1 DESCRIPTION VACCINE ANTIGEN CAPABLE OF INDUCING
CROSS-REACTING AND NEUTRALIZING ANTIBODY AGAINST
HIGH-RISK-TYPE HUMAN PAPILLOMAVIRUS Cross-Reference to
Related Applications [0001] This application claims priority from Japanese
Patent Application No. 2007-167154 filed on June 26, 2007, and all
disclosure therein is incorporated herein by reference. TECHNICAL FIELD
[0002] The present invention rglates ggeryasgine antigen inducing
cross-reactive neutralizing antibodies to high-risk group human

papillomaviruses. In particular, the present invention relates to a chimeric
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P &B?EE&H\?R\% §id 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
CrpsgilRuferdndeas \Rakhat yplsiashtionsrvical cancer. [0003]

BACKGROUND ART Human papillomavirus (HPV) (Figure 1) is a small

DNA virus, and there are 100 or more genotypes. Fifteen genotypes
[0QRHh-risk genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68,
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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
TBEANIZAhEigPM capsid has a regular icosahedral skeleton consisting of

72 Li protein pentamers (capsomeres) and 12 L2 protein molecules bound

thereto. The both terminals of the L2 protein are located in the capsid, but
[0%1 of the N-terminal region is located on the surface of the capsid (L2
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cefndarididcprotein-expressing plasmid into SV40T antigen-expressing

human 293 cell leads to incorporation of the replicated SEAP-expressing

&lﬁjmid into the Li/L2 capsid, giving an infectious pseudovirus (Figure 3).

activity of neutralization antibodies is determined by measuring the

BASCK\@R OLINDOXRY the pseudoviral infection (Nonpatent Document 1).
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[0008] As described above, immunization of the HPV Li capsid into
animals leads to induction of extremely type-specific inmune 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 almost not effective in preventing other HPV genotypes. Accordingly
for prevention of onset of cervical cancer with vaccines, there is a need for
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the amino acid 64-81 region of HPV16 L2 protein inserted thereto and that

[0@B&)vaccine antigen was an antigen having higher type-commonality that
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Lancet 367 (9518), 1247-1255. Patent Document 1: W02007/018049 All
[O‘ggﬂcriptions in the Nonpatent Documents 1 to 3 and Patent Document 1

above are incorporated herein py reference OOI]I,Z HPV vaccines .
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of antibodies to all high-risk HPVs, making it difficult to prepare a practical

vaccine antigen. Therefore, there is a demand for development of a
[0Q@8Line antigen that induces a cross-reactive neutralizing antibody. [0013]
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1t had the following problem. The Infectious pseudoviruses used in the
cligierly lssP e ritsiit iRt \Wé e dnfARBY 18BN ed sthay £ ke vaccine was
antigen described in Patent Document 1 showed favorable neutralizing
activity to these infectious pseudoviruses. However, in the subsequent
neutralizing experiment by using HPV31, HPV52 and HPV58 infectious
pseudoviruses newly developed by the inventors, the antigen described in
Patent Document 1 was lower in neutralizing activity to HPV31, HPV52,
and HPV58.



[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 Li protein 5 and an HPV16 L2 epitope inserted in
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L2 epitope) or DPVGPLDPSIVSLVEESSFI (hereinafter, referred to as

96-115 L2 epitope). [0016] The capsid according to the present invention
[0888Lides the following typical embodiments. 1) In the capsid above, the L2
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tymm@mmome)lrme number of the pentamer capsomeres constltutlng the
aggregate is in the range of 65 to 80. 5) The number of the pentamer
[ omeres constituting the aggregate is 72. 6) The capsid is used for
oduction of an Li capsid vaccine. [0017] A second aspect of the present
Thﬂ\)@MﬁBFP@ Aedpaundidiaeicympiag Bl [PPRR R KARHENST aAPSRI capable of

incdasiatdimgriorth @ pra@setyigoventiomo iOnd 8ir e rajiasity oixpresuaiegrditdimeric

préReiieRARGTHEEPUAT P46 IR IHeWHRIMRIGR ! SEPIGRNSor HPVL6 L2

protein inserted thereto and that the vaccine antigas an antigen having higher
type-commonality that was compatible at least vaithhigh-risk HPVs, and filed an

patent application (WO02007/018049, Patent Documg&hntearlier.  Further as

described above, in view of the fact that the pkesi formed of the chimeric protein
composed of the HPV 16 L1 protein and an amino &6#&+120 region of HPV16 L2

protein inserted in the HPV16 L1 protein, have mgranmunogenicity and potential to
induce neutralizing antibody, which is in common high-risk HPVs, a chimeric

protein consisting of the chimeric protein havirg tadditional amino acid 64-81
region inserted by an amino acid 109-117 regioH®Y16 L2 protein was provided in

Patent Document 1.

[0011]

Nonpatent Document 1. Pastrana, D.V., Buck, C.Bng? Y.Y., Thompson, C.D.,
Castle, P.E., FitzGerald, D.C., Kruger, Kjaer, Sowy, D.R., Schiller, J.T., 2004.
Reactivity of human sera in a sensitive, high tiglqpaut pseudovirus-based
papillomavirus neutralization assay for HPV 16 &RV 18. Virology. 321: 205-216.
Nonpatent Document 2: Villa, L.L., et al.: Proplotia quadrivalent human
papillomavirus (types 6, 11, 16, and 18) L1 virikelparticle vaccine in young



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 formed4by 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 6 the 18-38 L2
epitope-inserted chimeric protein and a capsid which is an aggregate

wdRIBIE DY ABRRANIY % diB bt b?a@@ﬂ@%ﬂl?&%ﬁi&@ﬁﬁ%”ﬁlﬁé’éeW‘aefficacy
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epitope-inserted chimeric protein, a capsid Which is an’ aggregate formed

Patorddemmnest #ie4828Dr0aB8RE8e-inserted chimeric protein, and a
Allcapsidiptivnk is ancaNgiqaatisntobvednyassemhly PatbatIBetlimedt 1 above are

in pr(tggpﬁéﬁsﬁ%%%cmgf&éﬁ%e,!n- 5) The capsid mixture is used for

uction of an Litapsid vaccine. 6) The capsid mixture is used for
production of an Li capsid vaccine that can induce the neutralizing
[O@t2ipodies at least to human papillomaviruses 16, 18, 31,52, and 58.
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96-115 L2 epitope). [0020] In a typical embodiment of the chimeric protein

[0S rding to the present invention, the L2 epitope is amino acids having
sald amino acid sequence of which one or more amino acids are deleted
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[0014]
Thus, an object of the present invention is to mleva vaccine antigen capable of
inducing a cross-reactive neutralizing antibody togh-risk group human
papillomaviruses.

[0015]

SUMMARY OF THE INVENTION

A first aspect of the present invention is a capsidch is an aggregate formed by
assembly of chimeric protein composed of humanlieapavirus (HPV) 16 L1 protein



[0023] A sixth aspect of the present invention is a complex of keyhole

limpet hemocyanin and human papillomavirus 16 L2 epitope, the L2

epitope having an amino acid sequerice represented 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
andBahl1P2/2B11PpeL RG34 s eRiCH eRRPRsmSriBl e CABYIEX L1 protein,

according to the present invention, the keyhole limpet hemocyanin and the
Wn_efeéBitope are bound to each other via cysteine. [0025] The present

thewagion faovidesian of dapid eptopr iagigemiraminchagigarfigie to 433 and
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of high-risk human papillomaviruses described above, the Li capsid
vaccine antigen capable of inducing a neutralizing antibody to HPV16,

18, HPV31, HPV52 and HPV58 according to the present invention is
Theuitalistly acantigen whidheapresent aimasitalhofatmdulih&indd@fing typical
enﬁ'%@@a,ﬂ%l%l?Vs. [0026] VLfP vafccines were already commirciarllized, and

own to have type-specific infection-preventing action. The.chimerjc VLP .
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HEV16-specific ne izing, antj nd also. - ' .
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the cross-neutralization L2 epitope strongly. [0027] BEST MODE FOR
3) JARRYINAS BeBRtAH P TRIGE NPYI GRSAMIY pld SlamRidCARIAAREER has a
pattielpretseatuirezention is a capsid which is an aggregate formed by
4) a¥E AR SHitRENSeRtalai: cameasRiad dorBarmanlgreauie/sGHRNG range of
65]t6 %I rotein and a human papillomavirus 16 L2 epitope that is inserted in
a0 ' region of the HPV16 Li protein. [0028] As described above, HPV
5) faeiclemPE T of e ResEamalranpapRie esnerintitie ZD e e, each
6) dhatiabgiansairevelprioieiiomneiesy es. digadevel. expression of the Li
protein in cell results in accumulation of the Li proteins in the nucleus,
autonomously forming capsids. The capsid formed only with the Li
[0QkBleins is called Li capsid or virus-like particle (VLP). Simultaneous
A eamag;ﬁgpettbamud_ﬁrpsﬁairia@vﬁsramswmp@nsim(oomiﬁtzndgFf_\)vo or more
KifRNARIELAR L2 RSRIRID MBAlRe RS IR ARRSID: However, the Li
capsid and the Li/L2 capsid are not differentiated from each other by
electron microscopy. [0029] The Li capsid according to the present
[0@Ention is a capsid based on the HPV16 Li capsid. Because there are
ThHE R 5IR YrEeDrEPESe SREAC AP SHtkip R R RCRtR HitRAIBANEtFolowing typical
I%en?%%%tsuch as HPV16 or HPV58. Thus, for example, the Li capsid of
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1) The capsid mixture comprises a capsid whicimiaggregate formed by assembly of
the 18-38 L2 epitope-inserted chimeric protein @andapsid which is an aggregate
formed by assembly of the 56-75 L2 epitope-insectdcheric protein.

2) The capsid mixture comprises a capsid whicmiaggregate formed by assembly of



The Li capsid according to the present invention is an aggregate formed
by assembly of chimeric protein, having HPV16 L2 epitopes inserted into
the HPV16 Li protein. Hereinafter, th& chimeric protein means a "chimeric
protein having an HPV16 L2 epitope inserted into the loop region of the
human papillomavirus (HPV) 16 Li protein,” and the present invention
includes such chimeric proteins. 9 [0031] The HPV16 L2 epitope inserted
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sequence of this region is preserved quite well in all high-risk HPVL2
[o®r9ieins (Figure 5). The inventors studied antisera obtained by immunizing
rabbi i hetic i having the amino acid sequence in the
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results in Table 1 show that there are cross-neutralization epitopes to
[0d#RY 16, HPV18, HPV31 and HPV58 also in the 49-68 region. However,
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wherein the amino acids provide the capsid corstitiy the chimeric protein with
capability inducing a cross-neutralizing antibodyitar to that of the HPV having the

L2 epitope.

-

[0021]

A fourth aspect of the present invention is a meétbbproducing the capsid according
to the present invention, wherein the capsid isnéd by assembly of the chimeric
protein above.



Thus, chimeric proteins were prepared by inserting the
cross-neutralization epitope in the region of amino acids 430 to 433 of Li
protein and chimeric VLPs were produced with the chimeric proteins.
[0039] Therefore, the present invention relates to a chimeric protein
composed of human papillomavirus (HPV) 16 Li protein and an HPV16 L2
epitope inserted in the loop region of the HPV16 Li protein, wherein the
[0(!9%) 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 presented by: . .
A T TR o PSR B I e, VB S 10 8 Capsic mivure
acepiwipg)iEGe RISSEBEBTEEHRT CYIRYitiegchacivefarmdre kisdsofsapsids
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inv9e6-t}1r‘rf :!Tr% deI%iltﬁﬂe)ﬂ{QOé(s)mele '851655(?8% invention also relates to a capsi
Which 1€an aggre%a & formed %y a%serribly of the chimeric protein. The
aggregate is composed of multiple pentamer capsomeres each of which

[0@2Bpposed of five chimeric protein molecules, and the aggregate _
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and 112th amino acids replaced respectively with leucine and serine) of
[O(l)_ﬁ 16 L2 protein inserted in the region of 430 to 433 of HPV16 Li protein

was expressed in insect sf9 cells by using a recombinant baculovirus, to
In gihPicahRRPRA LA EIE FRINRIGAGEOFCHIH PEzSeNE RN T the keyhole
linfpe® 6D EYin, 412 B)e re3 paiitisdyaife taien diofh keteleoteooystsiragraph

in Figure 7 shows the particle structure of respective chimeric VLPs.

ELISA by using these chimeric VLPs as antigen showed specific-binding
[0Q43htibodies to the inserted epitopes to the chimeric VLP (as described
Thigelpresr Malviecd v i xanoy Y siradicafingabatdthecegitdigEnwiereviigosadoarticle
str%tm? %@%&9@)\4 Plrr{Q\Qﬁ% Vli_@dﬁl?ﬁ é@&ﬁtﬁr%@r@@ EX&?}WP&HE&F}% antigen is

rabbits wi ese chimeric s. In ngas ic peptide
Cal P SR AP R s WA ;e B A BT SEpgapable
of dRcuieingtigare iz saribadraticepsiieditihIsingth theuiiabzieg antibody to
HFB@iI@PeLST,hslgeBQQ%Q@/E@. (1@dnslé8ﬁl'b|@gmf@g@éﬁmitﬁef eLSZ_J'tHIﬁiHb acid

e. . S r
se BB A8 2R e Pl B e e Rl above, ne
Ll[&?@ﬂ'%ﬂ@%i@%ﬁﬂ%&%ﬁé%ﬁ@ a‘éﬁiWQ%'&%ﬁ'iﬁW’i@, anpipedy to HPV1S,
HAE3 H MRS 2 RyE 2Hat b Bl P sEddavimeiscs o thedgiein veateoriodyite likely
anMHYST NRIERRUZRE RN AE: AIPY R EIBMAGhIRSIaPRAdY to

Ch56/75, all HPV types; and the antibody to Ch96/I15 (101L, 1125),

HPV16, HPV18, HPV31 and HPV58 (no neutralization of HPV58 observed
[0@d6] antisera having a low titer) (as shown below in Tables 4 and 5 of

o pcifi
. .sKeleton 1ar the imeri Inaica e, neutralization, epitope. .
AT Y B0 O B oo Lt T e e EPRRGA W i gy wiich is
aninfaptiees pstfisitigestforisist of@BONti pra&sinehoaligaNEndam 1gdditional
crc&f@Iﬁ&UtﬂﬂEéﬂm,Ltil%}bﬂolly@,tmaﬁm&ﬁ%imm@pﬁ@ﬁé@ﬂméétmﬁ@iﬁvaccine,
r t i in Fort r " rajjzati iter :
ant} TS aﬁfaE%%%%‘a‘iﬁs“o%\%ﬁ&%ﬁﬂéﬁ%ﬁﬁ%ﬁ#ﬁrﬁﬁ%' & Hoss-reactive
negisigRey RIERSDE iR e B LhBwdRMALy LIPRMeindOdnES prdiBfh VLP is

vaccines are almost similar in efficacy, indicating that the chimeric VLPs
according to the present invention could be practical vaccine antigens
inducing generation of antibodies to the cross-neutralization epitopes.



[0046] The L2 epitope may be the amino acids having the amino acid
sequence above, i.e., that represented by one of the SEQ ID Nos. 2 to 4,
of which one or more amino acids arg deleted or substituted or to which
one or more amino acids are added, wherein the amino acids provide the
capsid according to the present invention with capability inducing a
cross-neutralizing antibody similar to that of the VLP having the original L2

coff E’é@d(*@fV'Qédh?_P IRAGRIOSBRENES r%W(?Sﬁm@d&W&ﬁBY@r\?L(ﬁ “Fh%s 360
IDN S. 2to4 047 Thus, the 18-38 L2 epitope may include the

Cr‘?ﬁﬁ ﬁt‘Hé‘ Pes f"tHEO fho deldsth Ao FRRIHIR allPsBaliEeStructure
hwepgeseam\gymmgmwmntuban@@rmml N@S3) g witdtination L2
epRBPOEMRIGIEMINO 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
[0@#Allar to that of the HPV16 VLP having the 18-38 L2 epitope. The
Blzspabmtas RO IR\ R RYASES U HIEY| MR Tyan| the HPV16 VLPs

Lf% e 18-38 L2 epitope are shown in Table 4. [0048] The 56-75 L2

eplt ay include the mutant L2 epltopes of the amino acids having the
h&nhﬁo%&ﬁ'@&ﬁ%é@%&e%@@%@l! | Beppslariielipiseagregate
fordeddBpeserhialy ohelommiacepananm cmiolscaebdeabete ¢ apid obsivites] (bHPV) 16

L1IPMSEEED ARG QTS HAPAGHIN /S f@'@%dépﬁﬁﬂo‘@qﬁﬂéd?ﬁpa'%op region
f?? ggg\rggéi'rr,c resent invention with capability inducing a
o &h6: mg%body similar to that of the HPV16 VLP having the

56-75 L2 epitope. The capabilites inducing a cross-neutralizing antibody of
[o@IQg]HPV16 VLPs having the 56-75 L2 epitope are shown in Table 4. 13

Lehel e AL PSR TR IR S LR SRR ot 72

am no aCI avm INO acl e uence represente

CaW@F@QW WE%HFQW@E@ i'MGNe'L @j@ﬁ%ﬁ%ﬂ%e M%‘d@@hﬂh@fessm
of ahisld ar@deéte thocsilbetute dordccwimolatok tbe nllarepmmnm aciddaraucleus,

id
Cal%lbl15 %ﬂﬁé %E?%Seuﬁgllgg.ﬁ\g ant&%éym tot at ofB t&ﬂ’i@ 's called
L1 PRSP MU, gﬂkt‘r"e”@é“ﬂ% (4L I10p§'rﬁ‘ﬂ'é36'5)a@ﬁﬂﬁisﬁiaﬂcﬂg Ll and L2
prms‘s’m‘m‘"m@m'baﬂy'“f(ﬂfd-ﬂiﬂvmwmmta@d@ma pEoteif hiblecules in

th@ﬁLPEﬁ@ﬁ"j shoywviey EabigeHL ERp LRt BRseriRHPRIdNG dWBPEiRirentiated
¢ qu r}g é}%strm delet|8g substitution, or additionis 2, 3, 4, 5, 6, 7,
rOén §3r 18716 éf] & QTR E?B}{oteln of the chimeric protein

according to the present invention where the L2 epitope is inserted is in
[odi2e]region of amino acids 430 to 433 of the loop region of Li protein.

I [ |

T B e AR e Scrh TOREA il sl (P46 Lo
capsitlienBe G4 HELRLBIE rﬁ@%&.h‘%\éﬁ&%%@egmg in priRsiple indicated
with? 6-47eh otgpen sachichsgHIPVING awiddRN3880 4BRus, ektimaled thébe B capsid of
Hﬁ%ﬂ'@nsr%ggjﬂé?éﬁeagsl@%f@é%gfﬂthat is located outside the Li protein,

from the viewpoints of structural analysis of HPV16 Li protein, distribution

of neutralizing antibody epitopes, and the position of the cysteine residue
[0@36Ential for capsid formation etc. [0051] The number of the L2 epitopes

TH@&?I@%@F@ e sidireiel isoprim moglﬂ.wﬂ@ P meatﬂgﬁagsembly

of DR e MBI i bearEPa b '”%&&ﬁ\”&"é’ thfegrotein

Heseinalipsutfagzahbnessitaeteina Banasarieh i ekl eynbrafeHPV16 L2
epiopeoiaskisetBihio 483 abbppreiitn AJtetnativehsagsirophdériireeiPy) 16 L1

ey i TR P P

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 is 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. 14 [0053] The present invention

includes the complex of keyhole limpet hemocyanin and an HPV16 L2
anitone The | 2 enitone hae an amino acid cearience renrecented hyv:



The keyhole limpet hemocyanin and the L2 epitope are bound to each
other preferably via cysteine. [0054] (Preparation of L2 epitope-inserted Li
proteins (chimeric proteins)) A chimesic Li gene was prepared, and the
chimeric Li gene prepared was expressed by using a baculovirus vector,
to give a chimeric Li protein and a chimeric capsid. The chimeric Li gene
is prepared by PCR. Specifically, it is prepared in the following manner:
[0(5%%5]. (A) A Frimer pairdhf;:cv:rr:g a _regioE dgsirably insetr_ted IS prepargotl.h

rimer set composed o rimer having an jinsertion region. a e
ThE BV 10, RRLERE IR BRI il PHAER AL LIPSkl chimeric
preggjioacodgirigntsr tharereseat iovanisiitwsoang FiRseqUeTan repisiFrded by:
LYRNGK@A¢@PP@WP@(VEG‘%§H@NL@@WH§|@)§?G Sid(t? are preparﬁd. The

Lflgaleg r annea or extension reaction.
G%?@%%ene coﬁ%%ﬁ%%?% ?n%:S _'e%lpISﬁI%\ris prepared. (E) PCR is
DR EEHHREEHY S5 sRRS Ms&e-1ONR gBiteRMIate and the primers 1 and
2. (F) Thus, the DNA containing the inserted gene is amplified. [0056]

Oq present invention includes a method of producing a capsid including
Srak

rming it by an aggregate formed by assembly of the chimeric_protein
Thect8rd b%@ﬂi@B?e@@ﬁt%\?éﬂt%?‘ﬁ'%é%é*ﬂ%é@%%@é%dcﬁm@ﬂcoﬁhe HPV16

L2gm_|meeih§1 prgblae@ﬁaﬁﬁl lezpﬁrpiiep_d bymﬂ@@mmmhasafeé’tﬁ)andrgi\@cw region
of @Hltéﬂffls‘?/hrsﬂl@t?ﬁbtgi*h‘?_ CH‘H@Q&'%E@QI?'@_E&@B@%@%?@# alQl® in tthe 96-115
autonomously a chimeri n e capsid according to the p nt . :
A AR SO LBE, WRILES bg ACHETE BACHIBT ISt thay 2t amino acids
areagamacedt iegrectinghowideasin®antsedreltion is preferably optimized
for acceleration of 15 the autonomous chimeric capsid formation. [0057]

[0 capsid according to the present invention is used for production of an
I Capsid vaccine. The Li capsid vaccine may be produced, for example,

In B AFRPETHAERNIRR. SXIsBIOR RS HEIOUBS P hAISeRUMbERgdTom the
amnetugemiaEiaddn ikiuesacpitaitie b0t anmoreskiedznbitapsislamino acid 50.
according to the present invention. The three kinds of capsids according
to the present invention are different from each other in capability inducing
[O%éﬂoss-neutralizing antibody, and use of two or more of these capsids
Thaiffet et faaea pegiidity bt s hognaudtipss ced litiadiging antitiooguinticondsiaatioo acid
suBSHRNIBAGALECAVRSDIENRT IRRY GH iRk RaARatPRPHat iRCRPSIdrface region
h mlxtﬂreciccr(])rdln% tﬂgtp? r g, nt |r%%eﬁ$on(6gi1a berﬂttﬁr exam%Ie c%gmxtudgnce of
23¢4 AIIET R ) harEqhed esialh Byakbe. fls yiiibiac 3o
thispiegieninseptesaNeetidiisrousith thalbiapsiliRMich preleiaggleigate 5). The
in\fl_@ﬁmﬁ QY@S@Qn?i?iﬁsféjfrﬁ’\Q)Eﬁiig}%(ﬂr%ﬁpitﬂﬁﬂﬂﬂﬁﬁig?ﬁ§hmﬁfi§m@i&- peptides
| 0 [ we rat .
na G Sl Ao i L Coama el L G i e
degsHBRE ReW limikethtnBletolaia May JaentrimGRiectFhg W thEhat there are
crassmedtiralinatiogepitvpes chribetrationg adtariticiols1@188048viBodied.96-115.

[0035]

Specifically, the results shown in Table 1 indicHtat there are cross-neutralization
epitopes to HPV16, HPV18, HPV31, and HPV58 in thgians of amino acid 18-38,

56-75, and 96-115. However, the cross reactidtydPV52 was not studied in this

stage.

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



[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

It |§”P)%%é?u§é19ﬁ@§n'§tﬁﬂf Btk ﬁra} t’%ogﬁt?@%ﬁ%lﬂ@ Y oth Tis

the desired immuno en|C|t and ne actlv .of ind ced antipodies.
SURRISE) P MR TS AR G e ARG, L2 rBPterally
ocenMainglenaimeiacickssiquenpsi@avhich is an aggregate formed by assembly

of the 56-75 L2 epitope-inserted 16 chimeric protein and a capsid which
[0 6}% aggregate formed by assembly of the 96-115 L2 epitope-inserted

eric protein. The two kinds of capsids may be mixed, for example, at

The esytsrifidl aPtaelrahguolhet tiete £96:1. REEAtRG BBilRgeat® 4P V16,
HRMMHRM% aﬁdaﬁwsasam imired4be&8tmgiod onvbe beastified the chimeric

pr@t%?lq | g?@%@ W%ﬂgqﬂ@'%% Ba%'flﬁ)ﬁﬁt'é('%ﬂ cle structure

induce antlbo capsid mixture according to the present

he
angh BRI, e%&?e?ﬁ‘fﬂ]ﬂé"%%d&ﬁ*%‘i% EQB%V@?HEHHQ'&‘? in 15 kinds of
HR\gg i@g) atovannre tiduy &8s ehebfp e She did+8 & A Sequited eninise nieesemtmeviention.
protein, a capsid which is an aggregate formed by assembly of the 56-75
[O(#_ézﬁipitope-inserted chimeric protein, and a capsid which is an aggregate
ed by assembly of the 96-115 L2 epitope-inserted chimeric protein.
Thuse chigre kihgsoie itspeieemssissatiRydinke tgeioss-aca tialigatieatiepitope in

thé’@é@ﬁﬁﬂdﬁéﬁﬂﬁﬂ@c‘iﬂ@ kauisooi 3apsids ipriwiideamedic NOHS Webslproduced
Wlmqwg\é%rrﬁ qmix ng ﬁgtlo of the three kinds of capsids is not limited

€ modified according to the desired immunogenicity
and neutrallzmg activity of induced antibodies. [0063] The capsid mixture
[0@B@prding to the present invention is also used for production of the Li

Th@@%%v%gnﬁre@%%mﬁM|BBp%% g‘@oami’eﬂ?'ﬂg §88SKF human

mixture is the same as that descr above e capsid mixture

PapdlaMEYS hiEYedonthRERtRIA RNSER iEIFF b8 RLPST H}?E"tegpglo‘he loop
regiaccifahibat Bx fblliqe oteinralibergiantibodies to HPV16, HPV18,

thé1RBYpLelgBM T3 randdifiorsr [peocth %F%ﬂ%% [AAreinaffhdRR e aeR to 433,

|nvent|on will be described in more detail with reference to Examples.
066] Example 1 Preparation of rabbit peptide antisera Two Japanese
ThgHikeRitRe (RS RY &NBIO lafdveeduencerpresetes antigen used

LYKTCKQAGTCPPDIIPKVEG (hereinafter, referred to 48-38 L2 epitope),
GGLGIGTGSGTGGRTGYIPL (hereinafter, referred to &7 L2 epitope) or
DPVGPLDPSIVSLVEESSFI (hereinafter, referred to 65195 L2 epitope).

[0040]

The present invention also relates to a capsid lwlgc an aggregate formed by
assembly of the chimeric protein. The aggregatomposed of multiple pentamer
capsomeres each of which composed of five chimeratein molecules, and the
aggregate composed of the multiple pentamer capssnpmeferably has a particle
structure for greater antigenicity. The number tbe pentamer capsomeres
constituting the particle is, for example, in tlaage of 65 to 80, preferably 72, which
is identical with the number thereof in the natlyraccurring viruses.



17 was a conjugate of a chemically prepared peptide and KLH (keyhole
limpet hemocyanin). In the first sensitization, 0.5 mg of the antigen was
administered subcutaneously with camplete Freund's adjuvant. After two
weeks from the first administration, 0.25 mg of the antigen was
administered subcutaneously with the complete Freund's adjuvant. The
rabbits were sensitized similarly (0.25mg) additionally after 2, 4, and 6
ks cumulatively five times. After one week from the final sensmzatlon

ffs%“ié‘fﬁ&‘éﬁi?ﬁ?a%@sﬁ" T BT PP SBB Yo ADR e A, in such

a frasturhiasd3ethaiassireuicabieption Wﬁ.&h@mﬂﬂﬂﬁ%élﬂ%@@hce/bmh@e”c

prélBNIahgfaes el @E&ﬁfﬁd%&@gﬁﬁﬂwy msvas aealyZet5N1best and
tra Llzation Xperl snown ults Sum ar

11 A e S o R T A ARG B 6 T Brotein

Inseiesb e thqrf@%gidﬁ‘sﬂcﬁ%tﬁuﬁé’»%@a#fslé@,lmm,waa 86P1aS¢dopasect st
celeusializaiign &xpesonesinaht283EUl ealisdpucchyisestdnosnitnwitegenhich was

de@‘ﬁﬁ‘? qcaga@mgg?g%f@:w/fg"&%ﬁ@@ﬁg @mgaﬁeggaem azl?ﬁ‘?élﬂe 7).

ore_neutraliZation experim he's

h&lﬁ@@%ﬁﬁ@%@@fﬁﬂﬁéﬂcﬁi%ﬁﬁ& BORYEMNASBBH YAHERI ChFeTRIE FHiYe chimeric
VLdtmtaiBihip A0y ESiIB g litterencbarerital/afinasaitkgadwedyspaciie@oding of

anﬂBGd‘nQ&thh@%@@t@@%ﬂéﬁgéﬂt@ﬁémmﬁé%@fﬁ@&%@&%ﬁwfMSTabIe 2
d the mixture was o react at 4C for ne hou ranﬁi then dto
of rkPREN LG B ARLd  PLOHIES AR OB ARE LIRS B0 Hout
72 hours, 20 pl of the supernatant was collected, and the alkali
mmsphatase activity thereof was determined according to the method by

MR PR T S .
byamtEip8ptRIeSYRin I-FPﬁK?tl@eH%WQQ-I ﬁ@%l%ﬁ%@%ﬂﬂ@h/ﬁtQSU‘%OOf the

cross-neutralization epitope as an antigen, eatibesnm reacted specifically with the
inserted epitope. The peptide 96/115 (101L, 112®)regated easily, resulting in
decrease in the amount bound to the ELISA platd, thns, the titer obtained was
slightly lower (as shown below in Table 3 of Exasjpl

[0043]

Analysis of the neutralizing activity against HPV18PV18, HPV31, HPV52, and

HPV58 pseudoviruses showed that: the antibody tb8(38 neutralized the HPV16,
HPV18 and HPV31l,; the antibody to Ch56/75, all HBMeis; and the antibody to
Ch96/115 (101L, 112S), HPV16, HPV18, HPV31l and HB\(Bo neutralization of

HPV58 observed with antisera having a low tites) aown below in Tables 4 and 5 of
Example).

[0044]

All antisera were found to react intensely with HIBY the skeleton for the chimeric
VLP, indicating that the neutralization epitope endnt to the VLP was conserved in
the chimeric VLPs. Because the infectious pseudses consist of 360 L1 protein
molecules and 12 L2 protein molecules, the L2 jpmoéxcessively produced in the
sample is present as liberated in cell. For teason, the neutralization titer of
anti-L2 antibody was obtained rather low.



<50 <50 <50 <50 <50 <50 anti-18138 800 50 <50 <50 400 100 <50 <50
anti-28/42 <50 <50 <50
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[0045]

Animal papillomavirus experiments showed that VLBceines and L2 protein
vaccines are almost similar in efficacy, indicatthgt the chimeric VLPs according to
the present invention could be practical vaccinégans inducing generation of
antibodies to the cross-neutralization epitopes.

[0046]

The L2 epitope may be the amino acids having thma@racid sequence above, i.e.,
that represented by one of the SEQ ID Nos. 2 wf fyhich one or more amino acids
are deleted or substituted or to which one or naoneno acids are added, wherein the
amino acids provide the capsid according to thesgme invention with capability
inducing a cross-neutralizing antibody similarhattof the VLP having the original L2
epitope (having the amino acid sequence represéytady one of the SEQ ID Nos. 2
to 4).

[0047]

Thus, the 18-38 L2 epitope may include the mutahtepitopes of the amino acids
having the amino acid sequence represented by LYWQAGTCPPDIIPKVEG (SEQ
ID No. 2) of which one or more amino acids are teleor substituted or to which one
or more amino acids are added that provides thsidagccording to the present
invention with capability inducing a cross-neutzalg antibody similar to that of the
HPV16 VLP having the 18-38 L2 epitope. The captgsl inducing a
cross-neutralizing antibody of the HPV16 VLPs hgvithe 18-38 L2 epitope are
shown in Table 4.

[0048]

The 56-75 L2 epitope may include the mutant L2agas of the amino acids having
the amino acid sequence represented by GGLGIGTGERERI&YIPL (SEQ ID No.
3) of which one or more amino acids are deleteslibstituted or to which one or more
amino acids are added that provides the capsid@iogoto the present invention with
capability inducing a cross-neutralizing antibodyitar to that of the HPV16 VLP
having the 56-75 L2 epitope. The capabilites imgly@ cross-neutralizing antibody
of the HPV16 VLPs having the 56-75 L2 epitope drava in Table 4.

[0049]



<50 800 <50 <50 50 anti-49/68 800 50 800 800 anti-56/75 400 200 200
400 200 50 100 200
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Similarly, the 96-115 L2 epitope may include thetami L2 epitopes of the amino
acids having the amino acid sequence representeDPYGPLDPSIVSLVEESSFI
(SEQ ID No. 4) of which one or more amino acids deéeted or substituted or to
which one or more amino acids are added that pesvitie capsid according to the
present invention with capability inducing a crossstralizing antibody similar to that
of the HPV16 VLP having the 96-115 L2 epitope. Téepabilites inducing a
cross-neutralizing antibody of the HPV16 VLPs hgvile 96-115 L2 epitope are
shown in Table 4. In the present description,rthmber of the more amino acids in
deletion, substitution, or addition is 2, 3, 4657, 8, 9 or 10.

[0050]

The site in the L1 protein of the chimeric protaiccording to the present invention
where the L2 epitope is inserted is in the regibarino acids 430 to 433 of the loop
region of L1 protein. Specifically, an L2 epitopE20 to 21 amino acids is inserted,
replacing the four amino acids 430 to 433 in the fubtein. The amino acid

sequence of the HPV16 L1 protein is shown as SEQIdD1. The 426-446 region

including amino acids 430 to 433 is estimated toabeegion recognizable as the
antigen that is located outside the L1 proteinmftbe viewpoints of structural analysis
of HPV16 L1 protein, distribution of neutralizingntébody epitopes, and the position
of the cysteine residue essential for capsid foonagtc.

[0051]

The number of the L2 epitopes inserted into thepkdtein is one for a single L1
protein. However, at least two different kindsLd&f epitopes may be inserted into
different loop regions in a single L1 protein. Forample, a peptide except for the
three cross-neutralization epitopes may be inséaedsite except for the amino acids
430 to 433 of L1 protein. Alternatively, one oktthree cross-neutralization epitopes
may be inserted to a site except for the aminosag8d to 433 of L1 protein.

[0052]

(Preparation of L2 epitope-containing peptides)

The L2 peptide (amino acids 18-38, 56-75 or 96-X&5) be prepared by a common
Fmoc solid-phase method in a 96-column automatitighe synthesizer. The peptide,
which is aimed at preparing an antibody, is coregecto KLH (keyhole limpet
hemocyanin), and a cysteine residue is added toNthierminal for prevention of
masking of the peptide region by KLH.



anti-61/75 400 100 <50 50 800 200 <50 100 anti-64/81 3200 400 <50 100
800 200 <50 50 anti-90/111
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[0053]

The present invention includes the complex of kéyHompet hemocyanin and an
HPV16 L2 epitope. The L2 epitope has an amino seglience represented by:
LYKTCKQAGTCPPDIIPKVEG (18-38 L2 epitope),

GGLGIGTGSGTGGRTGYIPL (56-75 L2 epitope) or

DPVGPLDPSIVSLVEESSFI (96-115 L2 epitope).

The keyhole limpet hemocyanin and the L2 epitogebmund to each other preferably
via cysteine.

[0054]

(Preparation of L2 epitope-inserted L1 proteinsr(ahic proteins))

A chimeric L1 gene was prepared, and the chimetigéne prepared was expressed
by using a baculovirus vector, to give a chimeric frotein and a chimeric capsid.
The chimeric L1 gene is prepared by PCR. Spedifict is prepared in the
following manner:

[0055]

(A) A primer pair having a region desirably inserie prepared.

(B) Primer set composed of the primer having aeriin@n region and the primer 1 and
the set composed of the other primer having arrtiogeregion and primer 2 are used
for amplification by PCR.

(C) Two amplified DNA fragments having an inserttbdgment in one side are
prepared. The respective complementary regionararealed for extension reaction.
(D) A chimeric gene containing the inserted DNAvispared.

(E) PCR is performed by using the inserted DNAesmslate and the primers 1 and 2.

(F) Thus, the DNA containing the inserted genangpl#ied.

[0056]

The present invention includes a method of prodyeicapsid including forming it by
an aggregate formed by assembly of the chimeriteprcaccording to the present
invention. As described above, a chimeric L1 gen@repared and expressed by
using a baculovirus vector, to give a chimeric katein. The chimeric L1 proteins,
once produced, form autonomously a chimeric cafisid capsid according to the
present invention). Expression thereof by usirgpeulovirus vector may be carried
out by a common method, but the condition is peddgr optimized for acceleration of



200 <50 50 <50 200 <50 <50 <50 anti-96/115 200 <50 50 <50 400 <50
400 200 anti-96/115m 100
15

the autonomous chimeric capsid formation.

[0057]

The capsid according to the present invention &lusr production of an L1 capsid
vaccine. The L1 capsid vaccine may be produced, elcample, by using a
baculovirus expression system.

[0058]

The present invention includes capsid mixtures aiomg two or more kinds of
capsids according to the present invention. Theetlkinds of capsids according to
the present invention are different from each otler capability inducing a
cross-neutralizing antibody, and use of two or mofethese capsids different in
capability inducing a cross-neutralizing antibodycombination advantageously gives
higher neutralizing activity.

[0059]

The capsid mixture according to the present ineanthay be, for example, a mixture
of a capsid which is an aggregate formed by asseailthe 18-38 L2 epitope-inserted
chimeric protein and a capsid which is an aggrefyateed by assembly of the 56-75
L2 epitope-inserted chimeric protein. The two linaf capsids may be mixed, for
example, at a weight ratio in the range of 1:10Q2@6:1. However, the mixing ratio

of the two kinds of capsids is not limited theretod may be modified according to the
desired immunogenicity and neutralizing activityirmduced antibodies.

[0060]

The capsid mixture according to the present ineanthay be, for example, a mixture
of a capsid which is an aggregate formed by asseailthe 18-38 L2 epitope-inserted
chimeric protein and a capsid which is an aggrefgateed by assembly of the 96-115
L2 epitope-inserted chimeric protein. The two limaf capsids may be mixed, for
example, at a weight ratio in the range of 1:10Q2@6:1. However, the mixing ratio

of the two kinds of capsids is not limited theretnd may be modified according to the
desired immunogenicity and neutralizing activityirmduced antibodies.

[0061]
The capsid mixture according to the present ineanthay be, for example, a mixture
of a capsid which is an aggregate formed by asseailthe 56-75 L2 epitope-inserted
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chimeric protein and a capsid which is an aggrefgateed by assembly of the 96-115
L2 epitope-inserted chimeric protein. The two limaf capsids may be mixed, for
example, at a weight ratio in the range of 1:10Q2@6:1. However, the mixing ratio

of the two kinds of capsids is not limited theretod may be modified according to the
desired immunogenicity and neutralizing activityirmduced antibodies.

[0062]

The capsid mixture according to the present ineanthay be, for example, a mixture
of a capsid which is an aggregate formed by asseailthe 18-38 L2 epitope-inserted
chimeric protein, a capsid which is an aggregatménl by assembly of the 56-75 L2
epitope-inserted chimeric protein, and a capsidclwhs an aggregate formed by
assembly of the 96-115 L2 epitope-inserted chimeritein. The three kinds of
capsids may be mixed, for example, at a weight fagtween respective two kinds of
capsids in the range of 1:100 to 100:1. HowevVer,mixing ratio of the three kinds
of capsids is not limited thereto, and may be medifaccording to the desired
immunogenicity and neutralizing activity of inducadtibodies.

[0063]

The capsid mixture according to the present ineen also used for production of the
L1 capsid vaccine. The method of producing a weecbly using the capsid mixture is
the same as that described above.

[0064]

The capsid mixture according to the present ineenis used for production of an L1
capsid vaccine that can induce neutralizing antésdo HPV16, HPV18, HPV3l,
HPV52 and HPV58.

[0065]

EXAMPLES

Hereinafter, the present invention will be desdtilie 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) wemaunized. The antigen used



<50 <50 19 [0070] Example 2 Preparative method of capsid antigen 16 Li
and 16L1/L2 genes were expressed in a recombinant baculovirus system.
A recombinant virus was prepared inia Bac-to-Bac baculovirus expression
system (GIBCO-BRL Inc., New York, NY), and expressed in Sf9 cells
(Mamestra brassicae-derived cells). The 16L1 gene was cloned into
pFastbacl vector, to give pFastbacl/16L1. The 16L1/L2 gene was cloned

wd§toPke by oLt iR PR AfEl id]e('-ﬁnﬁhe(‘?ﬁ?ﬂ%'lb limpet

cloned pFastbac vectgr was introduced into DH10OBAC E. coli (Max .
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subtBEOEBRY, witivedBzpielie. FieeiBsnsdd)Drntvediveodesks iforthéhe first
adﬁlﬁjlﬂ@ﬁ&ﬁ&x uging ?ﬁd?%qu@@eaﬁt@&ifww aita @I&@%Ne%gw,with the
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thénferibdaredis vegiens s petotaids o Ocb Yy R4eiohdigivdhe suxtuiesaaspleft (The

preiatP o BER AHIBA SERSHRILE affagiffiocd (9000 rom. 19

nutes, 4 separatio its nuclear fraction {precipitate) from the
cytoplasmic fraction. The nuclear fraction was resuspended in 1.28 g/ml
[0@&8Jum chloride-PBS solution, ultrasonicated for cell destruction (in

A RONisKESOrRiaRRYY AE @t%ﬁﬁgfféﬁﬁ%@’ﬁlg%m%ﬂwﬁ%ﬁi 2@ence of

by using.a SW50.1 rotor (Beckman Cou ulleron, CA). Th .
e B 2 SR SRt A 5 EM T AR, SRS A G REnin the
newispdizaliletted ReTtnthalk 260w aheion.5 \Reglis B8 Margied acdpdie 1. The
reSUREEMSAINTOTA0R 72 hbB 3Rat 8RGesapé thRttRNikateh pIRIPe M e regions

of A 58 S3658:10,65, 01 96 {6 1341015t 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
[O@BBparing a capsid antigen, and the resulting chimeric protein was

N Bs ﬁgrjréj[bs&%%fﬁ[ cells by using a recombinant baculovirus, to give a
%enéc VLPs, which were designated respectively as Ch18/38

1. @RaET e s PLIRaSE s IV HHRGR P ietigtethienod SariREsggulture
platshbvwstnegairtidies of tixdincefis/WeP s BEiGa by ulsiligationeczhienienient.

2. Yh_?%@mﬁ?g%gpﬁm&?twgﬁ%ﬁt@ﬁiﬁﬁMiQﬁ @%fﬂﬁiﬁwm%é%ﬁ’]@%ﬂﬁ???ﬁhenol
pitopes, indicati epitopes were exposed. surface of the
re o T e o SR WS B, SA PRk Sl Al and 10
M Gétrwagrd deided withncietto Pl gy BT reRIDQYT Whe anMkiMe Wegure was
allteltedf 4Crexetnig ?ECZfolj\féﬁfef ﬁ:@@t\/al"l@l; m@raagigqg@cﬂggﬁr §§F|i|hﬂlh@fculated on
' jon (5% skim milk in PBS) was added, and the well plate
th%@%@s%ﬁ%?'wc for 2 hours. 3. After removal of the blocking solution,
3. ST rrlwasiaraghedtwith Bovesn#l Folhopipenasirnbayaeolssted, and the
almwmﬂmgbraetmmaeﬁfwaﬂ detbenaintisbrdimodity e 5ﬁ_‘étlintbby Roden
et Wi WRsline sRIAR AYRS AOOGABI AR APy solution was
left still at room temperature for 1 hour. 5. After removal of the serum
sample, the well was washed nine times, and a HRP-bound anti-rabbit
[00§8] antibody diluted 2000 times was added to each well in an amount of
[Ta8lePh The solution is left still at room temperature for 30 minutes, and the
well was washed with the washing solution six times after removal of the
solution.



6. Fifty pl of a substrate solution (24 mg of o-phenylenediamine dissolved
in 12 ml of a citrate-phosphate buffer solution at pH5.0, containing 1.2 pl
of H202) was added thereto, and, afte& color development for 15 minutes,
the light intensity at a wavelength of 450 nm was determined by using an
Immuno reader. [0074] By using the preparative method for capsid
antigen (Example 2), the chimeric proteins, each having the sequences of
the amino acids 18 to 38, 56 to 75, or 96 to 115 (101st and 112th amino
acidNeaptabeihgesptistitye yf \aititi el tidd aatibe)dié$PV16 L2 protein
inserted in the region of the amino acids 430 to 433 of HPV16 LI protein
were expressed in insect sf9 cells by using a recombinant baculovirus, to
agtispeghiceeritibddys [P ger§lgeviggatad PeBdctivAPYE8h18/38,
Ch56/75, and Ch96/115 (101L, 112S). The electron micrographs in Figure
7 show_the articles okge chimegggVLPs. EA4$A by usigg these chimeric
5 en showed specific binding of the antibodies to the inserted
epltopes to the chimes&WLPs, indidhting thatsthe epitops8 were exposed
oRthesurface-ofthe/LPsResulisare summarizedinTFable 2. 22
[00 78]t B488a were fi@bared bymmumzn‘@%bblts \fifl® these chimeric
VLPs. The antisera Wer prepared in a manngr similar tQ xample 1.
(However, the dosage he Chlf‘!’lgﬂc capsﬁ as 50 Jlg, nd the adjuvant
use rVMax (manutacture Tervax, A by using a
syntife ?Eéﬁlde havif§®he seqﬁeg'ﬂce idento with th‘é@%f the
cross-neutralization egifgpe as argntigen, eggh antisergg reacted
specifically with the inserted epitope. Results are summarized in Table 3.

The‘Hﬁp /115 (]§ , 112S) aggregat%{?ﬁasny, ting in decrease
in the amount bound to the ELISA plate and thus the iter obtained was

q , 2 067 7] [Table 3]
Bmtﬂﬁ&%ﬁﬁ chlmerl VLP Antigen SerumtF q‘lthOdIeS
(serum) to L2- peptldef@ptlde P1§638 P563(% P9611],%6101L 112S)
anti-Ch 18/38

anti-61/75 400 100 <50 50
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
(101L,1128) 49 50 100 100
anti-107/122 100 <50 <50 50
anti-131/144 <50 <50 <50 <50

200 <50 <50 <30




#1 0.711 0.543 0.041 0.042 #2 0.633 0.402 0.039 0.039 anti-Ch56175 #1
0.844 0.040 0.965 0,039 #2 0.354 0.037
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[0070]

Example 2

Preparative method of capsid antigen

16 L1 and 16L1/L2 genes were expressed in a reg@nbibaculovirus system. A
recombinant virus was prepared in a Bac-to-Bac lbatus expression system
(GIBCO-BRL Inc., New York, NY), and expressed in9Stells (Mamestra
brassicae-derived cells). The 16L1 gene was clongdpFastbacl vector, to give
pFastbacl/16L1. The 16L1/L2 gene was cloned itastbac dual vector, to give
pFastbac dual/16L1/L2. Then, each cloned pFastlemtor was introduced into
DH10BAC E. coli (Max efficiency competent cell caiting baculovirus DNA and
helper plasmid, GIBCO BRL), to give Bacmid. ThecBad DNA was introduced
into the sf-9 cells by using an Effectene TransbectReagent (QIAGEN GmbH,
Hilden, Germany), to give a capsid protein-expregsecombinant baculovirus.

[0071]

The recombinant baculovirus was infected to sfscand the cells were collected
after incubation for 72 hours. The infected cellsre suspended in 0.5% NP40
solution; the mixture was left still for 10 minutasroom temperature and centrifuged
(9000 rpm, 15 minutes, 4°C), for separation ofnitglear fraction (precipitate) from
the cytoplasmic fraction. The nuclear fraction wesuspended in 1.28 g/ml cesium
chloride-PBS solution, ultrasonicated for cell destion (in Sonifier 250, Branson)
and ultracentrifuged (34,000 rpm, 20 hours, 20%Cusing a SW50.1 rotor (Beckman
Coulter Inc., Fulleron, CA). The protein at a gpeaensity of about 1.28 g/ml in
cesium chloride gradient were collected and dialyagainst 0.5 M NaCl-PBS, to give
a capsid protein solution.

[0072]

The sequences of the HPV16 L2 protein amino addd®138, 56 to 75, or 96 to 115
(101st and 112th amino acids replaced respectiwglly leucine and serine) were
inserted in the region of amino acids 430 to 4331B\V16 L1 protein by using the
method of preparing a capsid antigen, and thetregudhimeric protein was expressed
in insect sf9 cells by using a recombinant baculmyito give a chimeric VLPs, which
were designated respectively as Ch18/38, Ch56/tbCd96/115 (101L, 112S). The
electron micrograph in Figure 7 shows the partioiethe chimeric VLPs. ELISA by
using these chimeric VLPs as antigen showed spduaiifiding of the antibodies to the
inserted epitopes, indicating that the epitopeswsaposed on the surface of the VLPs.



0.135 0.042 #3 #4 0.923 0.854 0.043 0.042 1.034 0.972 0.045 0,041
anti-Ch96/115 (101L, 112S) #1 0.765 0.041 0.045 0.421(0.170)*
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[0073]

Measurement method of capsid ELISA

1. Each capsid antigen was added in an amountpgf/ 1100 ul/well and the mixture
was left at 4°C overnight.

2. After removal of the antigen solution, 3pl0of blocking solution (5% skim milk in
PBS) was added, and the well plate was left StBI7&C for 2 hours.

3. After removal of the blocking solution, each Wweias washed with a washing
solution (0.05% Teen20/0.05% NP40 in PBS) threes$im

4. Fifty ul of the antiserum diluted 500 times with the blimgksolution was added to
each well, and the solution was left still at rommperature for 1 hour.

5. After removal of the serum sample, the well weashed nine times, and a
HRP-bound anti-rabbit IgG antibody diluted 2000d81was added to each well in an
amount of 5Qul.  The solution is left still at room temperatdoe 30 minutes, and the
well was washed with the washing solution six tiratier removal of the solution.

6. Fifty ul of a substrate solution (24 mg of o-phenylenedindissolved in 12 ml of
a citrate-phosphate buffer solution at pH5.0, cairig 1.2 ul of H,O, was added
thereto, and, after color development for 15 migutiee light intensity at a wavelength
of 450 nm was determined by using an Immuno reader.

[0074]

By using the preparative method for capsid antie@mmple 2), the chimeric proteins,
each having the sequences of the amino acids 38,t66 to 75, or 96 to 115 (101st
and 112th amino acids replaced respectively witltitee and serine) of HPV16 L2
protein inserted in the region of the amino acid8 tb 433 of HPV16 LI protein were
expressed in insect sf9 cells by using a recombibaculovirus, to give chimeric
VLPs, which were designated respectively as Ch188%6/75, and Ch96/115 (101L,
112S). The electron micrographs in Figure 7 shoavparticles of the chimeric VLPs.
ELISA by using these chimeric VLPs as antigen shibwpecific binding of the
antibodies to the inserted epitopes to the chiméLiPs, indicating that the epitopes
were exposed on the surface of the VLPs. Restdtstanmarized in Table 2.

[0075]
[Table 2]



#2 0.590 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 result. Prarenthesis indicate the
first test result. 23 Example 3 Preparation of infectious pseudovirus 1. An
HPV16 Li protein-expressing plasmid, an HPV16 L2 protein-expressing
plasmid, and a secretory alkali phosphatase-expressing plasmid were
transfected to 293TT cells by using Eugene HD. The cells were collected
72 hours after transfection. 2. The collected cells were suspended in a
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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 sezam 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
o@epved to react at 4C for one hour and then added to the 293FT cells
inoculated on the pre ) 3. After culture for. 2 hours pl
AUHIE e R RAEL Lol JEBU A SR BB CCaa YL PS.  The
antirgesoivese peepartoed stdoadingrtsithiantehbiEshRdttenwever., (Beelosage of
thé‘%ﬁl#@fﬁ@:ﬁﬁéﬁﬁ Vil GetormeleT BAEI A Wma?h@nanufactbged

trali ctl |t| chlmerlcV ntl dies a st the HPV16.,
TR 8 a1 ey S P DS oty Bl R 7HadR Kelitnckigentical
withy h@h@th@%ﬂ%a neviE7aline RMOR %@ﬁﬂaﬁﬂecﬁﬁ\ma@!&laernﬁ@ reacted
spabifieadly twifih16a 3B setdchligpidpe. HFRé‘s@ItHPAﬂkﬁraadzféB\AalTable 3. The

pe ﬁﬁ'éd%ﬂfﬁﬂglé aﬂgggyagg%g% %@MFH@{%@B& % the amount
seudoviruses. The anti 115 S) neutralize
boppd, i thp GHES A plRse, MHM@é*&%éG@b%@@é‘?ﬁeﬂ@&ﬁ% fyMestthan those
obwmmwﬂhtmhmmwmﬂimrved with the HPV58 pseudovirus). The
anti- HPV16 VLP for comparison neutralized the HPV16, HPV31 and
[O(E(Pi;% pseudoviruses. [0081] [Table 4] Neutralization of HPV16, HPV18,
IZ 31, HPV52, and HPV58 pseudoviruses by anti-chimeric VLP serum
[Td¥eush H PV16  Neutralization titer HPV13H PV31H pv35 HPV52
HPV58 #1 204,800 400 3200, NT
Binding of anti-chimeric VLP antibodies (serum) to L2-peptide

Peptide
Antigen PY5/115
sm HPV16VLP P18/38 P56/75 (101L, 112S)
#1 0.711 0.543 0.041 0.042
anti-Ch18/38
#2 0.633 0.402 0.039 0.039
#1 0.844 0.040 0.965 0.039
anti-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-Cho6/115 #1 0.765 0.041 0.045 0.421(0.170)
(101L, 1128)
#2 0.590 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 result.
Prarenthesis indicate the first test result.

[0078]
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Example 3

Preparation of infectious pseudovirus

1. An HPV16 L1 protein-expressing plasmid, an HPVI® protein-expressing
plasmid, and a secretory alkali phosphatase-expgeggasmid were transfected to
293TT cells by using Fugene HD. The cells werelectdd 72 hours after
transfection.

2. The collected cells were suspended in a detergefier (0.5% Briji58, 0.5%
Benzonase and 1% ATP-dependent plasmid safe exaaseciC in D-PBS (Cagll
mM, MgCl,: 10 mM)) and the suspension was left still at 36%€rnight.

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

4. The cell suspension was centrifuged at 1,500d.@ominutes, and the supernatant
was collected.

5. The collected supernatant was layered on Omtipfenanufactured by
AXIS-SHIELD PoC AS) solution at 27%, 33%, or 39%lted with PBS), and the
solution was ultracentrifuged at 50,000rpm for 8itscat 16°C.

6. After ultracentrifugation, each fraction frometbottom face in an amount of about
300 ul was collected, and the fraction having the high#ter was used as the
infectious pseudovirus fraction in infection expeent.

[0079]

Neutralization experiment

1. 293FT cells (purchased from Invitrogen) werecilated on a 96-well cell culture
plate at a concentration of 10,000 cells/well, g lbafore neutralization experiment.

2. The serum was diluted with a neutralization ®@u{DMEM medium without phenol
red, containing 10% FCS, 1% non-essential amindsadi% L-glutamine acid, and 10
mM HEPES) and mixed with a stock of an infectiogsyovirus, and the mixture was
allowed to react at 4°C for one hour and then addetie 293FT cells inoculated on
the previous day.

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

[0080]
The neutralizing activities of anti-chimeric VLPtdodies against the HPV16, HPV18,
HPV31, HPV35, HPV52, and HPV58 pseudoviruses werdied by using the method



200 50 NT <50 <50 #1 51,200 200 3200, 6,400 6,400 1.600 anti-Ch56,75
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above. Results are summarized in Table 4. Thbat to Ch18/38 neutralized the
HPV16, HPV18 and HPV31 pseudoviruses. The antitiodgh56/75 neutralized all
six kinds of pseudoviruses. The antibody to ChB&/(101L, 112S) neutralized the
HPV16, HPV18, HPV31l and HPV58 pseudoviruses (nématoon of low-titer
antisera was not observed with the HPV58 pseudsyiruThe anti- HPV16 VLP for
comparison neutralized the HPV16, HPV31 and HPV&&udoviruses.

[0081]
[Table 4]
Neutralization of HPV16, HPV18, HPV31, HPV52, and HPV58
pseudoviruses by anti-chimeric VLP serum
Neutralization titer
Serum HPV16 HPV18 HPV31 HPV35 HPV52 HPV58
#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 6,400 1,600
anti-ChS6/75

#2 1,600 <50 50 400 400 50
#3 51,200 800 50 100 50 400
#4 409,600 100 800 50 6400 400
#5 204,800 100 3200 NT 3200 800
#1 204,800 100 800 NT <50 50
anti-Chg6/115
(101L, 1128) 4 102,400 50 50 NT <50 <50
anti-HPV16VLP 204,800 <50 800 50 <50 <50

[0082]

In addition, the neutralizing activities of the ioidy mixtures (weight ratio: 1:1) to
the HPV16, HPV18, HPV31l, HPV52, and HPV58 pseudmas were studied.
Results are summarized in Table 5. The mixtur¢hefantibodies to Ch18/38 and
Ch56/75 and the mixture of the antibodies to Chb&Ad Ch96/115 (101L, 112S)



#2 1,600 <50 50 400 400 50 #3 51,200 800 50 100 50 400 #4 409,600
100 800
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neutralized all five types of pseudoviruses. Thetume of the antibodies to Ch18/38
and Ch96/115 (101L, 112S) neutralized HPV16, HPVHRV31l and HPV58
pseudoviruses.

[0083]
[Table 5]
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[0084]

The following literatures may be referred to, inffpeming the experiments in the

The followigratures and all disclosures

Examples of the present description.
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therein are incorporated herein by reference.
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[0085]

Industrial applicability

The capsid according to the present invention iargigen of HPV16 VLP having an
additional L2 type-common epitope. The capsid amst additional 360 new
epitopes in a particle, while retaining its antigéy of current vaccines. After
verification tests of the infection-preventing &ty with the anti-L2 antibody, it can
be used as a vaccine antigen that may possiblyepteawfection of all carcinogenic
HPVs. It is possibly a second-generation HPV vaecantigen that can prevent
infection of high-risk HPV-related diseases, susltervical cancer, which accounts for
about 11% of the world female malignant tumors (d&usand patients).

BRIEF DESCRIPTION OF THE DRAWINGS

[0086]

Figure 1 is an illustration for explaining humanppiamavirus particles. Genome:
double-stranded circular DNA, Particle: regularsabedral (55 nm), Various mammals
are persistently infected with papillomavirusescHjieto each species. There are 100
or more HPV types, and infection of 15 types théfeohigh-risk group) causes onset
of cervical cancer.

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



<50 anti-HPV16VLP 204,800 <50 800 50 <50 <50 [0082] In addition, the
neutralizing activities of the antibody mixtures (weight ratio: 1:1) to the
HPV16, HPV18, HPV31, HPV52, andsHPV58 pseudoviruses were
studied. Results are summarized in Table 5. The mixture of the antibodies
to Ch18/38 and Ch56175 and the mixture of the antibodies to Ch56175
and Ch96/115 (101L, 112S) 25 neutralized all five types of

ex8 gowmsﬁsremiiﬁ%@ﬁéﬂ%ﬁ@@%@ﬂ@s@%ﬁQ@g&hﬁ%l%lﬁucleus,
for&%@b@%?es. %%ﬁ%%%@?q%ﬁ]\é%scoﬂ?yﬁéeagg orP ¥85 §/LP as an antigen.
The antigenicity of VLPs is highly type-specific.

Figure 3 is a drawing explaining the preparativehoe for an infectious pseudovirus.
Figure 4 is a drawing explaining the L2 surfaceaoeg The amino acid sequence in
the L2 surface region of carcinogenic HPYV, highlgntologous in amino acid
sequences, plays an essential role in infectiviitg@Vs.

Figure 5 shows the amino acid sequence of the tfaciregion of HPV16.

Figure 6 is a drawing explaining the chimeric VLRemared by inserting
cross-neutralization epitope into the L1 proteinThe Chimeric VLP has 360
cross-neutralization L2 epitopes. The antigeniaityg the stability of the VLP were
verified.

Figure 7 includes drawings explaining chimeric V]L.RSh18/38, Ch56/75 and
Ch96/115 (101L, 112S) (including amino acid seqeshcand photographs of the
particles. 16 L1 WT-VLP is a photograph of nonrshric VLP.



[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 27 thexein 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. CancegFéEMT%& 369-375, 1997. 2) Xiaojiang
Wisat @Ghebainachils; Structure of small virus-like particles assembled from the
Li protein of human papillomavirus 16. Mol. Cell., 5, 557-567, 2000. 3)

ean- R e en, et al.; Insertion of a forei uence on
L S S S A S S T oS At Petrmageed
of ﬁménatamlipmmﬁo@rlﬁwtr@mﬂagamiﬁ'usba@saadd%ﬁéa&@p@ppe inserted in
th@@ﬁi@f?@@&%ﬁtﬁ@ﬁm@dﬁmwﬁm M@Jmly 309, 32-40, 2003. 4) Ishii.
el rol BRI ~eBl UIRA RAPUPR AMIHS S 43081045 cop
thesty @MF@WQ@@&&?&IQW@&}U%@@W@ by03. [0085] Industrial
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contains additional 360 new epitopes in a particle, while retalnln
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infection-preventing activity with the anti-L2 antibody, it can be used as a
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S6cénkerciigie®)-accounts for about 11% of the world female malignant
tumors (450 thousand patients). BRIEF DESCRIPTION OF THE
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4. The capsid according to any one of Claims 1 to 3, wherein the aggregate is an
aggregate formed by assembly of multiple pentamer capsomeres, each of which
composed of five chimeric protein molecules.

5. The capsid according to Clam 4, wherein the aggregate formed by assembly of
multiple pentamer capsomeres has a particle structure.

6. The capsid according to Claim 5, wherein the number of the pentamer capsomeres
constituting the aggregate is in the range of 65 to 80.

7. The capsid according to Claim 5, wherein the number of the pentamer capsomeres
constituting the aggregate is 72.

8. The capsid according to any one of Claims 1 to 7, which is used for production of an
L1 capsid vaccine.



example with a recombinant baculovirus results in assembly thereof in the
nucleus, forming VLPs. First-generation vaccines contain a type 16 or 18
VLP as an antigen. The antigenicity 8b VLPs is highly type-specific. Figure
3 is a drawing explaining the preparative method for an infectious
pseudokus Figure 4 js a drawing explaining the L2 surface region. The
9. AnfiRS ST LR ENTRTHI TIRENY S0 PRIE KRS PLEARRER BERARSPY ARKgARE Of
Claomdlbgdus in amino acid sequences, plays an essential role in infectivity
of HPVs. Figure 5 shows the amino acid sequence of the L2 surface
on of HPV16. Figure 6 adra explaining the chimeric YLP . .
100 A PG FARHID BRIt S B IDEIDAE BTG hds on
g Rusierioner by esenlijoekthe dbaz hdoepitopsgnopte Thiganedgepiginand a
ca@@d e siakildy afdhedbRonaE Sregnttgut Theeedss|drassigse-inserted
ch?ﬁ( (;B |mer|c VLPs, Ch18/38, Ch56175 and Ch96/115 (101L, 112S)
ncluding amino acid sequences) and photographs of the particles. 16 Li
WT-VLP is a photograph of non-chimeric VLP. 29 CLAIMS What is
1lclahmecbps|d1nﬂmamld:mmhgstan@lggmgatedmpnad@masamnbwmth is an

aggll#g&% HPVlGBYZ Sl OlrRUBAS PAPUANAY|HSAEIPN el HiG§Hand a

e mserted in the loop region of the HPV16 Li
&H'%Hér@rh REPIaeA L rsReat el %ﬂé?sl'a?r@@m%fnse”ed

chiamemmmotdmABO to 433 and the L2 epitope has an amino acid sequence
represented by: LYKTCKQAGTCPPDIIPKVEG (hereinafter, referred to as

1 L2 epitope GGLGI TGSGTGGRTGYIPL (hereinafter, referre
12, ¥ SRS R SRR P s o B T o bR, WeYeh g o
ag%eggtg@onmsd_wemap@ ly of mﬁ@@a&t@mgwm&mmerw@mn@d a

capRcenitpgeiban agdqeae dcithse Wyeaserrdpyasiemieddy15 L2 epitope-inserted
Ch%%llrgéfb GTGGRTGYIPL (hereinafter, referred to as 56-75 L2

. The capsid according to Claim 1 or 2, wherein the L2 epitope
comprises amino acids having said amino acid sequence of which one or
13m6hearanmﬂamd$meeabet&t&dgotcsmammted cortprdinch areesidnadgich is an

i mdurgl a cross ?ﬁﬁﬂérﬁ?@ ;Er?l %gjjg&parﬁl]\l%%%)g] t of tﬁeﬁlﬂ&/
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chnmaim@mtem Ma@paﬁe\&w@an@@gmag@@e@a@mmuy abseerithll5
L 2adomebinissheaiamaierrisemesies, each of which composed of five

chimeric protein molecules. 5. The capsid according to Claim 4, wherein

the aggregate formed by assembly of multiple pentamer capsomeres has
145 Papteaesirinixikee scoriid ke 3eidRcEPRIRIgEADIEIM 19, Whatdlighns used for

pravietisy of dhe peapritemcapeomeres constituting the aggregate is in the
range of 65 to 80. 7. The capsid according to Claim 5, wherein the
number of the pentamer capsomeres constltutlng the agcig) gate is 72.

15TAE SARAAARG IR GEPHHDDHR BNCRIRS 1GRMNSRILR: 1S ublchyis sl for
prauodtiariion af bh tausagsiacerecing. ca0 | tdutectesndutratinnegcantibodies)at |east
to MiF&H PRPIRdRgS Qbsaisis, ageapdiggytggany one of Claims 1 to 7.

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

LY KTCKQAGTCPPDIIPKVEG (hereinafter, referred to as 18-38 L2 epitope),
GGLGIGTGSGTGGRTGY IPL (hereinafter, referred to as 56-75 L2 epitope) or



10. The capsid mixture according to Claim 9, comprising a capsid which is
an aggregate formed by assembly of the 18-38 L2 epitope-inserted
chimeric protein and a capsid which 33 an aggregate formed by assembly
of the 56-75 L2 epitope-inserted chimeric protein. 11. The capsid mixture
according to Claim 9 comprlsm% a capsid which is an aggregate formed
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capsid which is an aggregate formed by assembly of the 96-115 L2
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as afgfedateniéppfdd by assembly of the 96-115 L2 epitope- mserted chlmerlc
protein. 13. The capsid mixture according to Claim 9, comprising a capsid
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which is used for production of an Li capS|d vaccine that can induce the

T e T e L
ool Rl hireeno B T SIS Rl AR O BRR Sy St Pyl

16#9314816 Li proteln, 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
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Comiél%ﬁﬁp%f&ﬂé@tefa@%éﬁﬁcﬁoé6?1‘6%9? 8y ¢ method according to Claim

19RVGIRLIQ IR XeSUV Bd-GpE bghereinafter, referred to as 96-115 L2
epitope). 17. The chimeric protein according to Claim 16, wherein the L2
epitope has an amino acid sequence represented by
GGLGIGTGSGTGGRTGYIPL (hereinafter, referred to as 56-75 L2
epitope). 18. The chimeric protein according to Claim 16 or 17, wherein
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. 19. A method of producing the capsid according any one of
Claims 1 to 7, wherein the capsid is formed by assembly of the chimeric
protein according to any one of Claims 16 to 18. 20. A method of
producing the capsid mixture according to any one of Claims 9 to 15,
comprising preparing two or more kinds of capsids by the method
according to Claim 19 and mixing the resulting capsids.



