman immunodeficiency virus,

Alpharetroviruses, Betaretroviruses, Gamimaretroviruses, Deltarefroviruses and

Lentiviruses.

10.  The method of claun R, wherein said gag polypeptide is from a murine leukenua
VIrus.

11, The method of any one of claims 1-10, wherem the mnfluenza antigen enveloped

virus-based virus-like particle further comprises a neuranunidase polypeptide.

12, The method of any one of claims 1-11, wherem the stabilizing agent is selected
from monosaccharide, sorbtiol, a disaccharide, and frehalose, and the stabilizing amount

18 greater than 10% {(w/w) or at least about 20% (w/w).

60
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13.  The method of any one of clainis 1-12, wherem the stabilizing does not require

glass formation.

14.  The method of any one of claims 1-13, wherem the stabilizing amount s less that

the amount required for glass formation upon freezing.

15.  The method of anv one of clanms 1-14, wherein the stabilizing agent is not
SUCrose.
16, The method of anv one of clamms 1-15, wheremn the influenza antigen enveloped

virus-based virus-like particle preparation further comprises an adjuvant i admixfure

with the mfluenza antigen enveloped virus-based virus-like particle.

17.  The method of claim 16, wheremn said adjuvant is located mside said virus-hike
particle.

18.  The method of claun 16, wherein said adjuvant is located outside said virus-like
particle.

19.  The method of any one of claims 16-18, wherein said adjuvant 1s covalently

linked to said second polypeptide to form a covalent hinkage.

20.  The method of any one of clamms 16-18, wherein said adjuvant is covalently

linked fo said hemagglutinin polypeptide to form a covalent inkage.

21, The method any one of claims 16-20, wherein said adyuvant comprises an

adjuvant-active fragment of flagellin.

22, The method any one of claims 1-21, further comprising (¢} storing the solution in
liuid form for a period of time of at least two weeks, at least one month, at least two
months, at least three months, at least four months, at least six months, or at least one
vear, wherein the mfluenza anfigen enveloped virus-based virus-like particle preparation
after such fime period induces at least eighty percent, at least ninety percent, or at least
ninety five percent of the immune response mduced by the influenza antfigen enveloped

virus-based virus-like particle preparation before such time period.
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23.  Aninfluenza antigen enveloped virus-based virus-hike particle preparation
comprising mnfluenza antigen enveloped virus-based virus-like particles and a stabilizing
amount of a stabilizing agent selected from trehalose, sorbitol, diethanolamine, glycerol,
glycme, and a combination of the preceding stabilizing agents to influenza antigen
enveloped virus-based virus-like particle preparation, wherein the influenza antigen
enveloped virus-based virus-like particle preparation exhibits at least one of the following
characterstics (1) reduced aggregation of the virus-like particles as compared to a
mfluenza antigen enveloped virus-based virus-like particle preparation without the
stabilizing agent as measured by oplical density, (it) stabilized influenza antigen as
compared to the influenza antigen enveloped virus-based virus-hike particle preparation
without the stabilizing agent as measured by cirenlar dichroisnm or ANS binding, and (i1}
reduced temperature nduced hvdration of the lipid bilaver of the virus-like particle as
compared to the influenza antigen enveloped virus-based virus-like particle preparation

without the stabilizing agent as measured by laurdan fluorescence.

24, The mfluenza antigen enveloped virus-based virus-like particle preparation of
clatm 23, wherein the buffering is performed using a buffering agent selected from the

group consisting of phosphate, Tris, MES, citrate and other GRAS buffers.

25.  The influenza antigen enveloped virus-based virus-like particle preparation of
clann 23, wherein the stabilizing agent 1s selected trom trehalose, sorbitol,
diethanolamine, glycerol, glycine and a combination of the preceding stabilizing agents

and the characteristic 1s (1).

26. The mfluenza antigen enveloped virus-based virus-like particle preparation of
clatm 23, wherein the stabilizimng agent 15 selected from trehalose, sorbitol, and a

combination of the preceding stabilizing agents and the characteristic 1s (11).

27.  The influenza antigen enveloped virus-based virus-like particle preparation of
clanm 23, wherein the stabilizing agent 1s selected from trehalose and glycine and the

characteristic 1s {11).
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28.  The influenza antigen enveloped virns-based virus-like particle preparation of
clamm 23, wherein the stabilizing agent 1s trehalose and all three characteristics are

present.

29, The influenza antigen enveloped virus-based virus-like particle preparation of any
one of claims 23-28, wherein the influenza antigen enveloped virus-based virus-like

particle comprises a hemagglutinn polypeptide.

30.  The mfluenza antigen enveloped virus-based virus-like particle preparation of any
one of claims 23-29, wherein the influenza antigen enveloped virus-based virus-like
particle comprises a second polypeptide selected from the group comprising a gag
polvpeptide, an mfluenza M1 polypeptide, a Newcastle disease virus matrix polvpeptide,

an Ebola virns VP40 polypeptide and a Marburg virus VP40 polypeptide.

31,  The mfluenza antigen enveloped virus-based virus-like particle preparation of
claim 30, wherein said gag polvpeptide is from a refrovirus selected from the group
consisting of! murine leukepua virus, human immunodeficiency virus, Alpharetroviruses,

Betaretroviruses, Gammaretroviruses, Deltarefroviruses and Lentiviruses.

32, The influenza antigen enveloped virus-based virus-like particle preparation of

clanm 30, wherein satd gag polypeptide is from a nmirine leukenua virus.

33.  The mnfluenza antigen enveloped virus-based virus-like particle preparation of any
one of claims 23-32, wherein the influenza antigen enveloped virus-based virus-like

particle further comprises a neuranunidase polypeptide.

34.  The influenza antigen enveloped vuus-based virus-like particle preparation of any
one of claims 23-33, wherein the stabilizing agent i1s selected from monosaccharide,
sorbtiol, a disaccharide, and trehalose, and the stabilizing amount 13 greater than 10%

(wiw) or at least about 20% (w/w).

35.  The mnfluenza antigen enveloped virus-based virus-like particle preparation of any

one of claims 23-34, wherein the stabilizing does not require glass formation.
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36.  The influenza antigen enveloped vuus-based virus-like particle preparation of any
one of claims 23-33, wherein the stabilizing amount 1s less that the amount required for

glass formation upon freezing.

37.  The mnfluenza antigen enveloped virus-based virus-like particle preparation of any

one of claims 23-36, wherein the stabilizing agent 15 not sucrose.

38 The mnfluenza antigen enveloped virus-based virus-like particle preparation of any
one of claims 23-37, wherein the influenza antigen enveloped virus-based virus-like
particle preparation further comprises an adjuvant in admixture with the influenza antigen

enveloped virus-based virus-like particle.

39, The influenza antigen enveloped virus-based virus-like particle preparation of

clanm 38, wherein satd adjuvant 1s located mside sard virus-like particle.

40.  The influenza antigen enveloped virus-based virus-like particle preparation of

clanm 38, wherein satd adjuvant 1s located outside said virus-like particle.

41, The influenza antigen enveloped virus-based virus-like particle preparation of any
one of claims 38-40, wherein said adpuvant 13 covalently hnked to said second

polypeptide to fona a covalent hinkage.

42.  The influenza antigen enveloped virns-based virus-like particle preparation of any
one of claims 38-40, wherein said adpvant is covalenily hinked to said hemagghutinin

polvpeptide to form a covalent linkage.

43, The influenza antigen enveloped virus-based virus-like particle preparation any
one of claims 38-42, wherein said adpuvant comprises an adjuvant-active fragment of

flagellin.

44, A method for treating or preventing imfluenza comprising adnunistering to a
subject an immunogenic amount of the influenza antigen enveloped virus-based virus-
like particle preparation of any one of clanns 23-43 or a solufton confaning an
mmmnnogenic amount of an influenza antigen enveloped virus-based virus-like particle

preparation stabiized in accordance with any one of claims 1-21.
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45.  The method of claim 44, wheretn the administering mduces a protective

imnmnization response i the subject.

46.  The method of claim 44, wherein the adoinistering is selected from the group
consisting of subcutaneous delivery, franscutaneous delivery, intradermal delivery,
subdermal delivery, mtramuscular delivery, peroral delivery, oral delivery, intranasal
delivery, buccal delivery, sublingual delivery, mtraperitoneal delivery, iravaginal

delivery, anal delivery and infracramal delivery.
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