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DESCRIPTION

VIRUS;LIKE PARTICLE COMPOSITION

CROSS REFERENCE TO RELATED APPLICATIONS

This applicatioh claims ﬁhe» benefit of U.s.

provisional Patent Application No.:61/599,746 filed on

February 16, 2012, the entire contents of which are

incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a particle

‘comprising a polypeptide and at least one antigeh, and a

composition comprising thereof.

BACKGROUND

‘Virus—like particles (VLPs) are multiprotein
structures thet mimic the organization and conformation of
euthentic native Viruees but lack the viral genome,
potentially yielding safer and cheaper vaccine candidates.
A handful of ﬁrophylactic VLP-based vaceines is currently
commercialized worldwide: GlaxoSmithKline’s Engerix®
(hepatitis B virus) and Cervarix® (human pa?illomavirus),
and Merck and Co., Inc.’s RecombivavaB®'(hepatitis B

virus) and Gardasil® (human papillomavirus) are some
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examples. Other VLP-based veccine candidates are in
clinical trials or undergoing preclinical evaluation, sdch
as, influenza virus, parvovirus; Norwalk and various
chimefic'VLPs. Many others are still restricted to small-
scale fundamental reeearch, despite their success in
preclinicai tests. The implications of largeéscale VLP
production are discussed in the centent of process control;
monitorization andvoptimiéation; The main up- and down-
stream technical challenges are identified and discuesed
accordingly. Successful VLP-based Qaccine blbckbustere are
briefly presented concomitantiy with the latest results
from clinical'triels and the reeent developments in
chimeric VLP-based technology fdr either‘therapeutic or
prophylactic vaccination (Expert Rev. Vaccines_9(10), 1149-

1176, 2010).

Chikungunya virus (CHIKV) has infected millions of
people in Africa, Europe and Asia since this alphavirus
reemerged from Kenya in 2004. The severity of the disease

and the spread of this'epidemicevirus present a serious

‘public health threat in the absence of vaccines or

antiviral therapies. It is reported that a VLP vaccine for
epidemic Chikungunya virus protects non-human primates
against infection (Nat Med. 2010 March; 16(3): 334-338).

US patent publication No. 2012/0003266 discloses a virus-
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like particle (VLP) comprising one or more Chikungunya
vifus structural polypeptides which is useful for
formulating a vaccine or antigenic composition for
Chikungunya that induces immunity ﬁo an infection or at
least one symptom thereof. W02012/106356 discloses modifiéd
alphavirus or flavivirus virus-like particles (VLPs)_and
methods for énhancing production of modified VLPs for use
in the prevention or treatment of albhavirus and
flavivirus-mediated diseases. (these cited references are

herein incbrporated by reference).

SUMMARY OF THE INVENTION

In the first éspect, the presenﬁ invention provides
a particle which is capable of being self—assembied,
comprising a polypeptide and at‘least one antigen, wherein‘
said polypeptide camprises ét least one first attachment
site and.said at least éne.antigen comprises at least one
second attachment site, and wherein said poiypeptide and
said antigen are iinked through said at least one first and

said at least one second attachment site.

In the second aspect, the present invention provides

a nucleic acid molecule comprising a nucleotide sequence
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that encodes a particle provided in the first aspect of the

present invention.

In the third aspect; the present invention provides

a composition comprising the particie provided in the first

- agpect of the present invention and/or the'nucleiC'acid

molecule provided in the second aspect of the present

invention.

In the fourth aépeét, the present inveﬁtion>provides
a meﬁhod of'producing an aﬁtibody, cOmprising contacting
thebparﬁicle pfpvided'in the first aspect of the presént
inVention‘and/or the nucleic acid moleéule provided in the

second aspect of the present invention to a mammal.

In the fifth aspect, the present invention provides
a method of immundmodulation, almethod of tfeating an
autoimmuﬁe disease, a method of inducing and/or ehhancing
immune reSponse against aﬁ antigen in a mammal, and‘a
methodiof treating cancer comprising administering the
composition providea in the third aspect of the present

invention to a mammal.

In sixth'aspect, the present invention provides a
method of passive immunization, comprising administering
the antibody,provided in the fourth'aspect of the present

invention to a mammal.
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In éeventh aspect, the present'inveﬁtion provides a
method of presenting an antigen on‘macrophége, comprising
coﬁtacting the particle provided in theviirst aspect of the
present invention and/or the nucleic acid molecule provided

in the second aspect of the present invention to-a mammal.

In eighth aspect, the present invention‘provides a
method forvproducing the particle providedbin the first
'aspect‘of the presentfinvention, comprising preparing a
gene comprising'a nucieotide sequence en¢oding said
_particle; cﬁlﬁﬁriﬁg a cell which 'is transfected with said

gene to express said particle; and recovering said particle.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l shows modification of TNF alpha sequence to be
inserted into Venezuelan Equine Encephalitis virus (VEEV)

structural polypeptide.

Fig.2 shows results of Western Blot which indicates that

TNF alpha conjugated VLP was expressed.
Fig.3 shows VLP_CHI 512 vector.

Fig.4 shows VLP_CHI 532 vector.



10

15

20

WO 2013/122262 PCT/JP2013/054422

Fig. 5 shqwé VLé_CHI 520 vector.

Fig>6 shows VLP_VEEV VLP»518 vector.
Fig.7 shows VLP_VEEV VLP 519 vegtof.
Fig.8‘shows‘VLP_VEEV VLP 538 veétor.

Fig. 9 shows detection of anti-TNF alpha antibodies induced

by TNF alpha derived‘peptide—conjugated virus like particle.

Fig. 10 shows detection of anti-human CD20 antibodies
induced by CD20 derived peptideeconjugated virus like

particle.

Fig. 11 shows detection of anti-mouse CD20 antibodies
induced by CD20 derived peptide-conjugated virus like

particle.

DETAILED DESCRIPTION OF THE INVENTION

(1) A particle comprising a polypeptide and at least one

antigen

In the first aspect, the présent invention provides
a particle which 1is capable of being self—aésembled,
comprising a polypeptide and at least one antigen, wherein

said polypeptide comprises at least one first attachment



10

15

20

25

WO 2013/122262 PCT/JP2013/054422

site and éaid at least'one antigen compfises at least one
secoﬁd attachment:site, and wherein said polypeptide and
said antigen are linked through said at least one first and
said at least one second attachment site.

As used herein, "a particle whiéh is capable;of being
self—assemblea" refers to a particie forﬁed by at least one

constituent which is spontaneously assembled. " The

constituent may be a polypeptide or'non—peptide chemical

compound. In one embodiment, "a particle which is capable

of being self-assembled" may be a particle comprising or

.consisting of at least one polypeptide. The at least one

polypeptide consists of one or more kinds of peptide. In
one embodimént, said particle has a_diameter of at leasﬁ
10nm, for example, at least 20nm, preferably ét least 50nm.
In'oge embodiment, molecular weight of said particle is
from 100 kDa to 160,000 kDa, preferably from 400kDa to
30,000kDa. |
A polypeptide used for the present invention is not
limi;ed as long as it is spontaneously assembled. The
polypéptide may be a virus structural polypeptide. Tﬁus,
the particle provided by»the present invention may be a
vifus 1ikelpartic1e. |
| A virus structural polypeptide may be a napurally
oédurring viral polypeptide or modified polypépﬁide thereof.

In one embodiment, the modified polypeptide has at least



10

15

20

25

WO 2013/122262 PCT/JP2013/054422

70%, 75%, 80%, 85%, 90%, 95% or 98% amino acid éequence
identity to a naturally occurring viralv structural
polypeptide including capsid and'envelope protein. In one
embodiment, the modified polypeptide is a mutant where ét;
most 10% of the amino vacids arei-deleted, substituted,‘
and/or added to a naturaily occurring viral stfuctural
?olypeptide including capsid and envelbpe protein.

In one embodiment, virus étruc;uraibpolypeptide used
for the present invenﬁion consists'of or:comprises capsid
and/or énvelope protein or fragment‘thereof. For example;
an envelope protein comprises at‘least,one selected'from
the group consisting of E3, E2[ 6K and E1. Virus

structural polypeptide used fOr the present invention may

be derived from Alphavirus or Flavivirus. Thus, the

particle provided by the present invention may be a virus

like particle derived from Alphavirus or Flavivirus.

Examples of Alphavirus and Flavivirﬁs include, but ﬂot
limited to, Aura vifus, Babanki virus, Barmah Forest virus
(BFV), Bebarﬁ virus, _Cabassou virus, Chikungunya virus
(CHIKV), Eastern equine encephalitisvvirus (EEEV); Eilat
virus, Everglades virus, Fort Morgan virus, Getah virus,
Highlands J virus, KyZylagach vifgs, Mayaro virus, Me Tri
virus, Middelburg virus, Mosso das>Pédras Virus, Mucambo
virus, Ndumu virﬁs, O'nyong-nyong virus,‘Pixuna.virus, Rio

Negro virus, Ross River wvirus (RRV), Salmon pancreas
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diseasev'virus, Semliki ° Forest virus, Sindbis virus,
Southern elephant seal virus, Tonate.virus, Tfocara:virus,
Uﬁa vifﬁs, Venezuelan eqﬁine encephelitis virus (VEEV),
Western equine eneephalitis virus (WEE&),Whatarea virus,
West Nile wvirus, dengue :virus, tiek—berne encephalitis
virus and yellow fever virus. .

As used herein, the term "antigen“_refers to a
molecule capable of being-bound by an antibody or a T cell
receptor (TCR) if presented by MHC molecules. ‘The term
"antigen",'as used herein, also encompasses T—cell‘epitopes.
A'T—ceil epitope is‘recognized by a‘T—cell receptor in the
context of a MHC’cless I, present on all cells of the body
except erythrocytes, or class II, present on immune cells
and in particular} antigen presenting cells. This -
recognition eﬁent leads to activation of T-cells and
subsequent effector mechanisms such as proliferatioﬁ of the
T-cells, eytokine secretion, pe;forin secretion etc. An
antigen is;additionally eapable of being recognized by the
immune system and/or being capable of inducing a humoral
immune.response and/or celluler immune response leading to
the activation of B- and/or T—lymphecytes. This may,
however, require that, at lleaSt iﬁ certain cases, the
antigen contains or is linked to a TH cell epitope and is
given in adjuvant} An antigen can have one or more epitopes

(B~ and T- epitopes). The specific reaction referred to



10

- 15

20

25

WO 2013/122262 . PCT/JP2013/054422

10

above is meant to indicate that the antigen willlpreferably
react, typicaily in avhighly selective mannér, with its
corresponding antibody or TCR and notIWith the multitude df,
other antibodies or TCRs which may be évoked..byA other
antigens. Antigens as used herein may also be mixtures of
several individual antigens. Antigené, as used herein,

include but are not limited to allergens, self antigens,

haptens, cancer antigens (i.e. tumor antigens) and

infectious disease antigens as Well asf small organic
molecules - such vas drugs of abusé (like nicotine) and
fragments and derivatives‘ thereof. Furthefmore, antigens
used for the present‘invention can be peptides,\pfoteins,
domains, carbohydrates, alkaloids, lipids  or small
molecules such as, for example, steroid hormones and
fragments _and derivatives | thereof, aﬁtoantibody and
cytokine itself.

Examples of cytokines include,_but are not limited
to, interleukin kIL) including over 30 type such as,iL;la,
IL,-1p, IL-2, -3, -4, -5, -6, -7, -8, -9, -10, -11 to -37;.
interferon (IFN) such as IFN-a, IFN-B and IFN-y;  tumor
nécrosis faétor (TNF) such as TNF—q>and TNF-{; transforhing
growth factor (TGF) such as TGF—a. and TGF-B; colony
stiﬁulating factor (CSF) such as grahulocyte—colony—
stimulating factor (G-CSF), granulocyte-macrophage-colony-

stimulating factor (GM-CSF), macrophage-colony Stimulating



10

15

20

25

WO 2013/122262 PCT/JP2013/054422

11

factbr (M-CSF) , erythropoietin (EPO), stem cell factor
(SCF) and monocyte chemotactic and activating - factor
(MCAF) ; growth factor (GF) such as epidermal growth faétor
(EGF) , fibroblast‘growth factor (FGF), insulin like growth
factor (IGF), nerve growth factor (NGF), 'Brain-derived
neurotrophic factor (BDNF);fplatelet derived growth factbf‘
(PDGF) , : vascular endothelial grbwth factor ° (VEGF),
hepatocyte growth factor (HGF), -keratinocyte growth factor

(KGF), thrombopoietin (TPO), and bone morphogenic protein

" (BMP) ; and other polypeptide factors including LIF, kit
ligand.  (KL), MPO (Myeloperoxidase) and CRP ( C-reactive

'protein) ; COX (Cyclooxygenase) such as COX-1, COX-2 and

COX-3, NOS (Nitric oxide synthase) such as NOS-1, NOS-2 and
NOS-3; and so on.

Cytokines also ‘includes chemokines which are

cytokines - that induce chemotaxis. There are two major
classes of chemokines, CXC and CC. The CXC chemokines,
such as neutrophil-activating protein-2 (NAP-2) and

melanoma growth stimulatory activity protein (MGSA) are

chemotactic primarily for neutrophils and T lymphocytes,

whereas the CC chemokines, such as RANTES, Macrophage
inflammatory protein (MiP) including MIP-la and MIP-1§,
keratinocyte—derived chekaine- (KC) , the monocyté
chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4, andeCP-

5) and the eotaxins (-1..and -2)-are- chemotactic for, among -
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other ceil types, macrophages, T‘lymphocytes, eosinophils,
neufrophils, dendritic cells, and basophils. There also
exist the chemokines lymphotactin-1, lymphotactin—2 (both Cv
chemokineé), and fractélkine (é cX3cC chemokiﬁe) that do not
fall into either of the major chemokine subfamilies.

As used heréin, the térm'"antigenic;determinant" is
meant to refer to that portion of an antigen that  is
specifically recogﬁized’by either B-or T-lymphocytes. B-
lymphocytes resppnd to foreign antigenic déterminants via
antibody production, whereas T-lymphocytss are the mediator
of cellular Eimmunity. Thﬁs, antigenic: determinants or
epitopes are those pafts of an'antigen that are recoéniied
by antibodies, or in the context of an MHC, by T-cell :
reéeptors. An antigenic determinant contains one or more
epitopes. |

As wused herein, the term "antibody" fefers to
molecules ~which are. capable of binding a&an epitope or

antigenic determinant. The term is meant to include whole

antibodies and antigen-binding fragments thereof, including

single-chain antibodies. Such antibodies include human
antigen binding antibody frégments-and include, but are ndt
limited to, Fab( Fab' and F(abf)i, Fd, single-chain Fvs
(scFv), single—chéin antibodieé, disulfide-linked . Fvs
(sdFv) and fragments comprising either a VL or VH domain.

The antibodies can be from any animal origin including
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birds and mammals. Preferably, the antibodies are mammalian

e.g. human, murine, rabbit, goat, guinea pig, camel, horse

and the 1like, or other suitable animals e.g. chicken. As

used herein, "human" antibodies include‘antibodies having
the amino acid sequence ‘of a human immunoglobulin and
include antibodies isoléﬁed from human immunoglobuiin
libraries or from énimals trénsgenic for one of more human
immunoglobuling and  that do not  express endogenous
immunoglobulins, as described, for.example, in U.S. Patent

No. 5,939,598,  the disclosure of which is incorporated

"herein by reference in its entirety.

Antigen may be ‘a Substance'(e.g. protein) whichiis
not derived from virus (e.g. Chikungunya virus; Venezuelan’
equine encephalitis virus) . | |

In one embodimént, antigen which is used for »the»
present invention is at least one target or a polypeptide

therefrom as listed in Table 1.

[Table 1]
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Table 1
Target Use
GD2 . neuroblastoma

CA~-125 {imitation)

ovarian cancer

CD41 (integrin alpha-lib)

platelet aggregation inhibitor

INF-a rheumatoid arthritis etc.
EpCAM prostate and breast cancer
TNF-¢ Sepsis

cD20 lymphoma

VEGFR2 cancer

iL-8 rheumatoid arthritis

CD52 CLL. CTCL

CEA colorectal cancer

TAG-72 non-small cell lung carcinoma
HLA-DR hematological cancers
CEA gastrointestinal cancers

L~selectin (CD62L)

saverely injured patients

IL~6 receptor

rheumatoid arthritis

IRhesus factor

hemolytic disease of the newborn

beta amyloid Alzheimer’s disease

CD25 (¢ chain of I1L.-2 receptor) prevention of organ transplant rejections
phosphatidylserine cancer, viral infections

cba2 non-Hodgkin's lymphorna

BAFF non-Hodgkin lymphoma etc.

CD125 asthma

CCL11 (eotaxin=1)

severe allergic disorders

CEA-velated antigen

inflammatory lesions and metastases

VEGF-A metastatic cancer
fibrin Il, beta chain thromboembolism
CD44 vb squamous cell carcinoma
en1e cancer )
CD30 (TNFRSF8) hematologic cancers
IL-12, IL~23 psoriasis. rheumatoid arthritis, inflammatory bowel diseases, multiple sclerosis
IL—-1 - irheumatoid arthritis
mucin CanAg ) colorectal cancer ete.
prostatic carcinoma cells prostate cancer :
EpCAM. CD3 ovarian cancer. malignant ascites, gastric cancer
TAG~72 = tumor detection
CD4 prevention of organ transplant rejections, treatment of autoimmune diseases
TNF-o Crohn’s disease
EGFR metastatic colorectal cancer and head and neck cancer
EpCAM ovarian cancer and other solid tumors
1GF-1 receptor solid tumors
CD4 rheumatoid arthritis
MUC1 pancreatic cancer
TRAIL-R2 cancer

Influenza A hemagglutinin

infactious disease/influenza A

CD40

hematologic cancers

CD25 (@ chain.of IL~2 receptor) .

prevention of organ transplant rejections

RANKL osteoporosis, bone metastases etc,
B-lymphoma cell lymphoma
GD3 ganglioside malignant melanoma
CSs - |paroxysmal nocturnal hemoglobinuria
endotoxin sepsis caused by Gram-negative bacteria
EpCAM colorectal carcinoma
LFA-1{CD11a) psoriasis (blocks T—cell migration)
Hsp90. invasive Candida infection
SLAMFY muitiple myeloma
CcDh22 cancer, SLE

1ITGB2 (CD18) heart attack, stroke, traumatic shock

HER2/neu, CD3

breast cancer etc.

integrin avB3

melanoma, prostate cancer, ovarian cancer etc.

hepatitis B surface antigen

hepatitis B

cDI1S

appendicitis

folate receptor |

ovarian cancer
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 Target

Use

respiratory syncytial virus

respiratory syncytial virus infection

IL-22

rheumatoid arthritis, psoriasis

{IGF~1 receptor

adrenocortical carcinoma, non-small ceil lung carcinoma etc.

JIFN-1 Crohn’s disease atc.
rabies virus glycoprotein rabiss (prophylaxis)
TGF-8 idiopathic_pulmona ary fibrosis, focal segmental glomeruloscleros-s‘ cancer
cD8o B-cell lymphama
beta amyloid Alzheimer's disease
GD147 (basigin) graft versus host disease
'(CD33 . acute myelogenous leukemia
carbonie anhydrase 9 (CA-I1X) clear cell renat cell carcinoma
GPNMB melanoma, breast cancer :
INF-o rheumatoid arthritis, psoriatic arthnhs ankylosing spondylitis
CD23 UgE receptor) allergic asthma .
CD4 - HIV infection .
CD20 non-Hodgkin's {ymphoma
CA~125 ovarian cancer
\cardiac myosin cardiac imaging
TNF-a rheumatoid arthritis, ankylosing spondylitis, psonatnc arthnus, psonas:s. Crohn's
disease, ulcarative colitis .
CD5 salid tumors (prostats cancer, melanoma)
CD25 (& _chain of [L-2 receptor) graft versus host disease
CD22 cancer
CcD152 melanoma .
CD30 (TNFRSF8) Hodgkin's lymphonia
cD4 chronic_asthma
CEA colorectal cancer
L-13 asthma
NCA-90 (granulocyte antlg en) diagnostic egent
TGF beta 2 reduction of scarring after glaucoma surgery
TRAIL-R2 cancer
hepatitis B surface antigen hepatitis B
cD33 cancer
CD56 cancer
CD40 multiple myeloma, non-Hodgkin's Izmghoma, Hodgkin's !zmghoma
CD23 UgE receptor) chronic lymphocytic leukemia
TRAIL-R1 cancer
EGFR colorectal. lung and stomach cancer
JiL-5 asthma and white blood cell diseases
TGF beta 1 systemic scleroderma
cD74 multiple myeloma and other hematological mahg ncies

GD3 ganglioside

_|small cell lung carcinoma

respiratory syncytial virus

{respiratory syncytial virus (prevention)

cD3

revention of organ transplant refections

€242 antigen

colorectal cancer

574 non-small cell lung carcinoma, renal cell carcinoma

integrin a4 multiple sclerosis Crohn's diseage

andotoxin sepsis

EGFR non—small cell lung carcinoma

IEGFR squamous cell carcinoma,_head and neck cancer, nasopharyngeal cancer, glioma
cD20 rheumatoid arthritis, lupus erythematosus ete.

LFA-1 (CD11a} provention of organ transplant rejections, immunological diseases
CD20 chronic lymphocytic leukemia etc.

PDGF-R o cancar

gk Fe region allergic asthma

EpCAM cancey

CA-125 ovarian cancer

CcD3 diabstes mellitus typs 1

lipoteichoic acid

sepsis (Staghylccoccua)

" {respiratory syncytial virus

respiratory syncytial virus (Qreventron)

JEGFR

colorectal cancer
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Target

Use

respiratory syncytial virus

respiratory syncytial virus (prevention)

EGFR

colorectal cancer

Pseudomonas aeruginosa

Pseudomonas aeruginosa infection

iL-4 asthma

MUC1 cancer
IHER2/neu cancer

C5 . reduction of side effects of cardiac surgery
adenocarcinoma antigen adenocarcinoma

cD4 » Crohn's disease. multiple sclerosis

vimentin brain cancer

CCRS3 HIV infection

rabies virus glycoprotein rabies (prophylaxis)

VEGFR2 solid tumors

VEGF~A

macular degeneration (wet form)

lanthrax toxin, protective antigen

anthrax (prophylaxis and treatment)

cytomegalovirus glycopro tem B

cytomegalovirus infection

-5

inflammations of the airweys, skin and gastrointestinal tract

HGF solid tumors

CD20 lymphomas, leukemias, some autoimmune dlsorders
IGF~1 receptor cancer

IFN-a systemic lupus erythematosus

CD11, CD18 hasmorrhagic shock etc.

CD154 (CD40L) rheumatic di es

TAG-72 cancer

cyto ‘_galovurus cytomegslovirus infection

FAP cancer

FN-& SLE, dermatomyaositis, polymyesitiz

cD2 -|psoriasis, graft-versus—host di (prevention)
beta amyloid Alzheimer's disecase

sphingosine—1-phosphate

choreidal and retinal neovasculanzation

Imvostatin_-

muscular dystrophy

NCA-90 (granulocyte antigen)

osteomyelitis

alphg-fetoprotein canger
integrin alib 83 percutaneous corenary intervention
ek allergic reaction
NGF pair
cD18 cancer
lclumping factor A Staphylococcus aureus infection
tenascin & cancer
CcD3 diabetes mellitus type 1
cD28 chronic lymphocytic leukemia, rheumatond arthrms
CTLA-4 cancer
TRAIL-R2 cancer
IL-13 Hodgkin's lymphoma
I.-6 receptor rheumatoid arthritis
CD154 (CD40L) rheumatoid arthritis, lupus nephritis ete.
cD20 follicular lymphoma
HERZ/neu breast cancer -
CTLA-4 cancer
EpCAM cancer

hepatitis B virus

chronic hepatitis B

Escherichia_coli

diarrhoea caused by E. coli

L~12 1L-23 multiple sclerosis, psoriasis, psoriatic arthritis
integrin @487 Crohn's disease, ulcerative colitis

cD20 non-Hodgkin's lymphoma

AOC3 (VAP-1) inflammation

cD3 Crohn's disease, uicerative colitis

integrin @581 solid tumors

tumor antigen CTAA16.88

colorectal tumors

EGFR

squamous cell carcinema of the head and neck

In' one embodiment,

CD4 ~{rheumatoid arthritis, psoriasis, T-cell lymphoma
cD35 systemic lupus erythematosus, graft-versus~host disease

antigen which is wused for

the
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present invention is at least one profein or a polypeptide
therefrom selected from the group consisting of CTLA-4, PD-
1, TIM-3, Bi‘LA, VISTA, LAG-3, ‘C‘ZDV28, OX40‘, GITR, CDi37, CD27‘L
and HVEM. CTLA-4, PD-1, TIM-3, BTLA, VISTA and LAG-3 ar_e .

inhibitory receptors for T-cell stimulation, and CD28,FOX40,

GITR, CD137, CD27 and HVEM are activating receptors for T-

cell stimulation (see Mellman et'alf, Nature 480,'480j489.
(2011)) . | | | |

The antigenvused for the present ihvention can be
modified polypeptide derived from a naturally occurring
protein. The modified polypeptide may be a fragment of the

naturally occurring protein. =~ In one embodiment,‘ the

95% or 98% amino acid sequence identity to a polypeptide
derived from a naturally occurring protein. In one
embodiment, the modified polYpeptide derived is a mutant

where at most 10% of the amino acids are deleted,

substituted, and/or added based on a polypeptide derived

from naturally occurring protein.

In the particle as provided by the present invention,
a polypeptide and an antigen may be linked through at least

one first attachment site which is present in the

polypeptide and at least one second attachment site which

~is present in the antigen.

As used herein, each of "a first attachment'site"
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and "a secend attachment.site“ refers to a site where more
than one substance is linked each other..

In one embodiment, the polypeptide énd the antigen -
are directly‘fused..Alternatively, one or tWo linkers may

intervene between N-terminal residue of_the antigen and the

- polypeptide and/or between C-terminal residue of the

antigen and the polypeptide.
The antigen or the polypeptide can be truncated and
replaced by short Ilinkers. In some embodiments, the

antigen or the polypeptide include one or more peptide

 linkers. Typically, ‘a linker consists of ‘from 2 to 25

amino acids. Usually, it is from 2 to 15 amino acids in
length, although'in certainveircumstances, it can be only
one, such as a single Qlycine residue.

In one embodiment, a nucleic acid molecule, in which
polynucleotide encoding the polypeptide is genetically
fused with polynucleotide ‘encoding the 'antigen, is
expressed in.a host cell so that the first attaChment site
and the second attachment site are‘linked through a peptide
bond. 1In this case, the polypeptide and the antigen are
linked through a peptide bond. Relating to this_embodiment,
the first attachment site and/or the second attachmeht site
may be genetically modified from the ofiginal polypeptide
or antigen. For example, the first .attachment site is

modified from the polypeptide so that through a linker
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peptide including SG, GS, SGG, GGS and SGSG, the
polypeptide is conjugated with the antigen.

| When the polypeptide are chemically conjugated with
the antigen, thé first attéchment; site. and the second
attachment site:may be linked through'ai chemical cross-
linkef thch is a chemical compound.
| Examples of the cross-linker include, but are not

limited to, SMPH, Sulfo-MBS, Sulfo-EMCS, Sulfo-GMBS, Sulfo-

SIAB, Sulfo-SMPB, Sulfd—SMCC, SVSB, SIA and other cross-

linkers available from the Pierce Chemical Company.

In one :embodimeht, the _partiCle provided by ‘the
present invention comprises ‘a polypeptide 1linked to an
antigen, wherein spatial distance bétween the N-terminal
residue aﬁd C-terminal residue‘of the antigen 1is 304 or
less when the distance>is determined in a cfystal of the
antigen or a 'naturaily' occurring prdtein containing the
antigen or modified protein therefrom.

The antigen used for the présént invention can be
designed by a person skilled in the art. For‘example, the
antigen used forvfhe'present invention may.béba naturally
occurring protein or a ﬁragment thereof. Alternatively,
the antigen used for the_presentvinvention.may be a protein
modified from a naturally occurring protein or a fragment

thereof. A person skilled in the art can design the

antigen sg;_thtﬂfspatiglﬁwdistance, between the -N-terminal ----
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residue and C-terminal residue of the antigen is 30A or
less when the distance is determined in a crystal of the
antigen or.;a naturally occurrfng' protein containing the
antigen or modified protein therefrom..’ For example, ‘the
antigenb used for the: particle provided by the "present
invention can be designed using a free séftware iﬁcluding
PyMOL (e.g. PyMOL v0.99: http:/WwW.pymol.org), In one
embodimeﬁt( the spatialb distance betWeen the ‘N;terminal

residue and C—terminal residue of the ahtigen is 30A

(angstrom) or less, 204 ¢r less, or 104 or less (e.g. from

5 A to15 A, from 5 A to 12 A, from 5 A to 11 A, from 5 A

to 10 A, from 5°'A to 8A, from 8 A to 15 A, from 8 A to 13

A, from 8 & to 12 A, from 8 A to 11 A, from 9 A to 12 4,

from 9 A to 11 A, from 9 A to 10 A or from 10 A to 11 A ).

encephalitis virus like particle

In one embodiment, the presént invention provides a
ChikungunYa virus like particle‘ or a Venezuelan eqguine
encephalitis'virus like particle comprising a Chikungunya
or Venezuelan  equine enéephalitis virus - stfuctural
polypeptide and at 1easﬁ one an;igen, wherein said
Chikungunya virus-structurai polypeptide or said‘Venezuelan
equine encephalitis virus structural polypeptidé comprises

at least one first attachment site and said at least one

_/
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antigen comprises at least one second attachment site, and

wherein said Chikungunya or Venezuelan equine encephalitis
virus structural polypeptide and said at least one antigen

are linked through said at 1least one first and said at

_least one second attachment site.

In one embodiment, a spatial distance between the N-
terminal residue and C-terminal residue of the antigen may

be 30 A or less; 25 A or less; 20 A or less; 15 A or

less; 14 ﬁ or less; 13 ﬁ or less; 12 A or less; 11 A or

less; 10 ﬁ or less; 9 ﬁ or less; or 8 A or less (e.g.

from 5 A to 15A, from 5 A to 124, from 5 A to 114, from 5

A to 104, froms A to 8A,froms A to 154, from 8 & to

13.A, from 8 A to 124, from 8 A to 11 A, from 9 A to 124,
from 9 ﬁ to 11 A , from 9 ﬁ ‘to 11 ﬁ or from 10 A to 11

A when the distance is determined'in a crystal of the

.antigen or a naturally occurring protein containing the

antigen or modified protein therefrom.

In one embodiment, the antigen is liﬁked_'to the
Chikungunya of» Veﬁezuelan. equine“ ‘encephalitis virus
structural polypeptide by way of chemical cross-linking or
as a fusion protein produced by way of genetic engineering. 

A Chikungunya or Venezuelan equine ' encephalitis
virus structural polypebtide used. in the present invention»
may  comprise a Chikungunya or Venezﬁelan equine

encephalitis virus envelope protein and/or a capsid.
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Examples of Chikungunya virus include,; but are not
limited to, strains of 37997 and LR2006 OPY-1.

Examples of Venezuelan equine encephalitis virus

‘include, but are not limited to, TC-83.

Chikungunya or Venezuelan equine encephalitis virus
structural polypeptide used in the present invention méy
naturally occurring virus structural polypeptide or

modified polypeptide thereof . The modified polypeptide may

" be a fragment of the naturally occurring virus structural

- polypeptide. In one embodiment, the modified polypeptide

has at least 70%, 75%, 80%, 85%, 90%, 95% or 98% amino acid
séquenbe identity to a naturally occurring viral capsid'
and/or envelope protein. In one embodiment, the modified
polypeptide‘ is »a mutant where at most 10% ofnvthe amino
acids are deleted, substituted, and/of added based on a
naturally occurring viral éapsid and/or envelopé protein.
For example, K64A of K64N mutatation may be introducéd into
a capsid of Venézuelan equine encephalitis\virué structural
polypeptide used in the pfesent.innention.

Chikungunya or Venezuelan eQuine'encephalitis virus
envelope protein may comprise ét least one selected from
the group consisting of E3, E2, 6K and El.

Examples of Chikungunya.virus strncturél pblypeptide

include, but are not limited to, E3-E2-6K-El1 of Chikungunya

virus Strain 37997, Capsid-E3-E2-6K-El1 of €Chikungunya virus
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Strain 37997, . E3-E2-6K-E1 of Chikungunya virus Strain
LR2006 OPY-1 and Capsid-E3-E2-6K-E1 of Chikungunya virus
LR2006 OPY-1.

Examples of Venezuelan equine encephaiitis virus

structural polypeptide include, but are not limited to, E3-

E2;6K—E1 of Venezuelan'eﬁuine encephalitis &irus Strain TC-
83 and Capéid—E3;E2-6K—E1 of Venezuelan equine‘eﬁéephalitis
virus Strain TC-83. | |

An ekempiary Chikungunya - virus structural
polypeptide sequence is provided at Genbank Accession No.

ABX40006.1, which is described below (SEQ ID No.:1):

mefiptgtfynrrygprpwtprptiqvirprprpgrgagqlaglisavnkltmravpgg
kprrnrknkkgkgkggapgnntngkkgppkkkpagkkkkpgrrermcmkiendcifevk
hegkvtgyaclvgdkvmkpahvkgtidnadlaklafkrsskydlecagipvhmksdask
fthekpegyynwhhgavagysggrftiptgagkpgdsgrpifdnkgrvvaivlgganega
rtalsvvtwnkdivtkitpegaeewslaipvmcllanttfpcesgppctpecyekepeet
lrmlednvmrpgyyqgllgasltcesphrgrrstkdnfnvykatrpylahcpdcgeghsch
spvalerirneatdgtlkiqvslgigiktddshdwtklrymdnhmpadaeraglfvrts
apctitgtmghfilarcpkgetltvgitdsrkishscthpfhhdppvigrekfhsrpgh
gkelpcstyvgstaatteeievhmppdtpdrtlmsggsgnvkitvnggtvrykencggs
negltttdkvinnckvdgchaavtnhkkwgynsplvprnaelgdrkgkihipfplanvt
crvpkarnptvtygkngvimllypdhptllsyrnmgeepnygeewvmhkkevvltvpte
glevtwgnnepykywpglstngtahghpheiilyyyelyptmtvvvvsvatfillsmvg
maagmcmcarrrcitpyeltpgatvpfllslicecirtakaatygeaaiylwneggplfw
lgaliplaalivicnclrllpeccecktlaflavmsvgahtvsayehvtvipntvgvpykt
lvnrpgyspmvlemellsvtleptlsldyitceyktvipspyvkceegtaeckdknlpdy
sckvitgvypfmwggaycfcdaentglseahveksescktefasayrahtasasaklrv
lyggnnitvtayangdhavtvkdakfivgpmssawtpfdnkivvykgdvynmdyppfga
grpggfgdigsrtpeskdvyantglvlqrpavgtvhvpysgapsgfkywlkergaslgh
tapfgcgiatnpvravncavgnmpisidipeaaftrvvdapsltdmscevpacthssdf
ggvalikyaaskkgkcavhsmtnavtireaeievegnsqlgisfstalasaefrvgvces
tgvhcaaechppkdhivnypashttlgvgdisatamswvgkitggvglvvavaaliliv
vlicvsfsrh ’ ,

Another exemplary | Chikungunya virus structural
polypeptide sequence is provided at Genbank Accession No.

ABX40011.1, which is described below (SEQ ID No.:2):

mefiptgtfynrrygprpwaprptiqgqvirprprpgrgagqlaglisavnkltmravpgq
kprrnrknkkgrgkkgapgndpkgkkgppgkkpagkkkkpgrrermcmkiendcifevk
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hegkvmgyaclvgdkvmkpahvkgtidnadlaklafkrsskydlecagipvhmksdask
fthekpegyynwhhgavgysggrftiptgagkpgdsgrpifdnkgrvvaivlgganega
rtalsvvtwnkdivtkitpegaeewslalpvlcllanttfpcsgppectpececyekepest
lrmlednvmrpgyygllkasltesphrgrrstkdnfnvykatrpylahcepdegeghsch
spialerirneatdgtlkiqgvslgigiktddshdwtklrymdshtpadaeragllvrts
apctitgtmghfilarcpkgetltvgftdsrkishtcthpfhheppvigrerfhsrpgh
gkelpcstyvgstaataeeievhmppdtpdrtlmtggsgnvkitvnggtvrykencggs
negltttdkvinnckidgchaavtnhknwgynsplvprnaelgdrkgkihipfplanvt
crvpkarnptvtygkngvtmllypdhptllsyrnmggepnyheewvthkkevtltvpte
glevtwgnnepykywpamstngtahghpheiilyyyelyptmtvvivsvasfvllsmvg
tavgmcvcarrrcitpyeltpgatvpfllsllcevrttkaatyyeaaaylwneggplfw
lgaliplaalivlenclkllpcecktlaflavmsigahtvsayehvtvipntvgvpykt
lvnrpgyspmvlemelgsvtleptlsldyitceyktvipspyvkecgtaeckdkslpdy
sckvitgvypfmwggaycfcdaentglseahveksescktefasayrahtasasaklrv
lyggnnitvaayangdhavtvkdakfvvgpmssawtpfdnkivvykgdvynmdyppfga
grpggfgdigsrtpeskdvyantqglvlgrpaagtvhvpysqgapsgfkywlkergaslgh
tapfgcgiatnpvravncavgnipisidipdaaftrvvdapsvtdmscevpacthssdf
ggvailikytaskkgkcavhsmtnavtireadvevegnhsqlgisfstalasaefrvqgves
tqvhcaaachppkdhlvnypashttlqudlsttamsqukltggvgl1vavaa1111v
vicvsfsrh.

An exemplary Venezuelan equine encéphalitis virus
structural polypeptide is provided at Genbank Accession No.
. L01443.1 (http://www.ncbi.nlm.nih.gov/nuccore/L01443.1),

which is described below (SEQ ID No.:3):

mfpfgpmypmgpmpyrnpfaaprrpwfprtdpflamgvgeltrsmanitfkgrrdappe
gpsaakpkkeasgkgkgggqggkkkknggkkkaktgppnpkagngnkkktnkkpgkrgrm
vmklesdktfpimlegkingyacvvggklfrpmhvegkidndvlaalktkkaskydley
advpgnmradt fkythekpggyyswhhgavgyengrftvpkgvgakgdsgrpildnggr
vvaivliggvnegsrtalsvvmwnekgvtvkytpencegwslvttmcllanvtfpcagpp
icydrkpaetlamlsvnvdnpgydelleaavkcpgrkrrsteelfneykltrpymarci
rcavgschepiaieavksdghdgyvrlgtssqgygldssgnlkgrtmrydmhgtikeipl
hgvslytsrpchivdghgyfllarcpagdsitmefkkdsvrhscesvpyevkinpvgrel
ythppehgvegacqvyahdagnrgayvemhlpgsevdsslvslsgssvtvtppdgtsal
vececggtkisetinktkgfsgetkkeqgecrayrlgndkwvynsdklpkaagatlkgklh
vpflladgkctvplapepmitfgfrsvslklhpknptylitrgladephythelisepa
vrnftvtekgwefvwgnhppkrfwagetapgnphglphevithyyhrypmstilglsic
aaiatvsvaastwlfcrsrvacltpyrltpnaripfclavlccartaraettwesldhl
wnnnggmfwiglliplaalivvtrllreveevvpflvmagaagagayehattmpsqagi
syntivnragyaplpisitptkikliptvnleyvtchyktgmdspaikccgsgectpty
rpdegckvitgvypfmwggaycfcdtentgvskayvmksddcladhaeaykahtasvga
flnitvgehsivttvyvngetpvnfngvkitagplstawtpfdrkivgyageiynydfp
eygaggpgafgdigsrtvsssdlyantnlvligrpkagaihvpytgapsgfeqwkkdkap
slkftapfgceiytnpiraencavgsiplafdipdalftrvsetptlsaaectlnecvy
ssdfggiatvkysasksgkcavhvpsgtatlkeaavelteggsatihfstanihpefrl
q1ctsyvtckgdchppkdhlvthpthaqtftaavsktawtwltsllggsav1111g1v
1at1vamyvltnqkhn

In one embodiment, a first attachment site comprises

an amino  group, preferably an amino group of a lysine
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residue. In one embodiment, the ‘second attachmentISite
comprises sulfhydryl group, preferably, a sulfhydrxl group
of a cysteine.> |

| In one embodimént,'a conjugation éf more than two
substénces (e.g. antigen and Chikungunya or Venezuelan

equine encephalitis virus structural’pOIYpeptide) through a

first attachment site or a second attachment site is

achieved using chemicai cross linker.  Examples of the
cross-linker include, but are not limited to, SMPH, Sulfo—A
MBS, Sulfo-EMCS, Sulfo-GMBS, Sulfo-SIAB, Sﬁlfo—SMPB, Sulfo-
SMCC, SVSB, SIA and other cross—linkefs availablé from the
Pierce Chemical Company.'

According to the present: invention, a Chikungunya or
Venezuelan = equine encephalitis virus 1like particle
compfising a Chikungunya or Venezueian equine encephaiitis
virus structural polypeptide and an antigen, wherein said

Chikungunya or Venezuelan -equine encephalitis virus

structural polypeptide and said antigen are expressed as a

fusion protein can be provided.

In one embodiment, the antigen can be fused with any
site of the Chikungunya or Venezuelan equine encephalitis
virus structural polypeptide. For example, the antigen may
be directly or indirectly linked to N—’or c- terminal of

the Chikungunya or Venezuelan equine encephalitis virus

. structural polypeptide (e.g. capsid, E3, E2, 6K or El), or
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the antigen may be inserted into Chikungun?a or Venézuelan
equine encephalitis virus structural protein (e.g. capsid;
E3, E2, 6K, or El).

In one embodiment, at 1east one antigen is. inserted
into E2;of ChikungunYa_or‘Venezgelan equine encephalitis
virus structural protein.v . For example, regarding
Chikungunya virus struqtural protein, at least one antigen
is inserted between residues 519 and 520 of SEQ ID Nos.l or
2 (i.e. between G ét 519-position and Q at 520¥position of
SEQ ID Nos.l or 2); between residues 530 and 531 of SEQ ID

Nos.l or 2 (i.e. between G at 530-position and ‘S at 531-

"position of SEQ‘ID Nos.1l or 2); between residues 531 and

532 of SEQ ID Nos.1l or 2 (i.el between S at 531—bosition
and N at 532-position of SEQ ID Nos.l or é); between
residues 529 and 530 of SEQ ID Nos.l or 2(i.e. between G at
529-position and‘G at 530-position of SEQ>ID Nos.1l or 2);
or between residues SlQ and 511 of SEQ ID Nos.l or 2(i.e.
between S at 510-position and G at Sil;poéition of SEQ ID

Nos.l or 2); or between residues 511 and 512 of SEQ ID

Nos.1l or 2(i.e. between G at 51l-position and N at 512-

position of SEQ ID Nog.l or 2); or between fesidues 509 aﬁd
510 of SEQ ID Nos.l or 2(i.e. between Q at 509—poéitidn and
S at 510-position of SEQ ID Nos.l or 2). " \

'For‘ example; regafding Venezuelan = equine

encephalitis virus structural protein, at least one antigen
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is inserted bétweeh residues 517 and 5lé df SEQ ID No.3
(i,e.‘betweean at 517—position and S at 518-positiqn_of
SEQvID No.3); between residues 518 andv519 of SEQ ID N6.3
(i.e. betweenls at 518-position and S at 519-position of
SEQ ID No.3); between residues 519 andv520 éf SEQ ID No.3
(i.e. betweéﬁ S at 519fposition and V at SZO—position of
SEQ 1ID No.3);. between residues 515 and 516 of SEQ ID
No.3(i.e. between L at 5;5—position'and S at S516-position
of SEQ ID No.3); between residues 516 and 517 of SEQ ID
No.3(i.e. betweén S at 516-position and G at 517-position
ofvSEQ 1D No;é); between residues 536 and 537 of SEQ Ib
No.3(i.e. between C at 536-position and'G at 537-positioﬁ
of SEQ ID No.3) ; between residues 537 and 538 of SEQ ID
No.3(i.e. between G at 537-position and G at 538-position
of SEQ ID No.3) ; between residues 538vand 539 of SEQ ID
No.3(i.e. between G at 538-position ande at 539-position
of SEQ ID No.3). |
The fusion protein may be expressed using a
conventional technique in the art. A Variety’of expression
systems can be wused for the expression tof the fusion
protein. For example, thé fusion proteih can be éxpressed
in 293 cells, Sf9 cells or E.coli.
| In one embodiment, antigen is a ‘substance (e.qg.
protein) Whiéh  is ‘not derived from Chikungunya or

Venezuelan equine encephalitis virus; Antigen may be at
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least one selected from the group consisting of self

antigens and cancer antigens. For example, antigen is a

polypeptide derived from TNF-o, CD20 or CTLA4. Thus,

examples of combinations of the polypeptide and the antigen
used for the present invention include, but areinot limited
to, i) a polypeptide derived from Chikuhgunya vitue (CHIKV)
and a polypeptide derived from TNF-a;

ii) a polypeptide derived from Chikungunya virus (CHIKV)
and a polypeptide derived from CD20;

iii) a polypeptide derived from Venezuelan equine

encephalitis virus'(VEEV)‘and a polypeptide derived from

TNF-a; or .
iv) a polypeptide derived from Venezuelan equine
encephalitis virus (VEEV) and a polypeptide derived from
CD20
V) a polypeptide derived from Venezuelan equine
encephalitie virusv(VEEV) and a polypeptide'derived from
éTLA4.

A polypeptide derived from Chikungunya’virus (CHIKV)
or Venezuelan equine encephalitis virus‘(VEEV) may be a
natﬁrally occurring virel polypeptide or ‘modified

polypeptide thereof. 1In addition, a polypeptide derived

from TNF-a, CD20 or CTLA4 may be a naturally occurring

polypeptide or modified polypeptide of the naturally

occurring polypeptide or a 'fragment of the naturally
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occurring polypeptide  or the modified peptide. ° The
modified polypeptide may be a ‘fragment of the naturally
occurring virus structural polypeptide.

In one embodiment, the modified polypeptide derived
from TNF-a, CD20 or‘CTLA4 hés at least 70%, 75%, 80%, 85%,

90%, 95% or 98% amino acidvsequence'identity to a naturally

- occurring polypeptide. In one embodiment, the'.modified

peptide derived from TNF-a, CD20 or CTLA4 1is a mutant

where at most 10% of  the amino acids are deleted,

substituted,‘and/or addéd based on a’naturally occurring
polypeptide derived frém TNF-a ,CD20 or CTLA4. ”

When a polypeptide derived from a virus is
conjugated -with a polypeptide derived from‘én aﬁtigen, a
linker peptide inclgding SG, GS, SGG, GGS SGSG.and TRGGS.
may be used. Example; of conjugation of the polYpeptide
derived from a Virus (referréd'to_és “PFV” below) With the
polypeptide derived from the ahtigen‘(referred to as “PFA5 
below) include, but not limited to: PFV;SG—PFAfGS—PFV; PFV- -
SG-PFA-GGS-PFV; PFV-SSG-PFA-GS-PFV; PFV-SGG-PFA-GGS-PFV;
PFV-SGSG-PFA-GS-PFV; and PFA—S'GG—VPFA—TR‘_GGS—‘PFV. .

In one embodiment, fhe present invehtioh provides a
virus like particle comprising
i) a fusion prbtein of a polypeptide dérivéd from
Chikungunyafvirus (CHIKV) and a polypeptide derived from

TNF-a, which consists. of an amino acid sequence
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represented by SEQ ID No.4;

ii) a fusion protein of a polypeptide derived from
Chikungunya virus (CHIKV) and a polypeptide derived.ffom
CD20, which consists of an amino acidvsequende represented
by‘SEQ ID No.5; |

iii) a fusion protein of a pblypeptide deriVedv from
Venezuelan equine endephalitis virus (VEEV) and a
pOlypeptide derived from TNF-a, which consists of an am;no
acid sequence répresented by SEQvID No.6; or

iv) a fusion protein of a polypeptide derived from
Venezuelan equine encephalitis virus (VEEV) and a
polypéptide derived from CD20, which cénsists of ah amino
acid sequence représented by SEQ iD No.7;

v) a fusion protein of.'a polypéptide derived frbm
Venezuelan equine encephalitis virus (VEEV) and a

polypeptide derived from CTLA4, which consists of an amino

‘acid sequence represented by SEQ ID No.8.

In one embodimeht; the present invention provides a
virus 1like particle comprising a fusion protein which is
modified from the fusion protein having an émino acid
seq‘uence represented by any one of SEQ ‘ID Nos.4-8. The
modified fusion protein may have at least 70%, 75%, 80%,

85%, 90%, 95% or 98% amino acid sequence identity to the

- fusion protein having an amino acid sequence represented by

any one of SEQ ID Nos.4-8. "Also, the modified fusion



10

15

20

25

WO 2013/122262 PCT/JP2013/054422

31

protein may be a mutant where at most 10% of the amino

. acids are deleted, substituted, and/or added based on the

fusion protein having an amino acid sequence represented by

any one of SEQ ID Nos.4-8.

>(2)‘NuC1eotide, Vector, Host cell

In the second aspect, the present invention provides

a nucleic acid molecule comprising a nucleotide sequence

that encodes a particle as provided in the first aspect of

’the'present invention.

In one embodiment, the present invention provides a

nucleic acid molecule comprising a nucleotide sequence that

encodes the Chikungunya or Venezuelan»equine encephalitis
virus like particle as described above.

Exampies of the nucleotide sequence that encodes the
Chikungunya or Venezuelan equine encephaliﬁis virus liké
particle inélﬁde, bﬁt are not limited‘ to, a nucleotide
séquence encoding E3—E2—6K~E1 of Chikungunya virus Strain

37997,‘a nucleotide sequence encoding Capsid-E3-E2-6K-E1 of

Chikungunya virus Strain 37997, a nucleotide sequence

encoding E3-E2-6K-E1 of Chikungunya virus Strain LR2006

OPY-1, a nucleotide sequence-encbding Capsid-E3-E2-6K-E1 of

Chikungunya virus LR2006 OPY-1l, a nucleotide sequence

encoding E3-E2-6K-E1 of Venezuelan equine encephalitis

virus Strain TC-83 and a nucleotide sequence enéoding
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Capsid—E3—E246K—El of Venezuelan equine encephalitis virus

TC-83. |
Regarding Chikungunya virus, an exemplary nucleotide

sequence thét'eﬁcodes E3-E2-6K-E1 is déscribed below (SEQ

5 ID No.:9):

Atg‘agcclcgccc!cccggtctt_gtgcclgﬂggcaaacactacaucccctgcw(cagccgccttgcacaccctgc(gclacgaaaaggaaécgg
- maagcaccitgegeatgettgaggacaacgtgatgagacecggatactaccagetaclaaaapeategeigactigeictccccaccgeecaaagac
_geagtaciaaggacaattttaalgictataaagecacaagaccatatciagelcatigtectgacigeggagaagggcaticgigecacagecetate
geatiggagegeatcagaaaigaageaacggacggaacgeigaaaalceaggicictitgeagatcgggataaagacagalgacagecacgatig
gaccaagctgcgctatatggalagccalacgccagcggacgcgg’agcgagccggattgcuthaéggacucagcaccgtgcacgatmceggg
| accatgggacacittalictogeccgalgeceganaggagagacgoigacagigggatitacggacageagaaagatcagecacacat geacaca
cecgiiceatcatganccaccigtgataggiagpgagaggiiccactclicgaccacaacatggtasagapttacctigeageacgtacgigeapag
caccgetgecacigetgaggagatagaggigcatatgecoccagatactecigaccgeacgeigatgacgeageagicippcaacgigaagatea
cagitaatgpgeagacggtgcgpiacaagigeaactgeggtagcteanacgagggactgacaaccacagacasagtgatcaataactgenanal
gatcagtgecatgetgeagtcactaatcacaagaatiggeaatacaactecectitagiecegegeaacgetgaacteggggaccgtaaagpgaaag

atccacateecallcccatiggeaaacglgactigeagagtpecasaagcaagaaaccelacagtaactiacggasanaaccaagicaccat getg
-clgtatcct gaccatcegacactetigtetlacegtaacatgggaca ggaaccaﬂattaccacg&gg&gtggg! gacacacaagaaggaggitacct
‘tgzaccgtgcctactgagggtclggaggtcacnggggcaacaacgaaccatacaagtactggccgt:agatglclacgaacgg!actgc(calggtc )
acccacatgagataatcttgtaciatiatgagetgtaccecactatgacigtagtcattptgtcggt ggectegticgtgetictgiegatgatgggcaca
geaglgggaatptpteiptpcpeacgpcgeagatpeattacaceatatgaattaacaccaggagecactglicecileetgetcagectgetalgetg
cplcagaacgaccaaggeggocacatatiacgaggotgeggeataletatggaacgaacagcagecectgitetggitgeagpciciiateecget
ggeegeetigatcglectgtpeaactgictgaaacicligecatgetgetgtaagacceiggettititagecgtaatgageateggigeccacactgig
agegegtacgaacacgtaacagigalccegaacacggtgpgagtacegtataagactetigicaacagaccgggtilacageeceatgatptigga
galggageiacaatcagicaccitggaaccaacactgteacttgactacatcacgtgegagtacaaaactgtcatcecctcecegtacgtgaagtgct
gigetacagcagaglgeaagpacaagageciaceagactacagelgeaaggictitaciggagticlacecatitalgiggopcgpegoeiaclgett
ttgcgacgcegaaaatacgcaatigagegaggcacatgtagapgaaatctigaatcitgeaasacagagittgeatcggectacagagcecacaceg
catcggepteppegaagetccgegtcctitaccaaggaaacaacattacegtagetgectacgetaacgpigaccatgeegticacagtaaaggac
gecaagttigicgigggeccaalgicetcogecipgacaceiittgacaacaanalcgtgptglacaaaggegacgictacaacatggactaceeac
cititggcgeaggangaccaggacaatttggigacaticasagtcgtacaccggaaagtaaagacgitiatgecaacactcagitggtactacagag
gecageapeaggeacggtacatgtaceatactcteaggeaccatelggeticaagiatigpeigaaggaacpagpagealcgelacageacacyg
caccgtl‘cggttg.ccagat\tgcgacaaacccggtaagagclgt:aaattgcgctgtggggaacataccaatttccatcgacataccggatgcggcc%t
tactagpgitgtegatgeacoeictglaacpgacatgicatpegaagtaceagectpeacteactectcegactitggeppegtegecalcatcaant
acacagctagcaagaaaggtaaatgtgeagtacaticgalgaccaacgecgitaccalicgagaagecpacgtagaagtagagpgpeaactceca
getgeanataiccticicaacagecctggeaagegecgagtttcgegtgeangtgtgetccacacaagtacacigegeagecgcalgecaccelee
aaaggaccacatagicaatfacccagealcacacaccaccctiggggtccaggatataiccacaacggeaatgiciigggtpcapgaagattacggg
aggagtaggattaattgitgetgitgcigecttaatittaatigtggtactatgegtptegtttageagpeac

Regarding Chikungunya virus, another exemplary
nucleotide sequence that encodes E3-E2-6K-E1 is described

10 below (SEQ ID No.:10):
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-Atgagteitgecateecagitatgtgectgttggeaaacaccacgticcectgeteccageccectigeacgeectgetgetacgaaaaggaacepg
aggaaaccelacpealgettgaggacaacgicatgagacctgggtactatcagetgetacaageatecttaacatgtictceccacegeeagegac

geageaccaaggacaacttcaatgictataaagecacaagaceatactiagetcacigiocegacigtggagaagggeaciegigecatagteoeg
tagcactagaacgcatcagaaatgaagegacagacgggacgetgaaaatecaggtctecttgcaanlcpgaalaaagacspatgacagecacgs
liggaccaageigegtiatatggacadceacalgecageagac geagagagggcggggctatitgtaagaacatcageacegiglacgattactgg

aacaatpggacaclicalcctgpecegatgiccaapagpgpaaactclgacggigggaticacigacaglaggaagatiagicacicalgtacgea
éccatttcaccacgaccctcctgtgataggtcgggaaaaattccasttcccgaccgcag,cacggtaaagagctaccllgcagcacgtacgtgca.gag
caccgecgeaaclaccgageagatagaggtacacatgeceecagacaccectgategeacatiaatgteacaacagtecggeaacgtaaagate
acagtcaatggecagacggigeggtacaagtgiaatigegptggeicaaatgaaggactaacaactacagacaaagigatiaataactgcaaggtt
gatcaatgicatgcegeggicaccaatcacaaaaagtggeagtataactcceoletgpteccgegtaalgetgaactigaggaccgasaaggaaaa
altcacatceegtitcogetggeaaaigtaacatgeagpetpeciaaageaag gaaccecaccgigacgtacgggaaasaccaagicateatgeta
ctgtalcetgaccacceaacacicetgtectaccgpnatotgggagaagaaccaaactatcaapaagaglggpigatgcatangaaggaagicptg
ctaaccglgecgactgaaggpetcgagpteacpiggppeaacaacgagecgtataagtatiggecgeagtiatctacaaacggtacageecatgg
ceacccgeatgagataalicigtatiattatgagetgtaccecactatgaciglagtagtigtgicagiggocacgiteatactectgicgatggtgggta
tggcagepgggatptgealgtatacacgacgeagatgealcacaceglatgaactgacaccaggagetacegiccetitectgettagectaatatg
cigcatcagaacagctaaageggecacataceaagagectpegatataccigtggaacgagcageascetitgitttggotacaageecttaticeg
ctggeagocetgatipttclatgeaactgictgagactcttaceaigetgetplaaaacgitpgctitittapceptaatgagegtcgpigoecacactgt
gagegegtacgaacacplagcagigatoccgascacggigggagtacegtataagacteiagleaatagacciggetacagecccalggtattgg
agatggaaciacigicagtcactitggagecaacactatcgetigattacatcacgigegagtacaaaaccgtcatecegiclecgtacgtgaagtpet
gepptacageagagtgcaagpacaaaaacelaccigactacagetptaagpteticaceggcgtctaceeattialgtgpgacgocgectactgell
ctgegacgeigaaaacacgcagtigagegasgeacacgiggagaaptccgaatcatgeaaaacagaatttgeatcageatacagggeteataceg
catctgeatcagetangetcegegicetttaccanggaantancatcacigtaactgestatgcasacggegaccalgeegtcacagitaapgacge
canaticaltgtggggecaaigtettcagectggacacctitegacaacaaaatigtggtgtacaaaggtgacgiciatancatggactaccegeeeit
tggegeaggaagaccagpacaatitggegatatceaaagtegeacacet gagagtaaagacgtetatgctaatacacaact ggtactgeagagac
cggetgtpeptacgptacacgigecatacteteaggeaceatelggetttaaglattggotaanagascpegpgeeglegeigeageacacageat
calltggctpecaaatagcaacaaacceggtasgageggtgaacigegecgtagggaacatgeccatetecalegacataceggaageggecttc
actapggicgtcgacpegecectictitaacggacaiglcgigegaggtaccagecigeacceaticcicagactitgggagegicgecattatiaaata
tgcageeagcaaganaggcaaglgtgcggatecaticgatgactaacgecgicactaticgggaageigagalagaagtigaagpgaaticicaget
geaaatctotticicgacggecttagecagegecgaaliccgegtacaagictgticlacacaagiacacigtgcagecgagtgecaccececgaag
gabcagataglca&ctacccggcgtcacataccaccctcggggiccaggacatctccgctacggcgatg(catgggtgca gaagalcacgggag
gtgtgggactggugugclgtzgccgcaclgauczaatcgtggtgctatgcgtgtc glicageaggeac

Regarding Chikungunya virus, an exemplary nucleotide
sequence that encodes a Capsid-E3-E2-6K-E1 is described

below (SEQ ID No.:11):

atggagttcatcccgacgcaaactttctataacagaaggtaccaaccccgaccetggge
cccacgcecctacaattcaagtaattagacctagaccacgtccacagaggcaggetggge
aactcgcccagctgatectecgecagtcaacaaattgaccatgecgegeggtacctcaacag
aagcctegcagaaatcggaaaaacaagaagcaaaggcagaagaagcaggcegecgcaaaa
cgacccaaagcaaaagaagcaaccaccacaaaagaagccggctcaaaagaagaagdgaaac
‘caggccgtagggagagaatgtgcatgaaaattgaaaatgattgcatcttcgaagtcaag
catgaaggcaaagtgatgggctdcgcatgcctggtgggggataaagtaatgaaaccage
acatgtgaagggaactatcgacaatgccgatctggectaaactggecetttaageggtegt
ctaaatacgatcttgaatgtgcacagataccggtgcacatgaagtctgatgcctcgaag
tttacccacgagaaacccgaggggtactataactggcatcacggagcagtgcagtattc
aggaggccggttcactatccecgacgggtgecaggcaageccgggagacagcggcagaccga
tcttcgacaacaaaggacgggtggtggeccatcecgtectaggaggggccaacgaaggtgec
cgcacggccectcecteegtggtgacgtggaacaaagacategtcacaaaaattacccctyga
gggagccgaagagtggagcectegeecteccggtecttgtgectgttggcaaacactacat
tcecctgetcectecagecgecttgcacacectgetgectacgaaaaggaaccggaaagcace
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ttgcgcatgcttgaggacaacgtgatgagacccggatactaccagectactaaaagceatce
gcetgacttgectctecccaccgccaaagacgcagtactaaggacaattttaatgtctata
aagccacaagaccatatctagctcattgtcctgactgecggagaagggcattegtgecac
agccctatcgcattggagecgcatcagaaatgaagcaacggacggaacgctgaaaatceca
ggtctctttgcagatcgggataaagacagatgacagccacgattggaccaagctgeget
atatggatagccatacgeccagcggacgcggagcgageccggattgettgtaaggacttca
gcaccgtgcacgatcaccgggaccatgggacactttattectegeccgatgecegaaagg
agagacgctgacagtgggatttacggacagcagaaagatcagccacacatgecacacacce
cgttccatcatgaaccacctgtgataggtagggagaggttccactctcgaccacaacat
ggtaaagagttaccttgcagcacgtacgtgcagagcaccgctgecactgetgaggagat
agaggtgcatatgcccccagatactecctgaccgecacgectgatgacgecagecagtetggea
acgtgaagatcacagttaatgggcagacggtgcggtacaagtgcaactgeggtggetcea
aacgagggactgacaaccacagacaaagtgatcaataactgcaaaattgatcagtgccea
tgctgcagtcactaatcacaagaattggcaatacaactcccectttagteeecgegecaacg
ctgaactcggggaccgtaaaggaaagatccacatcececattececcattggcaaacgtgact
tgcagagtgccaaaagcaagaaaccctacagtaacttacggaaaaaaccaagtcaccat
gctgctgtatcectgaccatccgacactettgtcttacecgtaacatgggacaggaaccaa
attaccacgaggagtgggtgacacacaagaaggaggttaccttgaccgtgectactgag
ggtctggaggtcacttggggcaacaacgaaccatacaagtactggeccgecagatgtctac
gaacggtactgctcatggtcacccacatgagataatcttgtactattatgagetgtacc
ccactatgactgtagtcattgtgtcggtggecctegttegtgettetgtegatggtggge
acagcagtgggaatgtgtgtgtgcgcacggecgcagatgcattacaccatatgaattaac
accaggagccactgttcccttectgetcagectgetatgetgegtcagaacgaccaagg
cggccacatattacgaggctgcggcatatctatggaacgaacagcagececctgttetygg
ttgcaggctcttatccecgetggeccgeccttgategtcectgtgecaactgtectgaaactett
gceccatgctgctgtaagaccectggecttttttageccgtaatgagecateggtgececacactg
tgagcgegtacgaacacgtaacagtgatccecgaacacggtgggagtaccgtataagact
cttgtcaacagaccgggttacagecccatggtgttggagatggagectacaatcagtcac
cttggaaccaacactgtcacttgactacatcacgtgcgagtacaaaactgtcatceccct
cccegtacgtgaagtgetgtggtacagcagagtgcaaggacaagagectaccagactac
agctgcaaggtctttactggagtctacccatttatgtggggeggecgectactgettttg
cgacgccgaaaatacgcaattgagcgaggcacatgtagagaaatctgaatcttgcaaaa
cagagtttgcatcggcctacagagcccacaccgcatcggegteggegaageteegegtce
ctttaccaaggaaacaacattaccgtagctgcecctacgctaacggtgaccatgeccgteac
agtaaaggacgccaagtttgtcecgtgggeccaatgtectecgeectggacaccttttgaca
acaaaatcgtggtgtacaaaggcgacgtctacaacatggactacccaccttttggcgea
ggaagaccaggacaatttggtgacattcaaagtcgtacaccggaaagtaaagacgttta
tgccaacactcagttggtactacagaggccagcagcaggcacggtacatgtaccatact
ctcaggcaccatctggcecttecaagtattggctgaaggaacgaggagcatcgectacageac
acggcaccgttecggttgccagattgecgacaaacccggtaagagetgtaaattgegetgt
ggggaacataccaatttccatcgacataccggatgeggectttactagggttgtecgatg
caccctctgtaacggacatgtcatgcgaagtaccagectgcactcactecctecegacttt
gggggcgtcgccatcatcaaatacacagctagcaagaaaggtaaatgtgcagtacatte
gatgaccaacgccgttaccattcgagaagecgacgtagaagtagaggggaactcccage
tgcaaatatccttctcaacagccetggecaagegecgagtttegegtgecaagtgtgetec
acacaagtacactgcgcagccgcatgecaccctccaaaggaccacatagtcaattacece:
agcatcacacaccacccttggggtccaggatatatccacaacggcaatgtettgggtge
agaagattacgggaggagtaggattaattgttgctgttgectgecttaattttaattgtg
gtgctatgcgtgtegtttagcaggcactaa.

Regarding Chikungunya virus, another exemplary
nucleotide sequence that encodes a Capsid-E3-E2-6K-El1 is

described below (SEQ ID No.:12):
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atggagttcatcccaacccaaactttttacaataggaggtaccagcctegaccectggac
tccgegecctactatecaagtcatcaggcccagaccecgegecctecagaggecaagetggge
aacttgecccagectgatctcagcagttaataaactgacaatgegecgeggtaccacaacag
aagccacgcaggaatcggaagaataagaagcaaaagcaaaaacaacaggcgccacaaaa
caacacaaatcaaaagaagcagccacctaaaaagaaaccggctcaaaagaaaaagaagc
cgggccgcagagagaggatgtgcatgaaaatcgaaaatgattgtattttcgaagtcaag
cacgaaggtaaggtaacaggttacgcgtgcctggtgggggacaaagtaatgaaaccagce
acacgtaaaggggaccatcgataacgcggacctggccaaactggectttaageggteat
ctaagtatgaccttgaatgcgcgcagataccecgtgcacatgaagtececgacgcttcgaag
ttcacccatgagaaaccggaggggtactacaactggecaccacggagcagtacagtacte -
aggaggccggttcaccatccctacaggtgectggcaaaccaggggacageggcagacega
tcttcgacaacaagggacgcgtggtggecatagtcttaggaggagctaatgaaggagec
cgtacagccctcteggtggtgacctggaataaagacattgtcactaaaatcacccecga
gggggccgaagagtggagtcttgeccatcccagttatgtgectgttggcaaacaccacgt
tceccecctgeteccageececcecettgecacgeectgetgectacgaaaaggaaccggaggaaace
ctacgcatgcttgaggacaacgtcatgagacctgggtactatcagectgctacaagecatce
cttaacatgttctceccaccgcecagecgacgcagcaccaaggacaacttcaatgtctata
aagccacaagaccatacttagctcactgtccecgactgtggagaagggcactegtgecat
agtcccgtagcactagaacgcatcagaaatgaagcgacagacgggacgctgaaaatcca
ggtctcettgcaaatcggaataaagacggatgacagccacgattggaccaagcetgegtt
atatggacaaccacatgccagcagacgcagagagggcggggctatttgtaagaacatca
gcaccgtgtacgattactggaacaatgggacacttcatcctggceccgatgtccaaaagyg
ggaaactctgacggtgggattcactgacagtaggaagattagtcactcatgtacgecacce
catttcaccacgaccctcctgtgataggtcgggaaaaattceccattcecegacegecageac
ggtaaagagctaccttgcagcacgtacgtgcagagcaccgececgcaactaccgaggagat:
agaggtacacatgcccccagacacccctgategecacattaatgtcacaacagtceccggea
acgtaaagatcacagtcaatggccagacggtgcggtacaagtgtaattgeggtggetca
aatgaaggactaacaactacagacaaagtgattaataactgcaaggttgatcaatgtca
tgccgeggtcaccaatcacaaaaagtggcagtataactcececctectggteccgegtaatg
ctgaacttggggaccgaaaaggaaaaattcacatcecegttteccgectggcaaatgtaaca
tgcagggtgcecctaaagcaaggaaccccaccgtgacgtacgggaaaaaccaagtcatcat
gctactgtatcctgaccacccaacactcecctgtcctaccggaatatgggagaagaaccaa
actatcaagaagagtgggtgatgcataagaaggaagtcgtgctaaccgtgecgactgaa
_gggctcgaggtcacgtggggcaacaacgagccgtataagtattggccgecagttatctac
aaacggtacagcccatggccacccecgecatgagataattctgtattattatgagetgtacce
ccactatgactgtagtagttgtgtcagtggeccacgttcatactecctgtecgatggtgggt
atggcagcggggatgtgcatgtgtgcacgacgcagatgcatcacaccgtatgaactgac
accaggagctaccecgtccctttecctgecttagectaatatgetgecatcagaacagetaaag
cggccacataccaagaggctgcecgatatacctgtggaacgagcagcaacctttgttttygg
ctacaagccecttatteccgetggecagecctgattgttetatgecaactgtectgagactett
accatgctgctgtaaaacgttggettttttagececgtaatgagegteggtgeccacactyg
tgagcgcegtacgaacacgtaacagtgatceccgaacacggtgggagtaccgtataagact
ctagtcaatagacctggctacagccccatggtattggagatggaactactgtcagtceac
tttggagccaacactatcgettgattacatcacgtgecgagtacaaaaccgtcatcecegt
ctcegtacgtgaagtgctgeggtacagcagagtgcaaggacaaaaacctacctgactac
agctgtaaggtcttcaccggegtctaccecatttatgtggggcggecgectactgettctg
cgacgctgaaaacacgcagttgagcgaagcacacgtggagaagtccgaatcatgcaaaa
cagaatttgcatcagcatacagggctcataccgcatctgecatcagctaagctecgegte
ctttaccaaggaaataacatcactgtaactgcctatgcaaacggcgaccatgecgtecac
agttaaggacgccaaattcattgtggggccaatgtcttcagecctggacacctttegaca
acaaaattgtggtgtacaaaggtgacgtctataacatggactacccgeeetttggegcea
ggaagaccaggacaatttggecgatatccaaagtcgcacacctgagagtaaagacgtcta
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tgctaatacacaactggtactgcagagaccggetgtgggtacggtacacgtgecatact
ctcaggcaccatctggetttaagtattggctaaaagaacgeggggegtegetgeageac
acagcaccatttggctgccaaatagcaacaaacccggtaagagcggtgaactgcgccgt
agggaacatgcccatctccatecgacataccggaageggecttcactagggtegtegacg
cgcecectetttaacggacatgtegtgecgaggtaccagectgcecacccattectecagacttt
gggggcgtcgccattattaaatatgcageccagcaagaaaggcaagtgtgeggtgeatte
gatgactaacgccgtcactattcgggaagctgagatagaagttgaagggaattcteage

' tgcaaatctctttctcecgacggecttagecagegecgaattcegegtacaagtetgttet

~acacaagtacactgtgcagccgagtgccacccecccgaaggaccacatagtcaactacce
ggcgtcacataccaccctcggggtcecaggacatcteccgetacggegatgtecatgggtge
agaagatcacgggaggtgtgggactggttgttgctgttgccgcactgattctaatcgtg
gtgctatgcgtgtcgttcagcaggcactaa

In one embodiment, the present invention provides a

vector comprising the nucleic acid molecule as described

above, wherein the vector optionally @ comprises an

_expression control sequence operably linked to the nucleic

acid molecule.

Examples of an expression control sequence“include,
but are not limited td, promoter such as CMV promoter,
phage lambda PL promoter, the E. coli lac, phoA and tac
promoters, the SV40 early and late promoters, and promoters
of-retroviral LTRs.

The expression veétofs can be prepared by a persoh
skilled in the art based ‘oh WO/2012/006180, the entire
contents of which are incorporated by reference herein.
Examples of vectors which can be used fqr véxpressing a.
fusion protein of a‘polypeptide derived from Chikungunya
virus (CHIKV) and a polypeptide of antigen include é vector
shown in VLP CHI 512 vector (SEQ ID No.:23) ‘containi'ng
CHIKV VLP. polynucleotide (SEQf ID No. 28; correspondingv

amino acid sequence represented by SEQ ID No.:29); and
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VLP_CHI 532 vector (SEQ ID No.: 24) containing CHIKV VLP
polynucleotide (SEQ fU) No.  30; corresponding amino acid
sequence represented by SEQ ID No.:31).

The expression vectors can be prépared by 'a person
skilled ih‘ the art bésed on US2012/0003266, the entire
cohﬁenté of which are inébrporated by réference herein. |
Examples 6f vectors which cén. be used‘.for expressing a
fusion protein of a polypeptide derived from 'Veneéuelan
equine encéphalitis virus‘ (VEEV) and a polypeptide’ of
aﬁtigen include a vector shown in VLP _VEEV VLP 518 vector

(SEQ ID No.:25) containing VEEV VLP polynucleotide (SEQ ID

No. 32; corresponding amino acid sequence represented by

SEQ >ID No.:33); VLP_VEEV VLP 519 vector (SEQ ID No.26)
containing VEEV VLP polynucleotide (SEQ 1ID = No. 34;
correspénding namino acid sequence represented by SEQ ID
No.:35); and VLP VEEV VL‘P 538 Vector. (SEQ ID No.: 27)
containing VEEV VLP polynucleotide (SEQ ID No. 36;
correspénding amino acid sequence representéd. by SEQ 1ID
No.:37).

In ohe embodiment, the presenﬁ in&ention.provides

i) a nucleic acid molecule encoding a fusion protein of a

vpblypeptide defivéd_from Chikungunya virus (CHIKV) and a

polypeptide derived from TNF-a, which consists of a
nucleotide sequence represented by SEQ ID No.1l3;

ii) a nucleic acid molecule encoding a fusion protein of a
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- polypeptide derived from Chikungunya virus (CHIKV) and a -

polypeptide derived. from CD20, which - consists of a
nuéleotide sequence. represented by SEQ ID No.14;

iii) a nucleic acid molecule encoding a fusion protein Qf a
polypeptide defived from Venezuelan equine eﬁéephalitis
virus (VEEV) énd'a polypéptide derived from TNF—a,_thch

consists of a nucleotide sequence fepresented by SEQ 1ID

- No.15;
iv) a nucleic acid molecule encoding a fusion protein of a

polypeptide derived from Venezuelan equine encéphalitis

virus (VEEV) and a polypeptide derived from CD20, which
consists of a nucleotide sequence represénted by SEQ ID

No.16; or

v) a nucleic acid molecule encoding a fusion protein of a

polypeptide' derived from Veneéuelan equiné» encephalitis
virus (VEEV) and a polypeptide derived from CTLA4, which
consists of a Inxﬂeotide‘seéuence_represenﬁed by SEQ 1ID
No.17. |

In one embodiment, the present invention provides é.
nucleic acid molecule which isbmodified from the nucleic

acid molecule having a nucleotide sequence represented by

any one of SEQ ID Nos.13-17. The modified nucleic acid

molecule may have at least 70%, 75%, 80%, 85%, 90%, 95% or
98% nucleotide sequence identity to the nucleic  acid

molecule having a nucleotide sequence represented by any
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one of SEQ ID Nos.13-17. Also, the modified nucleic acid -

molecule may be'avmutant where at most 10% of the amino

acids are deléted, substituted, and/or added based on thé

nucleic acid molecule having a nucleotide sequence

 represented by‘any one of SEQ ID Nos.13-17.

(3) Composition

In the third aspect, the present invention provides

‘a composition comprising the particle-provided in the first.

aspect of the present invention and/br the nucleic acid
molecule provided in the second aspect of the présent
invention.

In one embodiment, the present invention provides a

composition comprising the Chikungunya or Venezuelan equine

encephalitis virus like particle és,described above or the
nucleic acid molecule as described aﬁo#e. |

‘The "composition may " further qomprise a -
pharmaceutical accéptable carrier and/of adjuvapt. 
Examples of adjuvant include, but are not limited to Ribi
soiution (Sigma Adjuvant system, Sigma—Aldriéh).

The pharmaceutical composition of. the preéent
invention may contain a ,single active ingredient 'or a

combination of two or more active ingredients, as far as

- they are not cohtrary to the objects of the present

invention. For example, cytokines including chemokines,
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anti-body df 'cytokines "such as anti TNF antibody (e.g.
infliximéb, adalimumab), anti-VEGF antibody (e.qg.

bevacizumab and ranibizumab), cytokine receptor antagonist

"such as anti HER2 antibody (e.g. Trastuzumab), anti EGF

receptor antibody (e.g. Cetuximab), anti VEGF. aptamer (e.qg.
Pegaptanib) and immunomodulator such as cyclosporine,

tacrolimus, ubenimex may be -used for the combination

- therapy.

In a combination of plural active ingredients, their.
respective contents may be suitably increésed or decreased
in consideration of their therapéuticveffects and Safety.

The termv“cémbination"bused heréin means two‘or‘more
active  ingredient  are .'adﬁinistered to a _patiént
simultaneously in the form of a single entity or dosage,‘or
are both administered to a patient as separaté entities
either simultaneously or sequentially_with ﬁo specific time
limits, wherein | such administration provides,
therapeutically effective levels of the two compbnents in
the.body, preferabiylat the same time.

In one embodiment, the composition is a vaccine
composition including a DNA Vacciﬁe. in one  embodiment,
the DNA vaccine provided by the present invention COmprises

CpG containing oligonucleotide.

(4) Method of producing an antibody, Method of
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immunomodulation, Method of treating an autoimmune disease,

Method of inducing and/or enhancing immune response against .

an antigen in a mammal, Method of treating cancer, Method

of passive immunization, Method of presenting an antigen on

macrophage, and Method for producing a particle
In the fourth aspect; the present invention provides

a method of producing an antibody, comprising contacting

- the particle provided in the first aspect of the present

invention and/or the nucleic acid molecule provided in the

second aspect of the present invention to a mammal.

The ahtibody produced in the fourth aspect of the

present invention may be humanized using a conventional

technique. Thus, in one embodiment, the method provided in
the fourth aspect of the invention' further comprises a step

of humanizing non-human mammal produced antibody.

The particle provided in the first aspect of the

.present invention and/or the nucleic acid molecule provided

in the second aspect of the present invention may be
administered directly into the patient, inﬁo the affected
organ or systemically, or applied-ex vivo to cells derived
from the patient or é human cell line whiCh are
subsequently administefed to the patient, or used in vitro

to select a subpopulation from immune cells such as B-cell
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and T-cell derived from the patient, which are.then re-

administered to the patient.

According to the present inventiQn,-the virus like

'pérticle can be applied for the immune therapy.

in the fifth aspect, the présenﬁ inyentioh provides
a method'of immunomodulation,‘a method of treating an
autoimmune disease, a method of inducing and/oi énhéncing
immune résponse»against an antigén in a mammal, and a
method of treating cancer éoﬁprising'édministering thev
composition provided iﬁ the third aspect of the preseht

invention to a mammal.

In sixth aspect, the present invention provides a

method of passive immunization, comprising administering

the antibody provided in the fourth aspect of the present

invention to a mammal. .

In seventh aspect, the present invention provides a
method of presenting an antigen on macréphage, comprising

contacting the particle provided in the firSt.aspect of the

\ present invention and/or the nucleic acid molecule provided

in the second aspect of the present invention to a mammal.

In eighth aspedt, the present invention provides a

method for producing the particle provided in the first
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aspect of the présent invention, comprising preparing a
géne comprising a nucleotide sequence encoding said
particle; culturing a cell which is transfected with said

gene to express said particle; -and recovering said particle.

In‘one embodimenﬁ,'the present invention provides a
method of producing:an anﬁibody, Comprising cohtaCting ﬁhe,
Chikungunya or Vénezuelan.equine encephalitis virus like
particle as déscribed above and/or ﬁhe nucleic acid
molecule as described above to a mammél. The produced
antibody may be an an;ibody which can specifigélly bind to
the ‘antigén' comprised in the Chikungunya‘ Qr';Venezuelan
equine encephalitis virus like particle or ﬁhe antigen
encoded by the nucleic acid‘ molecule. The method of
producing an antibody provided by the present invention‘may
be a useful method for producing a mbnoqlonal or polyclonal
antibody agéinst'an antigen {(e.g. TNFa, CD20 and CLTA4).

In one embodiment, the antibody vobtained by the
method of producing an antibody aCcording,to the present
invention is used for passive immunization. The method of
passive immunization may comprise ‘administering the

obtaihed antibody to a mammal.

According to. the present invention, the composition
of the present invention is useful for immunomodulation.

Especially said immuriomodulation is for the treatment of
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autoimmuné»disease, neural diseaae, inflammatory diséase
such as inflammatory lung disease, including the acute
respiratofy distress syndrome, chronic obstructive
pnlmonary disease and asthma, angiogenesis associated

diseases including .neoplasm.

In one prefefred embbdiment, the immunomodulation
provided by the present invention is inducing and/or
enhancing immune response against an antigen in a mammal.
Thus, in one embodiment, the present invention provides a
method of indUcing and/or enhancing immune reSponse against

an antigen in a mammal, comprising administering an

.effective amount of the composition as described above to

the mammal. Examples of mammal include; but are not

limited to, a human.

Since many antibodies are uSeful for the treatment
of disease,_the method and the compbsition which are
provided'by the present invention can be useful for the

treatment of diseases:. For example, an antibody which

' specifically binds the target as listed in Table 1 or an

.antibody which binds an epitope on the target as listed in

Takle 1 is useful for the treatmént of the disease as

listed in Table 1.
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In one embodiment, ét least one antigen which is
used for the présent invention is at.leaSt'bne target as
listed in Table 1. When at least one antigen which is used
for the present inventién is at least oné‘target as listed‘
in Table 1, the particlé, the:isblated nucleic aqid,'the
vector, the composition‘and the ﬁéthod providéd by the
presént invention can'be‘useful for thé treatment of the
disease or the condition as listed in Téble 1 (sée "Use" .of

Table 1).

For example, when at 1eaSt one antigen used for the
preSent invention is one or more cancer antigen, the
particle, the isolated nucleic acid, the vectbr, the
composition and the method provided by the present

invention can be useful for the treatment of cancer.

Examples of cancer antigen includé, but are not

limited to, VEGF, epidermal growth factor reCeptor, CD33,

cD20 and ErbB2. When the composition of the present

invention comprising two or more cancer antigens is

_administered to a mammal, antibodies directed to the two or

more cancer antigens can attack the cancer.

For example, when at least one antigen used for the

present invention is amyloid B, the isolated nucleic acid,

the Véctor, the composition and the method provided by the



10

15

20

WO 2013/122262 ‘ _ ‘ PCT/JP2013/054422

46

present invention can be ﬁseful for the treatment of

Alzheimer's disease.

For example, when at least one antigen used for the
pfeseht invention is TNF}alpha,,the isolated nucleic acid,
the vector, the;compdsitionﬂand the‘method prbvided by the
présent inventién can be useful for the.tréétment of
inflammatidn; auto immune disease including rheumatoid
arthritis;‘psoriasis,Crohn's'disease; ulcérative.colitisa

etc.

For example, when at least Qné antigen used for the
présent invention is CD20, the isolated nucleic acid, the
vector, the composition and the method provided by the
present invention can be useful for the treatment of auto
immune aiseasebincluding rheumatoid arthritis and SLE;

cancer including Non-Hodgkin lymphomé etc.

For example, when at least one antigen used for the

- present invention is CTLA4, the isolated nucleic¢ acid, the

vector, the composition and the method proVided by the
present invention can be useful for the treatment of cancer

including melanoma; and useful for activating T cells etc.

Given the symptom of patients infected with
Chikungunya or Venezuelan equine encephalitis together‘with

unusual big molecule of Chikingunya or Venezuelan equine
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'encephalitis, this VLP can act effectively and efficiently

to target macrophage and its composition such as cytokines

and immunomodulative compounds.

In one aspect,.the present inveﬁtion provides a
methdd of‘presenting an antigen on macrophage; comprising
administering the Chikungunya or Venezﬁeian equine
encephalitis virus like particle as described ebove and/oxr

the nucleic acid molecule as described above to a mammal .

‘The Chikungunya or Venezuelan equine encephalitis virus

like particle provided by the present invention is good to
tafget macrophage. 1In ene embodiment, the Chikungunya or
Venezuelan equihe,encephalitis ViruS'like particle provided
by the present invention is ‘a kind of deiivery'system of
the at least one antigen,‘which is comprised in the
Chikungunya or Venezuelan equine,encephalitis virue’like

particle, to macrophage.

In one embodiment, the present invention provides a
method for producing Chikungunya or Venezuelan equine

encephalitis virus like particle provided in the first

aspect of the present invention, comprising preparing a

gene comprising a nucleotide sequence encoding said
particle; culturing a cell which is transfected with said
gene to express said particle; and recovering said particle.

In this embodiment, transfection can be conducted using a
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conventional method. Cells using for the transfection may
be 293 cells. Recovering VLP may include collecting a
conditioned medium after cells are transfected with a

plaémid comprising a gehe,’andlmay'further include purify

- VLP from the conditioned medium using ultracentrifugation;

In one embodiment, further step may be included in the
method for producing Chikungunya or Venezuelan equine

encephalitis virus like particle provided in the eighth'

‘aspect of the present invention, where a polynucleotide

encoding an antigen is designed so that>spatia1 distance
between the N-terminal residue and_C—termihal residue of
the antigen is'30ﬁ or less (e;g. frém 5 A to415 A, fréﬁ 5 A
to 12 ﬁ, from S_ﬁ to 11 ﬁ, from 5 A to 10 ﬁ, from 5 A to 8‘
A, from 8 A to 15 A, from 8 A to 13 A, from 8 A to 12 A,
from 8 A to 11 A, from 9 A to 12 A, from 9 A to 11 A, from
9 A to 10 ﬁ, or from 10 A to il A) when the distancé'is
determined in a crystal of the.ahtigen or a naturally

occurring protein containing the antigen or modified

protein therefrom.

Immune system evolves to recognize foreign antigens
for killing pathogens such as viruses or bactefia.' It also
evolves not to recognize self proteins to protect self
proteins. It is called immune\tolerance 5ysteﬁ. Therefore

it is difficult to induce antibodies against self-antigen
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by traditional immunization méthods. To overcome the
immune tolerance, we developed a»noVel-vaccine method using
a self-assembly subunit'COntaining an self-antigen. The
sélf—assembly subunit spontaneousiy assembles and forms a
stable drganized unit that presents highly repetiti&e

antigens on the surface. Highly repetitive antigens

| immunogen strengthen signal pathways in B cells and result

in stimulation of antibody'responsés than single antigen

immunogen such as traditional immunization

methods. Applying~this mechanism to vaccine development

not only increases antibody responses against target.

immunogens but also overcome self-antigen tolerance.

The present invention will be described in detail
with reference to the following example, which, however, is

not intended to limit the}scope of the present invention.

EXAMPLES

(1) Preparation of Chikungunya virus like particle

comprising a virus structural polypeptide and a fragment of

human TNF alpha

It was expected that a monomer of TNF alpha
polypeptlde fused with Chikungunya virus structural

polypeptide is difficult to be stably expressed because TNF
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aipha is feund as a trimer“under natdral conditions.
However,.use of a fusion protein, in which TNF alpha
monomer peptide (a fragment of TNF alpha.monomer peptide)
is fused with the Chikungunya virus structural polypeptide .-
through 1ihkers at N- and C-terminal of TNF aiphaederived
peptide for attaching TNF alpha—derived peptidedto the
Chikungunya virus structural polypeptide, resulted in
stable expression of a Chikungunyavirus like particle
vcomprieing a virus structﬁral polypeptide end TNF alphab

monomer-derived peptide.

In detail, polynucleetide encoding the original humaﬁ
TNF alpha was modified to prepare a polynucleetide.enCOding
:modified TNFvalpha—derived peptide Where RTPSD which is N-
terminal sequence of the original TNF alpha—derived.peptide
is repiaced with Sunand TRGGS is attached to C—terminal of
‘the TNF alpha (see SEQ_ID'NQS.18—20 as ehown in Fig.1l).
The resﬁlting polynucleotide was inserted between the
codons ehcoding G at 519-position and Q at 520-position of
SEQ ID No.2 to construct\a plesmid (hereinefter referred to
as CHIKV-TNFa4) for expressing Chikungunya virus like
particle where the modified TNF'elpha—derived peptide is
inserted into E2 of Chikunguﬁyavirus structural
polypeptide (C-E3-E2-6K-E1) . Subsequehtiy, 293F cells

(1.5x10° cells/ml) was transfected with 250pg of CHIKV-
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TNFa4. After culturing for 4 days, the supernatant was

collected. The obtained supernatant was overléid onto Opti
Prep (Sigma DlSSG)-followed by being ultracentrifuged

(20000rpm, 120min)jusing SW28 rotor to ¢oncentrate VLP (i.é.

virus like particle). "The concentrated VLP was mixed with

Opti Prep to form'dénsity gradient followed by

ultracentrifuged (75000rpm, 4hours) using NVT100 fotof.

After the ultracentrifugation, purified VLP was collected.

The expression of VLP'comprising TNF alpha conjugated with

Chikungunya virus structurallpolypeptide was confirmed by

| Western Blot using an antibody specific for CHIVK (ATCC:

VR-1241AF) and an antibody specific for TNF alpha (Cell

Signal: #6945).

The spatial distance between the N-terminal residue
and C-terminal residue of the TNF alpha-derived peptide is
8.27A when the distance is determined in a crystal of TNF

alpha.

(2) Preparation of Venezuelan equine encephalitis virus

like particle comprising a virus structural polypeptide and

human TNF alpha-derived peptide (referred to as "VEEV-TNFa

VLPs")

According to the above-described (1), polynucleotide

encoding modified TNF alpha-derived peptide fused with
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polynucleotide encoding Venezuelan/equine encephalitis
virus structural polypeptide was prepared (see SEQ ID
No.15) to construct an expression vector followed by -

transfection in 293F cells.

VEEV-TNFa VLPs were purified by density gradient
eentrifuge. As seen in Lane 4, TNF alpha—deriVed peptide
and VEEV expreseion was confirmed by Wesrern blot using
TNFa monoelonal antibddy (top panel) and VEEV polyclonal

antibodies (bottom panel), respectively(see Fig.2).

The spatial distance between the N-terminal residue
and C-terminal residue of the TNF alpha-derived peptide is

8.27A when the distance is determined in a cryStal of TNF

alpha.

(3) Detection of anti-human TNF alpha antibody in immunized -

mouse

N

Mice were divided into three groups (n=5 for each
group) . . The Chikungunya virus like particle compriSing a
virus structural polypeptide and human TNF alpha-derived

polypeptide prepared according to the above-described (1)

- (referred to as "CHIKV-TNF alpha" below), Chikungunya virus

like particle without comprising human TNF alpha-derived
polypeptide (referred to as "CHIKV-VLP" below), Venezuelan

equine encephalitis virus like particle comprising a virus
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structural polypeptide and hﬁman TNF aipha—deriyed.
polypeptide preparedIaCCOrding to the above—described

(2) (referred to as "VEEV—TNF alpha” below), Venezuelan
equine encephalitis virus like particle without comprising
human TNF alpha—derived polypeptide (referred to as "VEEV-
VLP" below) or vehicle (i.e. PBS)'were intramusculafly.
administered to each group of mice. The micéywere
administered ét the beginning of the experimént,(referred'
to as "6 week" below) and three weeks after the first
administration (refefred to as "3 week“‘below) as described
below: Group 1: VEEV-TNF alpha (0 week), CHIKV-TNF alpha (3
week) ; Group 2: VEEV-VLP (0 week), CHIKV-VLP (3 week); and

Group 3: PBS (0 week), PBS (3 week).

6 weeks,after the beginning of the experiment, blobd sample
was obtainéd‘from eaéh méuse/and serum was prepared:
Produced anti-human TNF1alpha antibody was detected using
ELISA where TNF alpha protein was coated on ELISA plate.
The resulté show ﬁhatjthe virus like-particle comprising é
virus structural pOlypeptide and human TNF alpha-derived
polypeptide induced anti-human TNF alpha éntibodies in

mouse (see Fig.9).

(4) Preparation of Venezuelan equine encephalitis virus

like particle comprising a virus structural polypeptide and

‘a fragment of human CD20

; .
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Accbrding to the above-described (1)_and (2), VEEV-
CD20 VLPs were purified‘by density gradient'centrifuget and
a fragment of CDZO‘and VEEV expression was confirmed by
Western blot. IYNCEPANPSEKNSPSTQYCYSIQ (SEQ ID NO:: 21), <
which is a fraément Qf.CD20,vwas used as an antigen fused
" with Venezuelan équine eﬁcephalitis.virﬁé étructural

polYpeptide.

The spatial distance between the N-terminal residue
and’C—términal residue of the CD20 fragment is 10.07A when

the distance is determined in a crystal of CD20.

(5) Preparation of Venezuelan equine encephalitis virus

like particle comprising a virus structural polypeptide and

a fragment of human CTLA4

A fragment of CTLA4: CKVELMYPPPYYLGIG(SEQ ID No.: 22)
‘was selected based én the full—length CTLA4:amino acid
sequende so that spatial distancé between the'N;terminal
- residue and the C-terminal ?esidue of the fragﬁent, Which
is fused into VeneZuélan equine encephalitis virus
structural polypeptide E2, is about 5;6ﬁ'when the distance

is determined in a crystal of CLTA4.

A polynucleotide encoding the fragment of CTLA4 was
introduced into VLP_VEEV VLP 518 vector to construct a

plasmid for the expression of the fragment of CTLA4 fused
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‘with Venezuelan equine encephalitis virus structural

polypeptide consisting of the amino acid sequence by SEQ 'ID

No. :8.

(6) Preparation of Venezuelan equine encephalitis virus

like partiéle comprising a virus structural polypeptide and

- full length human CTLA4

Abpolynucleotide encoding full length human CTLA4 was
introduced into VLP_VEEV VLP 518 vector to construct a
plasmid for the expression of CTLA4 fused with Venezuelan

equine encephalitis virus structural polYpeptide.

The spatial distance between the N-terminal residue
and the C-terminal residue of full length human CTLA4 is
about 39.6A when the distance is determined in a crystal of

CLTA4.

Expression of CTLA4 fused with Venezuelan equine

encephalitis virus structural polypeptide was not be able

to be detected by ELISA after transfecting 293 cells with -

the prepared plasmid.

(7) Preparation of Chikungunya virus like particle

comprising a virus structural polypeptide and a fragment of

human or mouse CD20 and detection of anti-human or mouse

CD20 antibody
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- Chikungunya virus like particles comprising a virus’
structural bolypeptide ana a fragment of human or mouse
CD20 were prepered using VLP CHI 532 vector and a fragment
of human or mouse TNF alpha antibody. The fregment of
human and mouse TNF alpha antibody are descfibed beiow:'
CD20 Human iyncepanpseknspstqycysiq (SEQ ID No.:21); CD20

Mouse ydcepsnsseknspstqgycnsi (SEQ ID No.:41).

Likers (e.g. SGG, SG, GS or GGS) were used to insert the
fragment of CD20 as described below between G at 519-

position and Q at 520-position of SEQ ID No.2:
CD20 Human: SGGiyncepanpseknspstqycysigGS (SEQ ID No.:42)

CD20 Mouse version2: SGydcepsnsseknspstqycnsiGGS (SEQ ID

No.:43)

CD20 Mouse version3: SGGydcepsnsseknspstqgqycnsiGS (SEQ ID

No.:44) .

Plasmids: VLP_CHI VLP 532 CD20H, VLP_CHI VLP 532 CD20-

2 mouse and VLP_CHI VLP 532 CD20-3 mouse were used for the

‘expression of Chikungunya virus like particles comprising a

virus structural polypeptide and a fragment of human or

mouse CD20 (SEQ ID No.: 45 (the amino acid Sequence of the

expressed polypeptide is represented by SEQ ID No.: 46),

SEQ ID No.: 47 (the amino acid sequence of the expressed
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polypeptidé»is represented by SEQ ID No.: 48) and SEQ ID

'No.: 49 (the amino acid sequence of the eXpressed

polypeptide is represented by SEQ ID No.: 50).

Virus like particles were purified according to the
meﬁhgd és'described in (1). Mice were immunized once with
lOOpg of the purified VLPs; 100pg of the fragment,of.humén
or mouse CD20; or PBS (control) . Ten days after the
immuﬁization, blood sample were obtained frém the mice and
serum wés prepared. Anti-human CD20 antibody induced by‘

the immunization was detected by ELISA coated with the

'fragment of human CDZO, and ~anti-mouse CD20 antibody

induced by the immunization was detected by ELISA coated
with the fragment of mouse CD20. Thé‘reéults showed that
anti-human CD20 antibodies and anti-mouse CD20 antibodies
were adequately induced by administration  of __the’
Chikungunya vifus like particle comprising the fragment of

human or mouse CD20 fused with virus structural polypeptide.

Also, the results showed that antibody specific for a self

antigen can be adequately induced by administering
Chikungunya virus 1like particle comprising a fragment of
the self antigen fused with virus structural polypeptide

(see Fig. 10 and Fig. 11).
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CLAIMS

1. A particle which is capable of being self-assembled,

comprising a polypeptide and at least one antigen, wherein

~said polypeptide comprises at least one first attachment

site and said at least one antigen comprises at least'Oﬂe
second attachment éite, and wherein said polypeptide and
said antigén are linked-through said atvleaSt one first and
said at least one second attachﬁent site, and wherein
spatial distance between ‘the. N-terminal residue and C-
terminal residueiéf the antigen is 30 ﬁvorvless'wheﬁ the
distance is aetefﬁined in a crystai of.the antigen or a
naturally occurring protein containing the antigen or
modified protein therefrom. |

2. The particle éccordiné tob Claim i, wherein said
particle is virus like particle.. |

3. A particle comprising a virus structural polypeptide

and at least one antigen, wherein said virus structural

polypeptide compriseé at least one first attachment site
and'said at 1eaét one antigen comprises at least one second
attachmenﬁ éite,» and wherein said virus structurai
pol?peptide and said antigen are linked through said at
least one first and said at least one second attachment

site, and wherein said particle is virus like particle.
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4. The particle according to Claim 2 or Claim 3, whérein
said virus blike particle 1is derived frdm alphavirus of
Flavivirus.
5. The‘ particle accofding to Claim 4, whereiﬁ_ said
alphavirus of Flavivirus is selected from the group
consisting of Aura: virus, Babanki virus,, Barmah Forest 
virus (BFV}, Bebarﬁv virus, Cabassou virus, Chikungunya
virué (CHIKV), Eastern equiné éncephalitis virus (EEEV) ,
Eilat virus, Everglades virus, Fort“Morgaﬁ. Virus,i Getah
virus, Hiéhlands J virﬁs, Kyzylagach virus, MaYaro virus,
Me fri.virus; Middelburg}virus} Moséb das»Pédras Vvirus,
Mucaﬁbo' Virus,i Ndumﬁ virus, O'nyongfnyong.vifﬁs, ”PiXuna
virus, Rio Negro virus, }Ross River :Virus (RRV}, Salmon
pancreas aisease virus, Semliki Forest virus, Sindbis virus,
Sputhern elephant seal virus, Tonate Vifus, Trocara virus,
Uﬁa virus, 1‘Venez'uelan equine eﬁcephalitis virus (VEEV),
Western equine encephalitis virus (WEEV) ,Whataroa virus,
“West Nile virus, dengue virus, tick-erne éncephalitis
viius ahd yellow fever virus.
6. The particle accofding to ‘Claim 5, whereiﬁ said
alphavirus 1is Chikungunya virus (CHIKV) or Venezuelan
equine encephalitis virus (VEEV).
7. The particle ‘according to any one of Claims 2-6,
wherein said polypeptide is virus structural polypeptide

comprising an envelope protein.
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8. The‘ particle accofding to any one of Claims 2;7,
wherein said polypeptide is virus structural polypeptide
comprising the capsid and/or the envelope proteins E3, E2,
6K and E1l.

9. The particle aCcording to Claim 8, wherein ‘said at
least one antigen is inserted in to E2 of the eﬁvelope
protein.‘

10. The_‘particle according to any one of Claiﬁs 1-9,
whereih said entigen is at least one selected _ffom the

group consisting of self antigens and cancer antigens.

o 11, The particle according to any one of Claims 1-10,

wherein said antigen is a polypeptide derived from TNF-a,
CD‘20 vor CTLA4 .

12. The particle .according to any one ’of Claims' 1-11,
whereiﬁ said polypeptide is ba polypeptide derived from
Chikungunya virus (CHIKV) or Veneiuelan equiﬁe encephalitis
yirus (VEEV)

13. The particleb according'_to -ahy' one of Claims 1-12,
wherein said.polypeptide and said‘at least one antigen is
i) a polypeptide derived from'Chikungunya virus (CHIKV) and
a polypeptide of TNF-a; |

ii) a polypeptide derived from Chikungunya virus (CHIKV)

“and a polypeptide of CD20;

iii) a polypeptide derived from Venezuelan equine

encephalitis virus (VEEV) and a polypeptide of TNF-a; oOr -
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i&) a.- polypeptide derived from _>Venezuelan equine
encephalitis virus (VEEV) and a polypeptide of CD20 -

v) a  polypeptide deriyed' " from Venezuelan equine
encephalitis virus (VEEV) and a polypeptide'Of CTLA4.’ |
14. The pafticle according to any one of Claims 1-13, -
wherein Said at least one entigen and eeid polypeptide'ere
expfessed as a fusion protein;‘

15. The particle accerding to Claim 14, Wherein said
polypeptide and said at least one antigen are directly
fused. |

16. The particle accordinggto Claim 14, wherein said at
least one antigen are fused with said polypeptide, wherein
one or two linkers intervenee between‘N—terminai residue of
said antigen and said polypeptide and/oribetween C—terminai

residue of said antigen and said polypeptide.

-17. The particle according to Claims 15 of 16, wherein said

at least one antigen is inserted between residues 519 and
520 of SEQ ID Nos.lvot 2,‘between fesidues 530 and 531 of
SEQ ID Nos.1l or 2, between residues 531 and 532 of SEQ ID
Nos.1 or 2 or between residues 532 and 533 of SEQ ID Nos.1
or 2. o |

18. The particle aecording to any one of Cliaims 14-17,
wherein said fusipnlprotein is a protein consisting of an
amino acid sequence repreSented by.SEQ ID Nos. 4, 5, .6, 7

or 8.
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19. The(particle'accordingfto any one of Claims 14-17,
wherein éaid fusion perein is derived from a protein
consistihg of én amino acid sequence which has a sequence
identity of 90% or more with an amino. acid sequence

represented by SEQ IDdes. 4, S; 6, 7 or 8.

20.. The ‘particle according to éﬁy; one of Claims 1-13,

wherein said at least one antigen is linked to said
polypeptide by way of chémical cross—linkiné.‘

21. An isolated nuqleic acid molecule cémprising a
nucleotide sequencé that encodes the particle accofding to
any one of Claims 1-20.

22. An isolated. nucleic acid molecule ébhsistingr of a.
nucleotide sequence represented by SEQ ID Nos. 13, 14, 15,

16 or 17.

23. An isolated nucleic acid molecule consisting of a

nucleotide séquence which has a sequehce identity of 90% or
more with a nucleotide sequence eﬁcoding representéd by SEQ
ID Nos. 13, 14, 15, 16 or 17.

24, A vector compfising the nﬁcleic acid molecule

according to Claim 23, wherein the vector optionally

‘comprises an expression control sequerice operably linked to

the nucleic acid molecule.
25. A composition comprising the particlé according to any "
one of Claims ‘1-20 and/or the nucleic acid molecule

according to any one of Claims 21-24.
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26. A pharmaceutical compositioﬁ comprising:

(a) the particle according to any one of Claims 1-20 and/or
the nucleic acid molecule according to any one of Claims
21-24; and . |

(b) a pharmaceutically acceptable carrier.

27. A vaccine composition comprising the particle

according to any one of Claims 1-20.

28. A DNA vaccine composition comprising the nucleic acid

- molecule according. to any one of Claims 21-24.
29. A method of producing an antibody; comprising

¢ontacting the particle according to any one of Claims 1-20

aﬁd/or the nucleic acid molecule according to any one of
Ciaims 21-24 to a mamﬁal.

30. The method ac¢ording to Claim 29, wherein said
antibody;.is a monoclonal antibody.

3i. A method of immunomodulation, comprising adﬁinistering
an immﬁﬁologically effective amount of the composition. of
any ohe of claims 25-28 to a mammal.‘

32. A method of treating an autoimmuné disease,_comprising‘
administering' an immunologically effective amount vof the
composition of any one of claims 25-28 to a mammél.

33. A method of inddciﬂg and/or enhancing immune response
against an antigen in a mammal, comprising administering an
effective amount of the‘compoéition of any one of claims

25-28 to the mammal.



i0

15

20

WO 2013/122262 . PCT/JP2013/054422

64

34. A method of treating cancer, comprising administering

~an effective amount of the composition of any one of claims

25-28 to a mammal.

35; A method ; of passive immunization,‘ comprising
administering.theiantibOdy obtained by the method according
to Claim 2§ of Claim 30 to a mamﬁal.

36. The method according to Claim 35, for the}treatmént éf

cancer.

37. The method according to any one of Claims 34-36,

wherein said at least one antigen is a cancer antigen.

38. The method according to any one of Claims 34-36,

wherein said ét least one antigen is one or more cancer
antigen. | |

39. A  method  of presenting an antigen on macrophage,
éomprisiﬁg contaéting the parﬁicle according to‘any one of
Claims 1-20 and/ér the nucleic acid molecule accofding to
any one of Claims 21-24 to a mammal .

40. A method fot producing ' the particle according to
Claims 14-19, comprising preparing a gene‘ compfising a
nucleotide sequence encoding séid particle; culturing a
cell which is transfected with said gene td express said

particle; and reéovering said particle.



