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genotypes 16 18 31, 33 35 39 45, 51, 52, 56,

58, 59, 66, 68, and 73) cause cervical cancer. HPV16

IS detected in 50 to 60% of cervical cancer. HPV18 is
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oRioRR & BB B A bomoRIGiiEY, P Thficlie, fhe present
iyeRa] ﬁ-:lates to a chimeric protein composed of human papillomavirus (HPV) 16

L1 protein and a particular human papillomavirus 16 L2 epitope inserted to a particular
site thereof and capsid which is an aggregate formed by assembly of the chimeric
protein. The capsid according to the present invention is useful as an antigen for use
in a vaccine for prevention of infection by human papillomaviruses which may lead to

cervical cancer.

[0003]

BACKGROUND ART

Human papillomavirus (HPV) (Figure 1) is a small DNA virus, and there are 100 or
more genotypes. Fifteen genotypes (high-risk genotypes: 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, 68, and 73) cause cervical cancer. HPV16 is detected i 50 to
60% of cervical cancer. HPV18 is next frequently found in Europe and the United
States, while HPV52 and HPV58 are next frequently found in Japan. Although mass
examination was carried out for earlier diagnosis in Japan, there are still onset thereof

in 15,000 patients and death of 2,500 patients every year.

[0004]



pent aners (capsoneres) and 12 L2 protein nol ecul es

bound thereto. The both termnals of the L2 protein

are located in the capsid, but part of the N-term na
region is |located on the surface of the capsid (L2
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ives virus-like particles (VLPs). Inoculation of the

FHBV cdpsid Daprotaguiar okcosabedmek skeletoot ¢camisting ofr ZbUilt protein
he,i r ta
pPRRLLO F@ﬁiﬂﬁﬁeﬁaw 12 £2 éﬁ& %&gcﬁﬁ%%ﬁhﬁd th&k! aMfhe both

towra I gur IS a schematl C

tesmipdselthe dr?alprownaaweu Iprated rDa‘thF 1¥8PsithdutPYrt o dbe Neterppipal region

1s[ IQ@Q@J[ on the El?rfzic% dfuhé @iﬂsﬁd)’ IMOsuEiké %%&’o)“{?héuré pye Expresswn of
ro iferation’o seudovi.ruses ar

ll?r L‘geﬂr@ &t TRt BRPHY {lp\rﬁq%lf%qt dANA teehria ePss vcsws-hke

partisles (VILOs)Y, Iab&.ﬂiltiiorphf)&féh\aLBSﬂ th@Eﬁﬂ)m@ﬁDbﬂb&viﬁl or cottontail
icati,on OI‘I

r%:bgt g]'fqﬁlhg]%\é\l{ i s Ir?%cél tﬁg nlinacl‘ll%{[ﬁ‘gi Elg resm%nt to vial I(Eilallengf:
Fpuot 2ise sshpmess crogsspétasmal dieivntlostBvag the HPV and the VLP.

anti gen-expressi ng human 293 cell leads to

|ncorporat|on of the replicated SEAP-expressing

[49085mi d into the LI/L2 capsid, giving an infectious

TH&%U@leﬁ%é%tly( fb gHﬁl@ur@d CJFQHﬁCta'Il‘éW]ﬁg ?rohferanon of the HPV.
trallzatlona OleS|Se_ﬁ)§/ermne rreasurl

Pydovigses ea’etl%rewe Fﬂﬁﬂmw)ﬁ@g pectignyi IpodiRfaRaf dpseerctory

a]khb Iphaipﬂlﬁtas@@SEﬂEréxpﬁssu{gq(ﬂ@ﬁﬂud }Eaﬁig thé régliRadion bﬁgﬂhaof SV40,
nocul.at |

HPV. i nt
EAWORS, BT A 48) b 12,8 b R SRS Svaor
amigﬁe’reapmdsmgvhumane 2PB celhblendt | on inforpeiago/LPE e replicated

SER¥LE %gmglpﬁ’ﬂﬁnﬂnﬂlté '?? Y.LIFLZZ 9%)sﬁ?vgv?ﬁ%dalﬁ%%%ouw&?dovms

are osslI Bl'e causes o nat um
(Kigired)a dhe sptiviked @traaéamno@@ém@es/ #cdgteraningd by measuring the

a@ R OTHIPRIng thd Reudd il BifediBN IR oApHeAiCBnlhompat ent

Docunents 2 and 3). [0007] These vacci nes were shown
in |arge-scale cllnlcal tests to have type-specific
[GOGbBECti on- preventing action, and the vaccine of N@rck
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[0007]
These vaccines were shown in large-scale clinical tests to have type-specific
mnfection-preventing action, and the vaccine of Merck was approved in 2006 by FDA

and Commission of the European Communities and sold in the U.S and EC countries.

[0008]
As described above, immunization of the HPV LIl capsid into animals leads to
induction of extremely type-specific immune response. Preliminary results in a

clinical test by using the HPV16 LI capsid vaccine showed that the vaccine was



3 effective in preventing HPV16 infection, but al nost
not effective in preventing other HPV genotypes.
Accordingly for prevention ofy onset of cervical cancer
with vaccines, there is a need for devel opnent of a
vacci ne antigen that is effective at |least to al

hi gh-ri sk HPVs. [0009] The inventors had earlier
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escri bed above, in view of the fact that the
particles formed of the chineric protein conposed of
(Hhe}HPV 16 LI protein and an amino acid 108 120 regi on
tein inserted in the HPV
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induce neutralizing antibody, which is in common to high-risk HPVs, a chimeric
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region inserted by an amino acid 109-117 region of HPV16 L2 protein was provided in

Patent Document 1.

[0011]

Nonpatent Document 1: Pastrana, D.V., Buck, C.B., Pang, Y.Y., Thompson, C.D.,
Castle, P.E., FitzGerald, D.C., Kruger, Kjaer, S., Lowy, D.R., Schiller, J.T., 2004.
Reactivity of human sera in a sensitive, high throughput pseudovirus-based
papillomavirus neutralization assay for HPV 16 and HPV 18. Virology. 321: 205-216.
Nonpatent Document 2: Villa, L.L., et al: Prophylactic quadrivalent human

papillomavirus types 6, 11, 16, and 18) L1 virus-like particle vaccine in young women:



papi | | omavirus neutralization assay for HPV 16 and HPV
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b OISR YR e ShERAST AN obSve ace
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i nduction of antibodies to all high-risk HPVs, making
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and the anti atent Docunent 1 showed
favorabl e neutraI|Z|ng activity to these infectious
mﬁgrdoviruses However, in the subsequent
r.al exp |nent by usjng HPV31l, HPV52 an
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pseudoviruses newly developed by the inventors, the antigen described in Patent
Document 1 was lower in neutralizing activity to HPV31, HPV52, and HPV38.

[0014]
Thus, an object of the present invention is to provide a vaccine antigen capable of
inducing a cross-reactive neutralizing antibody to high-risk group human

papillomaviruses.

[0015]
SUMMARY OF THE INVENTION
A first aspect of the present invention is a capsid which is an aggregate formed by

assembly of chimeric protein composed of human papillomavirus (HPV) 16 L1 protein




papi | | omavi ruses. [0015] SUMVARY OF THE | NVENTI ON A
first aspect of the present invention is a capsid
which is an aggregate formed py assenbly of chinmeric
protein conposed of human papi || omavius (HPV) 16 LI
protein 5 and an HPV16 L2 epitope inserted in the
| oop region of the HPV16 L1 protein, wherein the
region for insertion of the L2 epitope is a region of
aadi amO HRG 1dS 1.2 3itbpe 43riadidn thBdody? r&fbh @PEhBASPYNG L1 protein,
\@$ @ aci d sequence represented by:

QAGTCPPDI | PKVEG (hereinafter, referred to as
118> 8gioh Foripsertipe pf themﬁit@wes@ﬁ@@aﬁ@mﬁﬁm( haded30abt488 and

t%ﬁ%ﬁ@%ﬁ@ﬁ@%@;ﬁgﬁeqﬁgwﬁa I)GSé:I)lrted er red to as

LYK HGK QA HEPRIBHRK Y d@sqmamaﬁ,erete@m.tq a8 838 di2rpitope),
GHEGREBSSOT R EGYIEN ﬂeeahéfeé@srefe%dfte hé 9&\@9 iztabﬁbg@'or

[n_the capsid abovye, ito

riveL GBS NS L et roae A HO o Caodabnce
of which one or nore am no acids are del eted or
[ tituted or to which one or nore am no acids are
added, wherein the am no acids provide the capsid with
leapaelqjsid tagcomdthgeitngthe preases- mewhtion | inchigesanthé bfodlywing typical
e&hﬂh | ntd O that of the HPV having the original L2

Itop 2) The aggregate is an aggregate formed by
lé éh?beapSdeabﬁM%tth@&é qREADQ AP URY SO1Re acids haing syifl amino acid

&ﬂjeﬁ&b @Wﬁfeﬁ%% @k nidr¥ %m‘&hﬂ ABAd Sre REREEI &) ﬁBétﬁﬁliéh%? to Which one

e an e fo y assenbly of nulti
Obé?ﬂrﬁr?éi"gg e%c{dgg,s geregamq BINHOs fihe PERVéde e qapsid with
capabiley inductdyea ﬂ@@i AdRIalieaR SABsBssie@Bstd thet dffic HPY having the
Oggg?ﬁggte |s in the range of 65 to 80. 5) The nunber
Piver capsomeres constituting the aggregate
2) Thy Zggre@te e aggpsatt fosnebleyadsemblhyrafcudtip lerpeafaman cafsomeres,

e vghl?!l@@&fh&?sed [09%172 }:hméré CORG ASREALs of the present

|nvent|on|saca sid mxt € conprising two or nore
3) The an aggregate formed by assembly of multiple pentamer capsomeres has a

particle structure.

4) The number of the pentamer capsomeres constituting the aggregate is in the range of
65 to 80.

5) The number of the pentamer capsomeres constituting the aggregate is 72.

6) The capsid is used for production of an L1 capsid vaccine.

{0017]
A second aspect of the present invention is a capsid mixture comprising two or more

kinds of capsids according to the present invention.

[0018]

The capsid mixtures according to the present invention include the following typical
embodiments.

1) The capsid mixture comprises a capsid which is an aggregate formed by assembly of
the 18-38 L2 epitope-inserted chimeric protein and a capsid which is an aggregate
formed by assembly of the 56-75 L2 epitope-inserted chimeric protein.

2) The capsid mixture comprises a capsid which is an aggregate formed by assembly of




ki nds of capsids according to the present invention.

[0018] The capsid m xtures according to the present

i nvention include the followgg typical enbodinents.

1) The capsid mi xture conprises a capsid which is an
aggregate formed by assenbly of the 18-38 L2
epitope-inserted chineric protein and a capsid which

is an aggregate forned by assenbly of the 56-75 L2

thpil BHBELL npitopechsefiedrehingriprmbeim and®l ddpeidcapiehds an aggregate
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m xture is used for production of an LI capsid
%@(‘9 ine. 6) The capsid m xture is used for production
n LI capsid vaccine that can induce the
ﬁnemﬂraa;bécz bf\gleqmsieboﬂmﬁioatlsl east tg human
maviruses 16 31, 52 98.

P € Bk P G of Bumidt sRUSRRVsH 1Y it Progen and an
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SR 5P YA i MOPR SRR buf 08
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RO R OSSR A S 1 gy 867302 pigpe) o

DIS/GBLDPSBYS EOPEISF] (Gedleida (e réideedRbG@E 8L 1(5Hed epitvpt). er
referred to as 56-75 L2 epitope) or

DPVGPLDPSI VSLVEESSFI (hereinafter, referred to as
[080115 L2 epitope). [0020]

In a typical embodiment of the chimeric protein according to the present invention, the

L2 epitope is amino acids having said amino acid sequence of which one or more
amino acids are deleted or substituted or to which one or more amino acids are added,
wherein the amino acids provide the capsid constituted by the chimeric protein with
capability inducing a cross-neutralizing antibody similar to that of the HPV having the
L2 epitope.

[0021]
A fourth aspect of the present invention is a method of producing the capsid according
to the present invention, wherein the capsid is formed by assembly of the chimeric

protein above.




In a typical enbodi ment of the chinmeric protein
according to the present invention, the L2 epitope is
am no acids having said am ng aci d sequence of which
one or nore amno acids are deleted or substituted or
to which one or nore am no acids are added, wherein
the am no acids provide the capsid constituted by the
chinmeric protein with capability inducing a

[@0239s- neutral i zi ng antibody simlar to that of the HPV

presen i nven pro
ageardingite ghe mr@setnh VEREeB mpnmmvggtnrmrmgmﬂ @nr rmqrh émds of capsids
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bove. ﬁ@ fifth aspect of the prese

“Pﬁ@@ﬂ@?%%“?@ng TRBtHREICapEIdS, oduci ng the capsi d
m xture according to the present invention,
[@ﬁgﬁrising preparing two or nore kinds of capsids by

met hod according to the nmethod of producing the
Acapthiadpazt of the presesemientionvie Iatcbmpleﬁmf kevhole gtntpleehemocyanin and

I [ f
i EbgnERRS 812l Qiral o ey ltaygt.ﬁ%g el an%m? acid sequence
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LyRerdrQ
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d@fé\ﬁ?ﬁfﬁégGgéiTﬁY%‘C&lgr%ﬁegﬁ@jﬂned to as 56-75 L2 epltope') or

DGR D ESICNESHESS L hérb b Rém adféedd tolR708r 118d 2 @itage).
56-75 L2 epitope) or DPVGPLDPSI VSLVEESSFI

(hereinafter, referred to as 96-115 L2 epitope).
[403824] In a typical enbodi ment of the conplex

Ilf"g &Eﬁ&' Eﬂb&‘ﬁrﬁeﬂ?opﬁﬁgg&hle&%ég&mng% tﬁegﬁeéégt’ {-111981%%011, the keyhole

enocyani n an oun 0’eac
laﬂﬂﬂﬁteltechaampswé ithrel 2 piB)are lméldtw @ecémtht:rrwaa pysteine.
provi des an LI capsid vaccine antigen in which a
[@@$$i0|e structure has a strong i mmunoi nduci ng
vity, and the LI capsid vaccine antigen is

Thapableat aiveatiomw pgoddds gtemlpbmtvhﬁgn@fanﬁlm HPWhich a parttc]e

SR8 5 it G700 2 K e v
capabiercdlstreing gntgmrm'gsj:yttmg) of the HPV L2 epltope and which is also capable
of inducing a neutralizing antibody, in particular, inducing a neutralizing antibody to
HPV16, 18, 31, 52, and 58. Considering the homology of the L2 amino acid
sequences in the 15 kinds of high-risk human papillomaviruses described above, the
L1 capsid vaccine antigen capable of inducing a neutralizing antibody to HPV16,
HPV18, HPV31, HPV52 and HPVSS8 according to the present invention is quite likely
an antigen which can cover almost all of the 15 kinds of high-risk HPVs.

[0026]

VLP vaccines were already commercialized, and shown to have type-specific
infection-preventing action. The chimeric VLP developed by the inventors, which is
an antigen consisting of the current vaccine antigen and an additional
cross-neutralization L2 epitope, retains the neutralizing epitope of the current vaccine,
and thus, induces an HPV16-specific neutralizing antibody and also a cross-reactive
neutralizing antibody to HPV18, HPV3l, HPV52, and HPVS58. The VLP is



HPV16, 18, 31, 52, and 58. Considering the honol ogy of

the L2 am no acid sequences in the 15 kinds of

hi gh-ri sk human papil | omaviryses described above, the

LI capsid vaccine anti gen capabl e of inducing a
neutralizing anti body to HPV16, HPV18, HPV31l, HPV52

and HPV58 according to the present invention is quite
likely an antigen which can cover alnost all of the
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alrqu .c%nneigi ¢ and shown t.o have 1
“Ppec %ﬁé%? fa%c< iRt %‘&‘“tsr o# Bre et PRYIG ARYIgSHR. inTh garticle structure
hashingre restonyLiRndewaldopmg dyivithend presehong tharbioshing8raliastion 1.2

nsi sting of the current vaccine antigen and

]@ﬁ&gggﬂn gnal cross-neutralization L2 epitope,

retains the neutralizing epitope of the current

[00a¢Fine, and thus, induces an HPV16-specific

lizing antibody and al so a cross-reactive
BﬁéﬁN@ﬂEﬁfa GARRESHS QUTi: SN VEMFION Hpvs2,  and
aHRM@&d)The VLP is 8 conposed of 360 LI protein
the chineri.c VLP h Q. .
T LS aeip e 1o oo fheL e faNo f4 4 capsid P i Agereeate
foamtd hgnssembdy pheltiinetie psdteinacbimpesedneftiungngapilloangirus (HPV) 16
' [ I n enting.the
Ll W@n@ﬁ%%%z atpll‘fdrﬂz}z/vn% qé{)%% gpl{c])th (t)l%lt |1§/1n5f16?5121?]a loop region
ofBEsﬁmmt@ARva NG OUT THE | NVENTI ON (L1 capsid)
The L1 capsid according to the present invention is a
sid which is an aggregate fornmed by assenbly of
U@ﬁgnerlc protei n conposed of human papil | onavirus

Af IRMXibEB abblve pPHBVEpATtiaRisdn %gﬁwa 1@@déh&drﬁlnﬁéﬁs[d'|§oﬂs@stﬁa of 72

cBRDRE spafer wfichpay te L LuerbahBre, Aigytvel Spression
Oﬁ)ﬁlﬁthblpeatem ia credalgmlsuits ircosammiiteh daheild pandhstin nig odcleus,

au?grf ggﬁﬁg%ﬁhﬁs’caﬁﬁggl ofél}(emggiﬁ fgﬁﬁgda#nrfwﬁth\fﬁ tr BF 8i& B? s called

LE eppsid ey vires-likee patiphe) (XLiPon  Sfmultpaeeys pxm'@@ms of rth Iaed L2

prBté@dsegiﬁes ana]UI/EQQ: &l tQme)%ﬁ%hg % 17 I]LQ ;?r@féfﬁi ﬁllolecules in
e Ll rotelnﬁ s ca

r.med onI a

s 1Tl Yy (h L8 qoppiynd he b Achtos! @i SambAntated
fraxh chéh ather bhyeleqiroat Michsscgpyes an LI/ L2 capsid (or LI/L2

VLP) containing 12 L2 protein nolecules in
[0029]
The L1 capsid according to the present invention is a capsid based on the HPV16 L1
capsid. Because there are many HPV genotypes, each capsid is in principle indicated
with a genotype such as HPV16 or HPV358. Thus, for example, the L1 capsid of
HPV16 is designated as 16 L1 capsid.

[0030]

The L1 capsid according to the present invention is an aggregate formed by assembly
of chimeric protein, having HPV16 L2 epitopes inserted into the HPV16 L1 protein.
Hereinafter, the chimeric protein means a "chimeric protein having an HPV16 L2
epitope inserted into the loop region of the human papillomavirus (HPV) 16 L1

protein,” and the present invention includes such chimeric proteins.




the LI capsid. However, the LI capsid and the L1/L2
capsid are not differentiated from each other by

el ectron mcroscopy. [0029] gThe LI capsid according
to the present invention is a capsid based on the
HPV16 LI capsid. Because there are many HPV

genot ypes, each capsid is in principle indicated wth
a genotype such as HPV16 or HPV58. Thus, for exanple,
[@X3é] LI capsid of HPV16 is designated as 16 LI capsid.

TﬁlQ 16 -][Be S;JI'i‘lloRg %R&E—tgd Elﬁt%ot?lg anlg 81:0861{1 t}gr @{r‘]gﬁﬁl%ﬁ‘gn Pf the chimeric

I'nvention i aggr egat e y ass
puti¢imae¢ardipg de dlemreseat/inngntigp\ies an 2men adh e@lmn@enep@dented by:

LYRITK G ﬁdl'%f’]f‘i)ll}PKVE@ﬁ'SrBS LIEgif ﬁ@ ;f/ .eL ; ; EeHg?/ll gerL |2 c

rotein r ot el
R e ARV M Bens Pl et 09 an HhviS.

DPAG P L OPEW SINEKSHN)(94 915 L2 cpit@edi N, " and the present
i nvention includes such chineric proteins. 9 [0031]

The HPV16 L2 epitope inserted into the L1 protein for
[@3afuction of the chimeric protein according to the

TR SP981) ARE b0 L B AR g o e V1
L3 mrtvteme) Th@@éd SCrESEEERIRGY ) RMi 6 6cid S inl the St H5ogpeino @eid region
oP&\é@‘fPﬁP@L‘ﬁ%r}{éﬁﬁSﬂhe(@@iﬂslﬁz 'eglts;gésﬁé%pﬁ u[o%%%] in the 96-115

18-38 L2 epi am no e 18- 38 am no

a’@&ooaci%§g&ﬁl e K V5L ot (phesew; the et ang. lﬁéﬂLaznmo acids

aRftplaRs 1’6?5330‘3 ﬂmlﬂﬂe@&h@l@d Rrihk)e 56- 75 anino acid
regi on h PV16 L2 protein. The 96-115 L2 epitope

has 20 ami no acids in the 96-115 am no acid regi on of
[G@038] HPV16 L2 protein (wherein, the 101st and 112th

Ir?m n e@e(fl't "Eéﬁg[ﬁ%piﬁﬁg i c{de Ise[g%geé ¥1§ Ip otg\ﬂnte{}e n%HfoﬁfE% from the

presen venti on
a@momn@@alomde r@a@@plentlprStheammaraeldna deregrageds aseuming acid 50.

amno termnal and, for exanple, the 50th am no acid

'3 fesignated as anino acid 50. [0034] The L2 surface
[¢)é on binds to nmultiple cellular proteins.
ThaLeedifadd @giodf bindd a0nal¢ipld cellular proteins. Introduction of amino acid

substitution mutation results in loss of infectivity, indicating that the 1.2 surface region
has a function essential for HPV infection (Figure 4). The amino acid sequence of
this region is preserved quite well in all high-risk HPVL2 proteins (Figure 5). The
inventors studied antisera obtained by immunizing rabbits with synthetic peptides
having the amino acid sequence in the HPV16 L2 surface region. The results will be
described below in Example (Table 1). The results in Table 1 showed that there are

cross-neutralization epitopes in the regions of amino acids 18-38, 49-75, and 96-115.

[0035]
Specifically, the results shown in Table 1 indicate that there are cross-neutralization
epitopes to HPV16, HPVI18, HPV31, and HPV58 in the regions of amino acid 18-38,
56-75, and 96-115. However, the cross reactivity to HPV52 was not studied in this
stage.

[0036]
Here, in the 96-115 region, the 101st S was replaced with L, and the 112th T with S.



substitution nmutation results in loss of infectivity,
indicating that the L2 surface region has a function
essential for HPV infection {&igure 4). The am no acid
sequence of this region is preserved quite well in
all high-risk HPVL2 proteins (Figure 5). The

i nventors studi ed anti sera obtained by i nmmunizing
rabbits with synthetic peptides having the am no acid

Iisie %@m@@ tmnﬁdaﬁt @lhb'ng ur feﬁﬁa@ el.qn -?-ﬂ% lafrdls réﬁﬁdx]hé $12th T is
S‘:“M%gﬁhlg i ?lgi’*%r& %rois Q?}g%yd Iagﬂmd%fm t Eg 69?3&056 ]I‘Pavmg 816 naturally

ocwssg aitorRhid Fuee 98pl itSopes in the regi ons of am no
acids 18-38, 49-75, and 96-115. [0035] Specifically,
the results shown in Table 1 indicate that there are
[@3F$s- neutral i zation epitopes to HPV16, HPV18, HPV31,

Tﬁ@ eﬁf?\s/% 'Faﬂlet D&hé&@ ghz?c”l%er%f ar@MRss %%hfilalgzét@I? e%@%& i3 HPVl 6,

However , he cross reactivi
HRMI Ss H&’a’ 3é AR Y 85318% eige 49{660ssipn. kﬁﬂwewrancn@se the chimeric

pRfeid h?tzlf £49-98 ,regEl&? ml"ﬂilﬁﬁ t%e%%&rl% ioﬂQﬁ«? Iﬁé“ﬂ ﬁ)ﬂ?la pta?t'it% structure
S.. | ecause the mutan
%GEG*F(%‘}?@ a8y %L amipg é%‘ldﬁ@“ s RESErRe ot B high gy 15 kinds of
HPVAtah shows in figyners, tie 49768 rgivdi wi ot eid et éaeHel present invention.
antibody to the epitope having the naturally

occurring amno acid sequence 96-115. [0037] The
[G088LIts in Table 1 show that there are

Tﬁﬁso%ﬁlrﬁ@iét ﬁﬁkén@%&ﬁ&;t@ﬂ%@@ g? %s%ﬂm:gp}{%gross lﬁ'?ﬁérﬂ&anw éé/ﬁ‘gope in

al so in

ﬂieﬁégleﬁ |0ﬁemna0 agidotd) o Mxof Il 14@1615 ap¢ ghigericnél-Rdiverg produced

withehethifBrit padtems.di d not form a partlcle structure
and the honology of L2 amino acids in the 49-55 region

was not high in 15 kinds of HPVs as shown in figure
[®39f he 49-68 region was not studied in the present

Th&gﬁ% %@ egeglp%%]enggﬁlsfﬁlaf:egltgee{ \chint: ﬁtf : the Vggl‘npos«:dt 8f lewuman

0SS- neu 1 oNn
pamllomh‘ém Y bof Ldr@rntpuaemcugn 4BV Yo LA 3pitope mselpcnbmethnt loop

re@ﬁﬂl d?ffihérﬁlpm6\ﬂ_lpl§row eviRrgqhuced with the chineric
rotei ns refore, the present invention

P Th
the dpog éf'él‘ilbk’é %??Fﬁ*ﬁé’r ’gt ek @?‘F‘PPE dﬁﬁé‘%@@lﬂ 8f aminpa#rids 430 to 433,
mﬁﬁplllOﬁ&Vlrus (HPV) 16 LI protein and an HPV16 L2

ThP LE egﬁeop S ra%%?nu%onaglg seqlu(e)r?(pe presented by:
LYKTCKQAGTCPPDIIPKVEG (hereinafter, referred to as 18-38 L2 epitope),
GGLGIGTGSGTGGRTGYIPL (hereinafter, referred to as 56-75 L2 epitope) or
DPVGPLDPSIVSLVEESSFI (hereinafter, referred to as 96-115 L2 epitope).

[0040]

The present invention also relates to a capsid which is an aggregate formed by
assembly of the chimeric protein. The aggregate is composed of multiple pentamer
capsomeres each of which composed of five chimeric protein molecules, and the
aggregate composed of the multiple pentamer capsomeres preferably has a particle
structure for greater antigenicity.  The number of the pentamer capsomeres
constituting the particle is, for example, in the range of 65 to 80, preferably 72, which

is identical with the number thereof in the naturally occurring viruses.




regi on of the HPV16 LI protein, wherein the | oop
region for insertion of the L2 epitope is a region of
am no acids 430 to 433, and, The L2 epitope has an
am no acid sequence presente&
LYKTCKQAGTCPPDI | PKVEG (herelnafter, referred to as
18-38 L2 epitope), GCEA GIGSGIGERTGYlIPL (hereinafter,
referred to as 56-75 L2 epitope) or

[0DBV[GPLDPSI VSLVEESSFI (hereinafter referred to as

6-115. 12 |t [ 0040 I
The PRy o5 gD el soutelis SEFE Binve ol such
a aswehibd P60 fcrddsamcathralivation epitopesi in. thd pertafpg(legated)i s A chimeric
o R B2 88 Sk B BpBRIRAME 5 46 BRSRERT 5 lincids gt and
12tk amangyrcadsrateplacehspetivolly witle leminc iapd eerpm)pérlrﬂ‘r‘/m L2 protein

inSERIOMRKE Pedtdif B?ﬁﬁp o 4§‘33‘§f ﬁPWQEtL Icél%%elﬁ Wad %kﬂ%@seﬁ% insect sf9

reater antlgen|C| Y. he nunb pen aner
cellsplprisings a EsaELIRaDE mgulpﬁ@uﬁaawt Btced | imede VLB nihich was

dds rfa{bﬂ Jsladjﬁﬂitf%]ﬁ OBdT, 89, C}@Gﬂflgr@@l]y 171%8) V&‘éb}fehtlvél? (Figure 7).
%n I Cal . W

a?trqqqlalq;?grag%gleﬁgfo{e Shomihg Rrtipla iR e sRer Hy himeric
VIER gEDEAabyylsm(grtheaerténﬁ&Gc MLParagtaatigensihicavad gecidiechinding of
aﬂt%o?%g to th% Celsr?ed O]&esqg éﬁe %%eﬁc L'{}I[Iatas %%gcr d%@lr(])twoﬁelsable 2

parti
OEE@@que)n mghcmtmamah dlempltopesmene@xeesed 56 th@surace of VBB. t o
115 (101st and 112th am no acids repl aced
rezfectivel y with | eucine and serine) of HPV16 L2
ein inserted in the region of 430 to 433 of HPV

Aﬁﬁseﬂ wRfOhRpireNAdS 1ﬁ?ﬁ§.ﬁﬁﬁ?§@aﬂbﬁts hitetksesdhme6©€ MLPsbY In ELISA
I nant acul.ovi

by, CHAOHGE BRRLAEnRE ¢ ciepbifesd anBiefl i e of the

crehStuirhbztiodldpitopd 2Syn antégepeedch\atiyer(in rgauted §ﬁe91ﬁcmﬁ with the
t

mgt%r?egic%}g g] CFFRQ Eﬁ?é 92‘): Icl: l'trISIL ?1“2@?%5&%6{%@ aglyy resultmg in

dacrrase %hhmempemvgmdat@ @ntEIgl&?& shtfwead Spyescithe @t%uqb@nmqgl was

sl%tly@cmfé QRS K180 6n TRAER LR ExBRLIPPES to the

chimeric VLP (as described below in Table 2 of
Exanpl e) , |nd| cating that the epitopes were exposed on
[0oh®] surface of VLP. [0042] Antisera were prepared by

ARSI ekt it P a0 VB R g AL rYA2, and
HPHé&tpsclaiovmsds shbwied ghatt the antibody to Ch18/38 neutralized the HPV16,
HPVi8 and HPV3I; the antibody to Ch356/75, all HPV types; and the antibody to
Ch96/115 (101L, t12S), HPV16, HPV18, HPV31 and HPV58 (no neutralization of
HPV58 observed with antisera having a low titer) (as shown below in Tables 4 and 5 of

Example).

[0044]

All antisera were found to react intensely with HPV16, the skeleton for the chimeric
VLP, indicating that the neutralization epitope inherent to the VLP was conserved in
the chimeric VLPs. Because the infectious pseudoviruses consist of 360 L1 protein
molecules and 12 L2 protein molecules, the L2 protein excessively produced in the
sample is present as liberated in cell. For that reason, the neutralization titer of

anti-1.2 antibody was obtained rather low.



cross-neutralization epitope as an antigen, each

anti serumreacted specifically with the inserted

epi tope. The peptide 96/ 115 &}OlL, 112S) aggregat ed
easily, resulting in decrease in the anmount bound to
the ELISA plate, and thus, the titer obtained was
slightly lower (as shown below in Table 3 of Exanple).
[0043] Analysis of the neutralizing activity agai nst
HPV16, HPV18, HPV31l, HPV52, and HPV58 pseudoviruses
(igs d that: the antibody to Chl18/38 neutralized the

[ 6, HPV18 and HPV31l; the antibody to Ch56/75, al

AlnlﬁhéHPV fgpﬂflg?/ Tgﬂﬂﬁp@%@ﬁhdgﬁﬂ %ﬁ\h/o(év@d 1Gho 6/’]%11 5\|/a_(:&iﬂ%$- ,and 11‘25) protein
, HE \ .No N ral.i za 0 :
4588 i PG pT 1o CaSecnds T et YEPs Gasording to
tlshpresert einpemtion Fabdl dse praticalSvatineExaigehe )indddid 4kneration of
| ser £ . ct intensely with HPV16,
oftodBRt) B Ry al BB KB\ b T et ng ¢ hat
the neutralization epitope inherent to the VLP was
[gkapperved in the chimeric VLPs. Because the

hgﬁgctlous pseudovi ruses consi st of 360 L1 protein ]
Thollesmitase ARy beothe anype peidn vingdhe aguna pad [seqysmee abeve, ie.,

taK epastmed Yy phe dEERISEQ 1DM€os. S0P, of whidW GRGSHm&® amino acids
in.cel.l For, .t hat reason, .the i j

| i perated . . . neutraljzatjon.
o R L sl 46 YOt SRR G G B idefuy f i the
athB04&didsApiavide fmpedpseimacdordiag ax phe ipresehts iskoti@d withatapability
) ' . i - i t "
ey 3 EF L B8 PR BAT Ltk IS BRC RS VT TRl che pgigal 12
cpitope (oA ving the amingagid sequence repessenteth by eny dndbef ihe 6Q HaNos. 2
tovfcci ne antigens inducing generation of antibodies to

the cross-neutralization epitopes. [0046] The L2

epitope may be the am no acids having the amno acid
[(®dTuence above, i.e., that represented by one of the

EQ.l1 D ) t.o 4, of .which,one .or re.ann ci ds .

e it §eR - Gt B2 G i LR Bt ghio acis
h@ﬁﬁigﬁhﬂ aviinisaad ecqpetdeiepniserted hy INKTERQAGTARRIYIIPKVEG (SEQ
YNV Qﬁ@f \(f@ﬁ? oGPt gl()?é: thng' A38lst-Pe Hglgteﬂ 3 §l?5§,itdtéﬁ/ &L Rch one

wi th capabiTity 1nducing a cross-neutrali zing

OTaROTD GEYNGs ippadr e tagdedh kat aprovides Yhepcansid Aecordiag to the present
inQ&ht@inN@ith ke agﬂﬂyti@&%id@@}éf&ﬁ-n&ﬁ%léﬁﬂg&tﬁ%g sRFTHI ] GBat of the
HE’W%eS\FLrHe Vn¥g at e o1'23(-538o LE %pi%([)zp .l ”Pﬁés'capabilites inducing a
cross-neutralizing antibody of the HPV16 VLPs having the 18-38 L2 epitope are

shown in Table 4.

[0048]

The 56-75 L2 epitope may include the mutant 1.2 epitopes of the amino acids having
the amino acid sequence represented by GGLGIGTGSGTGGRTGYIPL (SEQ 1D No.
3) of which one or more amino acids are deleted or substituted or to which one or more
amino acids are added that provides the capsid according to the present invention with
capability inducing a cross-neutralizing antibody similar to that of the HPV16 VLP
having the 56-75 L2 epitope. The capabilites inducing a cross-neutralizing antibody
of the HPV16 VLPs having the 56-75 L2 epitope are shown in Table 4.

[0049]




to 4). [0047] Thus, the 18-38 L2 epitope may include

the nmutant L2 epitopes of the am no acids having the

am no acid sequence represented by

LYKTCKQAGTCPPDI | PKVEG (SEQ 1D No. 2) of which one or

nore am no acids are del eted or substituted or to

whi ch one or nore am no acids are added that provides

the capsid according to the present invention with
S@;ﬁkaallk;‘,rj thet 96-11 ﬂfdllQi ?ﬂto%e%@smgmjet thel hwthmgL 2 rebitbpsdyof the amino

simlar tp that of.the HPV16 VLP havi 5
a(:éc&n}%vr}gg_ t%;] éma%op gB]idI sqaugnGe, fepres Ibtexg%y Bth(ﬁﬁLﬂIgSI%L%ESSFI
(SHQ@$B-Neuwt )y af whichgorentt body amino hedHRdelatedr sabritiigted or to

- 38 (10 [ I : :

Wi b didniy SRIpORTICLE adI0R Y WA e bapyif Wilraing 1o the
prepAnt apisstion withecapahiliey inducing hawsageurdgngmmibody sapilar to that

0 ib BRUEIPSE ¢ §AIPE S8 NHE dhbBYoH A I TCT G feCRTRY Blpabiesd kdducing a

. 3).of which one or re anino acids a | et ed
Cra AP RB BPAY 06 TR Gn L8 ot theitha | Rdpugope are
shdkg adoet 4.haln e @V{bs@ﬁtsddsh@tmp_ﬂiedl@ﬁlge@ of thitgmbee dhi@o acids in
resent. i.nvention wt capahi Li nduci ng a

A et o g Mantr 8oyt gt it OBEMThae of ¢ne

HPV16 VLP having the 56-75 L2 epitope. The
Uﬁﬁgﬁbilites i nduci ng a cross-neutralizing antibody of

t HPV16 VLPs having the 56-75 L2 epitope are shown _
Thensifea il theql-1 pgnqig]ofﬁge cgmﬁrlrcaprpye,m a¢rerdige 1q thq present invention
whBk {RPE? @Bﬁoﬁ@hﬁlih‘s@%efi Rein e %égiod—_gf('j ARinbARRR 430 th 1283 of the loop

am no._ acids haying. the am po acid sequence . .
reg o9 deh Proteipy M@ﬂéﬂ»@!\hﬁ@@é&@ﬁf 2%((19@% JpnRGeid s gperted,
remlgm@_ theefoul 4rhine &N @tﬁaou'odsshrhe thellet eebtein. (;lrhe amino acid

substi tut e t ich aqne or e nQg a r :
seglicig e FEREA B ahhE s SSh bs SEGEHT R0, ThE 328486 region
npludsgnaminovacids ¢A0 vibt 43 3c aipesiniatedy ta hd uc raggprarecognizable as the

- - I o .
gl B fofRed LR L PR, Fhhe LBvhGRLs ofHrbiifal analysis
olcHBXB 11t E@t%dSEtrlhgn@l of n%@llﬁ@atwg@%r FRITORSE,i g e gpsition
ofthe %yﬂgéﬂ@rééid’ué bt ifdfot BpsRbfodrhMtidrletepi t oOpe are  shown
a

in le 4. In the present description, the nunber of

the nore amno acids in deletion, substitution, or
foadoj tion is 2, 3, 4, 5, 6, 7, 8 9 or 10. [0050] The

jte | Lf:prte'n- the. chi [ ot el .

leéc 8%?5?%%1:]?‘53 %eepgpgsselnngérlterc]lvg'lm !ﬁgannfi p(for%[n fsCa for.a smgle'Ll
protein. However, at least two different kinds of L2 epitopes may be inserted into
different loop regions in a single L1 protein. For example, a peptide except for the
three cross-neutralization epitopes may be inserted to a site except for the amino acids
430 to 433 of L1 protein.  Alternatively, one of the three cross-neutralization epitopes

may be inserted to a site except for the amino acids 430 to 433 of L1 protein.

f0052]

(Preparation of L2 epitope-containing peptides)

The L2 peptide (amino acids 18-38, 56-75 or 96-115) can be prepared by a common
Fmoc solid-phase method in a 96-column automatic peptide synthesizer. The peptide,
which 1s aimed at preparing an antibody, is connected to KLH (keyhole limpet
hemocyanin), and a cysteine residue is added to the N terminal for prevention of

masking of the peptide region by KLH.



where the L2 epitope is inserted is in the region of
am no acids 430 to 433 of the loop region of LI
protein. Specifically, an Lzlfpitope of 20 to 21 am no
acids is inserted, replacing the four am no acids 430
to 433 in the LI protein. The am no acid sequence of
the HPV16 LI protein is shown as SEQ ID No. 1. The
426-446 region including amno acids 430 to 433 is
estimated to be a region recogni zable as the antigen
@ﬂg&pis | ocated outside the L1 protein, fromthe

[ oints of structural analysis of HPV16 LI

The qiresent ildzieatoilmh brdlides thé cf)ﬁlpﬂe?&ab{] kbmlammﬁ@odlymogyanm and an
t . an e gosi.tion of the cysteine resjdue,
R G, CELEaBlnel b s BN SRRy
Ly KTHeQRL TR RIBHRE VIEAS 88t L2 apitopehe LI protein i s one
: t g t least t
G R RSO BTG PIR, G ERORNEE) of . { macr ted i nto
DRMGRIIRRS IV HofERBYildRe-1i 4 L3 opitepgle LI protein. For

TaX &Elo%e limpPERIEASaBMGAR S PP chfiépe rBBBEnd to each other preferably
cross-neutralization epitopes nay be inserted to a

Vg QYeleigcept for the amino acids 430 to 433 of L1
protein. Alternatively, one of the three

[&rsg s-neutralization epitopes my be inserted to a
Si'te except for the anmino acids 430 to 433 of L1
(Preparetiion of IGD &Riope(idyesied d dtroteins f(chithedp iptasgies)@ont ai ni ng

AGEPEAETA g8 e IR Sp o0 APt fede Yiepdis £3s Bipressed
byashgR bacudo gBiscEcigintoagve maghimerie btlj pretein andesihimeric capsid.
ThEechaptié deL gendii§ prbgared HBAPER. PrReiicdy, a0 R WrePREY . in the
R connected to KLH (keyhole |inpet henocCyanin), and
olloyjug maRReT; esi due is added to the N terninal for
prevention of masking of the peptide region by KLH

[010$5 [ 0053] The present invention includes the conpl ex

0 !(eyhol e |inpet henocyanin and an HPV 16 L2

(&) poper paindaving epegiopdetimblyansarednoprpirddsequence

g . T - .
(SPRASSERt et (TSI BB (APt s 1
L mpesed/of Yrersshe prige- levna an wsertiep &9gionpd REMELE are used

fdri afeific esDey BORN and t he L2 epi tope are bound to each

((?)t thewro %Sflﬁéc? %MA ﬁlagamgr}/tgth?llvﬂleg' an inserted fragment m one side are
prepared. The respective complementary regions are annealed for extension reaction.
(D) A chimeric gene containing the inserted DNA is prepared.

(E) PCR is performed by using the inserted DNA as template and the primers 1 and 2.
(F) Thus, the DNA containing the inserted gene is amplified.

[0056]

The present invention includes a method of producing a capsid including forming it by
an aggregate formed by assembly of the chimeric protein according to the present
invention. As described above, a chimeric L1 gene is prepared and expressed by
using a baculovirus vector, to give a chimeric L1 protein. The chimeric L1 proteins,
once produced, form autonomously a chimeric capsid (the capsid according to the
present invention). Expression thereof by using a baculovirus vector may be carried
out by a common method, but the condition is preferably optimized for acceleration of



[0054] (Preparation of L2 epitope-inserted LI
proteins (chinmeric proteins)) A chineric LI gene was
prepared, and the chineric Lisgene prepared was
expressed by using a bacul ovirus vector, to give a
chimeric LI protein and a chinmeric capsid. The
chinmeric LI gene is prepared by PCR Specifically, it
is prepared in the followi ng manner: [0055] (A A
ther dutenrongais chivsericrgpsid fegaviondesi rabl y i nserted is
prepared. (B) Primer set conposed of the prinmer having
an insertion region and the prinmer 1 and the set
osed of the other priner having an insertion

Th@ Qhﬁ’&ﬁd %E%rﬂhhg & rthe’Z ﬁ:%@nt Liﬁ@éilltloﬁ Q¢ uﬁs@pfok fok SR oP¥n L1 capsid

@ Wg % nents havi ng an

Vi“‘r?é‘éfrte h¢ ]ngéH%I |Ha°6H’§ §iaéfe arigo B?erJP’éOanl‘Fﬁ@ by using a
biasPEaisicxpressidPbyp@AL ary regions are anneal ed for
extension reaction. (D) A chinmeric gene containing

the inserted DNA is prepared. (E) PCR is perfornmed by
[#58hg the inserted DNA as tenplate and the primers |

Ty (o ENSCALERY DA AT Hhits o

castdsc conding wdibeipreseat mafp@ﬁlccn i nidieuhiraedcindsy of ¢rgsids apgording to

tRN pREGHE I GtibAT AR d}?ﬁferéﬁsm Yedeh biter il @?ﬁdbﬁlty inducing a
rotein_ accordin resent | nvent ion.

é%&?#t%@%bW@o%& 8 ﬁ’é? o v gemere 0 p?thfanldénélfferent in

c@ﬁbﬂﬁﬁ $ediichig a msm@ew.ah@lﬁg|aﬁMbéd;Sm\b@ﬁiBﬂ{a,tlthdgaﬂt@e@usly gives
in. The chinmeric LI proteins, once

hl%m&ﬁ%&maP% ﬁ@v tononously a chimeric capsid (the

capsi d according to the present invention).

(g%g£ession t hereof by using a bacul ovirus vector may
arried out by a comon nethod, but the condition

The cinsid BdBIoyacepiding toelfic PsrscaicaeInsion Mashbes flor gxamplgs a mixture

oﬂmb@%muﬁhqmmggrsga@@ﬁhed%9raaﬁ§ﬂbwof{h@%758 LY b[ﬁt e-inserted
to t present |nv nt|

sid accor
ARG R B e WE’;SEH% i GEERife o 1aSé%§mf the 56-75
L\}laapunpeumayecbehlnreoldlmeﬁm f orheeps@nkingds obyapsidsn@ap be mixed, for

e)pa%‘fﬁ‘”e,oa}{'ar\gg’lgﬁtxﬁ{ig I thenralsi SLEM 0(5 900§(§d:1. However, the mixing ratio
of the two kinds of capsids is not limited thereto, and may be modified according to the

desired immunogenicity and neutralizing activity of induced antibodies.

[0060]

The capsid mixture according to the present invention may be, for example, a mixture
of a capsid which is an aggregate formed by assembly of the 18-38 L2 epitope-inserted
chimeric protein and a capsid which is an aggregate formed by assembly of the 96-115
L2 epitope-inserted chimeric protein. The two kinds of capsids may be mixed, for
example, at a weight ratio in the range of 1:100 to 100:1. However, the mixing ratio
of the two kinds of capsids is not limited thereto, and may be modified according to the

desired immunogenicity and neutralizing activity of induced antibodies.

[0061]
The capsid mixture according to the present invention may be, for example, a mixture

of a capsid which is an aggregate formed by assembly of the 56-75 L2 epitope-inserted



The present invention includes capsid m xtures
containing two or nore kinds of capsids according to
the present invention. The tjyee kinds of capsids
according to the present invention are different from
each other in capability inducing a

cross-neutralizing anti body, and use of two or nore of
these capsids different in capability inducing a

ckibfesis p?@&h{ﬁid' @éa@gldaﬂﬁlbmdéﬁ dArSAMDLRAEA BY assembly ofthe 96-115
L?dvantageous grves higher neutyalizing activit

cﬁv@gpe-mﬁﬁ’ae%awealcrﬁrmm e HecHyuimgs 0b Cﬁlhsé spfﬂégém mixed, for
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L2 epitope-inserted chimeric protein. The two ki nds of
capsids may be m xed, for exanple, at a weight ratio

(43921 he range of 1:100 to 100:1. However, the mixing
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desi red i munogenicity and neutralizing activity of

t@? ced anti bodies. [0061] The capsid m xture

according to the present invention may be, for

Téx eappidemixdumriagtardeg toftheapresyps indrentivincil alss uaed fog gpretyatien of the
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u %ﬁﬁ%‘?ré’%a?% PRlnketha bt e AR S Ehh R mbure i
thesame@s Hiat desceilbpd 9oy t he 96- 115 L2 epit ope-i nsert ed
chinmeric protein. The two kinds of capsids nay be

q%ﬁgd, for exanple, at a weight ratio in the range of
[%906490 t 0 100: 1. However, the mixing ratio of the two

Tke mimcbfmzaamdcdsmiu% m)othe bkeﬁbﬁtadvédnﬁﬁei 0sedafbel proayictien of an L1
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|Z|ng ac i"bodies.
HPV52 and HPV3R.

[0065]
EXAMPLES
Hereinafter, the present invention will be described in more detail with reference to

Examples.

[0066]

Example 1

Preparation of rabbit peptide antisera

Two Japanese white rabbits (2.5 kg to 3.0 kg) were immunized. The antigen used



[0062] The capsid m xture according to the present

invention may be, for exanple, a mxture of a capsid

which is an aggregate formed;py assenbly of the 18-38

L2 epitope-inserted chlnerlc protein, a capsid which

is an aggregate formed by assenbly of the 56-75 L2

epitope-inserted chineric protein, and a capsid which

is an aggregate formed by assenbly of the 96-115 L2

wapi 4 o%mjuga@ rgfeq é]’iBnﬁEz]EllyC p@épatéﬂ livept'ﬁlhe ainfr K(LHG (ﬂt@ﬁho@é limpet

ca si ds.ma or..ex at
GR0GBR 1 ol dl R RhitRs P 8 ols st e giignistered

sui:fcuﬂan&@&l}t ovittD GorhpletdoWeanad's etdjlﬁzam Xi Afferr td eveaks thven the first

d of..cC | d n b h n

a&rgfn?sgra%loﬂ BgSegxga(?fg gl}e d?nt ggepo %‘% uglgtgregl S.lb%{lt%heo%sgr with the

C@'lmi@teogﬁafnmmiﬂ ydandnheutltal rahbity wetd \ﬂengxtlzﬁd istrdibaréd (0.25mg)

@(ﬁﬁbmgr &8 4,00834 6 ‘;EQ&SC lgtﬂ}gl% irRGC OTAH P Bk Qyeck from

ent |nvent|on 'S so used or productlon 0]
thﬂh@nal |sensitigasion. thectetal élwﬂh‘éaﬁﬁ@fi?@@doﬂo BPEcueHE smple.  (The

pké%ﬁﬁhﬁﬁwﬁy pUFbRSed eSGaRShel uRd¥t dneraks) the same as
that described above. [0064] The capsid mxture

according to the present invention is used for
[@eG¢uction of an LI capsid vaccine that can induce

n zi nq. antd bodi es tq.. HPV HPV18,, HPV31, . HPV52
ARk G R B YRR W Sl soidlfpenee of
then Gt libo h2weurfach eregsc rivb glie |rnsuilm@ agbseain  wiag lnnalyzed in the
néﬁfa@l%ﬁ%lee)g% n@g@@ﬂ&»@ﬁ be[o%oeﬁesu@(ﬁfgjg vvF]IP PR Hl@q The

e antisera Two a anese Ite ra
respltsssheym i T3 Iy kehpwdatthereAin P@éﬁneurwéw%tmm e@étﬁp@ﬁs@dhqmgwns

o\@Sing CRIj18BH, 690fs andd@misal |y prepared peptide and
KLH (keyhol e Ilnpet henocyanin). In the first

sensitization, 0.5 ng of the antigen was adm ni stered
UEthutaneously with conplete Freund' s adjuvant. After

h&ﬁgﬂﬂﬁﬁgéeﬁggﬂ&ﬁye first admnistration, 0.25 ng of

was adm ni stered subcutaneously with the
1. 293FT cells (purchased from Invitrogen) were inoculated on a 96-well cell culture

plate at a concentration of 10,000 cells/weil, a day before neutralization experiment.

2. The serum was diluted with a neutralization buffer (DMEM medium without phenol
red, containing 10% FCS, 1% non-essential amino acids, 1% L-glutamine acid, and 10
mM HEPES) and mixed with a stock of an infectious pseudovirus, and the mixture was
allowed to react at 4°C for one hour and then added to the 293FT cells inoculated on
the previous day.

3. After culture for about 72 hours, 20 pl of the supernatant was collected, and the
alkali phosphatase activity thereof was determined according to the method by Roden
et al., (see http://home.ccr.cancer.gov/lco/ColorimetricSEAP. htm).

[0069]
[Table 1]



conpl ete Freund' s adjuvant. The rabbits were
sensitized simlarly (0.25ng) additionally after 2,
4, and 6 weeks, cunulatively,five times. After one
week from the final sensitization, the total bl ood
was collected, to give a serumsanple. (The
preparation was perforned by Scrum I nc. under
contract.) [0067] A rabbit was i munized with a
synthetic peptide having the am no acid sequence of
t he Nevtralizingsaetivige of égtld-r2 peptide @ntibodies ng

anti serumwas analyzed in the neutralization
experiment shown bel ow. Results are sunmarized in

Tatibeptide altBody ;ﬁl za?| Shﬁw B Tfﬁ) 3]]hS Ii.fwg'@t t her e

are cross-neutr on epil opes In € regions

mwmmw [uu%gb
Neut swdii1za2T on expé i ment 293FT8el | s rchased

froml nwtrogen) e mogrébat ed o a 96- \(%II cel |
cul ture pI ate at concen ation< 10 0

cerTsSIwer I —a day TOore n trat T O exXgerrment .

The WIS/ dil gpgd Wi t h neut r<§p| zatio tibuffer ,

( DVEM rredi um wi t hgm) phen(i red, nt ai n 10% FCS,
1% non- essenti al no acil8 1% [ I ut am aci d, and
10—V HEPES)—and—m xed—w tiTa stock—of—amTfect i ous
pseudtH2B{E2 " and BB ni xt 58 was <&Dl owed <G react at
4C for one hour apg.then ed to e 293F] cells

i nocul ated on gﬂﬂr evi ougﬂday §%BAfter gﬂl ture for
aUUUl IL IIUUI S, gT UI lllb SUPCI Ildl dlll was

col | anti-el@/68nd th800a| kal i S¢phosph8D@se acB0ity

t her eof was determ ned according to the nethod by
Roden

httpa'}t}%@ cer cancer gov??co/ COFOI‘I metri ggEAP htm .
[0069] [Table 1] 24 Neutkgglizingggctivi of anti-L2
pepti de anti bodi es anti-pepti de anti body V16 HPV18

I oy T L T i

200 <50 100

anti-64/81 3200 400 <50 100
800 200 <50 50

anti-90/111 200 <50 50 <50
200 <50 <50 <50

anti-96/115 200 <50 50 <50
400 <50 400 200

anti-96/115m 100 <50 200 200
(01L1128) ¢ 50 100 100
anti-107/122 100 <50 <50 50
anti-1317144 <50 <50 <50 <50

2040 <50 <50 <50




anti-28/42 <50 <50 <50 <50 SO0 <50 <50 50 anti-49/68
800 50 800 800 anti-56/75 400 200 200 400 200 50 100
200 anti-61/75 400 100 <50 H9 800 200 <50 100
anti-64/81 3200 400 <50 100 800 200 <50 50
anti-90/111 200 <50 50 <50 200 <50 <50 <50
anti-96/115 200 <50 50 <50 400 <50 400 200
anti-96/115m 100 <50 200 200 (101 L, 112S) 100 50 100
[0@] anti-1071122 100 <50 <50 50 anti-131/144 <50 <50
<50 < 200 <50 <50 <50 19 [0070] Exanple 2

]§ tive nmethod of capsid antigen 16 LI and 16L1/L2
Pmamvweehm(q:ﬂcmps'ddnﬁigena r econbi nant bacul ovi rus

0 A 500 e 3, SROGRH B
rqeﬁmbman%vvnmmas mparqhdnea(pB@st@eBIaq hagevivs Expression system
(GRBHRR R AN ?I@eerd aﬁﬁl le msszﬁeu#?-%acl T estra

cloned i ntqo pFast vect or, I ve
brpggicapsderped gl vl%@ ILdnesnei W@Socla%%@@Faﬂmc lv‘éf@icm to give

pF&tigicva 6LpFashbae duaVisiel whs?cloﬁb@nmogﬁmb@é g{iﬂdvector to give

ol oar SN2 oasat hi CERRd diiaip oG op o dradyged into

DENABaY(d E. kelipdiaxpt s ivndy cGnB@&iBRLlD containpigvieacBReirug DNA and
] Nj LNt sf . S h

o, RS AR BRSO i g B o

lnto the sf- 9 cells by using an Effectene Transfectlon Reagent (QIAGEN GmbH,

Hilden, Germany), to give a capsid protein-expressing recombinant baculovirus.

[0071]

The recombinant baculovirus was infected to sf-9 cells, and the cells were collected
after incubation for 72 hours. The infected cells were suspended in 0.5% NP40
solution; the mixture was left still for 10 minutes at room temperature and centrifuged
(9000 rpm, 15 minutes, 4°C), for separation of its nuclear fraction (precipitate) from
the cytoplasmic fraction. The nuclear fraction was resuspended in 1.28 g/ml cesium
chloride-PBS solution, ultrasonicated for cell destruction (in Sonifier 250, Branson)
and ultracentrifuged (34,000 rpm, 20 hours, 20°C) by using a SW350.1 rotor (Beckman
Coulter Inc., Fulleron, CA). The protein at a specific density of about 1.28 g/ml in
cesium chloride gradient were collected and dialyzed against 0.5 M NaCl-PBS, to give

a capsid protein solution.

[0072]

The sequences of the HPV16 1.2 protein amino acids 18 to 38, 56 to 75, or 96 to 115
(101st and 112th amino acids replaced respectively with leucine and serine) were
inserted in the region of amino acids 430 to 433 of HPV16 LI protein by using the
method of preparing a capsid antigen, and the resulting chimeric protein was expressed
in insect sf9 cells by using a recombinant baculovirus, to give a chimeric VLPs, which
were designated respectively as Ch18/38, Ch56/75, and Ch96/115 (101L, 112S). The
electron micrograph in Figure 7 shows the particles of the chimeric VL.Ps. ELISA by
using these chimeric VLPs as antigen showed specific binding of the antibodies to the
inserted epitopes, indicating that the epitopes were exposed on the surface of the VLPs.



H | den, Germany), to give a capsid protein-expressing
reconbi nant bacul ovirus. [0071] The reconbi nant

bacul ovirus was infected to f-9 cells, and the cells
were collected after incubation for 72 hours. The
infected cells were suspended in 0.5% NP40 sol ution;
the m xture was left still for 10 mnutes at room
tenperature and centrifuged (9000 rpm 15 m nutes,
4C), for separation of its nuclear fraction
nggfcipitate) from the cytoplasmc fraction. The
nuctfear fraction was resuspended in 1.28 g/m cesium
Meapwenget peBod of eaps@rELISIA r asoni cated for cel |

19es8ty éh‘f)tsidod]ltfgbﬁ‘ wagHafik g ‘in gégmoﬁﬁta&sp é/ 10@5\ﬂ/well and the mixture
ul tracentrifuged (34,000 rpm 20 hou , 20C) by using
was Iefte 41C Pé’?’b"’l’gh(tBeckrmn Coulter Inc., Fulleron, CA).
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edcB WL ah® HeQBnRbn srlé’& @t‘ﬁ! oéﬁ)thﬁ]gel%ﬁ&e ffr 1HP\6}6 LI

protein by using the pari ng capsid
a fie@efﬁmoéiﬂdof e s tSPWQIee thfffll: vfﬁso\véslﬁ wige times, and a

HQX’PIB(ﬁmaeiﬁtl—rbﬁblt nseehtisddy diRkdds20m0 tuﬁémasaadd%aqa‘@hm%n in an

BT, TSy TR, S e,

wEH 96k WbShddlWith theld&B)ng s“ﬁhmonsbetmnemﬁenrano@d aff thei solution.

6 Ei"_%% Aﬁ 0?3%9@%@%@ %ﬁﬁese @ﬁ%ngtcﬂf g! fp\l}&lgﬁer?éallarﬁﬁné ﬁls¥&€§d in %12 ml of

a §ﬁé%¢?b@spbﬁtﬁch13&f oplutihe AmHbodéasainingt h2 i Crfs]éere avas added
tHeRitd, Qe Saﬁe'r Rdios ﬁE\bé"k%rﬁé]ﬁ%rt TemeRidsOng sflgﬁ@fn?engfff Qtse?gda{?é'length
%¥ sur ace of tg% LPs. 20 [OO7%¥ Measur enment net hod
4P &2 deieraied by psrg apdpenmodeddegen was added in an

anmount of 1 pg/ 100 pl/well and the m xture was |eft
[ C overnight. 2. After renoval of the antigen

sol'ution, 350 1 of blocking solution (5% skimmlk in
BpBShgwasprapgatetive mathot er capbid aptigere(Exampleel )t thetchirherat proteins,
ea%ﬁq:latiﬁl tge @&tl%ﬁcesz{if tﬁé bftfind ﬁ(ﬂ%vlaé ttﬁBS tgbetobﬂ) %%'9%90 115 (101st

was was

%ﬂlﬁth @ﬁm(l@ apdsratesedorepagBvs NPyt ﬂemwmsgndt swrm@ of HBY16 L2

protein inserted in the region of the amino acids 430 to 433 of HPV16 Ll protein were

expressed in insect sf9 cells by using a recombinant baculovirus, to give chimeric
VLPs, which were designated respectively as Ch18/38, Ch36/75, and Ch96/115 (101L,
1128). The electron micrographs in Figure 7 show the particles of the chimeric VLPs.
ELISA by using these chimeric VLPs as antigen showed specific binding of the
antibodies to the inserted epitopes to the chimeric VLPs, indicating that the epitopes
were exposed on the surface of the VLPs. Results are summarized in Table 2.

[0075]
[Table 2]




4. Fifty |

bl ocki ng sol uti on was added to

solution was left still
hour. 5. After renoval
was washed nine tines,

and a

at r

each we

1, and

of the antiserumdiluted 500 tinmes with the

t he

mtenperature for 1
of the serum sanpl e,
HRP- bound anti -rabbit

the well

| gG anti body diluted 2000 tinmes was added to each wel |

in an anmpunt of 50 I.

roomtenperature for 30 m nutes,

washed with the washi ng
renmoval of the solution
solution (24 nmg of o-ph
m of a citrate-ph h
containing 1.2 | of 0
after col or devel opnent
intensity at a wavel'eng
using an I muno rea .
preparative method f@r
chimeric proteins,

amino acids 18 to 3 5
and 112th am no aci dg r
| euci ne and serine)

the regi on of the ankno
protgj n were expreé&ed
recorddi nant bacul ovi rus
ver e -gesi gnat ed respect
Ch96/.215 (101L, 112S).
Fi gur@ 7 show the payti
ELI S&Eby using t hesé~
specifi ¢ binding of &he

epitoges to the chieri
epitopes were expoéad
Resulgs are summari zed
21 CgNN 0 J, r C
2
= ©
5 9
it 0
B P=
B O
@
&
™~
-
= %
@ =
k) -
g: ©
-
5 >
< il
o L

antigen

antiserum

ch

chi

and th

The solution is left still

e well

at
was

solution six tinmes after
6. Fifty 1 of ja substnate

nyl ened
te buff
was a
for 15

h of 4
[ 0074]

apsid a
havi ng
t &4'75,
epl &ed

HPVE® L2
aci ds 4
in inse
to giv
vel y as
The el e
| es of

merdj~c V|
ardi bo
c| Vids,

on the s
iln Tabl e
Oto a)

C

0.872

0.042

anti-P18/38

and at 1:2,000 for HPV16 L1VLP )

am ne di ssolved in 12
br sol utfion at pHS. 0,
dded thereto, and,
mi nutes,! the light £
50 nm was determi ned_%y
By using the c
ntigen ([Exanple|2), the
the_sequences of thd
or §6 tlo 1dp (101st=
respfectijvel$® wi th E}
préeteiln i¥serted i ¥
B0 to 433 of HPY 16 @
ct st9 dells bylusinga
e chineriic VLP3, whigh
Chl 8/ 38, Ch56/75, and
ct ron mjcrographs i nQ
t he chineric VLPs.
| Ps €8s anti@en showed
di exdt 0 [t has nsert ed~
ndigiat ijng ¢shat |t he &
urface gf the VLPs. ©
2. [0075] [Table Zg
=
g
R S =
Q © b7
o O o
=
2
&
—
L
= 53 =
S | 3 3
- o -
©
2
O
@D
O
<
To! Te Ny}
S g
L | &3
c %352
© S =




LONrr e¢e N OOCOQC OO0OQ .CvaU->0
OO0 to Lf) ENc) LO cnolct 0 (0oco00o000O
co YU-D ai ova Ed) $MO01) C) >>1tt y 000
00 J OOOLO Oa 3> a<a J40- aJ W

[0076]

Antisera were prepared by immunizing rabbits with these chimeric VLPs. The
antisera were prepared in a manner similar to Example 1. (However, the dosage of
the chimeric capsid was 50 pg, and the adjuvant used was TiterMax (manufactured by
TiterMax, U.S.). In ELISA by using a synthetic peptide having the sequence identical
with that of the cross-neutralization epitope as an antigen, each antiserum reacted
specifically with the inserted epitope. Results are summarized in Table 3. The
peptide 96/115 (101L, 1128) aggregated easily, resulting in decreasc in the amount
bound to the ELISA plate, and thus, the titer obtained was slightly lower than those
obtained with other two peptides.

[0077]
[Table 3]
Binding of anti-chimeric VLP antibodies (serum) to L2-peptide
Peptide
Antigen P9B/115
&h HPVI6VLP P18/38  P56/75 (A01L, 1125)
#1071 0.543 0.041 0.042
anti-Ch18/38
B2 0633 0.402 0.039 0.039
#0844 0.040 0.965 0.039
anti-Ch56/75
#2 0354 0.037 0.135 0.042
#3 0923 0.043 1.034 0.045
#4 0854 0.042 0.972 0.041
artichogiis #0765 0.041 0.045 0.421(0.170)*
(101L, 1128)
#2 0590 0.043 0.042 0.380(0.158)*

{Absorbancy in ELiSA with serum diluted at 1 to 500 for the peptide antigens
and at 1 to 2000 for HPV16VLP)

* indicates the second test resulit.
Prarenthesis indicate the first test result.
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rabbits with these chinmeric VLPs. The antisera were
prepared in a manner simlar to Exanple 1. (However,
t he dosage of the chineric capsid was 50 | ag, and the
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Ekhm@®e)3. I n ELI SA by using a synthetic peptide having

Plgepgraﬁglq %?n?ecltloglg ?Eeluﬁoxéls.} with that of the

s-neutra tope as an antigen, each
Ladm éﬁ?\mﬁ ldapredin-spemssing cplsmidwi anh HNE 6 Age ptaein-expressing

pﬁﬁlﬂfdo ?&%@5]‘?’1 8%?11 W’ta@g g: % Ipfasém} m?e transfected to

f? |qe ﬁg Y risifgc Fagere iHD{ heﬂ@m@ wety@ucmilect@dt A& hours after
triElsifofiop! ate, and thus, the titer obtained was slightly

2] QAR L0020t 2L, LR PR B, .
Baironhdargis | {os ATPHikpérdehplpanid sife eRapicledee CARt DPBE (CaCly: 1
mEﬁ%é&E 10 mM)) and the suspension was left still at 37°C overnight.

3. Then, the suspension was left still at 4°C for 10 minutes, and 5 M NaCl was added
thereto to a final NaCl concentration of 850 mM.

4. The cell suspension was centrifuged at 1,500g for 10 minutes, and the supernatant
was collected.

5. The collected supernatant was layered on Optiprep (manufactured by
AXIS-SHIELD PoC AS) solution at 27%, 33%, or 39% (diluted with PBS), and the
solution was ultracentrifuged at 50,000rpm for 3 hours at 16°C.

6. After ultracentrifugation, each fraction from the bottom face in an amount of about
300 pl was collected, and the fraction having the highest titer was used as the

infectious pseudovirus fraction in infection experiment.

[0079]

Neutralization experiment

1. 293FT cells (purchased from Invitrogen) were inoculated on a 96-well cell culture
plate at a concentration of 10,000 cells/well, a day before neutralization experiment.

2. The serum was diluted with a neutralization buffer (DMEM medium without phenol
red, containing 10% FCS, 1% non-essential amino acids, 1% L-glutamine acid, and 10
mM HEPES) and mixed with a stock of an infectious pseudovirus, and the mixture was
allowed to react at 4°C for one hour and then added to the 293FT cells inoculated on
the previous day.

3. After culture for about 72 hours, 20 pl of the supernatant was collected, and the
alkali phosphatase activity thereof was determined according to the method by Roden
et al., (see http://home.ccr.cancer.gov/lco/ColorimetricSEAP.htm).

[0080]
The neutralizing activities of anti-chimeric VLP antibodies against the HPV16, HPV18,
HPV31, HPV35, HPVS52, and HPV38 pseudoviruses were studied by using the method




serum HPV16VLP P18/38 P56/ 75 (101 L, 1125) #1 0.711
0.543 0.041 0.042 anti-Chl8/38 #2 0.633 0.402 0.039
0.039 #1 0.844 0.040 0.965 4). 039 ant i -Ch56/ 75 #2
0.354 0.037 0.135 0.042 #3 0.923 0.043 1.034 0.045
" #4 0.854 0.042 0.972 0.041 anti-Ch96/115 #1 0. 765
0.041 0.045 0.421(0.170)* (101 L, 112S) #2 0.590
0.043 0.042 0.380(0.158)* (Absorbancy in ELI SA with
ateee unRdiditstaeclsiahmarized ihd@bkar. tTe apabbdye @RI Imsitralized the

a Q or. HRVL6VLP) * indicates ecqng.
npp i kind A ChieRILTENE ) The BRPRE) R Chi 73R Rzed o
sik déndstof pspOdReiusa3  Theampbed 3toPCREE i {16 Lofl 12S) neutralized the
HPR G HIPYEg PRRUAQY hh SH%V&@“g%EMEﬁ_éneutralization of low-titer

protein-expressing plasm . )
agiseriacy i kot prbeeypd gy ithptha SIS aseddevissyr el gntin | HRAY 16 VLP for
cd%g;&bmbﬁhaﬁ@ﬂ&é@ﬂﬁmvgs,mpﬁm shagp o3t panaberied to
293TT cells by using Fugene HD. The cells were
collected 72 hours after transfection. 2. The

[008l] ected cells were suspended in a detergent buffer
D%Bl E‘)J'O.ﬁ Briji58, 0.5% Benzonase and 1% ATP- dependent

asii d safe exonucl ease Cin D PBS (CaC12: 1 M

MgCl2: 10 mV)) and the suspension was left still at
37C owenuniedizhtiod of IRENS, HEI 85 HPRSNSHRVYE2)MaRd HPVBaSt i | |
at 4C f or pddudaiviruses , by rshtbchvimbaic vivleseragded t hereto
to a final NaCl concentration of 850 mM 4. The cell
suspension was centrifuged at 1,500g for 10 m nutes,
and the supernatant was colNewaligation titer

Serum HPV16 HPV18 HPV31 HPV35 HPV52 HPVS8

#1 204 800 400 3,200 NT <50 <50
anti-Ch18/38

#2 102,400 200 50 NT <50 <50

#1 51,200 200 3,200 6400 6400 1,600
anti-ChS6/75

#2 1,600 <50 50 400 400 50
#3 51,200 800 50 100 50 400
#4 408600 100 800 50 6400 400
#5 204800 100 3200 NT 3,200 800
#1 204800 100 800 NT <50 50
anti-Chas/115
(101L, 1128) #2 102,400 50 50 NT <50 <50
anti-HPV16VLP 204800 <50 800 50 <50 <50

[0082]

In addition, the neutralizing activities of the antibody mixtures (weight ratio: 1:1) to
the HPV16, HPV18, HPV3l, HPV52, and HPV58 pseudoviruses were studied.
Results are summarized in Table 5. The mixture of the antibodies to Chl8/38 and
Ch56/75 and the mixture of the antibodies to Ch56/75 and Ch96/115 (101L, 1128)



5. The coll ected supernatant was |ayered on Optiprep
(manufactured by AX S-SH ELD PoC AS) solution at 27%
33% or 39% (diluted with PBg), and the solution was
ultracentrifuged at 50, 000rpmfor 3 hours at 16C 6.
After ultracentrifugation, each fraction fromthe
bottom face in an anmount of about 300 | was
coll ected, and the fraction having the highest titer
noasslizsesl] fise types of pfeadod viausss. psEhedmixture o fithaattibodies o Chl8/38
f I ri . akh 0
allJlednx p@%ﬂ@ ﬁt ?tltpﬁ?leE—,%st )c g{ﬂﬁgﬂ%purﬁﬁggé’d lfgfr% i ﬁ\llj |Vt3rlof;;m ¢ )HPVSS
pwedevilysesul ated on a 96-well cell culture plate at a
concentration of 10,000 cells/well, a day before
neutralization experiment. 2. The serum was diluted
a neutralization buffer (DVEM nmedi um wi t hout
[RbeNl red, containing 10% FCS, 1% non-essentia
ami no acids, 1%L-glutam ne acid, and 10 M HEPES)
and m xed mnth a stock of an infectious pseudovirus,
and the m xture was allowed to react at 4C for one
hour and then added to the 293FT cells inocul ated on
the previous day. 3. After culture for about 72 hours,
20 pl of the supernatant was collected, and the
al kal i phosphatase activity thereof was determ ned
according to the nmethod by Roden et al., (see
http://hone. ecr. cancer.gov/| co/ Col ori metri cSEAP. ht m .
[0080] The neutralizing activities of anti-chineric
VLP anti bodi es agai nst the HPV16, HPV18, HPV31,
HPV35, HPV52, and HPV58 pseudoviruses were studied by
using the nmethod 24 above. Results are sunmarized in
Table 4. The antibody to Chl 8/ 38 neutralized the
HPV16, HPV18 and HPV31l pseudoviruses. The anti body to
Ch56/ 75 neutralized all six kinds of pseudoviruses.
The anti body to Ch96/ 115 (101L, 1125) neutralized the
HPV16, HPV18, HPV31 and HPV58 pseudoviruses
(neutralization of lowtiter antisera was not
observed with the HPV58 pseudovirus). The anti- HPV16
VLP for conparison neutralized the HPV16, HPV31l and
HPV35 pseudovi ruses. [0081] [Table 4] Neutralization
of HPV16, HPV18, HPV31l, HPV52, and HPV58




pseudovi ruses by anti-chineric VLP serum
Neutralization titer Serum HPV16 HPV18 HPV31l HPV35
HPV52 HPV58 #1 204, 800 400 & 200 NT <50 <50 anti-Chi
8/ 38 #2 102,400 200 50 NT <50 <50 anti-Ch56175 #1

51, 200 200 3, 200 6,400 6,400 1,600 #2 1,600 <50 50
400 400 50 #3 51,200 800 50 100 50 400 #4 409, 600
100 800 50 6,400 400 #5 204,800 100 3200 NT 3, 200 800
#1 204,600 100 800 NT <50 50 anti-Ch96/115 (101L

1125) #2 102,400 50,50 NT <50 <50 anti-HPV1IEVLP
204, 800 <50 800 50 450 <50 |[0082] In additipn, the
neutralizing actiy]flies of tlhe anti bpdy m xt ures
(weight ratio: 1: to 4he HPVLS, HPV1& HPY31,
HPV52, and HPV58 gs@udoy®r usles re stu#fted. | Results
are summari zed i nITg§bl e 5. The xture of the
anti bodies to Chi 8§38 and Ch56/75 pnd the i xture of
the anti bodies to C§56/ 75 and Ch96/ 115 (I OLL| 112S) 25
neutralized all fiv@ types df pseudopyiruses. | The
mxt@ e of the angjhodies td Chl8/38 and Chpe/ 115
(101K 112S) neut Killi ze@ HPV16, SPV18, V31| and HPV5S
pseud@bvi ruses. [ OABH] E?able 5E}26 0O0vYn 0] @ CDLO
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[0084]
The following literatures may be referred to, in performing the experiments in the

Examples of the present description. The following literatures and all disclosures
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therein are incorporated herein by reference.

Reference literatures

1) Matsumoto. K, et al.: Antibodies to human papillomavirus 16, 18, 58, and 6b major
capsid proteins among Japanese females. Jpn. J. Cancer Res., 88, 369-375, 1997.

2) Xiaojiang S. Chen, et al.: Structure of small virus-like particles assembled from the
L1 protein of human papillomavirus 16. Mol. Cell., 5, 557-567, 2000.

3) Jean-Remy Sadeyen, et al.: Insertion of a foreign sequence on capsid surface loops
of human papillomavirus type 16 virus-like particles reduces their capacity to induce
neutralizing antibodies and delineates a conformational neutralizing epitope. Virology.,
309, 32-40, 2003.

4} Ishii. Y, et al.: Mutational analysis of human papillomavirus type 16 major capsid
protein L1: the cysteines affecting the intermolecular bonding and structure of L1
capsids. Virology., 308, 128-136, 2003.

f0085]

Industrial applicability

The capsid according to the present invention is an antigen of HPV16 VLP having an
additional L2 type-common epitope. The capsid contains additional 360 new
epitopes in a particle, while retaining its antigenicity of current vaccines. After
verification tests of the infection-preventing activity with the anti-L2 antibody, it can
be used as a vaccine antigen that may possibly prevent infection of all carcinogenic
HPVs. It is possibly a second-generation HPV vaccine antigen that can prevent
infection of high-risk HP V-related diseases, such as cervical cancer, which accounts for

about 11% of the world female malignant tumors (450 thousand patients).
BRIEF DESCRIPTION OF THE DRAWINGS

[0086]

Figure 1 is a micrograph showing human papillomavirus particles. Genome:
double-stranded circular DNA, Particle: regular icosahedral (55 nm), Various mammals
are persistently infected with papillomaviruses specific to each species. There are 100
or more HPV types, and infection of 15 types thereof (in high-risk group) causes onset
of cervical cancer.

Figure 2 are views explaining the virus-like particle (VLP). There is practically no
cultured cell line allowing proliferation of the HPV. Expression of the L1 protein for



UU C XCCCCTCU.~ MCOCOMt4 f4 [0084]
The following literatures nay be referred to, in
perform ng the experinments idy the Exanples of the
present description. The followng literatures and al
di scl osures 27 therein are incorporated herein by
reference. Reference literatures 1) Matsunoto. K, et
al.: Antibodies to human papillomavirus 16, 18, 58,

exaneh 16 RvitiRh Qéconﬁlﬂﬁ’:ﬁit dJa@l!il@thhsﬂ fesafiP BQ as]s@ﬁh@ ARrdog TRItBS mucleus,

Res. ,. 369- 375, i an
togtitg Y PS ot F - enp i papcHes COURHE 1 Wierlésg PR ZEb 2% entigen
Thﬁﬁﬂtlg@hﬁ:ﬂy%ﬁ@ﬁbhﬁﬁgﬁfy&gpé h@clﬂd protein of human

| omayvi Fus 567, 00. 3 .
%g%né ﬁewaggl xg%xmg% thgl prepe‘r%t% [P?tgag fc}r a1 11";%9 éougs r]'i'Jszzudovn'us.
Figurpuéice dxmvm@psplahng]grtﬂ)ad@ $unfaps regadn. huberamino acid sequence in
thQaE.'Zl hRRYI fe Emt ¥PRa ehfés HpiK hifh th&h&l% Blgsd o acid

heir capaci to In neut r al I g antlg | es anla
seaem%aﬂ% o) %Wl@}rﬁé& mon%ptlﬁémfrléw%. ng epitope.

FidufeOd Qs the 3@%ho s34t ¢Auerd@@3 the)2 hirfick reglon 6 HPV16
NUtaIéonaI naI sis qf. huma H papi | |.0 ijrusg¥¥$ﬁ
Fighfeor® cBipdi Bt EXNRIOE (e GYRIEBF ndd Pa i by pigserting
crioRd- ﬁaafumhmmnaEpitxmdmftg ard L3t prugtinr e e UhlmaacpSVIJB has 360
- 136, ndu

crolssr o éZE}tlotny 2|'ﬁ%1 ocpapSI tg g%%ﬁ,eh} 853111(3 tb?] gtagfl a}‘ he VLP were

wndkéntlon is an antigen of HPV16 VLP havi ng an

Flgggz: qﬂ@‘?de%(s 81t 55C %5[ gﬁﬂmg% Jh‘?rﬁ@rlc -F\;"EPSC apf| %@ ORYABEAZ and

In a partidle,

Chy'H b hi(HY L t]slzﬁht(ln@]éﬁiimeg fiwreﬁ a@dr?ﬂ&h@ncwc@ndnebotogfapb? of the
patféled.i CAt LPW -3 1PSs @ hb@grdpﬂfoeﬁbﬁ ORmRrRWAR. i Ng
activity with the anti-LZ2 antibody, it can be used as
a vacci ne antigen that may possibly prevent infection
of all carcinogenic HPVs. It is possibly a
second-generati on HPV vacci ne antigen that can prevent
i nfection of high-risk HPV-rel ated di seases, such as
cervical cancer, which accounts for about 11% of the
worl d femal e malignant tunors (450 thousand patients).




BRI EF DESCRI PTI ON OF THE DRAWNGS [0086] Figure 1 is
a m crograph show ng human papil |l omavi rus particl es.
Genone: doubl e-stranded cirgular DNA, Particle:
regul ar icosahedral (55 nm,"Various mammals are
persistently infected with papillomaviruses specific
to each species. There are 100 or nore HPV types, and
i nfection of 15 types thereof (in high-risk group)
causes onset of cervical (@agegs. Figure 2 are views
xpl.aining the virus-like particle (VLP). There is
@ﬁi@gpgysno cultured cell line allow ng
prollferatlon of the HPV. Expression of the LI protein

1! BB 00 1O B B el o B nttS B S o BEY b fposed
thmrsan gemidombvioms (R} héilqnmtem mdaant YPY 156LD epitdpevbierted m
ﬂﬁ% re%{btn ghihe HEW% L%”éﬁo%%{”“ﬁl ffn OF VLPs is highly

ure I's’a ravmng explalnln t he
thgrregian &ori ipseriien bibdie L@repaape isfagegiongs a 0433 and

tHel ngucgﬁtofse s #h ShY R &g{?&ﬁb E‘t‘éﬂ?gsehﬂ:ﬁ 2 sur f ac e

am no acl d sequen e L2 surface
Ly Cd?QAﬁTQrPé?Iﬁ%@Eﬁ&(hPWaW grieyrehisn Sgdti52ichttentino
Gﬁ(ﬂGWEG@ﬂ&GWP&Y e PGS H Qéﬁehédl um;l -T2 epitope) or

YR SRR éhﬁrflieﬁerr B et BBy T etB0de o

is a draw ng explaining the chineric VLP prepared by
' T’ﬁ cgﬂs%ﬁc%rrcqéﬁg tg%ﬁirr[@l ' %te}e?xg g%otﬁ %Bﬁoﬂa@&@mﬁq&s Lalmino acids

hmgaldeqmmalaczchtsftqynncr_eZO%pfhmbp@@ orrmerg AMingeatids aie dajeted or
sﬁlﬁﬁtu%é@@ﬂ ﬂo' WHicRforkhg r}{éip MEhE acM§ akd h&fdd E/'hgﬂé'it?thzsasmmo acids

i nc] udes draw ngs expl ai ning chimeric VLPs
Preysis/thecapsy wWith 9@3%1 ﬁyeli‘blfﬁlg ajerosyneutaiTIng ﬁ%b%@m sigilar to that

o Bk HIPSe Hagne a)oriishl PRapRgpaphs of the particles. 16
LI WI-VLP is a photograph of non-chimeric VLP. 29

CLAIM5 What is clained is: 1. A capsid which is an
3 aﬁl@r egailectedintolylams $ emd] wheteircthe mpgriegatpioreaggregate formed

LA e Ll ITE BB QERAPERS, R ek PR or e

clymerip proyeiy m@legulespr ot ei n, wherein

4. The capsid according to Claim 3, wherein the aggregate formed by assembly of

multiple pentamer capsomeres has a particle structure.

5. The capsid according to Claim 4, wherein the number of the pentamer capsomeres

constituting the aggregate is in the range of 65 to 80.

6. The capsid according to Claim 4, wherein the number of the pentamer capsomeres

constituting the aggregate is 72.

7. The capsid according to any one of Claims | to 6, which is used for production of an

L1 capsid vaccine.

8. A capsid mixture comprising two or more kinds of capsids according to any one of
Claims 1 to 6.



the region for insertion of the L2 epitope is a region
of am no acids 430 to 433 and the L2 epitope has an
am no aci d sequence represenjed by:
LYKTCKQAGTCPPDI | PKVEG (hereinafter, referred to as
18-38 L2 epitope), GCEALA GIGSGIGERTGYIPL (hereinafter
referred to as 56-75 L2 epitope) or

DPVGPLDPSI VSLVEESSFI (hereinafter, referred to as

96- 115 L2 epitope) 2. The capsid according to Caim

91The cagxsﬁ m1 {urg accorglglg (5(9 Cl Hgﬁémgﬁgmamccﬁg%ﬁ é)vlhgcﬁ1 1Isn§p degregate
fcmned dayaaﬂSdsblafr@f el 3% L@repitsptbstsclttcd ebimgrict potein aid a capsid

808 25 TR AP b5, S5RIPIFEE s0010 B NE RO imer

P%ﬁ@%s neutraI|2|ng antlbody simlar to that of the
HPV having the original L2 epitope. 3. The capsid

rd|n to.CIaiml erejn the aggregate, i
Eﬁ%gﬁ? drPiug aoﬁﬁ?r‘f}%%é%&;%f 5. MEATBRTIINE GefAPside ichis an
aggwgamﬁrrﬁﬁd b?&@ibnﬂﬂy‘ﬁvﬂ!r}ﬁm SGWD@Epﬁopﬁ-mﬁd:rteel chﬁhdaﬂiﬂ?pﬂofeén and a
nol ecul es pS| aj m
el Ehfin TR af sigie o R AR E SR P Il dnserted
Clpewtlapmtemapsorreres has a particle structure. 5. The
capsid according to Caim4, wherein the nunber of the
ent aner capsoneres constituting the aggregate is in
fh@hq &apsd onixgeret apcgpling to Khlaing b sqoaanpgiser @i eapsidowhich is an
agdraédane fbrm\eﬂ %%&rﬁmom@%twm kpifo 1ﬁ§éféﬁfchﬁﬁa§c0ﬁi%[&§ and a
const ﬁtlng the a %%ﬁ IS 7%ﬂ ¢ h §ﬁ iE%T P
capsibIBichds @8 2g8iFes e° yiatgemply of ghe qfldp Lizseniopg-inserte
cliiolerippedeiat i on of an LI capsid vaccine. 8. A capsid
m xture conprising two or nore kinds of capsids

according to any one of Cainms 1 to 6. 30 9. The
1Zapb¢ dapsict mixguracassptling to cClainai&n @mpomy as¢apgidawhich is an

%‘%;?E’ga'téi fMHeR rb)} §ss@ﬂxb§g gf ?&af € 38 %g)pgym&?t%& et rXergsf grotem a

I nserted ric protein a

Cacpa@swalchwﬁﬂ@haa%e&ﬁﬁ fyged gt @swab%@f thy %c%%%:h?l ¢pitgpe-inserted

chifRrid @rcﬁ&n Laﬁqd%Dctép@ﬂQwhﬁﬁ & dreff ofdda ifoihied BY SseinBly clfdhe 96-115
ure according to Caim8, conprising a

gﬁB@?P& %Fﬁf@ﬁ]cﬁx’gn%m PiO§dtegat e formed by assenbly of

the 18-38 L2 epitope- |nserted chinmeric protein and a
lgaﬂie' gap\égl ﬁ‘thtPISE Q(,Q: gﬁ}? 0[19 'im@la@(s 833 eﬁblvylu&f Hs%d for

production of an Ll cap51d Vaccme

14. The capsid mixture according to any one of Claims 8 to 12, which is used for
production of an L1 capsid vaccine that can induce the neutralizing antibodies at least

to human papillomaviruses 16, 18, 31, 52, and 58.

5. A chimeric protein composed of human papillomavirus (HPV) 16 L1 protein and
an HPV16 L2 epitope inserted in the loop region of the HPV16 L1 protein, wherein

the loop region for insertion of the L2 epitope is a region of amino acids 430 to 433,
and

the L2 epitope has an amino acid sequence represented by:
LYKTCKQAGTCPPDIIPKVEG (hereinafter, referred to as 18-38 L2 epitope),
GGLGIGTGSGTGGRTGYIPL (hereinatter, referred to as 56-75 L2 epitope) or



chimeric protein. 11. The capsid m xture according to
Claim8, conprising a capsid which is an aggregate

formed by assenbly of the 565175 L2 epitope-inserted
chimeric protein and a capsid which is an aggregate
formed by assenbly of the 96-115 L2 epitope-inserted
chinmeric protein. 12. The capsid m xture according to
Claim8, conprising a capsid which is an aggregate
DIPOniidD B 1\ S\ttt SF1q hereme ft&i8 red@rdcPtoapiMoldS-linageinpeX
chinmeric protein, a capsid which is an aggregate

formed by assenbly of the 56-75 L2 epitope-inserted

16 Hlhectiimerie prasein acemding te &paindl Suwherein thedi? egtppe datmino acids
hﬁ@ﬁg@gldbﬁnﬁ%sﬁq@ Eé’qllf%rlcé EF v.%@c’hla&: ot PP hARE a&1§§ afd ﬁgieted or

|rrer|c rotein e capsid m xture accor
Slg)ﬁg}tvé @hg:,hrfgleg)rtrgorjpzam%@gﬁis,age added, pdherein the ammo acids

pﬁfvﬁl{&uﬂ{d @z{psﬁf 8§ﬁbt1|ai|ted: RS MaseH0Pprotkh withec Bﬁgﬁ 1nducmg a
m Xture accor n )
off s BUE PR BB S Bh cfach by BN A L i Ph:

can induce the neutraI|2|ng antlbodles at least to
u V|r ses 31, 52
BT RPN BRI R SRedBesstPnd i B o PEBEDT 402 wherein he
cz(nsnﬂvi)s fq@ned| b}paswelplﬂ od thi: chameriPpbéeih 2capding peClanadiStad 6.
in the loop region of the HPV16 LI protein, wherein
t he | oop reglon for insertion of the L2 epitope is

13.e Wﬁhqsl‘ 0 a?fpﬁlef%ﬂwan%@ i UAREECOTdiRg O 4Ry QI cé“&lmyeS to 14,

chasrisn @W&j of GHHEe REEs HEBIRRRHyafle B¥thod according to Claim
I.I.PKVEG (hereinafter, referred to as

IJ’Ién @"%géllﬁ%‘ﬂ%‘gc G GTGSGTGGRTGYI PL (her ei naft er
referred to as 56- 75 L2 epitope) or 31

Y LY |naft d a .
|G TBPEe3 o RV Wb R ROy i by P Bt B3 s gpicre.
thed-2Gmatiope h&Vlng\IhEﬂmum) amsmewl repeeenited Byi no aci ds

mmﬁ@ﬁﬁmﬁvﬂc@emh&%%w %fe&eavty éé;hl SOPLLO o RS,
no ids are deleted or subst
CERGTG ToDRTHO L Gereiogenaiered ideriér 5 LAepieR 6t
DRVIGH DPSI0ASINERISF] Qlﬁkﬂélhﬁlﬁé‘roféﬁrfddltb adoby 152 pbpBIi C
protein with capability inducing a cross-neutrali zing
antibody simlar to that of the HPV having the L2
2@ pitteomanpld? accardmg ho € lofn 1, oxheedin ghet kheyhokpliinpet hemocyanin and
6, wherein the
ﬂ%éﬁ%ﬁ%ﬂpga ornegﬁﬁgLQE%@%E%“%G%%%he chinmeric protein
according to Cla|n115 or 16.




18. A nethod of producing the capsid m xture according
to any one of Clains 8 to 14, conprising preparing
two or nore kinds of capsids by the nmethod according
to Cdaim 17 and m xing the resulting capsids. 19. A
conpl ex of keyhol e |inpet henocyanin and human
papillomavirus 16 L2 epitope, the L2 epitope having
an am no acid sequence represented by:
SHOYKNCEKQBGRGPPDI | PKVEG (hereinafter, referred to as

<111§ %ﬁpANZHE?Efﬁ 9@%‘@ @ GSGTGGRTGYI PL (herei nafter,

err‘ed eplt(a e) or
BPR/@@PSWBE&/EE@S@WI( heﬁrr@smaﬂtté&llzmefa@trb@@u for high risk human

?ﬁT%$§”H%e§pltope) 20. The conpl ex according to Caim
wherein the keyhole |inpet hermocyanin and the L2

<@B}ﬁope are bound to each other via cysteine. SEQUENCE
<OSTI NG <110> JAPAN HEALTH SI CENCES FOUNDATI ON <120>
<§ﬁ§%i€e antigen inducible a cross neutrali zing

'B dy for high risk human papillomaviruses <160> 4
{¥2APRT1 <211> 505 <212> PRT <213> HPV 16L1 protein

<§{}QQ|EVJIGIMEB Oggm Leu Trp Leu Pro Ser Qu Al a Thr Vval

fro val 5 10 15 Pro Val Ser Lys Val Vval
0@@P1Thr Asp Gu Tyr Val Ala Arg Thr Asn 20 25 30 lie

MekYSer T0dy WgsLeﬁ' IﬁfOCQeY GT[?rm§ef'hr %9 T!rrell‘.ed-@Ho ApyMal Ay
Hs Pro e Lys Lys  Pro Asn Asn

Asn Lys IIe5Leu VaI Pro Ly4 50 55 60 Val® Ser @y Leu
Gn Tyr Arg Val Phe Arg Ile Hs Leu Pro Asp Pro 65 70

Pr,gr%aﬁpgeﬁﬁﬁr\}'aésvﬁﬁ)rkeerch}/ AFS)II;]%| o 91’ @SPAITahArgS?hr Ehe Tyr Asn

25 30

[te Tyr Tyr His Ala Gly Thr Ser Arg Leu Leu Aia Val Gly His Pro
35 40 45

Tyr Phe Pro lle Lys Lys Pro Asn Asn Asn Lys lle Leu Val Pro Lys
50 55 60

Val Ser Gly Leu GIn Tyr Arg Val Phe Arg {le His Leu Pro Asp Pro
65 70 75 80

Asn Lys Phe Gly Phe Pro Asp Thr Ser Phe Tyr Asn Pro Asp Thr GIn
85 90 95

Arg Leu Val Trp Ala Cys Val Gly Val Glu Val Gly Arg Gly GIn Pro
100 105 110

Leu Gly Val Gly lle Ser Gly His Pro Leu Leu Asn Lys Leu Asp Asp
115 120 125

Thr Glu Asn Ala Ser Ala Tyr Ala Ala Asn Ala Gly Val Asp Asn Arg
130 135 140



85 90 95 Arg Lev Vval Trp Ala Cys Val dy Val Au Va
Gy Arg Ay Gn Pro 100 105 110 Leu Gy Val dy lie
Ser Ay His Pro Leu Leu Asn Lys Leu Asp Asp 115 120
125 Thr Qu Asn Ala Ser Ala Tyr Ala Ala Asn Ala dy
Val Asp Asn Arg 130 135 140 Ju Cys Ile Ser Met Asp

Tyr Lys Gn Thr Gn Leu Cys Leu Ile Gy 145 150 155
160 Cys Lys Pro Prolle dy Qu Hs Trp Ay Lys Ay

Ser Pro Cys Thr 165 170 175 Asn Val Ala Val Asn Pro
P. 85 190
Gﬁq?yﬁf’e ﬁ/@mg A fﬂ g&uclifhrbgy R;L‘?:yﬁgﬂéu 114?% y5phe

19@ 200 205 Asp15@he Thr Thr LdE60G n Al a
Asn Lys Ser Gu Val Pro Leu Asp Ile 210 215 220 Cys
Thr Ser |ie Cys s Tyr o Asp Tyr Ile Lys Met Val

Cebrsch(p ProsblebBly HacHBatro Gy dvmyhly Geg PeSVSdNT Leu Phe
Phe Tyr Leuigyyrg Arg G u Gi1rgMet Phe 245 3%¢ 255 Val
Arg His Leu Phe Asn Arg Ala Ay Thr Val dy G u Asn
Val Pro 260 265 270 Asp Asp Leu Tyr Ile Lys Gy Ser

ASH YalSata Tdir Ashl BroAGy AspuCyAl RroSarp LeR Ty 280 128%sn Ser Asn
Tyr Phe g@o Thr Pro Serwgy Ser Met Vi IOThr Ser Asp
Al a 290 5300 Gn Ile"Phe Asn Lys Pfo Tyr Trp Leu
Gn Arg Ala Gn Ay H's Asn 305 310 315 320 Asn dy

' I | As
Tl!.l_r‘hr?a I%g g@g;«?sglﬁ% ﬁ;nvah%ﬁm? oY§ ;Eg ey ¥edh w¥Yp P

6y Ala Met

Asp Phe Thr Thr Leu Gln Ala Asn
210 215

Cys Thr Ser Ife Cys Lys Tyr Pro
225 230

Pro Tyr Gly Asp Ser Leu Phe Phe
245

Val Arg His Leu Phe Asn Arg Ala
266

Asp Asp Leu Tyr |le Lys Gly Ser
275 280

Ser Asn Tyr Phe Pro Thr Pro Ser
290 295

Gin !le Phe Asn Lys Prg Tyr Trp
305 310

Asn Gly Ile Cys Trp Gly Asn GIn
325

Lys Ser Glu Val Pro Leu Asp lle
220

Asp Tyr Ile Lys Met Val Ser Glu
235 240

Tyr Leu Arg Arg Glu Gin Met Phe
250 255

Gly Thr Val Gly Glu Asn Val Pro
265 270

Gly Ser Thr Ala Asn Leu Ala Ser
285

Gly Ser Met Val Thr Ser Asp Ala
300

Leu GIn Arg Ala GIn Gly His Asn
315 320

Leu Phe Yal Thr Val Val Asp Thr
330 335



Thr Arg Ser Thr Asn Met Ser Leu Cys Ala Ala Ile Ser
Thr Ser Au 340 345 350 Thr Thr Tyr Lys Asn Thr Asn
Phe Lys Gu Tyr Leu Arg Hs Ay Gu 355 360 365 Qdu
Tyr Asp Leu Gn Phe Ile Phe Gn Leu Cys Lys Ile Thr
Leu Thr 370 375 380 Ala Asp Val Met Thr Tyr lle His
Ser Met Asn Ser Thr Ile Leu Gu 385 390 395 400 Asp
Trp Asn Phe Ay Leu Gn Pro Pro Pro Ay @y Thr Leu
405 410 415 Thr Tyr Arg Phe Val Thr Ser Gn

Asp
Tﬁ @cr%lsgr 'NlraA%ﬁetGSﬂ @ﬁsc eﬁ a[/{"lr 5_%25%% ﬁ%?%ﬂ)ﬁr Y Pr Y

Gu 4353440 445 VaI A} Leu Lys Qu fﬁ?s Phe Ser AI a
Asp Leu Asp G n Phe Pro Leu 450 455 460 Gy Arg Lys

Ehg L$u heu Gn Ala Jdy Le { Lys Pro Lys Phe
Thgdhiatyy VFSA?IBB"" erhfeluys@)v sLeJé\rAg’gLW:% Gy Slirhr Pro
Thr TRE5 Ser Ser Thr §@r Thr 485 49Q495 Thr Ala Lys
Arg Lys Lys Arg Lys Leu 500 505 <210> 2 <211> 21
<212> PRT <213> HPV 16 18-38 L2 epitope <400> 2 Leu
Gy My sp Téw G@yRhel Yie REenGIAl lzuG@yy LForlle ThiQeu@ys Pro Pro
Aspyjle Ile Pro Lys Val Qu Gyﬁg 20

Ala Asp Val Met Thr Tyr Ile His Ser Met Asn Ser Thr |le Leu Glu
385 390 395 400

Asp Trp Asn Phe Gly Leu GIn Pro Pro Pro Gly Gly Thr Leu Glu Asp
405 410 415

Thr Tyr Arg Phe Val Thr Ser GIn Ala |le Ala Cys GIn Lys His Thr
420 425 430

Pro Pro Ala Pro Lys Glu Asp Pro Leu Lys Lys Tyr Thr Phe Trp Glu
435 440 445

Val Asn Leu Lys Glu Lys Phe Ser Ala Asp Leu Asp Gln Phe Pro Leu
450 455 460

Gly Arg Lys Phe Leu Leu Gin Ala Gly Leu Lys Ala Lys Pro Lys Phe
465 470 475 480

Thr Leu Gly Lys Arg Lys Ala Thr Pro Thr Thr Ser Ser Thr Ser Thr
485 490 495

Thr Ala Lys Arg Lys Lys Arg Lys Leu
500 505

210> 2
Qi 2



<210> 3 <211> 20 <212> PRT <213> HPV 16 56-75 L2
epitope <400> 3 Ay Gy Leu dy Ile Ay Thr Ay Ser
Ay 510 Thr Ay Ay Arg Thr Ay Tyr Ile Pro Leu 15
20 <210> 4 <211> 20 <212> PRT <213> HPV 16 96-115 L2
epitope <400> 4 Asp Pro Val Ay Pro Leu Asp Pro Ser
Ile 5 10 Val Ser Leu Val u du Ser Ser Phe Ile 15

20

{212> PRT

{213> HPY 16 18-38 L2 epitope

<400> 2

Leu Tyr Lys Thr Cys Lys Gln Ala Gly Thr
5 10

Cys Pro Pro Asp lle Ile Pro Lys Val Glu Gly
15 20

210> 3

211> 20

<212> PRT

<213> HPV 16 56-75 L2 epitope

<400, 3

Gly Gly Leu Gly {le Gly Thr Gly Ser Gly
5 10

Thr Gly Gly Arg Thr Gly Tyr Ile Pro Leu
15 20

<210> 4

21 20

<212> PRT

<213> HPY 16 96-115 L2 epitope

<400> 4

Asp Pro Val Gly Pro Leu Asp Pro Ser lle
5 10

Val Ser Leu Val Glu Glu Ser Ser Phe Ile
15 20



