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DESCRIPTION

VIRUS:LIKE PARTICLE COMPOSITION

CROSS REFERENCE TO RELATED APPLICATIONS

This applicatioh claims Ehe_ benefit. of U.S.

‘provisional ‘Pateht' 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 1least one antigeh, and a

composition comprising thereof.

BACKGROUND

‘Virus—like particles (VLPs) are'multiprotein
structures that mimic the orgaﬁizatibn and conformation of
éuthentic native viruées but lack the viral genome,
potentially yielding safer and cheaper vaccine candidates.

A handful of prophylactic VLP-based vaCcines is currently

‘¢ommercialized worldwide: -GlaxoSmithKline’s Engerix®

(hepatitis B virus) and Cervarix® (human papillomavirus),
and Merck and Co., Inc.’s Recombivax HB® (hepatitis B

virus) and Gardasil® (human papillomavirus) are some
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examples. Other VLP-based vaccine candidates are in

clinical trials or undergoing preclinical evaluation, such

as, influenza virus, parvovirus, Norwalk and various
chimeric VLPs. Many others are still restricted to small-

scale fundamental research, despite their success in

preclinical tests. The implications of large-scale VLP

production are discussed in the context of process control,
monitorization and optimization. The main up- and down-
stream technical challenges are identified and discussed

accordingly. Successful VLP-based vaccine blockbusters are

' briefly presented concomitantly with the latest results

from clinical trials and the recent developments in
chimeric VLP-based technology for 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 epidemic virus 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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1iké particle (VLP) comprising one or more Chikungunya
vifus structural polypeptides which is.usefﬁl for
formulating a vaccine or antigenic composition for
Chikungunya that induces immunity Eo an infection or at

least one symptom thereof. W02012/106356 discloses modified

' alphavirus or flavivirus virus-like particles (VLPs) and

methods for enhancing production of modified VLPs for use
in the prevention or treatment of alphavirus and .
flavivirus-mediated diseases. (these cited references are

herein incbrporatgd by reference) .

SUMMARY OF THE INVENTION

In the first éspect, the presenf ihvention‘provides
a particle which is'capable of being self—assembied,
comprising a polypeptide énd at»least one. antigen, wherein‘
said polypeptide cémprises ét least one first attachment
site and.said at least 6ne‘an§igen comprises at least one
second attachment site, and wherein said polypeptide and
said antigen. are iinked through éaid 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

- aspect of the present invention and/or the nucleic acid

molecule.provided in the second aspéct of the present

invention.

In the fourth aépe;t, the present invention-provides
a meﬁhod of'producing an aﬁtibody, ccmprising contacting
thebpérticle pfpvided_in the first aspectvof the présént
inVention'and/oﬁ the-nucleic acid moleéule provided in the

second aspect of the present invention to a mammal.

Iﬁ the fifth aspect, the present invention providés
a method of immundmodﬁlation, aimethod of tieating an
autoimmuﬁe disease, a method of inducing and/or ehhancing
immune reSponse against aﬁ antigen in a mammal, andAa
method‘of treating cancer comprising administering the
composition prgvidea»in the third aspect of the present
in?ention to a mammal. |

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

invention to a mammal.
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In seventh aspect, the preéent‘inveﬁtion provides a
methodﬁof présenting an antigen on macrophége, comprising
coﬁtacting the particle provided in the £ixst 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 pérticle provided in the first

"aspect of the presentfinvention, comprising preparing a

gene comprising a nucleotide sequence encoding said

.particle; culfuring a cell which 'is transfected withxsaid'

gene to express said particle; and recovering said particle.

-BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1l 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.
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Fig. 5 shqwé VL?_CHI 520 vector.

Fig.6 shows VLP_VEEV vLP 518 vector.
Fig.7 shows VLP“VEEV VLP 519 vegtof.
Fig.8’l"shOWS>VL-P'_VEEV VLP 538 veéto_r.‘

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 o

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

said polypeptide comprises at least one first attachment
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site and eaid at least one eﬁtigen compiises at least one
secoﬁd attachment site, and wherein seid polypeptide and
said antigen are linked through said at least one'first and
said at least one second ettachment~site.

As used herein, "a particle whioh is capable:of’being~
self-assemblea" refers to a particle formed by at least one

constituent which is spontaneously assembled. ,f 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 ot

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

polypeptide consists of one or more kinds of peptide. In
one embodiment, said particle has a diameter of at least
lonm, for example, at least 20nm, preferably at least 50nm.

In one embodiment, molecular weight of said particle is

from 100 kDa to 100,000 kDa, preferably from 400kDa to

30,000kDa.

A polypeptide used for the present invention is noﬁ
limi;ed as long as it is spontaneously assembled.  The
polypeptide may be a virus structural polypeptide. Tﬂus,
the particle provided by‘the present invention may'beba
virus 1ikelpartic1e. |

| A virus structural polypeptide may be a rm@urally
ooourring viral polypeptide or modified polypep#ide thereof.

In one embodiment, the modified polypeptide has at least
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70%, 75%, 80%, 85%, 90%, 95% or 98% amino acid ‘sequence
identity to a naturally occurring viral‘ structural
polypeptide including capsid ana7envelope prdtein. In one
embodiment, the modified polypeptide is a mutant where ét;
most 10%¢ of the amino .acias are-.deleted, substituted,z
and/or added to a naturally occurring viral stfuctural
Polypeptide.including capsid and envelépe protein.

In‘one'embodiment, virds-étruc#urai.polypeptide used
fof the bresent invenﬁion consists'of ochomprises capsid
and/or énvelope pfotein or fragmentvthereof. For example;
an envelopg protein comprises at‘least,one selected'frcm
the group consisting of E3, Ez{ 6K and E1. Virus

structural polypeptide used fbﬁ 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 orfFiavivirus.

Examples of‘ Alphavirus ana Flavivirﬁs include, but ﬁot
limiﬁed to, Aura vifus, Babanki virus,,Barméh Forest virus
(BFV}, Bebaru virus, .Cabassou virus, - Chikungunya virus
(CHIKV), Eastern equine encephalitis.virus (EEEV), Eilat |

virus, Everglades virus, Fort Morgan virus, Getah virus,

" Highlands J virus, Kyiylagach virus, Mayaro virus, Me Tri

virus, Middelburg virus, Mosso das Pedras virus, Mucambo
virus, Ndumu virus, O'nyong-nyong virus, Pixuna virus, Rio

Negro virus, Ross River virus (RRV),- Salmon pancreas
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disease'-virus, . Semliki = Forest virus, ,Sindbis Qirus,
Southern elephant seal virus, Tonéte virus, Tfocara‘Virus,
Uﬁa vifﬁs, Venezuelan eqﬁine encephgligis virusi’(VEEV),
Western equihe enéephalitis virus (WEE%),Whatarba. virus,
West Nile virus, dengue :virus, tiék—bqrne encephalitis
virus and yéllow fever virus. N

As used herein, the term "antigen“xrefers to é '
molecule capable of being‘bouhd‘by:an antibody or a T cell
receptor (TCR) if presented by MHC molecules. _Thé term
néntigen",Aas used herein, also encompasses T-cell‘epitopes.
A T—ceil epitope’isvrecognized by a T~¢ell receptor in the
context of a MHC_cléss I, pfesent on all cells of the body
except erythrocytes, or ciass II, present on iﬁmune cells
and in particular antigen presenting cells, This
recognition efent leads to activation of T-cells and
subsequent effector méchanisms such as proliferation Qf the
T-cells, éytokine secretibh, peéforin secretion etc. An
antigeﬁ is;additionally éapable of béiné recognized by the

immune system and/or being capable of inducing a humoral

immune response and/or cellular immune response leading to

the activation of B- and/or T—lymphécytes. This may,
however, require that, ét ‘leaSt in. 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
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above'is meant to indicate that the antigen will'preferably
react, typically in a'highly selective mannér, with its
correspondiné antibody or TCR and not'Qithvthe multitudé df’
other antibodies or TCRs which may be'_évoked .by. other
antigens. Antigens aé used herein ﬁay also be mixtﬁres of
several individual antigens. Antigené,‘ as used herein,

include but are not limited to allergens, self antigens,

‘haptens, cancer antigens (i.e. 1tumor'AantigensX and

infectious disease antigens as Well asf small organic
molecules  such ‘as drugs of abusé (like nicotine) and
fragments and derivatives thereéf. Furthefmore, antigens
used for the present;inﬁentiOn canvbe pepﬁides,.proteins,
domains, carbohydrates, alkaloids, lipids : of small
molecules such as, for example, steroid hormones and
fragments  and ‘derivatives | theredf, _ aﬁtoantibody - and
cytokine itself. |

Exampleé of cytokines include,‘but_are‘nbt limited
to, interleukin kIL) including over 30 type such as_iL;la,
IL-18, IL-2, -3, -4, -5, -6, -7, -8, -9, -10, —11 to -37;.
interferon (IFN) such. as IFN-«, IFNfﬁ and IFN-y; tumor
necrosis faétor (TNF) such as TNF—a‘énd TNF-B; transforhing
growth factor (TGF) such as TGF—a. and TGF-f; colony
stiﬁulating ~factor (CSF) such as grahulocyte-colony—

stimulating factor (G-CSF), granulocyte-macrophage-colony-

stimulating factor (GM-CSF), macrophage-colony Stimulating
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factor (M-CSF), erythropoietin (EPO), istem cell factor
(SCF) and monocyte chemotactic and activating = factor
(MCAF) ; growth faétor (GF) such as epidermal growth fa;:tor
(EGF), fibroblast 'growth factor (FGF), insulin like growth
factor (IGF), nerveli growth factor (NGF), :Brain—derived

neurotrophic factor (BDNF), platelet derived growth factbf

(PDGF) , vascular endothelial growth 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.

Cytcokines also ‘“includes chemokines which are
cytokines .that induce chemotaxis. There are two major

classes of chemokines, CXC and CC. The CXC chemokines,

such as neutréphil—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-1p,
keratinocyte—derived chemokine - (KC) , the mo_nocyté
chemotactic proteins (MCP-1, MCP-2, MCP-3, MCP-4, and -MCP-

5) and_the eotaxins (-1 and.-2)-are-chemotactic- for, among -



10

15

20

25

12

other ceil types, macrophages, T‘lymphocytes, eosinophils,
neuérophils, dendritic cells, and basophils. There also
exist the chemokines lymphotactin-1, lymphotactin-2 (both C'
chemokineé), and fractélkine (a CX3C chemokiﬁe) that do not
fall into either of the majgr chemokine sﬁbfamilies.

As used herein, the térm'"antigenicideterminant" is
meant to Trefer to that portion of an antigen that is
specifically recoghizedAby either B-or T-lymphocytes. B-
lymphocytes resppnd to foreign antigenic déterminants via
antibody prddﬁbtion,:whereas T-lymphocytss are tﬁe mediator "’
of cellular aimmuﬁity. Thﬁs, antigenic- detgrminants or
epitopes are those pafts of an‘antigen that are recoéniéed
by antibodies, or in the ‘context of an MHC, by T-cell g
reéeptors. An ahtigenic determinant contains one or more
epitopes. |

As used herein, the term "antibody" fefers to
molecules “which are. capable of binding &an. epitopé or

antigenic determinant. The term is meant to include whole

antibodies and antigen-binding fragments thereof,‘including

single-chain: antibodies. Such antibodies includé human
antigen binding antibody frégments~and include, but are ndt
limited to, Fab( Fab' and F(ab'}Z, Fd, single-chain Fvs
(scFv), single-chain antibodies, disulfide-linked . Fvs
(sdFv) and fragments comprising either a VL or VHidomain.

The antibodies can be from any animal origin including



10

15

13

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 0of a human immupoglobulin and
include antibodies isoléted from human immunoglobuiin
libraries or from énimals trénsgenic for one of more human
immunoglobulins 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.

Anﬁigen‘may be ‘a Subsﬁance'(e.g. protein) which is
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 11
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Table 1
rf;rget Use

1GD2 neuroblastoma

CA-125 (imitation) ovarian cancer

D41 (integrin alpha-1ib) platelet ageregation inhibitor
TNF-o rheumatoid arthritis etc.
EpGAM lprostate and breast cancer
TNF-a sepsis

CcDh20 lymphoma

IVEGFR2 cancer

-8 rheumatoid arthritis

CD52 CLL. CTCL

CEA colorectal cancer

TAG-72 non-small cell lung carcinoma
HLA-DR hamatological cancers

CEA |gastrointestinal cancers

L ~selectin (CD62L) severely injured pationts

L-6 receptor rheumatoid arthritis

Rhesus factor hemolytic disease of the newborn

Alzheimer's disease

prevention of organ transplant rejections

cancer, viral infections

non-Hodgkin's lymphoma

non-Hodgkin lymphoma etc.

- lasthma

CCL11 (eotaxin=1)

severe sllergic disorders

CEA-related antigen inflammatory lesions end metastases
VEGF-A metastatic cancer
fibrin I, beta chain thromboembolism
CD44 v6 squamous cell carcinoma
D1 - cancer .
CD30 (TNFRSFB) amatologjc cancers
=12, 1L-23 psoriasis. rheumatoid arthritis, inflammatory bowel diseases. multiple sclerosis |
L-1 - Irheumatoid arthritis

mucin CanAg

colorectal cancer ete.

prostatic carcinoma cells {prostate cancer
|[EpCAM. CD3 __|overian cancer. malignant ascltes, gastric cancer

TAG-72

tumor detsction

prevention of organ transmant rejections, treatment of autoimmune diseases

Crohn's disease

metastatic colorectal cancer and haad and neck cancer

ovanan cancer end other solid tumors

solid tumors

rheumatoid arthritis

TRAIL~R2

1gam(:realic: cancer
cancer

Influenza A hemagglutinin

nfectious disease/influenza A

CD40

hematologic cancers

revention of organ transplant rejections _

CD25 (@ chain of IL-2 receptor) .
RANKL

osteoporosis, bone metastases ete,

B-lymphoma cell lymphoma
GD3 ganglioside . _|malignant melanoma
c5 : - {paroxysmal nocturnal hemoglobinuria_
endotoxin sepsis caused by Gram-negative bacteria
EpCAM colorectal carcinoma
LFA-1 (CD11t2) psoriasis (blocks T—cell migratiori)
Hsp90. invasive Candida infection
SLAMF? multiple myeloma
cD22 cancer, SLE
HTGB2 (CD18) heart attack, stroke. traumatic shock
HER2/neu, CD3 breast cancer etc.
integrin @vB 3 . melanoma, progtate cancer, ovarian cancer atc.
hepatitis B surface antigen hepatitis B ‘
CD15 appendicitis

folate receptor 1

ovarian canger
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Table 1 ~continued—
Target

Use

respiratory syneytial virus

respirat neytial virus mfeckcon

rheumatoid antnbs‘ psoriasis

jedrenocortical carcinoma, nonsmall ce!l lugg carcinoma ete.

Crohn’s diseass etc.

rabies (prophylaxis)

;dwgathnc pulmonary fibrosis, focal segmem.al glcmeruloscleroms, cancer

B-cell lymphoma

»_atnylold

Alzheimer's disease

CD 147 (basigin)

ersus host diseas

'ICD33

acute myelogenous leukemia -

carbonic ahhxdrase 9 (CA-IX) clear cell renat cell carcinoma

GPNMB melanoma, breast cancer

INF-o rheumatoid arthritis gsonam: arthnhs ankylosing s&ndxht@

CD23 UgE receptor) allergic asthma

CD4 - HIV infection

CD20 non*Hodgkin‘s iymphoma

CA-~125 ovarian eancer .

cardiac myosin cardiac imaging

TNF- o jrheumatoid av‘thnus, ankyloslng spondylitis, psonatve arthnus. psonasas Crohn's

disense, ulcarative colitis

solid tumors (prostate cancer, melanoma)

CD

CD25 (a chain of IL~2 receptor) _ |gvaft versus host disease
CD22 cancer

CD152 ‘imelanoma

ol-il.'--lml—do [e1[e]]=]

ICD30 (TNFRSF8) ’Hodg!_dn‘s lymphonia
CD4 chronic_asthma
{CEA jcolorectal cancer
n-13 : Jasthma
NCA-90 (granulocyte entigen) diagnostic egent
TOF beta 2 reduction of scarring after glaucoma surgery
TRAIL-R2 . cancer
hepatitis B surface antigen hepatitis B
D33 cancer
D56 cancer
D40 multiple myeloma, non-Hodgkin's lmhomg, Hodgkin's lymphoma
D23 (gE receptor) chronic lymphocytic leukemia :
RAIL-RT . cancer
FR colorectal, lung and stomach cancer
~5 |asthma and white blood cell diseases
GF beta 1 systemic scleroderma
D74 multiple myeloma and other hematological malignancies

GD3 ganglioside

small cell lung carcinoma

respiratory syncytial virus . {respiratory syncytial virus (prevention)
CD3 Jprevention of organ transplant rejections

G242 antigen colorectal cancer

574 non-small cell lung carcinoma. renal cell carcmoma

integrin o4 jmultiple sclerosis, Crohn's diseage

andotoxin sepsis

EGFR non-small cell lung carcinoms :

IEGFR ’ squamous cell carcinoma, head and neck cancer, nasopharyngeal cancer, glioma
CD20 rheumatoid arthritis, lupus erythematosus etec.

LFA-1{CD11a) |prevention of organ transplant rejections, immunological diseases
CD20 chronic lymphocytic leukemia etc.

PDGE-R & cangcer

IgE Fe region allergic asthma

EpCAM canger

ovarian cancer

diabetes melitus type 1

sepsis gStaghxiocogcus)

respiratory syncytial virus ();eventton)

colorectal cancer
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Use

iratory syncytia revention)

colorectal ctal cancer

Pseudomonas aeruggnosa infection

lasthma

cancer

cancer

reduction of side effects of cardiac surzery

adenocarcinoma

Crobn's disesse multiple sclerpsis

brain cancer

HIV infection_

rus glycoprotein rabies (prophylaxis)

solid tumors

cytomegalovirus infection :
pnflammatlons of the airways. skin and gastrointestinal tract

macular degeneration (wet form)

anthrax (prophylaxis and treatment)

solid tumors

fymphomas, leukemias _some autoimmune disorders

In- one embodiment,

!_Ig_F-i receptor cancer
tFN-a eystemic lupus emhamatnsus

CD11, CD18 hasmorrhagic shock ete.

CD154 (CD40L) rheumatic diseases

TAG-72 cancer

cytomegalovirus cytomegslovirus infection

FAP : cancer

rﬁN- SLE, dermatomyositis, polymyesitis

CD2 -|psoriasis, graft-versus~host disease (prevention) -
beta amyloid Alzheimor's disease

sphingosine—1-phosphate choroidal and retinal neovascularization
Amyostatin - muscular dystrophy

CA-90 (granulocyte sntigen osteomyelitis :

alpha—fetoprotein cancer

integrin b8 3 percutaneous coronary intervention

IgE allergic reaction

NGF pain

CD19 cangcer

clumping factor A Staphylococcus aureus infection

tenascin C cancer

CD3 diabstes mellitus type 1

[CD28 chronic lymphocytic leukemia, rheumatoid arthritis
CTLA-4 cancer

TRAIL-R2 cancer

1L-13 Hodgkin's lymphoma

Fl_l.ﬁ-ﬁ receptor rheumatoid arthritis

CD154 (CD40L) . rheumatoid arthritis, lupus nephritis ete.

[CD20 : follicular lymphoma i

HER2/neu breast cancer -

CTLA-4 cancer

EpCAM cancer

hepatitis B virus chronic_hepatitis B

Escherichia cofi diarrhoea caused by E. coli

L-12 1L-23 multiple sclerosis. psoriasis. psoniatic arthritis
integrin o487 Crohn's disease, ulcerative colitis

cD20 non-Hodgkin's lymphoma

AOC3 (VAP-1) inflammation

CcD3 Crohn's disease, ulcerative colitis

integrin @581 solid tumors

tumor antigen CTAA16.88 colorectal tumors

EGFR squamous cell carcinoma of the head and neck
C04 _{rheumstoid arthritis, psoriasis, T-cell lymphoms
CD5 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, BfLA, VISTA, LAG-3, éDZB, 0X40, GITR, CDi37, CDZZ?
and HVEM. CTLA-4, PD-1, TIM-3, BTLA, VISTA and LAG-3 aré<-
inhibitory receptors for T-cell stimulation, and CDéS,:bXéd;
GITR, CD137, CD27 and HVEM are activating'feéeptors fdf T;'
cell stimulation (see Mellman et'alf, Naturen486,‘4807489v
(2011)). | | |

Thé antigen used for the présent ihven;ion can be
modified polyﬁeptide derived ffbm a naturally 6ccurring
protein. The modified polypeptide may be‘a fragment of the

naturally occurring protein. In one embodiment, the

-modified polypeptide has at least 70%, 75%, 80%, 85%, 90%,'

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 attachmentbsite" refers to a site where more
than one substance is linked each other._

In one embodiment, the polypeptide end the antigen
are directly fused.;Alterhatively, one or th 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 pqlYpeptide can be. truncated and
replaced by short 1linkers. 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 certain‘eircumstances, it can be only
one, such as a single glycine residue. |

In one embodiment, e nucleic acid molecule, in which
polynucleotide encoding the polypeptide is genetically
fused with polynucleotide encoding the "antigen, is
expressed in:a'host cell 8o that the first attathment site
and the second attachﬁent site are‘linked through a peptide
bond. = In this case, the polypeptide and the antigen are
linked through a pepﬁide bond. Relating to this‘embodiment,
the_first attachment site and/or the second attachmeﬁt site
may be genetically modified from the ofiginal bolypeptide
or antigen. For‘ example, the first attachment site 'is

modified from the polypeptide so that through a linker
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peptidé 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 sitexmay be linked through a chemical cross-
linker 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, Sulfo-SMCC, SVSB, SIA and other cross-

linkers available from the Pierce Chemical Company .

In one ‘embodiment, the partiéle provided by the
present invention comprises a polypeptide 1linked to an
antigén, wherein spatial distance bétween the N-terminal
residue ahd C-terminal re#idue'of the antigen is 304 or
less whén the distancebis determined in a cfystal of’ thé
antigen or a 'naturaily occurring prétéin cgnﬁaining the
an;igen or modified_protein.therefrom.

The antigen used for tﬁe.présént invention can be
designed'by a person skilled in the art. For.example, the
antigen used for'fhe'present invention may be a naturally
occurring protein or a ﬁragment thereof. Alternatively,
the antigen used for the_present-invention.may be a protein
modified from a naturally occurring protéin or a fragment

thereof. A person skilled in the art can design the

antigen so  that spatial distance. 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 iﬁ a crystal of the
antigen or.(a naturally occurrfng“protein containing the
antigen or modified-protéin thérefrom.‘j For example, ‘the
antigenA used for thei 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 _betWéen the _N-Eerminal
residue and C-terminal residue; of the vantigen is 30A

(angstrom) or less, 20A or less, or. 10A or less (e.g. from

‘5 A to 15 A , £xrom 5 A to 12 A , Erom 5 A to 11 A , Erom 5 A

to 10 A, from 5'A to 8 A, from 8 ﬁ-rto 15 A; from 8 A to 13

A, from 8 & to 124, from 8 & 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 ).

~Chikungunya virus 1like barticle or a Venezuelan equine

/

—

encephalitis virus like particle

In one embodiment, the presént invention provides a
Chikunéunya virus 1ik¢ particle:'or a Venezuelan equine
encephalitié’virus like particle comprising a Chikungunya
or Venezuelan eguine 'enéephalitis virus - stfuctural
polypeptide and at leasﬁ one an;igen, wherein said
Chikungunya virus structural éolypeptide or said»Venezuelan
equine encephalitis virus structural polypeptide comprises

at least one first attachment site and said at least one
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.antigen comprises at least one second attachment Sita, and
 wherein said Chikungunya or Venezuelan equine encephalitis

virus structural polypeptide and said at least one antigen

are linked through said at least 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 A or less; 13 A or less; 12 A or less; 11 & or

less; 1Q A or less; 9 A of‘less; or 8 A or less (e;g.
from 5 A to 154, from 5 A to 124, from 5 4 bto 11 4, from 5
A to 10 A, from 5 A to:8 A, from 8 A to lsbﬁ',from 8 A to
134, from 8 A to 12 A, from 8 A to ll.A,.from 9 A to 12.A,

from 9 A to 11 A, from 9 A to 11 A 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' 1iﬁked, to the
Chikungunya o?i Veﬁezuelan~ equineh encepﬁalitis virus
structural polypeptide by way of chemical crqss-linking;or
as a fusion protéin produced by way of genetic engineering.’

A Chikungunya or Venezhelan equine - encephalitis
virus structural polypeétide used in the present invention.
may  comprise a éhikungunya 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 presernt invention méy
naturally occurring virus struCtural_ polypeptide or

modified polypeptide tﬁereof. 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 capsidi

and/or envelope protein. In one embodiment, the modified

polypeptide is a mutant where at most 10% of ‘the amino

acids are deleted, substituted, and/ot added based on a
naturally occurring viral capsid and/or envelopé protein.

For example, K64A or K64N mutatation may be introduced into

- a capsid of Venezuelan equine encephalitis virus structural

polypeptide used in the pfesent.inQention.

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

Examples of Chikungunya'virus strﬁcturél pblypebtide

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

virus Strain. 37997, Capsid-E3-E2-6K-El 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-El of Chikungunya ' virus
LR2006 OPY-1.

Examples of Venezuelan equine encephalitis virus

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

E2;6K—E1 of Venezuelan EQuine encephalitis ﬁirus Strain TC-
83 and Capéid«E3;Ez—6K-El of Vénezuélan equine.eﬁdephalitis
virus Strain TC-83. | | |

An ekempiary Chikunéunya ~virus structural
polypeptide sequence is Provided at Genbank Accession No.
ABX40006.1, which is described below (SEQ ID ﬁo.:l):

mefiptgtfynrryqgprpwtprptigvirprprpgrgagglaglisavnkltmravpgg
kprrnrknkkgkqkggapgnntngkkgppkkkpagkkkkpgrrermcmkiendcifevk
hegkvtgyaclvgdkvmkpahvkgtidnadlaklafkrsskydlecaqipvhmksdask
fthekpegyynwhhgavqgysggrftiptgagkpgdsgrpifdnkgrvvaivlgganega
rtalsvvtwnkdivtkitpegaeewslaipvmecllanttfpesgppetpecyekepeet
lrmlednvmrpgyyqllgasltesphrqrrstkdnfnvykatrpylahcpdcgeghsch
spvalerirneatdgtlkigvslgigiktddshdwtklrymdnhmpadaeraglfvrts
apctitgtmghfilarcpkgetltvgftdsrkishscthpfhhdppvigrekfhsrpgh
gkelpcstyvgstaatteeievhmppdtpdrtlmsggsgnvkitvnggtvrykceneggs
negltttdkvinnckvdgchaavtnhkkwqynsplvprnaelgdrkgkihipfplanvt
crvpkarnptvtygkngvimllypdhptllsyrnmgeepnyqgeewvmhkkevvltvpte
glevtwgnnepykywpqlstngtahghpheiilyyyelyptmtvvvvsvatfillsmvg
maagmcmcarrrcitpyeltpgatvpfllsliccirtakaatyqeaaiylwneqqplfw
lgaliplaalivlcnclrllpcecktlaflavmsvgahtvsayehvtvipntvgvpykt
lvnrpgyspmvlemellsvtleptlsldyitceyktvipspyvkccgtaeckdknlpdy
sckvftgvypfmwggaycfcdaentglseahveksescktefasayrahtasasaklrv
lyggnnitvtayangdhavtvkdakfivgpmssawtpfdnkivvykgdvynmdyppfga
grpgqfgdigsrtpeskdvyantqglvlqgrpavgtvhvpysqapsgfkywlkergaslgh
tapfgcgiatnpvravncavgnmpisidipeaaftrvvdapsltdmscevpacthssdf
ggvalikyaaskkgkcavhsmtnavtireaeievegnsglgisfstalasaefrvqvces
tgvhcaaechppkdhivnypashttlgvgdisatamswvgkitggvglyvavaaliliv
vlcvsfsrh ' ) .

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

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

mefiptqtfynrrygprpwaprptiqvirprprpqrqagqlaglisavnkltmravpqgq
kprrnrknkkqgrgkkqapgndpkgkkgppgkkpagkkkkpgrrermemkiendcifevk
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hegkvmgyaclvgdkvmkpahvkgtidnadlaklafkrsskydlecaqipvhmksdask
fthekpegyynwhhgavqysggrftiptgagkpgdsgrpifdnkgrvvaivlgganega
rtalsvvtwnkdivtkitpegaeewslalpvlcllanttfpcsgppctpecyekepest
lrmlednvmrpgyyqllkasltcsphrqrrstkdnfnvykatrpylahcpdcgeghsch
spialerirneatdgtlkiqvslqgigiktddshdwtklrymdshtpadaeragllvrts
apctitgtmghfilarcpkgetltvgftdsrkishtcthpfhheppvigrerfhsrpgh
gkelpestyvgstaataeeievhmppdtpdrtlmtqgsgnvkitvnggtvrykencggs
negltttdkvinnckidgchaavtnhknwqynsplvprnaelgdrkgkihipfplanvt
crvpkarnptvtygkngvtmllypdhptllsyrnmggepnyheewvthkkevtltvpte
glevtwgnnepykywpgmstngtahghpheiilyyyelyptmtvvivsvasfvllsmvg
tavgmevecarrrcitpyeltpgatvpfllsllccovrttkaatyyeaaaylwneqgplfw
lgaliplaalivlcnclkllpcecktlaflavmsigahtvsayehvtvipntvgvpykt
lvnrpgyspmvliemelgsvtleptlsldyitceyktvipspyvkcegtaeckdkslpdy
sckvitgvypfmwggaycfcdaentglseahveksescktefasayrahtasasaklrv
lyggnnitvaayangdhavtvkdakfvvgpmssawtpfdnkivvykgdvynmdyppfga
grpgqfgdigsrtpeskdvyantqlvlqgrpaagtvhvpysgapsgfkywlkergaslgh
tapfgcqgiatnpvravncavgnipisidipdaaftrvvdapsvtdmscevpacthssdf
ggvaiikytaskkgkcavhsmtnavtireadvevegnsqlgisfstalasaefrvqucs
tqvhcaaachppkdhivnypashttlgvgdisttamswvgkitggvglivavaaliliv
vicvsfsrh. o :

An exemplary ' Venezuelan eqqine encéphalitis virus
structural poiypeptide is provided at Genbank Accession No.
. L01443.1 (http://www.ncbi.nlm.nih;gov/nuccore/L01443.l),‘
whigh is described below (SEQ ID No.:3):

mfpfgpmypmgpmpyrnpfaaprrpwfprtdpflamgvgeltrsmanltfkqrrdappe
gpsaakpkkeasqgkgkgggggkkkknggkkkaktgppnpkagngnkkktnkkpgkrqgrm
vmklesdktfpimlegkingyacvvggklfrpmhvegkidndvlaalktkkaskydley
advpgnmradt fkythekpggyyswhhgavgyengrftvpkgvgakgdsgrpildnggr
vvaivliggvnegsrtalsvvmwnekgvtvkytpenceqgwslvttmcllanvt fpcagpp
icydrkpaetlamlsvnvdnpgydelleaavkcpgrkrrsteelfneykltrpymarci
rcavgschspiaieavksdghdgyvrlgtssqygldssgnlkgrtmrydmhgtikeipl
hqgvslytsrpchivdghgyfllarcpagdsitmefkkdsvrhscsvpyevkfnpvgrel
ythppehgveqacquahdaangayvemhlpgsevdsslvslsgssvtvtppdgtsal
vececggtkisetinktkqgfsqgctkkegcrayrlgndkwvynsdklpkaagatlkgklh
vpflladgkctvplapepmitfgfrsvslklhpknptylitrgladephythelisepa
vrnftvtekgwefvwgnhppkrfwagetapgnphglphevithyyhrypmstilglsic
aaiatvsvaastwlfcrsrvacltpyrltpnaripfclavlccartaraettwesldhl
wnnnggmiwiglliplaalivvtrllrcveecvvpflvmagaagagayehattmpsqagi
syntivnragyaplpisitptkikliptvnleyvtchyktgmdspaikccgsgectpty
rpdeqckvitgvypfmwggaycfcdtentgvskayvmksddcladhaeaykahtasvga
flnitvgehsivttvyvngetpvnfngvkitagplstawtpfdrkivgyageiynydfp
eygagqgpgafgdigsrtvsssdlyantnlvlqrpkagaihvpytqgapsgfeqwkkdkap
slkftapfgceiytnpiraencavgsiplafdipdalftrvsetptlsaaectlnecvy
ssdfggiatvkysasksgkcavhvpsgtatlkeaavelteqgsatihfstanihpefrl
qictsyvtckgdchppkdhivthpgyhagtftaavsktawtwltsllggsaviiiiglv
lativamyvltngkhn. ‘ _

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 éecond attachment site
comprises sulfhydryl group, preferably, a sulfhydryl group
of a cysteine.»

| In one embodimént,'a‘conjugation éf more than two
substénces (e.g. antigen and Chikungunya or Venezuelan
equine enéephalitis virus structurgl'pél?peptide) through a
first attachment site or a second aﬁtaéhment site is
achieved using chemicaiv cross 1linker.  Examples of the
cross-linker include, but are not limited to, SMPH, Sulfé—-
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
comprising a Chikungunya or Venezuelan 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 piotein can be provided.

In one embodiment, the antigen can be fused with. any
site of the Chikqngunyé or Venezuelan equine encéﬁhalitis
virus structural polypeptide. For example, the antigen may
be directly or indirectly linked to N-'or_Cf'terminal of

the Chikungunya or Venezuelan equine encephalitis wvirus

~ structural polypeptide (e.g. capsid, E3, E2, 6K or El), or
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the antigen may be inserted into Chikungunya'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:ChikungunYaAor'Venezgelan‘equine encephalitis
virus structu;al ‘protein.A . For example,  regarding
Chikungunya virus struq;ural protein, at least one.antigén
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?positibn of
SEQ ID Nos.1 or 2); between residues 530 and 531 of SEQ m
Nos.1l or 2 (i.e.'between G at 530-§6sition and ‘S at 5314‘2
pbsition ofvsﬁngD Nos.1l or 2); between residues 531 and
532 of SEQ ID Nos.l1 oi 2 (i.é. between 8 at 531—§osition
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.¢, between G at
529-position andbG at 530-position of SEQVID Nos.1l or 2);
or between residues SlQIand 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 1ID

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

position Qf SEQ ID Nos.l or 2); or between fesidues 509 and
510 of SEQ ID Nos.1l or>2(i.e. between Q at 509—poéitidn and
S at 510-position of SEQ ID Nos.l or 2). ' \

‘Forv exampie; regafding Venezuelan = equine

encephalitis virus structural protein, at least one antigen
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is inseited‘bétweeﬁ residues 517 and Slévof‘SEQ Ib No.3
(i.e. between G at 517-posi£ion and S at 518-position of
SEQ ID No.3); between residues 518 and 519 of SEQ ID No.3
(i.e. betweenls at 518-position and S atv519fpositibn of
SEQ ID No.3); between residues 519 and 520 éf SEQ ID No.3
(i.e. betweéﬂ S at 5197position and V at S20-position of
SEQ ID No.3); between residues 515 and 516 of SEQ 1ID
No.3(i.e. between L at 515-§osition.and s at 5164p05ition
of SEQ ID No.3); between resiaues 516 and 517 of SEQ ID
No.3(i.é. between S at 516-position and G at'517—positiqn
of.SEQ ID NoQé); between residues 536 and 537 of SEQ ID
No.3(i.e. between C at 536-position and’G at 537-positioﬁ
of SEQ ID No.3) ; between reéidu_es 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 Sés»and 539 of SEQ ID
No.3(i.e. between G at 538-position andaT at 539—poéition
of SEQ ID No.3). |
The fusion protein may be expressed” using a
conventional techniéue}in the art. A Qariety'of expression
systems can be used for the expression ?of the fuéidn
protein. For example, the fusion proteiﬁ can be éxpressed
in 293 cells, Sf9!éells or E.coli.
| In one embodi@ent, antigen is a substance (e.g.
protein) ﬁhiéh  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-a, CD20 or CTLA4. Thus}

examples of combinations of the polypeptide and the antigen
used for the present invention include, but are not limited
to, i) a polypeptide derived from Chikuhgunyavvifué_(CHIKV)
and a polypeptide derivéd from TNF-o; |

ii) a bolypeptide derived fxom Chikungunya virus (CHIkV)
and a polypeptide derived from CD20;

iii) a polypeptide derived from Venezuelan équine

éncephalitis 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
CDh20

v) a polypeptide derived from | Venezuelap equine
encephalitié virus (VEEV) and a pmlypeptide'derived from
éTLA4.
| " A pblypéptide derived from Chikungunya‘virus (CHIKV)
or Venezuelan equine encephalitis virusA(VEEV) may be a
naturally occurring viral poiypeptide or lmddifiéd

poiypeptide thereof. In addition, a pdlypeptide 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
quified polypeptide may be a ‘fragme‘nt of the naturally _
occurring virus structural polypeptide. |

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

90%, 95% or 98% amino acid_sequence‘identity to a naturally

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

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

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

substituted and/or added based on a naturally occurrlng
polypeptide derived from TNF-a CDéO or CTLA4.

When a polypeptide derived from a virus is
conjugated with a polypeptide derived from'én éntigen, a
linker peptide including SG, GS, .SGG, GGS SGSG‘and TRGGSt
may be used. Examples of conjugation of the polypeptide
derived from a Qirus (referréd‘to és “PFV” below) With the
polypeptide derlved from the antlgen (referred to as “PFA” .
below) include, but not limited to: PFV-SG- PFA-GS-PFV; PFV-
SG-PFA-GGS-PFV; PFV-SSG-PFA—GS—PFV; PFV-SGG-PFA-GGS-PFV;
PFV-SGSG—PFA-GS—PFV; and PFA-SGGjPFA-TRGGS—éFV.

In one embodiment, fhe present ihveh;ioh provides a
virus like particle comprising
i) a fusion protein of a polypeptide dérivéd from
Chikungunya'virus (CHIKV) and a polypeptide'derived from

TNF-a, which consists of an amino acid sequence
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reﬁresented 5y SEQ ID No.4;

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

iii) a fusion protein of a pelypeptide deriVed‘ from
Venezuelan equine eneephalitis' virus (VEEV) and a
pdlypeptide derived from TNF—a;'which consists'of an am;no
acid sequence represented by SEQ_ID No.G; or

iv) a fusion protein of a polypeptide' derived from
Venezuelan equine vencephalitis virus. (VEEV) and a
polypeptide derived from CD20, which censists of aﬁ amino

acid sequence represented by SEQ ID No.7;

'v) a fusion protein of a polypeptide derived from

Venezuelan equine ' encephalitis virus (VEEV) and a

- polypeptide derived from CTLA4, which consists of an amino

‘acid sequence represented by SEQ IDANe.B.

In one embodiment, the present invention provides a
virus like particle comprising a fusion protein which is
modified from the fusion protein having én emino acid
sequence 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

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) Nucleotide, Vector, Host cell

In the second aspedt,'thé 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 Venézuelan-equine encephalitis

virus like particle as described above.

Examples of the nucleotide sequence that encodes the

 Chikungunya or Venezuelan equine encephalitis virus like

particle include, but are not limited to, a nucleotide
sequence encoding E3-E2-6K-E1 of Chikungunya virus Strain

37997,‘a nucleotide sequence encoding Capsid—E37E2—6K-E1 of

Chikungunya virus Strain 37997, a nucleotide sequence

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

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

Chikungunya virus LR2006 OPY-1, 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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tgctaatacacaactggtactgcagagaccggctgtgggtacggtacacgtgecatact
ctcaggcaccatcectggctttaagtattggctaaaagaacgcggggecgtcgetgecageac
acagcaccatttggctgccaaatagcaagaaacccggtaagagcggtgaactgcgccgt
agggaacatgcccatctccatcgacataccggaageggecttcactagggtegtegacg
cgcectetttaacggacatgtegtgecgaggtaccagectgcacccattectcagacttt
ggagggcgtcgecattattaaatatgcagccagcaagaaaggcaagtgtgeggtgeatte
gatgactaacgccgtcactattegggaagctgagatagaagttgaagggaattctecage
" tgcaaatctetttotegacggecttagecagegecgaattcegegtacaagtetgttet
acacaagtacactgtgcagccgagtgccaccceccgaaggaccacatagtcaactaccce
ggcgtcacataccaccctcggggtccaggacatctecgetacggegatgteatgggtyge
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 sequencevinclude,
but are not limited to, 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 .on WO/2012/006180, the entire
cgntents_of which are incorporated by reference herein.
Examples of vectbrs "which can be used fpr éxpressing 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 (SEQT ID No. 28; corresponding

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

The expréssion vectors can be prépared by 'a person
skilled in‘ the art bésed. on US2012/0003266, the entire
coﬁﬁenté of which are inéorporated'by réference herein. |
Examples of vectors which cén be u'sedl‘for expressing a
fusion; protein of a polypeptide derived from ‘Veneéuelan
equine encephalitis virus' (VEEV) and a polypep;ide 6f
aﬁtigen include a vector shown in VLP_VEEV VLP 518-Qector‘ J
(SEQ ID No.:25) containing VEEV VLP.polynuélebtide (SEQ ' ID |
NQ. 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_ ID . No. 34;
corresp;nding namino acid sequence represented by SEQ ID
No.:35); and VLP_VEEV VLP 538 vector (SEQ ID No.: 27)
containing VEEV VLP polynﬁcleotide (SEQ ID No. 36;
correspénding amino vacid sequence representéd by SEQ 1ID
No.:37).

In ohe embodiment, the presené inﬁention.provides
i) a npéleic acid molecule encoding a fusion protein of a
pblypeptide defivéd:from Chikungunyé virus (CHIKV)  and é
bolypeptide derived from TNF-a, which consists of a
nucleotide éequence‘represented by SEQ ID No.13;

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
nueleotide sequence represented by SEQ ID No.1l4;

iii) a nucleic acid molecule encoding a fusion protein of a
polypeptide deiived from Venezuelan ‘equine eﬁeephalitis
virus (VEEV) end'a polypeptide 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

polypeptlde derived from Venezuelan equlne encephalltls
virus (VEEV) ‘and a pnlypeptlde derlved from CD20 'whlch
consists of a nucleotide sequence represented by SEQ 1ID

No.16; or

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

polypeptide"derived from Veneeuelan equine encephalitis
virus (VEEV) and a polypeptide derived from CTLA4, which
conslsts of a'nucleotide‘seéuenceerepresenﬁed by SEQ 1ID
No.17. |

Iﬁ one embodiment, the present invention provides a
nucleic acid molecule which is‘modified_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 a mutant 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 aspeét,_the present invention provides

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

aspect of the present invention énd/br the nucleic acid
moleculé provided in the second aspect of the present
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 aBOQe.

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

The pharmaceutical composition of: tﬁe present
invention may contain a _sinéle active 'ingredient br a

combination of two or .more active ingredients, as far as

- they are not contrary to the objects of  the present

invention. For example, cytokines including chemokines,
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anti-body 6f 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.g.
Pegaptanib) and immunomodulator such as - cyclosporine,

tacrolimus, ubenimex may be -used for the combination

- therapy.

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

The term.“combinétion"‘used herein means two'or.more
active  ingredient are b'adﬁinistered to a patient
simultaneously in the form of a single entity or dosage,‘dr
are both administered to a rmtient as separaté entities
either simultaneously oxr sequentially_with ﬁo speéific time
limits, wherein | such administration providesA
thetapégtically effective levels of the two compbnents in
the.body, prefeiabiylat the same time.

in‘ one embodiment, the composition is a vaccine
composition including a DNA Vacciné. In one embodiment,
the DNA vaccine providedvby the present invention COmpriées

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 pafticle

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.

Thé antibody produced in the fourth:asﬁéqt of'the.
present.invention may be humanized usiné a conventional
technique. Thus, in onerembodiment,'ﬁhe method pvaided in
the fourth aspect of the invehtiontfurther 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 hay be
administered directly into:the patient, inté the affected
organ or systemically, or applied-ex vivo to cells derived
from.the patient or a 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 inventiQh,~the virus like

‘pérticle can be applied for the immune therapy.

In the fifth aspect, the présent inventiog provides
a method'of immunomodplation, a methédvqf treaﬁing an
autoimmune disease, a method of iﬁduéing and/of énhéncing
immune résponsevagainst an antigén in a mammal, and al |
method of treating cancer éoﬁprisinéjédministering the
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 firétwaspect 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, thé present invention provides a

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

gene to express said particle; -and recovering said particle.
. . 1

In one embodiment,ithe‘present inventién provides a
method of producing;an anﬁibody, éomprising cohtaCting ﬁhe,
Chikungunya or Venezuelan' equine encephalitis virus like
particle as déscribed above and/or the nucleic acid
molecule as described above to a mémmél. The bproduced
antibody may be an anpibody which can séecifiqélly bind to
the 'antigén comprised inv the Chikungunyav Qr.;Venezuelan
equine encephalitis virus 1like 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 m§noglonal or pochlonal
antibody agﬁinst‘an antigen (e.g, TNF o, CD20 and CLTA4).

| In one embodiment, the antibody .obtained by the
method of prbducing an antibody aCcorQing,to the presenﬁ

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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autoimmune  disease, neural disease, inflammatory disease
such as inflammatory lung disease, including the acute
respiratory distress syndrome, chronic obstructive

pulmonary disease and asthma, angiogenesis associated

diseases including neoplasm.

In one prefefred embodiment,‘the immunomodulation
provided by the present i@ventioﬁ is inducing and/or
enhancing immune response against an antigen in a mammal.
Thus, in one émboaiment, the present invention provides a
method of inducing and/or enhanéing 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 ahtibody which

'specifically binds the target as listed in Table 1 or an
_antibody which binds an epitope on the target as listed in

‘Table 1 is useiul for the treatmént of the disease as

¢

listed in Table 1.
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In one embodiment, at leasﬁ one antigen which is
used for the présent invention is at_leaSt'one target as
listed in Table 1. When at least one antigéniwhich is used
for the present inventién is at leastvonéAtarget as listed_
in Table 1, the pérticlé, the;isolated nucleic a;id,'the
vector, the coﬁpositionland the ﬁethod piovidéd by the
presént invention can'be.useful for thé treatment of the
disease or the condition as listed in Téble 1 (sée "Usé"fof

Table 1).

For example, when at 1eaét one antigen used for the
pfeSent invention is one or more cancer antigen, the
particle, the isola;ed nucleic acid, the vector, 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 compositionvof the present

invention comprising two or more cancer antigens is

4administefed 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
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present invention can be ﬁseful for the treatment of

Alzheimer's disease.’

For example, when at least one antigénbused fof the_
pieseht invention is TNF.alpha,,the isolated nucleic acid,
the vector, ﬁhe;pomposition”and the.method prbvided by the
présent inventiéhbcanvbe useful for the.treétment of',

inflammation; auto immune disease including rheumatoid

arthritis; psoriasis, Crohn's disease; ulcerative colitis .

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.tréatment of auto
immune aisease>inc1Uding rheumatoid arthritis and SLE;

cancer including Non-Hodgkin 1ymphomé 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 pro#ided 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 invention provides a
method of'presenting an antigen onbmacrOphage,‘comprising
administering the Chikungunya or Venezuelan equine -

encephalitis virus like particle as described above and/or

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
tafgét macrophage. In 6ne embodiment, the Chikungunya .or
Venezuelan equihe.encephalitis virus like parﬁicle provided
by the present invéntion is 'a kind of deiivery'system of
the‘at least one antigen,.which is cémprised in fhe
Chikungunya or Venezuelan équine.encephaliﬁis virué}like

particle, to macrophage.
In one embodiment, the présent 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



10

15

20

48

conventional method. Cells using for the transfection may
be 293 cells. Recovering VLP may include collecting a
conditioned medium after cells are transfécted'with a

plaémid comprising a geﬁe,'andimay'furthervinciude 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

encephaiitis virus like particle‘provided in ﬁhe‘eighth‘

~aspect of the present invention, where a polynucleotide

encoding an antigen is deéigned so that'spatial distance
betweén the N-terminal residue aﬁd,c—termihal residue of
the antigen is’3bﬁ or less (e;g. from 5 A to 15 A, fréﬁ 5 A
to 12 A, from 5 A to 11 A, from 5 A to 10 A, from 5 A to 8
A, from 8 A to 15 A, from 8 A to 13 A, from 8 A to 12 4,
from 8 A to 11 A, from 9 & to 12 A, from 9 A to 11 A, from
9 A to 10 A, or from 10 & to 11 A) when the distancé'is
determined in a crystal of theAantigeh or a naturall?
occufring protein containing the antigen or modified

protein therefrom.

Immune. system evolves to recognize foreign antigens

" for killing pathogens such as viruses or bacteria. It also

evolves not to recognize self proteins to protect self
proteins. It is called immune tolerance system. 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’vaccihe method using
a Self-assehbly subunit containing an self-antigen. The
sélf—assembly subunit spontaheouély assembles and forms a
stable drganized unit that presenté highly fepetiti&e

antigens on the surface. Highly fepétitive antigens

| immunogen strengthen signal pathways in B cells and result

in stimulation of antibody‘responééé 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 thefscope of the present invention.

EXAMPLES

(1) Preparation of Chikungunyavirus like particle

comprising a virus structural polypeptide and a fragmént of

human TNF alpha

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

polypeptide is difficult to be stably expressed because TNF
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aipha is;féund as a trimer under natufal ¢onditions.
However, use of a fusion protein, in which TNF alpha
honomer péptide (a fragmént of TNF alpha monomer peptide)
is fused with the Chlkungunyav1rus structural polypeptlder
through 11nkers at N- and C- termlnal of TNF alpha derlved
peptide for attachlng TNF alpha- derlved peptlde to the
Chikungunya virus structural polypeptide, resulted in
stablé expression of a Chikungunyavirus like_particle
compriéing‘a virus structural polypeptide'énd TNF aipha 

monomer-derived peptide.

In detail, polynucleotide encoding the original human

TNF alpha was modified to prepare a polynucleotide encoding

'hodified TNF alpha-derived peptide where RTPSD which is N-

terminal sequence of the original TNF alpha-derivedlpeptide

is replaced with SGG and TRGGS is attached to C-terminal of

the TNF alpha (see SEQ ID'NQs.le-ZO as shown in Fig.1l).

The resﬁlting polynucleotide‘was~inserted between the
codons ehcoding G at 519-position and Q.at 520-ppéition of
SEQ ID No.2 to construct‘a plasmid (hereinéfter referred to
as CHIKV-TNFa4) for expressing Chikungunya virus like
partiéle where the modified TNF élpha-derivéd peptide is
inserﬁed into E2 of Chikunguﬁyavirus structural

polypeptide (C-E3-E2-6K-El). Subsequently, 293F cells

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

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

(20000rpm, 120min) using SW28 rotor to concentrate VLP (i.e.

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

'Opti Prep to form'density gradient followed by

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

After the ultracentrifugation, purified VLP was collected.

The expression‘of VLP'comprising TNF alpha conjugatedxwith

Chikungunyavirus structuralbpolypeptide was cpnfifmed 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
8.274 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 expreésion vector followed by -

transfection in 293F cells.

VEEV-TNFa VLPs were purified by density gradient
éentrifuge. As seen in Lane 4; TNF alpha-dérived pepﬁide
and VEEV expreséion was confirmed by Western blot using
TNfa monodlonal antibddy (top panel) and VEEV polyclonaly

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

\

Mice were divided into three groups (n=5 for each
group) . The Chikungunya virus like particle compriéing 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 preparedvaccdrding to the above—described

(2) (referred to as "VEEV—TNF alpha” belqw)( Venezuelan
equine encephalitis virus like particle without comprising
human TNF alpha-derived polypepﬁide (referred to as "VEEV-
VLP" below) or vehicle (i.e. PBS}'were intramuscularly
administered to each grQup of micef fhe micé.were
administered ét the beginning of the experimeht_(referred‘
to as "0 week" below) and. three weeks after the first
administration (refeﬁred to as "3 week“vbelow) as described
below: Group 1l: VEEV-TNF alpha (0 week),'CHIKV*TNF alpha (3
week) ; Group 2: VEEV—VL? (0 Week),_CHIKV-VLP (3 week); and

Group 3: PBS (0 weék), PBS (3 week) .

6 weeks after the beginning of the experiment;bblobd sample
was obtained From each m&use’and serum was prepared:
Produced anti-human TNFlalpha éntibody was detected using
ELISA where TNF alpﬁa protein was coated on ELISA plate.
The resulté show ﬁhat;the virus likeAparticle comprising a
virus strucfdral pblypeptide and human TNF alpha-derived
polypeptide induced anti-human TNF alpha antibodies in

mouse (see Fig.9).

(4) Preparation of Venezuelan equine encephalitis virus

like particle comprising a virus structural"polypeptidé‘and

"a fragment of human CD20

; .
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According to the above-described (1) and (2), VEEV-

CD20 VLPs were purified by density gradient‘centrifugel and

a fragment of CD20 and VEEV expression was confirmed by

Western blot. IYNCEPANPSEKNSPSTQYCYSIQ (SEQ ID No.: 21), .«

which is a fragment of CD20, was used as an antigen fused

" with Venezuelan equine encephalitis virus Structural

polypeptide.

The spatial distance between the N-terminal residue
and'C—términal residue of the CD20 fragment is$10.07§_when

the distance is determined in a crystal of CD20.

(5) Preparation of Venezuelan;egpine 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 on the full—length CTLA4 amino acid

sequence so that spatial distancé between the'N-terminal
residue and the C-terminal iesidue of the fragﬁent, Which
is fused intb VeneZuélan equine encephalitis virgs |
structural polypeptide E2, is aboﬁt 5.6A when the diétance

is determined in a crystal of CLTA4.

A polynucleotide encoding the fragment of CTLA4 was

introduced into VLP_VEEV VLP 518 vector to conmstruct a

plasmid for the expression of thé 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"

A'polynucleotide 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 lengthfhuman;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 1ike,particles comprising a virus
structural éolypeptide ana’a fragment of:humén or mouse
CD20 were prepéred using VLP_CHI 532 vector and a fragment
of human or mouse TNF alpha antibody. The‘frégment of
human and mouse TNF alpha antibody are described béiow:'
CD20 Human iyncepanpseknspstqgycysig (SEQ ID No.:21); CD20

Mouse ydcepsnssékﬁspsthcnsi (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: SGGiyncepanpseknspstqycysiqgGs (SEQ ID No.:42)

CD20 Mouse version2: SGydcepsnsseknspstqycnsiGGS (SEQ ID

No. :43)

CD20 Mouse version3: SGGydcepsnsseknspstqgycnsiGs (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 polypeptidéiand a fragment of human or

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

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

SEQ ID No.: 47 (the amino acid sequence of the expressed
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polypeptidéAis 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 apcording to the
meﬁhqd as described in (1). Mice were immunized once with
10bpg of the purified VLPs; 100pg of the fragment of human
or mouse - CD20; or PBS (control). Ten days after the
immunizétion, blood sample were obtainéd from the mice and
serum wés prepaied. 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 ELIéA coated
with the £fragment of mouse‘CDZO.' The results showed that.
anti-human CD20 aﬁtibodies and anti—mouée CD20 antibodies
were adequaﬁely induced by administration of ,4the:
Chikungunya vifus like pérticle comprising ;he fragment of
human or mouse CD20 fused with virus structuralipolypeptide;
Also, the resulfs showed that antibody specific fbr a self
antigen can be adequately induced Dby adﬁinistering
Chikungunyé'virus like particle comprising avfragment of
the self aﬁtigen 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 aﬁ'leastlone
second attachment eite, and wherein said polypeptide and
said antigen are linked.through said at least one first and
said at least one second attachﬁent site, and wherein
spatial distance‘_between 'the. N-terminal residue and C-
terminal residue:of the antigen is 30 A or less when the
distance is oetefﬁined in a crYstalioflthe antigen or a
naturally occurring protein containing the antigen or
modified protein therefrom. |

2. The particle eccordiné tox 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 comprises at least one first attachment site
and said at ieaet one antigen comprises at least one second
attachmenﬁ éiﬁe,» end wherein said virus structurai-
polypeptide 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 like particle is derived fr@m alphavirus of
Flavivirus. |

5. The. pérticle accofding ;o Claim 4, whereiﬁ_ said
alphavirus: of Flavivirus is selected .frpm' the group
éonsistiné of Aura: virus, Babanki Virus, Earmah Forest 
virus (BFVf, BebarﬁJ virus, Cabassouv virus, Chikungunya
viru§ (CHIKV), Eastern equiné éncephalitis virus (EEEV) ,

Eilat virus, Everglades virus, Forp_'Morgaﬁ. Virus,i Getah

virus, Highlands J virus, Kyzylagach virus, Mayaro virus,

Me Tri virus, Middelburg virus{ Mosso das -Pedras virus,

Mucaﬁbo' virus, Ndumu vifus] O'nyongfnyong' virﬁs, Pixuna
virus, Rio Neg:o virus, fRossv'River :ViIUS’ (RRV), Salmon
pancreas aisease virus, Semliki Forest virus, Sindbis virus,
Southern elephant seal virus, Tonate vifus, Trocara virus,
Una virus, _Venezuelan egquine eﬁcephal;tis virus (VEEV),

Western equine encephalitis virus (WﬁEV),Whataroa. virus,

West Nile virus, dengue virus, tick-bprne encephalitis

4

virus and yellow fever virus.

6. The particle according to Claim 35, whereiﬁ said

alphavirus is 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 acCoféing to any one of Claims 2;7,
wherein said polypeptide ig virus structural polypeptide
comprising the capsid and/or the'envélope'proteins Eé, E2,
6K and E1.

9;‘ The particle éccérding to Claim 8, whérein'said at
ieasﬁ one antigen is inserted in to E2 of the envelope
brotein.‘ | |
10. The“particle Haccording to any one of Claims 1-9,
wherein said. éntigen is at least one selected _fiom the
group‘consistihg of‘self antigens and cancér’antigens.

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

wherein said antigen is a polypeptide derived from TNF-q,

CD20 6r CTLA4.

12. The particle.according to any one bf Claims 1-11,
whereiﬁ said pblypeptide is Aa bolypeptide> derived from
Chikungunya virus (CHIKV) or Veneéuelan equine encephalitis
ﬁirus (VEEV)

13. The:particlé accordingAto.ahy one of Claims 1-12,
wherein said.polypeptide and‘saidiaﬁ least one antigen is
i) a polypeptide derived from'Chikungunya virus (CHIKV) and
a ﬁolypeptide 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; or
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iQ) a‘; polypeptide derived from YVVenezuelan equine
encephalitis virus (VEEV) and a polypeptide of CD20"

V) a polypeptide deriyed' from Venezuelan eguine
encephalitis virus (VEEV) and a polypeptide,bf CTLA4.‘ |
14. The pafticle according to any one of Claims 1-13,-
wherein Said ét least one antigen and éaid polypeptide-ére
expfeSsed as a fusion protéin;l | |
15. The particle accbrding to Claim 14, wherein said
poiypeptide and said at 1least one antigen' are directly
fused. |

16. The particle according;to Claim 14, wherein said at
least one antigen are fused with said polypeptide, wherein
one or two linkers intervéneé betweén‘N—terminai residue of
said antigen and said polypeptide and/or betweeh C—termipai

residue of said antigen and said polypeptide.

-17. The particle accoxding to Claims 15 or 16, wherein said

at least one antigen is inserted between residues 519 and

620 of SEQ ID Nos.l‘or 2, between fesidues 530 and 531 of

SEQ ID Nos.l or 2, between residues 531 and 532 of SEQ ID
Nos.l or 2 or between residues 532 and 533 of SEQ ID Nos.1
or 2. o | |

18. The particle according to any one of Ciaims‘14—17;
wherein said fusipn,protein is a protein consisting of an
amino acid sequence repréSented 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 said fusion protein is derived from a protein

consisting of an amino acid sequence which has a sequence

identity of 90%"or more .with an amino  acid sequence

represented by SEQ ID,NQSJ 4, 5;16, 7 or 8.

20.. TheAparticle according to éﬁy one of Claims 1-13,

wherein said at least one 'antigenr is linked to said
polybeptide by way’of ;hémical crpésélinkiné.‘

21. An isolated nuqléic éci& ,molecule comprising a
nucleofide sequencé that encodes the particle accofding to
any one of Claims 1-20. |

22. An isolaﬁed nucleic. acid molecule édhsisting_of a
nucleotide sequence represented by SEQ ID Nos. 13, 14, 15,

16 or 17.

23. An .isolated nucleic acid molecule consisting of a

nucieotidevsequence which has a sequence identity of 90% or
more with a nucleotide sequence encoding represented by SEQ
ID Nos. 13, 14, 15, 16 or 17.

24 . A vector comprising the nucleic 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 comprisihg the particlé according to any-
one of Claims - 1-20 and/or the nucleic acid molecule

according to any one of Claims 21-24,



10

15

20

.25

63

26. A pharmaceutical compositioﬁ comprising:

(a) the particle according to any one of Claims 1-20 and/or
thevnucléic 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

éontacting the particle according to any one of Claims 1-20

aﬁd/or the hﬁcleic acid molecﬁle according to any one of
éiaimé 21-24 to a mamﬁal. |

30.‘ The method ac¢ording to Claim 29,  wherein said
aﬁtibody,'is a monoclonal antibody. |

3i. A method of‘immunomoduiation, comprising adﬁinistering
an immﬁﬂologically 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 onerqf élaims 25-28 to a mammél.

33. ‘A method of ind&ciﬂg 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.
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34. A method of treating cancer, comprising‘administering

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

25-28 to a mammal.

35L A method ; of passive  immunization, comprising
administering'theiantibddy obtained by the method according
to Claim 29 of Claim 30 to a mamﬁal.

36. The method éccording to Claim 35, fér the;treatment 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 A34—36,

wherein said at least one antigen is one or more cancer

antigen.

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

40. A method fof ‘producing the particle according to
Claims 14-19, comprising jpreparing a gene‘ compiising a
nucleotide sequence encoding séid particle; culturing a.
céll which is transfected with said gene td express said

particle; and recovering said particle.



