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(57) Abstract: The present invention is generally related
to virus-like particles (VLPs) comprising rabies virus (RV)
glycoproteins (G proteins) and methods for making and
using them, including immunogenic compositions such as
vaccines for the treatment and/or prevention of rabies virus
infection.
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RABIES GLYCOPROTEIN VIRUS-LIKE PARTICLES (VLPs)

CROSS REFERENCE TO RELATED APPLICATION
{801} 'This application claims priority from U.S. Provisional Application No. 61/410,767,
filed Noveraber 5, 2011, the disclosure of which is hereby meorporated by refercuce 1o its

entirety for all purposes.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

{802] The contents of the text file submitted clectronically herewith are incorporated herein
by reference in their entirety: A computer readable format copy of the Sequence Listing
{filename: NOVV_047 01WO Seqlist STZ5.txt, date recorded: November 7, 2011, file size
7 kilobyies),

TECHNICAL FIELD

{#63] The present invention is generally related to virus-like particles (VLPs) comprising
rabics virus (RV) glycoproteins (G proteins) and rocthods for making and using them,
including immunogenic compositions such as vaccines for the treatment and/or prevention of

rabies virus infection.

BACKGROUND OF THE INVENTION

{864] Rabies wvirus (RV) s a non-scgmented vegative-stranded RNA viras of the
Rhabdoviridae family and induces a fatal neurclogical disease in humans and animals. More
than 70,000 humav fatalitics are reported annually and millions of others require post-
exposure treatment. Although significant advances have been made in rabies prevention and
control, the discase remaiuns a rajor threat to public health and coutinues to cause numerous
human deaths around the world. Canines remain the most important reservoir in Asia, Africa
and Latin America where most human rabics cases occur. In the developed countrics, human
rabies has declined significantly during the past 50 years, primarily as a result of routine
vaccination of pet animals. However, rabics transmission via exposure to wild-life has
emerged as a major cause of the disease. In the United States, more than 90% of anmmal
rabies cases have been reported in wildlife, representing continual public health threats. Most
human cases n the past decade have been associated with RV found 1o bats, particularly

silver-haired bats.
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{#65] Rhabdoviruses have two major structural components: a helical ribonucleoprotein
core {RNP} and a surrounding eovelope. The rabies genome cncodes five proteins:
nuclcoprotein (N}, phosphoprotein (P}, matrix protein (M}, glycoprotein {(G) and polymerase
{(large protein) (L), The order of the genes 1 the wild-type rabies genome 18 3-N-P-M-G-L-
5'. The N, L and P proteins are associated with the core RNP complex. The RNP complex
consists of the RNA genome encapsidated by the N in combination with polymerase L and
the P protein. This complex serves as a template for virus transcription and replication. The
viral envelope component of RV is composed of a transmembrane glycoprotein (G) and 2
matrix (M) protewn. The glycoprotemn forms approximately 400 trimeric spikes which are
tightly arranged on the surface of the virus. The M protein is associated both with the
covelope and the RNP and may be the central protein of rhabdovirus assembly.

18061 As noted above, rabies remains a major public health threat around the world
Countrolling rabics and protecting humans from rabies requires several control strategies, such
as routine immunization of pet animals and wildlife carriers, pre-exposure immmumization of
people at risk, and post-exposure treatmuent of people bitten by rabid animals. Although
inactivated rabies virus (RV) vaccines prepared from cell culture are safe and well-tolerated,
they have multiple disadvantages. They are difficult to manufacture, difficult o store, have
low immunogenicity, and require roultiple injections. Moreover, they are expensive and thus
beyond the reach of most people who need the vaccimes in the developing countries. In
addition, these inactivated vaccines typically include adjuvanis which may cause unwanted
side effects, Thus, safer, cheaper, and more efficacious RV vaccines are needed.

{667} The present application addresses this need through the development of a novel
method for the production of virus-like particles {(VLPs) comprising the rabies glycoprotein

(G).

SUMMARY OF THE INVENTION

{#038] The present invention relates to rabtes virus (RV) virus-like particles {(VLPs) for use
in vaccines for the treatment and prevention of rabics virus infection. The RV VLPs of the
invention have the potential to induce potent imynune responses in maromalian subjects
against the rabies virus.

[609] In a first aspect, the present invention provides RV VLPs comprising one or more RV
glycoproteins {G proteins). The RV G proteins may be derived from any suitable RV sirain,
mcluding, but not hmited to, human, canine, bat, raccoon, skunk, and fox strains of RV, In

one embediment, the RV VLPs comprising one or more RV G proteins may be in the form of

b
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micelles.  In some embodiments, the RV VLPs may comprise one or more additional RV
proteins, selected from the nucleoprotein (N), phosphoprotein (P), mateix protein (M), and
polymerase (large protein} (L}. In a specific embodiment, the RY VLPs of the present
invention may comprise the RV matrix protein (M), In one embodiment, the M protein is
derived from a human strain of RY. In another embodiment, the M protein is derived from a
canine strain of RV. In yet another embodiment, the M protein is derived from a bat straim of
RV. In other embodiments, the matrix protein may be an M1 protein from an influenza virus
strain. In one cmbodiment, the mfluenza virus strain is an avian influenza virys strain. In
other embodiments, the M protein may be derived from a Newcastle Discase Virus (NDV)
strain.

{318] v one embodiment, the coding sequence of the RV G protein is further optivaized to
enhance its expression in a suitable host cell. In one embodiment, the host cell is an insect
cell. In an exemplary ermbodiment, the nsect cell 18 an Sf9 cell.

{#11] The RV VLPs of the present invention may be used for the prevention and/or
treatment of RV infection. Thas, in another aspect, the invention provides a method for
gliciting an immune response against RY. The method involves administering an
mmrmunologically effective amount of a composition containing a4 RV VLP to a subject, such
as a human or animal subject.

{#12] In another aspect, the present invention provides pharmaceutically acceptable vaccine
compositions comprising an RV VLP which comprises one or more RV glycoproteins (G
proteins}.

{#13] In one embodiment, the invention comprises an fromunogenic formulation comprising
at least one effective dose of an RV VLP which comprises one or more RV glycoproteins (G
proteins). In another cmbodiment, the invention provides for a pharmaccutical pack or kit
comprising one or more containers filled with one or more of the ingredients of the vaccine
forraulations of the invention.

{614} In another embodiment, the invention provides a method of formulating a vaccine or
antigenic composition that induces immunity to an infection or at least one disease symptom
thercot to a wammal, comprising adding to the formulation an effective dose of an RV VLP
which comprises one or more RV glycoproteins (G proteins). In a preferred embodiment, the
infection is an RV infection.

{#18] The RV VLPs of the invention are useful for preparing compositions that stinmilate an
immune response that confors immunity or substantial immunity to infectious agents. Thus,

in one embodiment, the invention provides a methed of inducing immunity to infections or at
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icast one discase symiptom thereof in a subject, comprising administering at lcast one
effective dose of an RV VLP which coraprises one or more RV glycoproteins (G proteins).
1816} In vyet another aspect, the invention provides a method of inducing substantial
mmrmunity to RV infection or at least onc discasc symptom in a subject, comprising
administering at least one effective dose of an RV VLP which comprises one or more RV
glycoproteins (G proteins).

1817} Compositions of the invention can induce substantial immunity in a vertebrate (e.g. a
human or a caning) when administered to the vertebrate, Thus, in one embodiment, the
invention provides a method of inducing substantial immuomity to RV infection or at least one
disease symptom in a subject, comprising administering at lcast one effective dose of an RV
VLP which coraprises one or more RV glycoproteins (G proteins). In another embodiment,
the invention provides a method of vaccinating a mammal against RV comprising
administering to the mmammal a protection-inducing amount of an RV VLP which coruprises
one or more RV glycoproteins {G proteins). The prophylactic vaccine formulation is
systemiically administered, e.g., by subcutancous or intramuscular imjection using s needie
and syringe, or a needle-less injection device. In an exemplary embodiment, the vaccine
formulation is adminstered intramuscularly.

{#18] In another cmbodiment, the invention comprises a method of inducing a protective
antibody response to an infection or at least one symptom thercof in a subject, comprising
administering at least one effective dose of an RV VLP which comprises one or more RV
glycoproteins {(G proteins).

[619] In another embodiment, the invention comprises a method of inducing a protective
cellular response to RV infection or at least one disease symptom in a subject, comprising
administering at least one effective dose of an RV VLP which comprises one or more RV
glycoproteins {(G proteins).

{828] In yet another aspect, the invention provides an isolated nucleic acid encoding a rabies
glycoprotein (G protein}. In an cxemplary embodiment, the isolated nucleic acid encoding a
rabies glycoprotein (G protein) protein is SEQ ID NO: 1.

{821} In yet another aspect, the invention provides an isolated cell comprising a nucleic acid
encoding a rabies glycoprotein (G protein). In an cxemplary embodiment, the isolated
nueleic acid encoding a rabies glycoprotein {G protein) protein is SEQ D NG: 1.

{622} In yet another aspect, the invention provides a vector comprising a nucleic acid

cucoding a rabies glycoprotein (G protein).  In an exemplary cmbodiment, the isolated
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nucleic acid enceding a rabies glycoprotein (G protein) protein is SEQ 1D NO: 1. In one
embodiment, the vector 1s a baculoviras vector.

18231 In vet another aspect, the invention provides a mcthod of making a RV VLP
comprising one or more rabics glycoproteins (G proteins), comprising (a) transforming a host
cell to express a nucleic acid encoding a rabies glycoprotein {G proteiny; and (b) culturing
said host cell under conditions conducive to the production of said RV VLPs. In one
embodiment, the nucleic acid encoding a rabies glycoprotein (G protein) 1s SEQ 1D NO: 1.
In another embodiment, the host cell 1s an 1nsect cell. In a further embodiment, the host cell
is an is an insect cell transfected with a baculovitus vector coraprising a rabies glycoprotein

{( protein).

BRIEF DESCRIPTION OF THE FIGURES

{024 Figure 1 depicts the plasmid map for the pFastBacl vector comprising the rabies
virus {3 nucleic acid sequence (SEQ D NO: 1)

{025] Figure 2 depicts the results of western blotting for RV G proteins using anti-RV
rabbit sera under both reducing (Figure 2A) and non-reducing conditions (Figure 2B},

{826] Figure 3 depicts images of purified recombinant RV G protein particles in the forms
of micelles taken using vegative stain electron microscopy at a magnification of 150,000X.
{#27] Figure 4 depicts the results of antibody-induction assays in rabbits administered
increasing dilutions of RV (G particles.

1628} Figure 5 shows the protein sequence for the pFastBacl vector comprising the rabies
virus (0 vucliec acid sequence (SEQ 1D NO: 1) (top) and the RV G protein sequence (SEQ ID
NQO: 2 (bottom).

1629] Figure 6 15 a graph showing the anti-rabics virus antibody titers at diffcrent days,
plotted as the geometric mean for each immunization regimen {n=3 for cach mmunization

ZrOup ).

DETAILED DESCRIPTION

Definitions

[838] As used herein the term “adjuvant” refers to a compound that, when used 1o
combination with a specific immunogen {e.g. an RV VLP which comprises one or more RV
glycoproteins (G proteins)) 1o a formulation, will augment or otherwise alier or modify the

resultant tmmune response. Maodification of the immune response includes intensification or
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broadening the specificity of cither or both antibody and cellular mmune responses.

Modification of the fmmune response can also mwean decreasing or suppressing certain
o

antigen-specific immune responses.

{831] As usc herein, the term “antigenic formulation” or “antigenic cormposition” refers to a

preparation which, when administered to a vertebrate, especially a bird or a mammal, will

mnduce an IMUTUNe response.

2

18321 As uscd herein the term “avian influcnza virus” refers to influenza viruses found
chiefly in birds but that can also infect humans or other animals. In some instances, avian
influenza viruses may be transmitted or spread from oue human to another. An awvian
influenza virus that infects humans has the potential to cause an influenza pandemic, ie.,
roorbidity and/or moortality m humans. A pandemic occurs when a new strain of wmfloenza
virus (a virus in which human have no natural mmunity) emerges, spreading beyond
individual localitics, possibly around the globe, and mfecting many humans at once.

{#33] As used herein an “effective dose” generally refers to that amount of an RV VLP
which comprises one or more RV glycoproteins (G proteins) sufficient to induce immunity,
to prevent and/or ameliorate an infection or to reduce at least one symptom of an infection or
discase, and/or to enhance the cfficacy of another dose of an RV VLP which comprises one
or more RV glycoproteins (G proteims). An cffective dose way refer to the amount of an RV
VLP which comprises one or more RV glycoproteins (G proteins) sufficient to delay or
roinimize the onset of an infection or disease. Au effective dose may also refer o the amount
of an RV VLP which compriscs one or more RV glycoproteins (G proteins) that provides a
therapeutic benefit in the treatment or management of an infection or disease. Further, an
cffective dosc is the amount with respect to an RV VLP which comprises one or more RV
glycoproteins (G proteins) alone, or in corabination with other therapies, that provides a
therapeutic benefit in the treatruent or management of an infection or disease. An effective
dose may also be the arount sufficient to enhance a subject’s {e.g., a human’s) own immunce
response against a subsequent exposure to an infectious agent or disease. Levels of immunity
can be monitored, eg., by measuring amounts of neutralizing secretory and/or serum
antibodies, e.g., by plague neutralization, cowplement fixation, ecozyme-hinked
immungesorbent, or microncutralization assay, or by measuring cellular responses, such as,
but not limited to cytotoxic T cells, antigen presenting cells, helper T cells, dendatic cells
and/or other cellular responses. T cell responses can be monitored, e.g., by measuring, for
example, the amount of CD4" and CDS’ cells present using specific markers by fluorescent

flow cytometry or T cell assays, such as but not limited to T-cell proliferation assay, T-cell

6
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cytotoxic assay, TETRAMER assay, and/or ELISPOT assay. In the case of a vaccine, an
“effective dose” 1s one that prevents discase and/or reduces the severity of symptoms.

1834] As used herein, the term “effective amount” refers to an amount of an RV VLP which
compriscs one or more RV glycoproteins (G proteins) necessary or sufficient to realize a
desired biologic effect. An effective amount of the composition would be the amount that
achieves a selected resulf, and such an amount could be determined as a matter of routine
expertmentation by a person skilled in the art. For cxample, an effective amount for
preventing, treating and/or aracliorating an infection could be that amount necessary to cause
activation of the immune system, resulting in the developrent of an antigen specific iromune
response upon exposure to an RV VLP which comprises one or more RV glycoproteins (G
proteins). The term is also synonymous with “sutficient amount.” In another ermabodivaent,
the cffective amount is the amount by weight of 2a RV G micelle that enduces seroprotection
in 4 relevant animal model, animal or human patient 1n a desired number of days, ¢.g. 7, 10,
14 or more days.

{035]  As used herein, the term “expression” refers to the process by which polynucleic acids
are transcribed into mRNA and translated into peptides, polypeptides, or proteins. If the
polynucleic acid 1s derived from genomic DNA, expression may, if an appropriate cukaryotic
host cell or organism is selected, include splicing of the mRNA. In the context of the present
invention, the term also encompasses the yield of RV G gene mRNA and RV G proteins
achieved following expression thereof.

18361 As used herein, the term "G protein” or "G glycoprotein” or "G protein polypeptide”
refers to a polypeptide or protein having all or part of an amivo acid sequence of an RV G
protein polypeptide.

{0371 As used herein, the terms “rmmunogens” or “antigens” refer to substances such as
proteins, peptides, peptides, nmucleic acids that are capable of cliciting an immune response.
Both terms also encorapass epitopes, and are used nterchangeably.

{638] As used herein the term “immune stinmilator” refers to a compound that enhances an
immune response via the body’s own chemical messengers (cytokines). These molecules
comprise various cytokines, lymphokines and chewolanes with Jmmuvostivaulatory,
immunopotentiating, and pro-inflammatory  activities, such as interferons {(IFN-y),
interieukins {e.g., TE-1, IL-2, 1L-3, 1L-4, TL-12, 1L-13); growth factors {e.g., granulocyte-
macrophage {GM)-colony stimulating factor (CSF)); and other immunostimulatory
molecules, such as macrophage inflammatory factor, Flit3 higand, B7.1; B7.2, etc. The

immune stimulator molecules can be administered in the same formulation as VLPs of the
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invention, or can be administered scparately. Either the protein or an cxpression vector
cocoding the protein can be admirustered to produce an immunostimulatory effect.

1839} As use herein, the term “tmmunogenic formulation” refers to a preparation which,
when administered to a vertcbrate, e.g. a mammal, will induce an iramune respounse.

{#48] As use herein, the term “infectious agent” refers fo microorganisms that cause an
mfection 1 a vericbrate. Usually, the organisms are viruses, bacteria, parasites, protozos
and/or fungi.

1041} As used herein, the torm “multivalent” refers to compositions which have one or more
antigenic proteins/pephides or immuonogens against multiple types or strains of infectious
agents or diseases, ¢.g. more than one RV G protein type, strain, sequence, efc.

{8421 As used herein, the termn “pharmaceutically acceptable vaccine” refers to a
formulation which contains an RY VLP which comprises one or more RV glycoproteins (G
proteins), which 15 in a form that 15 capable of being admunistered to a vertebrate and which
induces a protective fmmune response sufficient to induce immunity to prevent and/or
ameliorate an infection or disease, and/or to reduce at least one symptom of an infection or
discase, and/or to enhance the efficacy of another dose of an RV VLP which comprises one
or more RV glycoproteins (G proteins). Typically, the vaccine coraprises a conventional
saline or buffered aqueous solution medivm m which the composition of the present
invention is suspended or dissolved. In this form, the composition of the present invention
can be used convenicotly to prevent, ameliorate, or otherwise freat an infection. Upon
introduction into a host, the vaccine is able to provoke an immune response including, but not
livatted to, the prodaction of antibodies and/or cytokines and/or the activation of cytotoxic T
cells, antigen presenting cells, helper T cells, dendritic cells and/or other cellnlar responses.
13431 As uscd herein, the phrase “protective imroune respouse” or  “protective response”
refers to an inumune response mediated by antibodies against an infectious agent or disease,
which is exhibited by a vertebrate {e.g., a human), that prevents or ameliorates an infection or
reduces at least one disease symptom thereof. An RV VLP of the present invention which
comprises one or more RV glycoproteins (G proteins) can stimulate the production of
antibodies that, for cxample, neutralize infectious agents, blocks infectious agents from
entering cells, blocks replication of the infectious agents, and/or protect host cells from
infection and destruction. The term can also refer to an irnmune respounse that is mediated by
T-lymphocytes and/or other white blood cells against an infections agent or discase, exhibited
by a vertcbrate {e.g., a human), that prevents or ameliorates infection or discase, or reduces at

least one symptom thereof.
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{#44] As usc herein, the term “vertebrate” or “subject” or “patient” refers to any member of
the subphylum cordata, wcluding, without hmitation, hamans and other primates, including
non-human primates such as chimpanzees and other apes and monkey species. Farm animals
such as cattle, sheep, pigs, goats and horses; domestic mammals such as dogs and cats;
iaboratory animals including rodents such as mice, rats (including cotton rats) and guinea
pigs; birds, including dornestic, wild and gamc birds such as chickens, turkeys and other
gallinaceous birds, ducks, geese, and the like are also non-limiting examples . The terms
“marnmals” and “animals” arc included m this defintion. Both adult and nowbom
individoals are intended to be covered. In particalar, humans, domestic roammals, and farm
animals are appropriate recipients of an RV vaccine or therapeutic.

[845]  As used herein, the term “virus-like particle” (VLP) refers to a structure that 1o at least
one attribute resembles a virus but which has not been demonstrated to be infectious. Virus-
itke particles n accordance with the invention do not carry genetic information encoding for
the proteins of the virus-like particles. In general, viras-like particles lack a viral genome
and, therefore, are nominfectious. In addition, virus-like particles can often be produced in
large quantitics by heterologous expression and can be easily purified.

1046] As used herein, the torm “chimeric VLP” refers to VLPs that contain protemns, or
portions thereof, from at least two different infoctious agents (heterologous proteins).
Usually, onc of the proteins is derived from a virus that can drive the formation of VLPs from
host cells. Examples, for illustrative purposes, are the avian influenza M protein and/or the
RV G protein. The terms RV VLPs and chimeric VLPs can be used interchangeably where
appropriate.

{847} As used herein, the term “vaccine” refers to a preparation of dead or weakened
pathogens, or of derived antigenic determinants that 1s used to mducce formation of antibodies
or tmmunity against the pathogen. A vaccine is given fo provide immunity to the disease, for
exaraple, influenza, which is caused by influcnza viruses. In addition, the torm “vaccine”
also refers to a suspension or solution of an immunogen (e.g. an RV VLP which comprises
one or more RV glycoproteins (G proteins)) that is administered to a vertebrate to produce
protective Unynunity, fe., immunity that prevents or reduces the severity of discase associated
with infection. The present invention provides for vaccine compositions that are

imrmunogenic and roay provide protection against a discase associated with infection.

Rabies Virus (RV}) Virus-Like Particles (VLPs)

9
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{#48] In onc aspect, the invention relates RV virus-like particles (VLPs) comprising one or
more RV glycoproteins (G proteins) that can be formulated nto vaccmes or antigenic
forrmulations for protecting vertebrates {e.g. humans and domestic animals) against RV
infection or at least one discasc symptorn thereof. In some erbodiments, the VLP
comprising one or more RV glycoproteins (G proteins) further comprises additional RV
proteins, such as N, P, M, and L. In other embodiments, the VLP comprising one or more
RV glycoproteins {{3 proteins} further corprises proteins from heterologous strains of virus,
such as mfluenza virus proteins HA, NA, and M1, In one embodiment, the nfluenza virus
protein M1 1s derived frove an avian influcuza virus straio (see U.S. application 13/280,043,

which 18 incorporated herein by reference in its entirety).

RV Vaccines

{849} Since RV infection can be prevented by providing ncutralizing antibodics to a
vertebrate, a vaccine comprising an RV VLP which comprises one or more RV glycoproteins
{G proteins) may induce, when administered to a vertebrate, neutralizing antibodics in vivo.
The RV VLPs which comprise one or more RV glycoproteins (G proteins} are favorably used
for the prevention and/or treatment of RV infection. Thus, another aspect of this disclosure
concerns a method for eliciting an wmmune response against RV, The method involves
administering an immunologically effective amount of a composition containing an RV VLP
which comprises one or more RV glycoproteius (G proteins) to a subject (such as a human or
antimal subject). Administration of an immunologically effective amount of the composition
elicits an iromune response specific for epitopes present on the RV G protein. Such an
immune response can include B cell responses {c.g., the production of neutralizing
antibodies} and/or T cell responses {e.g., the production of cytokines). Preferably, the
immune response elicited by the RV G protein includes elements that are specific for at least
onc conformational cpitope present on the RV G protein.  In one embodiment, the immune
response is specific for an cpitope present on an RV G protein found in the micelle
conformation. The RV G proteins and compositions can be administered to a subject without
cohancing viral disease following coutact with RV, Preferably, the RV G proteins disclosed
herein and suitably fornmmlated immunogenic compositions elicit @ Thl biased immmune
response that reduces or prevents infection with a RV and/or reduces or prevents a
prathological response following infection with a RV.

1656] In onc embodiment, the RV G proteins of the present invention are found in the form

of micelles (e.g. roscttes). See example 2. In one embodiment, the micelles are purified

10
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following expression in a host celll. When administered to a subiect, the micelles of the
present invention preferably jnduce neutralizing antibodies.  In soroe embodiments, the
micelles may be administered with an adpuvant. In other embodiments, the micelles may be
administered without an adjuvant,

{6511 In another embodiment, the invention encompasses RY virus-like particles (VLPs)
comprising a RV G protein that can be formulated into vaceines or antigenic formulations for
protecting vertebrates {e.g. humans) against RV infection or at least one disease symptom
thereof. The present invention also relates to RV VLPs and vectors comprising wild-type and
mutated RV genes or a combination thereof derived from differcot strains of RV viras, which
when transfected into host cells, will produce virus like particles (VLPs} comprising RV
proteins.

1852} In some embodiments, RV virus-like particles may further comprise at least one viral
matrix protein {e.g. an RV M protein). In one embodiment, the M protein 18 derived frora a
human strain of RV, In another embodiment, the M protein is derived from an alternative
strain of RV, such as a camine, bat, raccoon, or skunk strain of RV, In other embodiments,
the matrix protein may be an M1 protein from a strain of influenza virus. In one
embodiment, the strain of influenza virns 18 an avian influcnza strain.  In an exemplary
embodiment, the avian imnfluenza strain is the HSNI strain A/ludonesta/5/85. In other
embodiments, the matrix protein may be from Newcastle Disease Virus (NDV).

{853] In further embodiments, VEPs of the imvention may comprise one or more
heterologous immunogens, such as influenza hemagghutinin (HA) and/or neuraminidase
{(NA).

{#54] In some cmbodiments, the invention alse comprises combinations of different RV G,
N, P, M, and L proteins from the same and/or different strains in one or more VLPs. In
addition, the VLPs can inchide one or more additional molecules for the enhancement of an
HITIUNG Fesponse.

{655] In another embodiment of the invention, the RY VLPs can carry agents such as
nucleic acids, siRNA, microRNA, chemotherapeutic agents, imaging agents, and/or other
agents that need to be delivered to a patient.

1836} VLPs of the invention are useful for preparing vaccines and immunogenic
compositions.  Oune 1mportant feature of VLPs s the ability to express surface proteins of
interest so that the immune systern of a vertebrate induces an imnmune response against the
protein of interest. However, not all proteins can be expressed on the surface of VLPs, There

may be many reasons why certain proteins are not expressed, or be poorly expressed, on the
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surface of VLPs. One reason is that the protein is not directed to the membrane of a host cell
or that the protein does pot have a fransmerobrane domain. As an example, sequences near
the carboxyl terminus of influenza hemagglutinin may be important for incorporation of HA
into the lipid bilayer of the matare influenza enveloped mucleocapsids and for the asserbly of
HA trimer interaction with the influenza matrix protein M1 (Al e af., (2000} J. Virol. 74,
8709-19).

{8871 Thus, one embodiment of the invention comprises chimeric VLPs comprising a
protein from RV and at least one immmunogen which 18 not normally efficiently cxpressed on
the cell surface or 18 not a normal RV protein. In one embodiment, the RV G protein may be
fused with an immunogen of interest. In another embodiment, the RV G protein associates
with the imomunogen via the transmembrane domain and cytoplasmic tail of a heterologous
viral surface membrane protein, e.g., MMTV envelope protein.

{838] Other chimeric VLPs of the invention coraprise VLPs comprising a RV (G protein and
at least oune protein from a heterologous infectious agent.  Examples of heterslogous
infectious agent include but are not liratted to a virus, a bacterium, a protozoan, a fungi
and/or a parasite. In one embodiment, the immunogen from another infectious agent is a
heterologous viral protein.  In another cmbodiment, the protein from a heterologous
infectious ageont is an envelope-associated protein. In another embodiment, the protein from
another heterologous infectious agent is expressed on the surface of VLPs. In another
embodiment, the protein from an 1nfectious agent comprises an eptiope that will generaie a
protective mmmune response in a vertebrate. In one embeodiment, the protein from another
infectious agent 18 co~expressed with a RV G protein.  In another embodiment, the protein
from another infectious agent is fused to a RV @ protein.  In another embodiment, only a
portion of a protein from another infectious agent 18 fused to a RV G protein.  In another
embodiment, only a portion of a protein from another infectious agent is fused to a portion of
a RV G protein. In another erabodirnent, the portion of the protein from another infectious
agent fused to a RV G protein is expressed on the surface of VLPs.

{#59] The invention also encompasses variants of the proteins expressed on or in the VLPs
of the invention. The variants may coutain alterations in the amino acid sequences of the
constituent proteins. The term “variamt” with respect to a protein refers to an amino acid
sequence that is altered by one or roore amino acids with respect to a reference sequence.
The variant can have “conscrvative” changes, wherein a substituted amino acid has similar
structural or chernical propertics, e.g., replacement of lcucine with isoleucine. Alternatively,

a variant can have “‘nonconscrvative” changes, e.g., replacement of a glycine with a
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tryptophan. Analogous minor variations can also include amino acid deletion or insertion, or
both. Guidance 1o determining which amino acid residues can be substituted, nserted, or
deleted without ecliminating biological or immunological activity can be found using
computer programs well known in the art, for cxample, DNASTAR software.

{#68] Natural variants can occur due to mutations in the proteins. These mutations may
icad to antigenic variability within mdividual groups of infectious agents, for cxample
influenza. Thus, a person infected with, for example, an influenza strain develops auntibody
against that virus, as newer virus strains appear, the antibodics against the older strains no
longer recognize the newer viras and re~infection can occur. The jnvention encompasses all
antigenic and genetic variability of proteins from infectious agents for making VLPs.

1861} General texts which describe molecular biological techniques, which are applicable to
the present invention, such as cloning, mutation, cell culture and the like, include Berger and
Kimmel, Guide to Molecular Cloning Techniques, Methods in Enzymology volume 152
Academic Press, Inc., San Diego, Calif. (Berger);, Sambrook ef ¢/, Molecular Cloning--A
Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 2000 (“Sambrook™} and Current Protocols in Molecular Biology, F. M. Ausubel ef af,,
eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sous, Inc., ("Ausubel”). These texts describe mwutagenesis, the use of vectors,
promoters and many other relevant topics related to, e.g., the cloning and mutating of RV G
roolecules, ete. Thus, the tnvention also encompasses using known wethods of protein
engineering and recombinant DNA technology to improve or alter the characteristics of the
proteins expressed on or in the VLPs of the invention. Various types of mutagenesis can be
used to produce and/or isolate variant nucleic acids that encode for protein molecules and/or
to further roodify/mutate the proteins in or on the VLPs of the mvention. They include but
are not limited to site-directed, random point mutagenesis, homologous recombination {(DNA
shuffling), mutagenesis wusing uracil containing  templates,  oligonucleotide-directed
mutagenesis, phosphorothicate-modified DNA mutagenesis, mutagenesis using gapped
duplex DNA or the like. Additional suitable methods include point mismatch repair,
routagenesis  using  repair-deficient host  strains, restriction-selection  and  restriction-
purification, deletion mutagenesis, mutagenesis by total gene synthests, double-strand break
repair, and the hike. Mutagenesis, e.g., nvolving chimeric coustructs, is also included 1o the
present mmvention. In one embodiment, mutagenesis can be guided by known information of
the naturally occurring molecule or altered or routated naturally occurring melecule, eg

‘&

sequence, sequence comparisons, physical properties, crystal structure or the like.
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{¢62] The invention further comprises protein variants which show substantial biological
activity, e.g., able to ehcit an effective antibody response when expressed on or in VEPs of
the invention.  Such variants include deletions, msertions, inversions, repeats, and
substitutions sclected according to general rules known in the art so as have little cftect on
activity.

1#63] Methods of cloning the proteins are known in the art. For example, the gene encoding
a specific RV protein can be isolated by RT-PCR from polyadenylated mRNA extracted from
cells which had been infected with rabies virus. The resulting product gene can be cloned as
a DNA insert into a vector. The term “vector” refers to the means by which a nucleic acid
can be propagated and/or transferred between organisms, cells, or celiular components.
Vectors fnclude plasmids, viruses, bacteriophages, pro-viruses, phagemids, transposous,
artificial chromosomes, and the like, that replicate autonomously or can integrate into a
chromosomce of @ host cell. A vector can also be a naked RNA polynucleotide, a naked DNA
polynuclestide, a polynucleotide composed of both DNA and RNA within the same strand, a
poly-lysine-conjugated DNA or RNA, a peptide-conjugated DNA or RNA, a hposome-
conjugated DNA, or the like, that is not autonomously replicating.  In many, but not all,
common cmbodiments, the vectors of the present invention are plasmids or bacmids.

{#64] Thus, the 1ovention comprises nucleotides that eucode proteius, inchuding chimeric
molecules, cloned into an expression vector that can be expressed in a cell that induces the
formation of VLPs of the invention. An “expression vector” is & vector, such as a plasmud
that is capable of promoting expression, as well as replication of a nucleic acid incorporated
therein. Typically, the nucleic acid to be expressed is “operably linked” to a promoter and/or
enhancer, and is subject to transcription regulatory control by the promoter and/or enhancer.
In one embodiraent, the nucleotides encode for a RV G protein (as discussed above). In
another embodiment, the vector further comprises nucleotides that encode the RV M proteimn.
In another embodiment, the vector further comprises nucleotides that cncode the M and/or N
RY proteins. In another embodiment, the vector further comprises nucleotides that encode
the M, L and/or N RV proteins. In an exemplary embeodiment, the expression vector is a
baculovirus vector.

1865} In some cmbodiments of the invention, proteins may comprise nutations containing
alterations which produce silent substitutions, additions, or deletions, but do not alter the
propertics or activities of the cncoded protein or how the proteins are made. Nucleotide
variants can be produced for a variety of reasons, e.g., to optimize codon expression for a

particular host {(change codons in the buman mRNA to those preferred by insect cells such as
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519 cells. See U.S. Patent Publication 2005/0118191, herein incorporated by reference in it
cutirety for all purposes.

18661 In addition, the nucleotides can be sequenced to ensure that the correct coding regions
were cloned and do not contain any unwanted mutations. The nucleotides can be subcloned
into an expression vector {e.g. baculovirus) for expression in any cell. The above is only one
example of how the RV viral proteins can be cloned. A person with skill in the art
understands that additional methods are available and are possible.

{867} The mvention alse provides for constructs and/or vectors that comprise RV
nucleotides that encode for RV structural genes, including G, M, N, L, P, or portions thereof,
and/or any chimeric molecule described above. The vector may be, for example, a phage,
plasraid, viral, or retroviral vector. The constructs and/or vectors that comprise RV structural
genes, inchuding G, M, N, L, P, or portions thereof, and/or any chimeric molecule described
above, should be operatively linked to an appropriate promoter, such as the ACMNPY
polyhedrin promoter {or other baculovirus), phage larmbda PL promoter, the £, colf lac, phoA
and tac promoters, the SV40 carly and late promoters, and promoters of retroviral LTRS are
non-limiting examples. Other suttable promoters will be known to the skilled artisan
depending on the host ccll and/or the rate of cxpression desired. The expression constructs
will further contain sites for transcrption initiation, termination, and, in the transcribed
region, a ribosome-binding site for translation. The coding portion of the transcripts
expressed by the constructs will preferably include a translation initiating codon at the
beginning and a termination codon appropriately positioned at the end of the polypeptide to
be translate

{#68] Expression vectors will preferably include at least onc selectable marker. Such
rarkers include dihydrofolate reductase, G418 or necomycin resistance for cukaryotic cell
culture and tetracycline, kanamycin or ampicillin resistance genes for culturing in £, cofi and
other bacteria.  Among vectors preferred are virus vectors, such as baculovirus, poxvirus
{e.g., vaccinia virus, avipox virus, canarypox virus, fowlpox virus, raccoonpox virus,
SWInepox virus, etc.), adenovirus {(e.g., canine adenovirus), herpesvirus, and retrovirus. Other
vectors that can be used with the wvention comprise vectors for use in bacteria, which
comprise pQE70, pQE60 and pQE-9, pBluescript vectors, Phagescript vectors, pNHSA,
pINHI16a, pNHI8A, pNHAGA, pircB9a, pKK223-3, pKK233-3, pDRS540, pRITS. Among
preferred eukaryotic vectors are pFastBacl pWINEQ, pSVICAT, pOG44, pXT1 and pSG,
pSVEKS, pBPVY, pMSG, and pSVL. Other suitable vectors will be readily apparent to the

skilled artisan. In one embodiment, the vector that comprises nucleotides encoding for RV
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genes, including RV G genes, as well as genes for M, N, L, P, or portions thereof, and/or any
chimeric molecule described above, is pFastBac.

{86%] The recombinant constructs mentioned above could be used to transfect, infect, or
transforrn and can cxpress RV proteins, including a RV G protein and at least one
immunogen. In one embodiment, the recombinant counstruct comprises a RY G, M, N, L, P,
or portions thereof, and/or any molecule described above, nto cukaryotic cells and/or
prokaryotic cells. Thus, the invention provides for host cells which comprise a vector {or
vectors) that contain nucleic acids which code for RV structural genes, including a RV G; and
at least oue imrounogen such as but not hmited to RV N, L, and P, or portions thereof, and/or
any molecule described above, and permit the expression of genes, including RV G, N, L, or
P or portions thereof, and/or any molecule described above 1o the host cell under conditions
which allow the formation of VLPs.

{878] Among cukaryotic host cells arc yeast, insect, avian, plant, C. elegans {or nematode)
and mammalian host cells. Non himiting examples of insect cells are, Spodopiera frugiperda
(86 cells, e.g. 89, 8121, Trichoplusia ni cells, e.g. High Five cells, and Drosophila S2 cells.
Examples of fungi (including yeast) host cells are 8. cerevisiae, Kluyveromyces lactis (K.
lactisy, species of Candida ncluding C. albicans and . glabrata, Aspergifius nidulans,
Schizasaecharomyces pombe (8. pombe), Pichia pastoris, and Yarrowia lipolyvrica. Examples
of mammalian cells are COS cells, baby hamster kidney cells, mouse L cells, ENCaP cells,
Chinese hamster ovary {CHO) cells, buman embryonic kidney (HEK) cells, and African
green monkey cells, CV1 cells, Hela cells, MDCK cells, Vere and Hep-2 cells. Xenopus
laevis oocytes, or other cells of araphibian origiv, may also be used. Examples of prokaryotic
host ceils include bacterial cells, for example, £ coli, 8. subtilis, Salmonella typhi and
mycobacteria,

{071 Vectors, e.g., vectors comprising polynucieotides of a RV G protein; and at lecast one
imrmunogen including but not limited to RV N, L, P, or portions thercof, and/or any chimeric
molecule described above, can be transfected into host cells according to methods well
known in the art. For example, introducing nucleic acids into eukaryotic cells can be by
calcivrn  phosphate  co-precipitation, electroporation, micromjection, lipofection, and
transfection employing polyamine transfection reagents. In one embodiment, the vector is a
recombinant baculovirus. In another embodiment, the recombinant baculovirus s transfected
into a cukaryotic cell. In a preferred embodiment, the cell is an insect cell.  In another

embodiment, the insect cell is a S92 cell.
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{#72] This invention also provides for constructs and methods that will increase the
ethciency of VLP production. For example, the addition of leader sequences to the RV G,
M, N, L, P, or portions thereof, and/or any chimeric or heterologous molecules described
above, can improve the cfficiency of protein transporting within the cell. For example, a
heterologous signal sequence can be fused to the RV G, M, N, L, P, or portions thereof,
and/or any chimeric or heterologous roolecule described above. In one embodiment, the
signal sequence can be dertved from the gene of an insect cell and fused to the RV G, M, N,
L, P, or portions thereof, and/or any chimeric or heterologous molecules described sbove. In
another embodiment, the signal peptide is the chitinase signal sequevce, which works
efficiently in baculovirus expression systems.
18731 Another method to increase efficiency of VLP production is to codon optitnize the
nuclectides that encode RV including a RV G protein, M, N, L, P, or portions thereof, and/or
any chimeric or heterologous molecules described above for a specific cell type. In one
embodimeunt, pucleic acids are codon optimized for expression in insect cells. In an
excemplary embodiment, the insect cells are S19 insect cells.
{874} 'The imvention also provides for metheds of producing VLPs, the methods comprising
expressing RV genes including a RV G protein under conditions that allow VLP formation.
Depending on the expression system and host cell selected, the VLPs are produced by
growing host cells transformed by an cxpression vector under conditions whereby the
recombinant proteins are expressed and VLPs are formed. To one embodiment, the invention
compriscs a method of producing a VLP, comprising transfecting vectors encoding at least
RV G protein into a suitable host cell and expressing the RV G protein under conditions that
aliow VLP formation. In another embodiment, the eukaryotic cell 1s selected from the group
consisting of, yeast, inscct, amphibian, avian or rmammahian cells. The selection of the
appropriate growth condittons ts within the skill of one of ordinary skill in the art.
{875] Methods to grow cells engineered to produce VLPs of the invention include, but are
not limited to, batch, batch-fed, continunous and perfusion cell culture technigues. Cell
culture means the growth and propagation of cells in a bioreactor {a fermentation chamber)
where cells propagate and express protewn {e.g. recombinant proteins) for purification and
isolation.  Typically, cell culture is performed under sterile, controlled temperature and
atroospheric conditions i a bioreactor. A biorcactor is a chawaber used to culture cells n
which environmental conditions such as temperature, atmosphere, agitation and/or pH can be
monitored. In one embodiment, the biorcactor 18 a stainless steel chamber. In another

embodiment, the bioreactor is a pre-sterilized plastic bag (e.g. Cellbag®, Wave Biotech,
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Bridgewater, NJ). In other embodiment, the pre-sterilized plastic bags are about 50 L to 1600
. bags.

1876} The VLPs arc then isolated using methods that preserve the integrity thereof, such as
by gradicnt centrifugation, e.g., cosiurn chloride, sucrose and iodixanol, as well as standard
purification techniques inclhuding, e.g., ion exchange and gel filtration chromatography.

14771 The following 1s an cxample of how VLPs of the invention can be made, isolated and
purified. Usually VLPs are produced from recombinant cell lines engineered to create VLIPS
when the cells are grown in cell culture {see above). A person of skill in the art would
understand that there are additional methods that can be utibized fo make and puorify VLPs of
the invention, thus the invention is not limited to the method described.

{878] Production of VLPs of the invention can start by seeding S9 cells (non-infected) into
shaker flasks, allowing the cells to expand and scaling up as the cells grow and multiply (for
exaraple from a 125-tal flask to a 50 L Wave bag). The medium used to grow the cell is
formulated for the appropriate cell line (preferably serum free media, eg. insect medium
ExCell-420, JRH). Next, the cells are infected with recombinant baculoviras at the most
efficient multiphicity of infection {e.g. from about 1 to about 3 plaque forming units per cell).
Once infection has occurred, the RV G protein, and/or any chimeric or heterologous molecule
described above, are oxpressed from the virus genome, self assemble into VEPs and are
secreted from the cells approximately 24 to 72 hours post infection. Usually, infection is
most efficient when the cells are in mid-log phase of growth (4-8 x 10° cells/mi) and are at
least about 90% viable.

[679] VEPs can be harvested approximately 48 to 96 hours post infection, when the levels
of VLPs in the cell culture medium are near the maximum but before extensive cell lysis.
The 89 cell density and viability at the time of harvest can be about 0.5% 10° cells/ml to
about 1.5 % 10° cells/m! with at least 20% viability, as shown by dye exclusion assay. Next,
the medium 1s removed and clarified. NaCl can be added to the medium to a concentration of
about 0.4 to about 1.0 M, preferably to about 0.5 M, to avoid VLP aggregation. The removal
of ceil and cellular debris from the cell culture medium containing VLPs of the invention can
be accomplished by tangential flow filtration {TFF) with a single use, pre-sterilized hollow
fiber 0.5 or 1.00 um filter cartridge or a similar device.

[B88] NMNext, VLPs in the clarified culture medium can be concentrated by ultra-filtration
using a disposable, pre-sterilized 500,000 molecular weight cut off hollow fiber cartridge.
The concentrated VLPs can be diafiltrated against 10 volumes pH 7.0 to 8.0 phosphate-

buffered saline (PBS}) containing 0.5 M Nall to remove residual medium components.
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{081} The concentrated, diafiltered VLPs can be furthered purified on a 20% to 60%
discontinuous sucrose gradient in pH 7.2 PBS buffer with 0.5 M NaCl by ceuntrifugation at
6,500 x g for 18 hours at about 4° C to about 10° C. Usually VLPs wiil form a distinctive
visible band between about 30% to about 40% sucrose or at the interface (in a 20% and 60%
step gradient) that can be collected from the gradient and stored. This product can be diluted
to comprise 200 M of NaCl in preparation for the next step in the purification process. This
product contains VLPs and may contain intact baculovirus particles.

{882} Further purification of VLPs can be achicved by anion exchange chromatography, or
44% isopycnic sucrose cushion cenirifugation. In anion exchange chromatography, the
sample from the sucrose gradient {sec above) is loaded into column containing & medium
with an anion {e.g. Matrix Fractogel EMD TMAE) and cluded via a salt gradient (from about
0.2 M to about 1.0 M of Na(l) that can separate the VLP from other contaminates {e.g.
baculovirus and DNA/RNA}. In the sucrose cushion method, the saraple coraprising the
VLPs is added to a 44% sucrose cushion and centrifuged for about I8 hours at 30,000 g.
VLPs forr a band at the top of 44% sucrose, while baculovirus precipitates at the bottom and
other contaminating proteins stay in the 0% sucrose layer at the top. The VLP peak or band
is collected.

{683] The intact baculovirus can be iactivated, it desired.  Inactivation can be
accornplished by chemical methods, for exarople, formalin or B-propiolactone (BPL).
Removal and/or inactivation of intact baculovirus can also be largely accomplished by using
selective precipitation and chromatographic methods known 1 the art, as exemplified above.
Methods of inactivation comprise incubating the sample containing the VLPs in 0.2% of BPL
for 3 howrs at about 25°C to about 27°C. The baculovirus can also be imactivated by
incubating the sample containing the VLPs at 0.05% BPL at 4°C for 3 days, then at 37 °C for
one hour.

{#84] After the inactivation/removal step, the product comprising VLPs can be run through
another diafiltration stop to remove any reagent from the inactivation step and/or any residual
sucrose, and to place the VLPs info the desired buffer {e.g. PBS). The sohution comprising
VEPs can be sterilized by methods known in the art {e.g. sterile filtration} and stored in the
refrigerator or freezer.

{#85] The above techniques can be practiced across a variety of scales. For example, T-
flasks, shake-flasks, spinner bottles, up to ndustrial sized bioreactors. The bioreactors can

comprisc ¢ither a stainless steel tank or a pre-sterilized plastic bag (for example, the system
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sold by Wave Biotech, Bridgewater, NJ). A person with skiil in the art will know what is
most desirable for their purposes.

{886} Expansion and production of baculovirus expression vectors and infection of cells
with recormbinant baculovirus to produce recombinant RV VLPs can be accornplished in
insect cells, for example Sf9 insect cells as previously described.  In one embodiment, the

cells are 519 infected with recombinant baculovirus engineered to produce RV VLPs,

Pharmacentical or Vaccine Formulations and Adminisiration

{687} The pharmaceutical compositions useful herem coutain a pharmaceutically acceptable
carrier, including any suitable diluent or excipient, which inchudes any pharmaccutical agent
that does not itself indace the production of an tmmune response harraful to the vertebrate
recetving the composition, and which may be administered without undue toxicity and an RV
VLP which comprises one or more RV glycoproteins (G proteins). As used herein, the term
“pharmaceutically acceptable” means being approved by a regulatory agency of the Federal
or a statc government or listed 1o the U.S. Pharraacopia, European Pharmacopia or other
generally recognized pharmacopia for use in mammals, and more particularly in humans.
These compositions can be uscful as a vaccine and/or antigenic composttions for inducing a
protective immune response in a vertebrate.

{#88] The invention cncompasses a pharmaceutically acceptable vaccine composition
comprising an RV VLP which comprises one or more RV glycoproteins (G proteins). Inone
embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs
comprising at least one RV G protein and at least one addifioval immunogen. In another
embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs
comprising at least one RV G protein and at least one RV M protein. In another embodiraent,
the pharmaceutically acceptable vaccine composition comprises VEPs comprising at least
onc RV G protein and at least onc influcnza M protein. In another embodiment, the
pharmaceutically acceptable vaccine composition comprises VLPs comprising at least one
RV G protein and at least one avian influenza M1 protein.

[889] The nvention alse encompasses a kit for iromunizing a veriebrate, such as a human
subject, comprising VLPs that comprise at least one RV G protein.

[698] In one embodiment, the invention comprises an fromunogenic formulation comprising
at least one effective dose of an RV VLP which comprises one or more RV glycoproteins (G

proteins).
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{#91] The immunogenic formulation of the invention comprises an RV VLP which
comprises one of more RV glycoprotemns (G proteins), and a pharmaceutically acceptable
carrier or cxcipient. Pharmaceutically acceptable carriers include but are not limited to
saline, buffered saline, dextrose, water, glycerol, sterile isotonmic aqueous buffer, and
combinations thercof. A thorough discussion of pharmaceutically acceptable carviers,
diluents, and other excipients s presented in Romington’s Pharmaceutical Sciences (Mack
Pub. Co. N.J. current edition). The formulation should suit the mode of administration. Ina
preferred ernbodiraent, the formulation is suitable for adminisiration to humans, preferably is
sterile, non-particulate and/or non-pyrogenic.

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

{893} The invention also provides for a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the vaccine formulations of the
invention. In one embodiment, the kit comprises two containers, one containing an RV VLP
which comprises one or more RV glycoproteins (G proteins), and the other containing an
adjuvant. Associated with such container{s}) can be a notice iu the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaccuticals or biological
products, which notice reflects approval by the agency of manufacture, use or sale for huwan
administration.

{#84] The mvention also provides that the formulation be packaged in a hermetically sealed
container such as an ampoule or sachette indicating the quantity of composition. In one
embodiment, the composition is supplied as a liquid, in another cmbodiment, as a dry
sterilized lyophilized powder or water free concentrate in a hermetically sealed container and
can be reconstituted, e.g., with water or saline to the appropriate concentration for
administration o a subject.

1698} In an alternative embodiment, the composition is supplied in liquid form in a
hermetically sealed container indicating the quantity and conceutration of the coroposition.
Preferably, the liquid form of the composition 1s supplied in a hermetically sealed container
at least about 50 ug/ml, more preferably at least about 100 pg/ml, at least about 200 pg/mi, at

least SO0 pg/ml, or at least | mg/ml.
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{#96] As an example, RV VLPs comprising one or more RY G proteins are administered in
an effective amount or quantity {as defined above) sufficient to stimulate an immune
response, cach a response against one or more strains of RV, Administration of the RV VLP
which coraprises one or more RV glycoproteins (G proteins) elicits imrnunity against RV,
Typically, the dose can be adjusted within this range based on, e.g., age, physical condition,
body weight, sex, diet, ime of administration, and other clinical factors, The prophylactic
vaceine formulation is systemically administered, e.g., by subcutaneous or intramuscular
injection using a needle and syringe, or a needle-less injection device. In an exemplary
embodiment, the vaccine forrmulation is administered intramuscularly.

{#97] Thus, the invention also comprises a method of formulating a vaccine or antigenic
composition that induces tmyauruty to an infection or at least one disease symptor thereof to
a mammal, comprising adding to the formulation an effective dose of an RV VLP which
compriscs one or more RV glycoproteins (G proteins). In one embodiment, the infection is
an RV infection.

1698] While stimulation of mmunity with a single dose 1s possible, additional dosages can
be administered, by the same or different route, to achieve the desired effect. In neonates and
infants, for exaraple, multiple administrations may be required to elicit sufficient levels of
imrounity.  Adwinistration can continue at intervals throughout childhood, as necessary to
maintain sufficient levels of protection against infoctions, e.g. RV infection. Simtlarly, adults
who are particularly susceptible to repeated or sevious infections, such as, for example, bealth
care workers, day care workers, family members of young children, the clderly, and
individuals  with  compromised cardiopulmonary  function  may  require  multiple
immunizations to cstablish and/or maintain protective imnmumne responses. Levels of induced
immunity can be monitored, for example, by measuring amounts of neutralizing secrctory
and serum antibodies, and dosages adjusted or vaccinations repeated as necessary o elicit and
maintain desired levels of protection,

{#99] Methods of administering a composition comprising an RV VLP which comprises
one or more RV glycoproteins (G proteins) {e.g. vaccine and/or antigenic formmulations)
include, but are not liroited to, parcuteral administration {e.g., fntradermal, jutramuscular,
intravenous and subcutancous), epidural, and mucosal (e.g., intranasal and oral or pulmonary
routes or by suppositories). In a specific embodiment, composttions of the present invention
arc administered intramuscularly, intravenously, subcutancously, transdermally or
mtradermally. The compositions may be administered by any convenient route, for example

by infusion or bolus injection, by absorption through epithelial or mucocutancous linings
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{e.g., oral nwucous, colon, conjunctiva, nasopharynx, oropharynx, vagina, urcthra, urinary
bladder and intestinal roucosa, etc.) and may be administered together with other biologically
active agents.

18180} Vaccines and/or imnmunogenic formulations of the invention may also be admimstered
on a dosage schedule, for example, an initial administration of the vaccine composition with
subsequent booster admunistrations. In particular crobodiments, a second dose of the
composition is administered anywhere from two weeks to one year, preferably from about 1,
agbout 2, about 3, about 4, about 5 to about 6 months, after the intial administration.
Additionally, a third dose may be administered after the second dose and from about three
months to about two years, or even longer, preferably about 4, about 5, or about 6 months, or
about 7 roonths to about ove year after the initial admirustration. The third dose way be
optionally administered when no or low levels of specific immunoglobulins are detected in
the serum and/or urine or mucosal secrctions of the subject after the second dose. In a
preferred embodiment, a second dose is administered about one month after the first
administration and a third dosc 1s adronistered about six months after the first admunistration.
in another embodiment, the second dose is administered about six months after the first
admunistration.  In another ombodiment, the compositions of the mvention can be
admmunistered as part of a corobivation therapy. For example, compaositions of the foveuotion
can be formulated with other imnunogenic compositions, antivirals and/or antibiotics.

{8181} The dosage of the pharmaceutical corposition can be determuined readily by the
skilled artisan, for example, by first identifying doses cffective to clicit a prophylactic or
therapeutic tmmune response, e.g., by weasuring the serum titer of virus specific
immunoglobuling or by measuring the inhibitory ratio of antibodies in serum samples, or
urine samples, or mucosal secretions. The dosages can be determined from animal studies.
A non-himiting bist of animals used to study the efficacy of vaccines include the guinea pig,
hamster, ferrets, chinchilla, mouse and cotton rat. Most animals arc not natural hosts to
infectious agents but can still serve in studies of varipus aspects of the disease. For example,
any of the above animals can be dosed with a vaccine candidate, e.g. an RV VLP which
comprises one or more RV glycoproteins (G proteins), to partially characterize the immune
response induced, and/or to determine if any neutralizing antibodies have been produced. For
exarple, roany studics have been counducted in the mouse model because mice are sroall size
and their low cost allows researchers to conduct studies on a larger scale.

{#162] In addition, human chinical studies can be performed to determine the preferred

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

{8193} As also well known in the art, the immmunogenicity of a particular composition can be
enhanced by the use of noun-specific stimulators of the immune response, known as adjuvants.
Adjuvants have been used experimentally to promote a generalized increase i immunity
against unknown antigens {e.g., U.S. Pat. No. 4,877,611). Immunization protocols have used
adjuvants to stimulate responses for many years, and as such, adjuvants are well known to
one of ordinary skill in the art. Some adjuvauts affect the way n which autigens are
presented.  For example, the immnune response is increased when protein antigens are
precipitated by alum.  Emulsification of antigens also prolongs the duration of antigen
presentation.  The inclusion of any adjuvant described in Vogel ef af., “A Compendium of
Vaccine Adjuvants and Excipicnts (2™ Edition),” herein incorporated by reference in its
entirety for all purposes, is envisioned within the scope of this invention.

13104} Excmplary, adjuvants inclade complete Freund’s adjuvant (a non-specific stimulator
of the immune response containing killed Mycobacterium tuberculosis), incomplete Freund’s
adpuvants and alurminure hydroxide adjuvant. Other adpuvants comprise GMCSP, BCG,
alurmioure hydroxide, MDP compounds, such as thur-MDP and nor-MDP, CGP (MTP-PE),
iipid A, and monophosphoryl lipid A (MPL). RIBL which contains threec components
extracted from bacteria, MPL, trehalose dimycolate (TDM) and cell wall skeleton (CWS)in a
2% squalene/Tween 80 emulsion also is conternplated. MF-59, Novasomes”, MHC antigens
may also be used.

{#165] In onc cmbodiment of the invention the adjuvant is a paucilamelar lipid vesicle
having about two to ten bilayers arranged in the form of substantislly spherical shells
separated by aqueous layers surrounding a large amorphous central cavity free of lipid
bilaycrs. Paucilaracliar lipid vesicles may act to stimulate the immune response several
ways, as non-specific stimulators, as carriers for the antigen, as carriers of additional
adpuvants, and combinations thereof. Pauctlamellar lipid vesicles act as non-specific immune
stimulators wheuo, for example, a vaccine is prepared by intermaixing the antigen with the
preformed vesicles such that the antigen remains extraceliular to the vesicles. By
encapsulating an antigen within the central cavity of the vesicle, the vesicle acts both as an
immune stimulator and a carrier for the antigen. In another embediment, the vesicles are
primarily made of nonphospholipid wvesicles.  In other crobodiroent, the vesicles are

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

{6186] The compositions of the invention can also be formulated with “immune stimulators.”
These are the body’s own cheroical messengers {cytokines} to increase the imnuune system’s
response.  Immune stimulators include, but not limited to, various cytokines, tymphokines
and chermokines with mwmunostimulatory, tmrounopotentiating, and  pro-inflaramatory
activities, such as interlevkins {e.g., -1, IL-2, 1L-3, 114, IL-12, [L-13); growth factors
{e.g., granulocyte-macrophage (GMl-colony stimulating factor (CSF));, and  other
immunostimulatory molecules, such as wacrophage inflammatory factor, Fit3 ligand, B7.1;
B7.2, etc. The immunostimulatory melecules can be administered in the same formulation as
the compositions of the inveuntion, or can be administered separately. Either the protein or an
expression vector encoding the protein can be administered to produce an immuumostimulatory
ctfect. Thus in one cmbodiment, the invention compriscs antigentic and vaceine formulations

comprising an adjuvant and/or an immune stimulator.

Methods of Stimulating an Immune Response

(#1867} The RV VLPs which comprise one or more RV glycoproteins (G proteins) are useful
for preparing compositions that stimulate an immune response that confers immunity or
substantial immunity to infectious agents. The invention encompasses a method of inducing
imrounity to infections or at least one discase symptom thercof in a subject, comprising
administering at least one effective dose of an RV VLP which comprises one or more RV
glycoproteins (G proteins).

{3188] In one aspect, the invention comprises a method to induce immunity to RV infection
or at least one discase symptom thercof in a subject, comprising administering at least one
effective dose of an RV VLP which comprises one or more RV glycoproteins (G proteins). In
one cmbodiment, the subject is a vertebrate. In another embodiment, the vertebrate s a
roammal. In yet another ernbodiment, the maramal 18 a buman. In yet another ermbodivaent,
the mammal is a domestic animal. In another embodiment, the method comprises inducing
imrounity to RV infection or at least one disease symptoro by administering the formulation
in one dosc. In another embodiment, the method comprises inducing immunity to RV

infection or at least one discase symptom by administering the formaulation in multiple doses.

[N)
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{#169] Compositions of the invention can induce substantial immunity in a vertebrate {e.g. a
humean) when administered to the veriebrate.  The substantial tmrounity results from an
nmune response against compositions of the invention that protects or ameliorates infection
or at least reduces a symptormn of infection in the vertebrate.  In some instances, it the
vertebrate is infected, the infection will be asymptomatic. The response may not be a fully
protective response.  In this case, if the vertebrate 1s nfected with an infectious agent, the
vertebrate will experience reduced symptoms or a shorter duration of symiptoms compared to
a non-irarunized vertebrate.

[G110] In another embodiment, the invention comprises a method of inducing a protective
antibody response to an infection or at least one symptom thercof in a subject, comprising
administering at least one effective dose of an RV VLP which comprises one or more RV
glycoproteins (GG proteins).

{0111} As uscd herem, an “antibody” 1s a protein comprising one or more polypeptides
substantially or partially encoded by immunoglobulin genes or fragments of immunoglobulin
genes. The recognized imrounoglobulin genes include the kappa, lambda, alpha, garoma,
delta, epsitlon and mu constant region genes, as well as myriad immumoglobulin variable
region genes. Light chains arc classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which 1u tum define the immunoglobulin
classes, 1gG, 1gM, IgA, Igh and IgH, respectively. A typical imnmnoglobulin {antibody)
structural unit comprises a tetramer. Hach tetramer 18 composed of two identical pairs of
polypeptide chains, cach pair having one “light” (about 25 kD) and one “heavy” chain {about
50-70 kD). The N-terminus of each chain defines a variable region of about 100 to 110 or
more aming acids primarily responsible for antigen recognition. Antibodics exist as intact
nmunoglobuling or as a number of well-characterized fragments produced by digestion with
varigus peptidases.

{0112} In onc cmbodiment, the invention comprises a method of inducing a protective
cellular response to RV infection or at least one discase symptom in a subject, comprising
administering at least one effective dose of RV VLP which comprises one or more RV
glycoproteins (G proteins).

18113} As mentioned above, the immunogenic compositions of the invention prevent or
reduce at least one syroptorn of RV infection 1u a subject. Syroptoms of RV are well known
in the art. They include fever, headache, and general weakness or discomfort. As the discase
progresses, more specific symptoms appear and may inchude insornnia, anxiety, confusion,

shight or partial paralysis, excitation, hallucinations, agitation, hypersalivation (increase in
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saliva), difficulty swallowing, and hydrophobia {fear of water). Thus, the method of the
fnvention comprises the prevention or reduction of at least one symptom associated with RV
infection. A reduction in a symptom may be determined subjectively or objectively, e.g., self
asscssment by a subject, by a clinician’s assessment or by conducting an appropriate assay or
measurement {(e.g. body temperature}, inchuding, e.g., a quality of life assessment, a slowed
progression of a RV infection or additional symptorns, a reduced severity of & RV symptoms
or a suitable assays {e.g. autibody titer and/or T-cell activation assay). The objective
assessment comprises both anirnal and human assessments.

{6114} This jnvention s further illustrated by the tollowing examples that should not be
construed as limiting. The contents of all references, patents and published patent
apphications cited throughout this application, as well as the Figures and the Sequence

Listing, are incorporated herein by reference for all purposes.

b
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EXAMPLES

Example 1

Purification of Rabies G Particles for Animal Study

13115} The purpose of this Example is to demonstrate how RV G virus-like particles were
purified following expression from baculovirus vectors in 89 insect cells.

18116} To construct RV VLPs, the nucleic acid sequence encoding the RV G protein (SEQ
1D NQO: 2) was expressed from the baculovirus vector {pFastBacl Rabies G) shown in Figure
i.

(3117} 819 insect cells were infected at 2.5 x 10° cell/ml with a MO of 0.2. Cells were
harvested at 69 hrs post-infection by centrifuge at 4000g for 15 mins. Cells were washed
with 1X PBS, spun again, and frozen at -70°C.

(G118} A 23 gram cell pellet was used obtained from an approximately 2L cell culture. The
cell pellet was resuspended with 200 ml 25 M TrisCL pH 8.0, 50 mM NaCl, 0.5% NP9, 4

/

ug/mi. leupeptin. It was stirred at room temperature for 1 hr, spun at 7000g for 60 mins at
4°C, and 200 ml supernatent was saved for chromatography.

{6119} Upon completion of Rabies GR39 extraction from cell peliet, the soluble proteins
were loaded onto a Fractogel EMD TMAE Hicap (M) chromatography column. The
specifications of the colummn were as follows: Columo manufacturer: GE Healtheare; Coluran
type: XKS020; Resin manufacturer: EMD Chemicals; Resin type: Fractogel EMD TMAE
Hicap (M); Packed columm dimensions: approximately 18 cm height x 5.0 om diameter;
Packed column volume: 200 mi; Packing flow rate: 30 ml/min; Packing buffer: 25 mM Tris
pH 8.0/ 300 mM NaCl.

{3128} The specifications of the anion exchange process were as follows: Rununing flow rate:
20 mi/min; Column equilibration buffer: 25 M Tris pH 8.0, 50 mM NaCl, 0.02% NP9,
Fluent A: 25 mM Tris pH 8.0, 50 mM NaCl, (.02% NP9; Eluent BI: 25 mM Tris pH 8.0, 180
mM NaCl, 0.02% NP9; Eluent B2: 25 mM Tris pH 8.0, 500 mM NaCl, 0.02% NP9; Eluent
B3: 25 mM Tris pH 8.0, 1500 raM NaCl, 0.02% NP9; Coluron lead: 200 ml of Rabies G VLP
extraction supernatant, Column wash after load: 2 CV cluent A; Column elution: 2 CV cluent
BL 2 OV cluent B2, 2 CV eluent B3,

{#121] The major fraction collection and volumes were as follows: Flow-through fraction:
250 mL; Bl 180 oM NaCl elution: 175mi {product); B2 500 mM NaCl elution: 100 mi; B3
1506 mM NaCl elution: 100 mi
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{6122} The 180 mM Na(l clution fraction of the TMAE column was loaded onto a lentil
lectin colamn. The specifications of the column were as follows: Coluron manufacturer: GE
Healtheare; Column type: XK16/20; Resin manufacturer: GE Healtheare; Resin type: Lentil
Lectin Scpharose 4B; Resin catalog #: 17-0444-01; Packed column dimensions: 2.5 ¢cm
height x 1.6 em diameter; Packed column volume: approximately 5 mi; Packing flow rate: 2.5
ral/min; Packing bufter: 25 mM NaHPO,; pH6.8, 58 mM NaCl, 0.02% NP9; Running flow
rate: 2 mb/min; Column equilibration buffer: 25 mM NaHPO4 pH6.8, 56 mM NaCl, §.02%
NP9; Eluent A: 25 mM NaHPO; pH6.8, 50 mM NaCll, 0.02% NP9, Eluent B: 25 mM
NaHPOs pHO.8, 50 mM NaCl, 0.02% NP9, 500 wM Methyl-alpha-Dmannopyronoside
{Fisher Scientific); Column load: 175 ml of Rabies G839 TMAE 180 mM NaCi clution;
Colurmn wash after load: 5§ CV with eluent A; Column elution: 10 CV with eluent B

{8123} The major fraction collection and volumes were as follows: Flow-through fraction:
180 ml; Elution fraction: 30 mi {(product).

{#124] The lentil lectin elution was loaded onto a Fractogel EMD S03 -~ Hicap (M)
chromatography columm.  The specifications of the column were as follows: Colurmm
manufacturer: GE  Healthcare; Column type: XKI16/20; Resin wmanufacturer: EMD
Chemicals; Resin type: Fractogel EMD 503 — Hicap (M); Packed coluran dimensions: 5 cm
height x 1.6 om diameter; Packed columm volume: 10 mil; Packing flow rate: 7.5 wl/miv;
Packing buffer: 25 mM NaHPQ, pH 6.8, 50 mM NaCl, 8.02% NP9

{8125} The specifications of the cation exchange process were as follows: Running flow rate:
5 mL/min; Column equilibration buffer: 25 mM NaHPO, pH 6.8, 50 mM NaCl, 0.02% NP9,
Eluent A: 25 mM NaHP(O, pH 6.8, 50 mM NaCl, 0.02% NP9; Eloent B: 25 mM NaHP(O, pH
6.8, 300 mM NaCl, 0.02% NP9, Column Ioad: 30 mL of Rabies GR3© lectin lectin elution;
Column wash after load: 3 CV with cluent A; Column elution: 4 CV step elution clhuent B;
Major fraction collection and volumes: Elution fraction: 9 ml {final product}; Filter 9 mi 803
— coluran 300 M NaC1l clution product with 0.2 ym filier: Filter manufacture (0.2 pm):
Corning; Filter type: 28 mm syringe filter with a 0.2 micron SFCA membrane.

{#126] Western blotting using anti-RV G rabbit sera were performed (Figure 2. The purity
of RV G particles using the above-conditions was 86%. The total protein amount was .39
mg/mi, and the concentration of RV G particles was 0.33 mg/ml, with a total of 2.97 mg RV
G particles from a 2 L cell calture, with a a yield of approximately 1.5 mg/L cell calture.

{mportantly, RV G particles were stable at 4°C for at least one month (data not shown).
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Example 2

Electron Microscopy for Analvsis of RV G Protemn Conformation

{8127} Punitfied RV G protein was analyzed by negative stain clectron microscopy (see
Figure 3). The average molecular weight of the RV G particles with 8.02% NPO was 1.04 x
10°°, The protein trimers exhibited a molecular weight of 175.5 kDa and the average number
of trimers in a particle was 5.9, The RV { proteins aggregated in the form of micelles
(rosettes). The fact that the G spikes exhibit raicellc morphology under electron mucroscopy
suggests that the G protein particles have the correct 3-dimensioual structure of a native

protein.

Example 3
RV G Particles Induce High Antibody Levels in Rabbits

{3128} To test the ability of RV G particles to induce an immunc response, rabbits were
administered RV (G particles at varying concentrations. The results of these experiments are

illustrated in Figure 4. RV G particles were able to induce high levels of antibodies in rabbits.

Example 4

RV neutralization assav and RV challence studies in mice

{#129] To test the efficiency of a vaccive comprising RV VLPs comprising one ot more G
proteins in protecting against RV infection, ncutralization assays are conducted in miice.
Brictly, groups of mice are injected intrarnuscularly with RV VLPs or RV VLPs + an
adpuvant, such as aluminum. In addition, mice are injected with Rabipwr®, a commercially
available nactivated rabics virus vaccine, which 18 usced 85 g comparative vaccine agent. RV
VLPs comprising one or more G proteins ({.e. RV G micelles) are generally expected to

induce higher titers of neuntralizing antibodies when compared with Rabipm®.

Example 5

Comparison of anti-rabies titer in Balb/c mice injected with either RV G Particles or

commercial rabics vaccine Rabipu®

{#138] The immunogenecity of the VLPs of the present invention was corapared to the

commercial rabies vaccine Rabipur® in a Balb/c mouse model. RV G VLP particles were
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constructed and purified as described in Example 1. The VLPs aggregated in the form of
rmcelles (Figure 3).

18131} The study included four groups (n=5 for each group):

Group §: positive control {commercial rabies vaccine Rabipur®)

Group I RV GVLP (5 ug}

Group I RVGVLP (2 ug)

Group IV: RV GVLP( ug

{8132} Mice were adminstered the respective imamunogen at 8.1 oL at days 0, 3 and 7.
Serura samples were taken from the mice at days 0, 4, 7, 10, 14, 21, 28, 35, Serurn was tested
for necutralizing anti-rabies antibodies by ELISA.

{3133} A summary of the study design is given wn table | below.

Table 1. Study design

Parameter Anti-rabies titer in serum by ELISA (neutralizing)
Analytes Serum
ex s Group i Group HI Group HH Group IV
tdentification Positive control Test | Test 2 Test 3
Number of mice 3 3 5 3
. Commercial RVGVLP(S | RVGVLP(2 | RVGVLP(!
Immunoegen rabics vaccine ) 1e) o)
Rabipur® ngl ug Lg,
Schedute for 0.1 mL, D, Day 0,3, 7
wnmupicaiion
Bleeds {(days) 0,4,7,10, 14,21, 28, 35
Analyte Serum for neutralizing anti-rabies virus titer

{3134} As discussed above, anti-rabics neutralizing antibodics were measured in rmouse sera
at the time points provided above. The titers were plotted as the geometric mean for cach
measurement (Figure 6). As Figure 6 shows, the VLP micelies of the present invention, at
each dosage, provide more rapid and higher antibody tifers than the commercially available
vaccine, Rabipur®. Specifically, the RV G VLP provided a sero-protection titer (0.5 EU/mL)
days carlicr than the Rabipwr® vaccine (Figure 6, Table 2).

{3135] Table 2 also shows the percent sero-protection {1.€., a neutralizing antibody titer of >
0.5 EU/rul) for cach immunization group. The table indicates that scro-protection ocours
more raptdly in animals treated with the RV G VLP of the present invention (at all three

dosages), corapared to animals administercd Rabipur® vaccine.
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Table 2. Percent scro-protection for each immunization group.

o % Sero-protection on day (n=35)

Identification 5 3 T 1 5 53 3%
abinur® alone . . .
Rabipur® alone 5 0 40 60 60 50 60

{Group |)

RVGVLP (3 ug) 0 0 60 100 | 100 | 100 100
{Group 1)

RV G VLP (2 ng) )

(Grous 1T 0 40 80 100 106 | 100 100
RV.GVLP (T ng) 0 0 60 100 | 100 | 100 100

{8136} The foregoing detailed description has been given for clearness of understanding only
and no unnccessary limitations should be understood therefrom as modifications will be
obvious to those skilled in the art. 1t is not an admission that any of the information provided
herein is prior art or relevant to the presently claimed inventions, or that any publication
specifically or iraplicitly referenced 1s prior art.

{8137} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as coromonly understood by one of ordinary skill 1n the art to which this wvention
belongs.

{3138} Although the application has been broken mto sections to direct the reader’s attention
to specific embodiments, such sections should be not be construed as a division amongst
embodiments.  The teachings of cach section and the embodiments deseribed therein are
applicable to other sections.

{#139] While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application s
intended to cover any variations, uses, or adaptations of the invention foilowing, in general,
the principles of the invention and juclading such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows m the scope

of the appended claims.
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CLAIMS:

i. A purified micelle comprising one or more rabies virus (RV) glycoproteins (G

proteins).

2. The purified micelle of claim 1, wherein the RV G protein is derived from a RV strain

selected from human, canine, bat, raccoon, skunk, and fox.

3 A viras-tike patticle (VLP) comprising a RV G protewn,

4. The VLP of clauim 3, wherein the RV G protein is dertved from a RV sirain selected

from human, caning, bat, raccoon, skunk, and fox.

5. The VLP of any of claims 3-4, wherein the VLP comprises a matrix (M) protein.

6. The VLP of claim 3, wherein said M protein is derived from RV.

7. The VLP of claim 5, wherein said M protein is M1 from an 1ofluenza virus strain.

. The VLP of claim 5, wherein said mfluenza virus strain is an avian influcnza virus
strain.

9, The VLI of claim 8, wherein said avian influenza virus strain is an HSN1 strain.

14, The VLP of claim 9, wherein said H3NT strain is A/Indonesia/5/035.

11, The VLP of claim 5, wherein said M protein is derived from a Newcastle Disease

Virus (NDV) strain.

12, The VLP of any of claims 3-11, wherein the VLP is expressed in a cukaryotic cell

under conditions which permit the formation of VLPs.

13, The VLP of claim 12, wherein the cukaryotic cell is selected from the group

consisting of veast, insect, amphibian, avian, mammalian, or plant cells.

(%)
)



WO 2012/061815 PCT/US2011/059602

4. An immounogenic composition comprising a purified micelle according to any of

claims 1-2.

15, An immunogenic composition comprising a VLP according to any of claims 3-13.

16, A pharmaceutically acceptable vaccine composition comprising a purified micelie
according to any of claims 1-2, wherein the micelle 1s capable of eliciting an immune

response in 4 host.

17. A pharmaceutically acceptable vaccine composition comprisiog a VLP according to

any of claims 3-13, wherein the VLP is capable of eliciting an immune response in a host.

18. A kit for immunizing a human subject against a viral infection comprising a purified

raicelle according to any of claims 1-2.

19, A kit for nnrounizing a human subject against a viral infection comprising a VLP

according o any of claums 3~13.

20, The kit according to any of claimos 18-19, wherein the viral jufection s a RV
infection.
21 A method of vaccinating a mammal against a viral infection comprising administering

a purified micclic of any of claims [-2 in a pharmaccutically acceptable formulation to a

human subject.

22. A method of vaccinating a mammal against a viral infection comprising administering
a VLP according to any of claims 3-13 in a pharmaccutically acceptable formulation to a

human subject,

23, The rocthod according to any of clams 21-22, wherein the pharmaceutically

acceptable formulation comprises an adjuvant.
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24. The method according to claim 23, wherein the adjuvant is a non-phospholipid
liposome.
25. A method of gencrating an immunc response against a viral infection comprising

administering a purified micelle of any of claims 1-2 in a pharmaceutically acceptable

formulation to a hurnan subject.
26. A method of gencrating an immunc response against a viral infection comprising
admuindstering a VLP according to any of claimus 3-13 1o a pharoaceutically acceptable

fornwlation to a human subject.

27, Anisolated nucleic acid encoding a RV G protein of SEQ ID NO: 2.

28. Aun isolated cell comprising a nucleic acid of claim 27.
28, A vector comprising the nucleic acid of claim 27.
30. A method of making a RV G protein, coraprising:

{(a} transforming a host cell to express a nucleic acid of claim 27; and
(b culturing said host cell under conditions conducive to the production of said RV &

protein.

31 A method of making a RV G protein micelle, comprising:
{a} transforming a host cell to express a nucleie acid of elaim 27; and
{b} culturing said host cell under conditions conducive to the production of said RV &

protein micche.

32, The method according to any of claims 30-31, wherein said host cell is an insect cell.

A0

|9

3. The method according to claim 32, wherein said insect cell is an insect cell

transfected with a vector comprising a nucleic acid of claiva 27.

[O¥)
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Sample | Lot Sample 1D BCA-mg/mi DNA-g/ml] BV-ELISA-pg/mi
2 031810 Rabies G839 0.39 0.34 55
Sample | Lot Sample ID Sterility LAL EUiml| Plaque pluiml
i 031810 | Rabies G839 (DIL) negative 041 |ND@10"and 10-2
Sample ID
Lol | Descriphion Lane Band MW % Band Purity
031810 |Rabies G839 4 Rabies 540 852
(31810 |Rabies G839 5 Rabies 546 86.1
B (- B-Me)

A (+ B-Me)

Lane 1: Precision Plus Protein Standard
Lane 2: RV G Protein (Lot 021610)

Lane 3: RV G Protein {Lot 021610
(
(

Lane 5 RV G Protein (Lot 031810

)
Lane 4. RV G Protein (Lot 031810}
)
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Rabbit #181 rabies IgG Titer
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Rabbit #182 rables IgG Titer
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SEQ D NGOG: 1
ATGETGCCCCAGGLTCTGCTCTTCGTGRCCTTTIGCTGETCTTCCCACTOPGCTTCGGCAAGTTCCCCATCTACALC

ATCCCTGACAAGCTGCGCCCCTGRTCCCCTATCCGACATCCACCACTRGTCTTGCCCTAACAACCTGETGETCGAG
GACGAAGGCTGCACTAACTTGTICCGGATTCTCTTACATGGAGCTGRAAGTGGETTACATCTCCGCTATCAAGATG
AACGGCTTCACTTGCACCGGAGTGETCACCCAGGCCCARACTTACACCAACTTCCTGGECTACGTCACCACTACC
TTCARGAGGRAGCACTTCAGACCAACTCCCCACGLTTGCAGGGUTGCCTACAACTCGAAGATGGCCGRAGALCCA
AGATACGAGGAATCCCTGCACRACCCTTACCCAGACTACCACTOGCTCCGTACCGTGRAAGACTACCAAGGAGTYCC
CTGGTCATCATCTCCCCATCTETCGCTGACCTCGACCCCTACGACCCTAGCTTGCACTCAAGAGT CTTCCCAGET
GGARACTGCAGCGGAGTGGCCGTCICCTCTACTTACTGCTCAACCAACCACGALTACACTATCTGGATGCCAGAG
AACCCCCGCCTGEECATCAGCTCCGACATCTTCACCARCTCACGTGGARAGCGCGCCTCCARGRGTTCTGAGACT
TGLGGCTTCETGRACGARAGGEETTTGTACAAGTCCCTGARGGLCLCTTGCAAGCTCAAGTTGTGLGGLGTLCTG
GGACTCAGATTGATCCACGGLACCTCEETCGCCATCCAGACTAGCARCCAGRCCAAGTGETGCCCCCCTCRACAA
CTCGETGRACTTGCACGACTTCCGTTCAGACGAGATCGRACACCTGGTGRTCGAGEAACTCGTCARGRAGCGLGAG
GAATGCCTGGACGCTCTCOAGAGCATCATGACTACCAAGAGCGTCTCATTCCGTCGCTTGTCACACCTGAGGRAG
CTCGTCCCCEETTTCGECAAGGCCTACACTATCTTCAACAAGACCCTCATGRAGGCTGACGUCCACTACRAGTCC
GTGCGTACCTGEARCGAAATCATCCCCTCTAAGGGTTRCCTGCGTGTCGRAGGTAGATGCCACCCTCACGTGAAL
GGAGTCTTCTTCAACGETATCATCCTCGETCCTGACGECARCGTGCTCATCCCAGAGATGCARRGCTCACTCTTG
CAGCAACACATGGAACTGCTCLYGTICCTCTGTCATCCCICTCATGCACCCATTGGCTGACCCCAGCACCETCTTC
AAGARCOGCGACCAGGCCCARGACTTCOTGEAGGTCCACCTCCCAGACGTGCACGRACGCATCTCCGRAGTCGAT
CTGGGTCTCCCCARCTGGEEARAGTACCTRTTGCTGTICTGC TRGTGCCCTCACCGCTTTGATGCTGATCATCTTC
TTGATGACTTGCTCGAGCAGAGTCAACAGGTCTGAGCCTACTCAGCACAACCTCAGLEEAACCCETAGAGARGTG
TCCGTCACTCCACRATCTGGARAGATCATCAGCTCATGGGAGAGCTACAAGTCAGLCGRAGARACCEETCTG
TRA

SEQIDNG: 2
MYPQALLFVPLLVFPLCFGRFPIYTIPDELGPWSPIDIHELSCPNNLVVEDEGCTNLSGE
SYMELRVGYISATRMNGFTCTGYVVTEAETY TNEVGYVTTTFRRKHFRPTPDACRAAYNWK
MAGDPRYEESLENPYPDYHWLRTVKTTRESLVIISPSVADLDPYDRSLESRVIPGGNCSG
VAVSESTYCSTREDYTIWMPENPRLGMESCDIFTNSRGKRASKGSETCGFVDERGLYRSLEG
ACKLELCGVLGLRLMDGTWVAMOT SNETRKWCPPGOLVNLEDFRSDETEHLVVEELVERRE
ECLDALES IMTTKSVSFRRLSHLRKLVPGFGRAYTIFNKTLMEADAHYKSVRTHNETIPS
KGCLRVGGRCHPHVNGVFFRGI ILGPDGNVLIPEMOSSLLOQHMELLVSSVIPLMHEPLAD
PSTVFPRNGDEAEDFVEVHLPDVHERI SGVDLGLPNWGKYVLLSAGALTAIMLI TFLMTCHW
RRVNRSEPTOHRLRGTGREVSVIPQSGRIISSWESYRSGGETGL

FIG. 5
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