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We have very limited information on serum neutralizing antibody in women naturally infected with the human

nentralizing

activities against HPVIS, -18, -31, -52, and -58 psendovirions. Eighty-four patients (39%), 35 patients (16%), 17

neutralizing antibodies against one, two, three, and four of these types,

of neutralizing antibody did not always correlate with detection of HPV DNA in cervical swabs

titers of the majority of sera, ranging between 40 and 640,

were found to be conserved in the second sera, collected 24 months Iater, independently of emergence of HFV DNA

in the second cervical swabs, The data strongly suggest that HPV infection induces anti-HPV neutralizing antibody
at low levels, which are maintained for a long period of time.

patients (8%), and 1 patient were positive for
respectively, Presence

collected at the time of blood collection. The

Human papillomavirus (HPV) is a small, nonenveloped vi-
rus with & circular, double-stranded DNA of 8 kbp packaged in
icosahedral capsids composed of two capsid proteins, L1 (ma-
jor) and L2 (minor) (2, 3). Of the more than the 100 genotypes
classified for DNA homology (4), 15 types (HPV16, -18, -31,
-33, -35, -39, 45, -51, -52, -56, -58, -59, -66, -68, and -73) are
called high-risk HPVs because they are causally associated
with cervical cancer (15), the second most frequent gynecolog-
ical cancer in the world (17).

HPYV infects the basal cells of the stratified epithelia through
small epithelial lesions. In the infected cells, the viral DNA is
maintained as episomes, which start 1o be transcribed and
replicate with the onset of terminal cell differentiation (5).
HPV progeny virions are produced in the upper layers of the
epidermis or mucosa and released from them. The HPV DNA
detectable in cervical swabs is likely to originate from these
virions and thus to be considered a sign of HPV propagation,
probably because it seems difficult to collect HPV DNA by
swabbing the episomal HPV DNA maintained in the infected
basal cells. The high-risk HPVs occasionally induce low-grade
cervical intraepithelial neoplasia types 1 and 2 (CINI and
CIN2), which usually regress spontancously (18). A small frac-
tion of the lesions progress to high-grade CIN (CIN3), the
precursor of cervical cancer (18).

* Corresponding author. Mailing address: Center for Pathogen
Genomics, National Institute of Infectious Diseases, 1-23-1, Toyama,
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Expression of L1 in insect cells or in Saccharomyces cerevi-
sige results in the spontaneous formation of virus-like particles
(VLPs). VLPs are highly immunogenic in animals and humans
(6, 8, 9, 11) and induce predominantly type-specific neutraliz-
ing antibodies (7, 19). A prophylactic vaccine using HPVS, -11,
-16, and -18 VLPs as antigens has been developed and shown
to successfully induce type-specific neutralizing antibodies in
recipients in large-scale clinical trials (8, 12, 21). These studics
strongly suggest that type-specific neutralizing antibody may be
induced in women naturally infected with an HPV.

Although cell cultures supporting efficient HPV replication are
not available, coexpression of L1 and L2 from codon-modified L1
and 12 genes in cultured animal cells harboring episomal DNA
with a reporter results in packaging of the reporter DNA into
L1/1.2 capsids to produce infectious pseudovirions (PVs) (1). PVs
are used as a surrogate virus to detect the neutralizing activitics of
anti-HPV antibodies (14, 16).

In this study, we collected serum samples and cervical swabs
from 217 Japanese women with CIN1 or CIN2 at diagnosis
(first samples) and 24 months later (second samples) and ex-
amined these samples for the presence of anti-HPV neutraliz-
ing antibody and HPV DNA. respectively. The results suggest
that even at low levels, HPV infection induces persisting neu-
tralizing antibody.

MATERIALS AND METHODS

Patients and samples. Scrum samples and cervical swabs were collected from
217 Japanese women (2) w 49 vears old) with CIN1 or CIN2 with informed
consent. The first les were ok d ut diagnosis, and the second ones were
obtaincd 24 months later. Three of the sccond samples were collected at 10, 14,
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-18, -31, -52, and -58 PVs with
ion with HPV16, -18, -31,

TABLE . Neutralization of HPV16,
rabbit antisera obtained by i

-52, and -58 VLPy
g titer of antibody against:

HPVIA  HPVIE HPV31 HPVS2  HPVSS
Anti-HPV16 VLP 204,800 =40 500 <40 <40
Anti-HPV18 VLP <40 1,638,400 <40 <40 =40
Anti-HPV31 VLP 200 <40 1,638,400 <40 (40
Anti-HPVS2 VLP =40 =40 <40 409,600
Anti-HPVS8 VLP <40 =40 <40 25,600 409600

and 11 months, however, because the lesions that progressed to CIN3 were
surgically removed,

Rahbit antiscra ngainst HPV16, -18, -31, -52, and -58 VLPs. The recombinant
baculovirus expressing HPV16, <18, -31, -52, or -58 L1 was inoculated into S
cells (five flasks containing 175 em? culture) and incubated for 72 h at 27°C. The
cells were collected and suspended in 5 ml of phosphate-buffered saline (PBS)
containing 0.5% NP0, Afier incubation for 10 min at room temperature, the
cells were centrifuged at 10,000 ¥ g at J'C for 15 min 1o precipitate nuclel. The
nuclei were suspended in PBS g CsC1 (1.28 gfml) und lysed with brief
sonication (Sonifier250; B G ). The solution was centrifuged at
34,000 rpm for 20 h at 20°C in an SW30.1 rotor (Beckman Coulter Ine., FIIIIN
rion, CA). The fractions with buoyant densities around 1.28 g/iml were pooled
and dialyzed against PBS supplemented with 0.5 M NaCl at 4°C to remove CsCL
Then, the solution was layered on the top of a discontinuous suctose density
gradient (5% and 60%) in PBS and centrifuged at 31,000 rpm for 2 h at 4°C in
an SW50.1 rotor. The particies between the 5% and 60% sucrose layers were
collected and dialyzed against PBS supplemented with 0.5 M NaCl at 4°C to
obtain purificd VLPs.

Japanese white mbbits (2.3 10 3.0 kg in weight) were subcutaneously injected
with a mixture of each purified VLP and Freund's complete adjuvant (injection
performed by Scrum Inc., Tokyo, Japan). Immunization was repented four times
at Z-week intervals, and serum samples were obtained | week after the ast
immunization. The antisera were filtered (Steradisc25; Kurabo Inc., Osaka, Ja-
pan) before use for the assays in this study.

Preparation of PVs. Five plasmids (pYSEAP, expressing secreted alkaline
phosphatase |[SEAP]; pl6L1h, expressing HPV16 L1; pl6L2h, expressing HPV16
L2; peLIB, expressing HPVIS L1; and pel.2bhb, expressing HPV1S 12) were
gifis from J. T. Schiller. Six pl ds (pA1L1h, g HPV31 L1; p31L2h,
cxpressing HPV31 L2 pSSL1Ih, expressing HPVSS L1; pSSLIh, expressing
HPVSE LZ; pS2L1h, expressing HPVS2 L1; and pS2L2h, expressing HPVS2 L2)
had previously been constructed (10, 1)

293FT cells (Invitrogen Corp., Cull»had. CA), which had been seeded in two
10-cm culture dishes (6 x 10° ) 16 h before i were trins-
fected with & minture of an L1 plasmid (13.5 ug), an L2 plasmid l'* ek nm
pYSEAP (135 ug) by using Pugene HD (Rosch Diagnostics GmbH, A
Germany). Sixty hours later, PVs were extracted and purified from the cells as
described previously (11). The infectvity of the punfied PV was estimated from
the SEAP activity of Lhe culture medium of cells infected wllh PVs by n color-
imctric SEAP assay (hup//h cer.cancer-govilea/ColorimetricSEAP htm),

Nentralization test. The serum samples were diluted with a neutralization
medium (Dulbeceo's modificd Eagle's medium [withoul phenol red] containing
10% FBS, 1% nonessential amino acids, and 1% ClulaMa: l) Fifty mu.'mllttm
of & serum sample was mixed with 50 ul of neutrali c ¢ an
uliguot of the PV stock sufficient to induce an optical density at 405 nm of
approximately 1.0 of SEAF under our assmy conditions (400 pg L1 for HPV16,
800 pg L1 for HPVIS and HPVSZ, 200 pg L1 for HPV31, and 125 pg L1 for
HPV58) and incubated for 1 h at 4°C. The numbers of PVs used were in the
linear range of dose-response relation. Then, the mixture was inocalated into
293FT cells. which had been seeded in a well of a 96-well plate {1 % 10* celis)
16 h before the i The culture medium was d after mcubation
of the u:lls for 4.5 days at 37°C, and the SEAP ncllwl:y of the culture medium was

d. The titer was p d as the reciprocal of the muxi-
mum dilution of scrum that reduced the SEAP level 1o half of that for the sample
not treated with serum.

HPV DNA detection and mlng. Hpv DNA was detected in the cervical swaby
by a PCR-based method as d o 1y (23), In bried, total cellular DNA
was extracted from each specimen by the ﬂmdms procedure. HPV DNA was
amplified by PCR using the consensus primers for the HPV L1 region. HPV

NEUTRALIZING ANTIBODIES AGAINST HPV 1537

TABLE 2. Numbers of CIN-afflicted women negative and positive
for neutralizing antibody

No. of women

HPV type  Neutmlization Neutralizing titer

- + 40 L] 160 i) G40 =1280
HPVI16 167 50 1 14 8 8 6 3
HPVIE 194 23 8 4 5 I 2 2
HPV31 187 30 9 6 4 6 4 1
HPVS2 174 4 12 18 6 3 2 2
HPVS8 155 62 0 n 13 9 12 7

length polymorph

types were identificd on the basis of restriction frage
which has been shown to identify at least 26 types of genital HPVs (23).

RESULTS

Neutralization of HPV16, -18, -31, -52, and -58 PVs with
rabbit antisera obtained by immunization with HPV16, -18,
-31, -52, or -58 VLPs. The rabbit anti-VLP serum prepared in
this study was found to type-specifically and efficiently neutral-
ize the PV used for immunization (Table 1). The neutralizing
activity of the antiserum was evaluated from the reduction of
infectivity of the PV that had been incubated with the diluted
serum. Although anti-HPVI8 VLP did not cross-neutralize the
PVs of the heterologous types tested, the other antisera
showed very limited cross-neutralization between phylogeneti-
cally closely related HPV16, -31, -52, and -58 PVs (4). The
cross-neutralizing titers of anti-HPV16 VLP against HPV31
PV, anti-HPV31 VLP against HPV16 PV, anti-HPV52 VLP
against HPVS8 PV, and anti-HPV58 VLP against HPV52 PV
were 1/236, 1/8,192, 1/1,024, and 1/16, respectively, of the titers
neutralizing the homologous PVs. The data strongly suggest
that, like VLPs, natural HPV virions have highly type-specific
dominant neutralization epitopes (as revealed in the rabbit
experiments), which are likely Lo be recognized by humans in
the natural infection.

Neutralization of HPV16, -18, .31, -52, and -58 PVs with
serum samples from women with CINI or CIN2. Diluted serum
samples from 217 women with CIN1 or CIN2 were each mixed
with one of the PVs, and the resulting reductions of infectivity
were measured. Serum samples that did not reduce the infectivity
to less than half at a dilution of 1:40 were tentatively defined as
negative for neutralization. Under this cutoff condition, 137 sam-
ples (63%) were found to neutralize PVs of one or more of the
following: HPV16, -18, -31, -52, and -58.

Table 2 shows the numbers of women negative and positive
for neutralization, Neutralizing antibodies against HPV16, -18,
-31, -52, and -58 were detected in 50 (24%), 23 (11%), 30
(19%), 43 (21%), and 62 (30%) samples, respectively. The
titers of the majority (94% for HPV16, 91% for HPV18, Y8%
for HPV31, 95% for HPVS2, and 9%0% for HPVS8) of the
neutralizing sera ranged between 40 and 640,

Table 3 shows the numbers of women positive for neutral-
izing antibodies against one or multiple HPV types. One
woman had antibodies against four types (HPV16, -18, -31, and
-58). Seventeen women had antibodies against three types, and
35 women had antibodies against two types. Titers of antibod-
ies against HPV16 and 52 did not correlate with titers of
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TABLE 3. Numbers of CIN-afflicted women positive for
neutralizing antibody

No. of women

HFV type(s)

16, 18, 31, 52, 58
18, 31, 52, 58
16, 31, 52, 58
16, 18, 52, 58
16, 18, 31, 58
16, 18, 31, 52
16, 18, 31
16, 18, 52
16, 18, 58
16, 31, 52
16, 31, 58
16, 52, 58
18, 31,52
18, 31, 58
31,52, 58
16, 18
16,31
16, 52
16, 58
18, 31
18, 52
18, 58
3, 52
31,58
52,58

Lad e by
sawa-o — W N, AW A S~ WE~ONINESE—=00 O

antibodies against HPV31 and -58, respectively (data not
shown), strongly suggesting that the titers were not influenced
by the cross-neutralization found by the hyperimmune rabbit
antisera (Table 1).

Table 4 shows the numbers of women positive for both
serum neutralizing antibody and corresponding HPV DNA by
the cervical swabbing assay, positive for neutralizing antibody
but negative for HPV DNA, and negative for neutralizing
antibody but positive for HPV DNA. The cervical swabs, which

TABLE 4. Numbers of CIN-afflicted women with and without
neutralizing antibody and HPV DNA

5 No, of women

P o

HPV WP LpvDNA  With neuralizing 1 neutralizing

antibody antibody

HPVI6 + 24 14
- px

HPV1S + 5 4
- 15

HPV31 + 4 3
—s 26

HPV32 + 24 16
= 19

HPVS8 + 23 7
= 39

Cum, VACCINE IMMUNOL

TABLE 5. Fluctuation of HPV alizing titers b
samples collected after a 24-month interval

Ni firing viter for indicated group

Descent* Conservation® Ascent’
Anti-HPV16 12 a7 10
Anti-HPV18 5 17 8
Anti-HPV31 10 20 4
Anti-HPV52 7 M 12
Anti-HPVS8 9 51 11

'Fw!b:dmnlmy.n:ﬂnhumkuwadbymthmhuﬂm
i ik Dosiiv-to :

* Far the conservation ;mu;i, half and
twofold.
“ For the ascenl group, neutralizing titers increased more than twofold or
d from ive 10 positi

A

izing viters b

were collected at the time of serum collection, were examined
for the presence of HPV DNA by PCR amplifying the LI
region with the consensus primers. Although there were
women positive for both neutralizing antibody and HPV DNA,
approximately balfl (HPV16 and -52) or more than half
(HPV18, -31, and -58) of the women were positive for neutral-
izing antibody without detection of HPV DNA. The neutral-
izing titers of the serum samples from the DNA-positive
women were not statistically different from those from the
DNA-negative women. Furthermore, some serum samples
from the women positive for HPV DNA were not neutralizing.
The data indicate that the presence of HPV DNA, which is
clear evidence of HPV replication shortly prior to serum col-
lection, did not always correlate with the presence of neutral-
izing antibody or with a boost of the level of neutralizing
antibody.

Neutralizing titers of serum samples collected 24 months
later, The majority of women conserved their levels of serum
neutralizing antibodies for 24 months. The second samples
were collected 24 months after the first collection. Nine, 7, 4,
10, and 9 women converted from negative to positive for serum
neutralizing antibodies against HPV16, -18, -31, -52, and -58,
respectively, Eight, three, six, seven, and three women lost
neutralizing activity against HPV16, -18, -31, -52, and -58,
respectively. The titers of the majority of the serum samples
fluctuated between half and twofold (Table 5).

The ascent of the neutralizing titer was not associated with
detection of HPV DNA in the cervical swabs. Table 6 shows
the neutralizing titers of the 21 paired serum samples collected
from women whose first cervical swabs were negative for HPV
DNA and whose second swabs were positive for HPV DNA.
Although the neutralizing titers for 6 women rose slightly,
those for 15 women did not. The data, in agreement with the
data shown in Table 3, indicate that the presence of cervical
HPV DNA does not necessarily boost the level of serum neu-

tralizing antibody.

DISCUSSION

Accumulating data indicate that HPV infection induces
highly type-specific neutralizing antibody. The recipients in-
jeeted with the HPV vaccine containing HPV16 and -18 VLPs
develop antibodies neutralizing HPV16 and -18 exclusively (7).
The rabbits immunized with HPV16, -18, -31, -52, and -58
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TABLE 6. Neutralizing titers of pairs of serum samples from women
negalive for HPV DNA at the first blood collection und positive for
HPV DNA at the second blood collection

Neutralizing titer for indicated

_— serum sample No. of
= ) First Second patients
(HPV DNA") (HPV DNA")
Anti-HPV16 <40 <40 3
320 160 |
Anti-HPV 18 <40 <40 |
<40 40 2
320 320 1
Anti-HPVS2 <d0 <40 4
<d0 80 1
<40 160 1
<40 640 1
160 &0 1
80 40 1
Anti-HPV38 <40 320 1
40 40 1
80 80 1
160 160 |

VLPs developed antibodies neutralizing homologous HPV ef-
ficiently with very limited cross-neutralization (Table 1). Thus,
the past and the persistent infections of women with HPV
could be traced by detection of anti-HPV type-specific neutral-
izing antibody. In this study, we examined serum samples from
217 Japanese women with CIN1 or CIN2 for neutralizing an-
tibodies against HPV16, -18, -31, -52, and -58, the types com-
mon in CIN1 and -2 in Japan (13).

One hundred thirty-seven (63%) serum samples were posi-
tive for neutralizing antibodies against one or more HPV types
tested (Table 2). The neutralizing titers of the majority of the
serum samples, which ranged between 40 and 640 (Table 2),
fluctuated within the narrow range, between half and twofold,
after 24 months (Table 5). The data strongly suggest that
women infected with an HPV develop a low-level anti-HPV
neutralizing antibody and keep the level for a long period.

The titers for the serum samples from women positive for
HPV DNA by the cervical swabbing assay were similar Lo those
for women negative for HPY DNA. Detection of HPV DNA in
the second swabbing did not correlate with & marked rise in
neutralizing titers in the second serum samples (Table 6). The
cervical swabs probably did not contain HPV propagated in the
lower genital tract (22). Low-level propagation of HPV usually
continues in CIN1 and -2 lesions. Therefore, a negative result
for HPV DNA may be due, at least partly, to inappropriate
sampling and to low sensitivity in the detection method and
must be carefully interpreted. But a positive result for HPV
DNA indicates that HPV propagated al a detectable level. The
data strongly suggest that the level of anti-HPV neutralizing
antibody is not boosted by HPV propagation.

The incificient immune response of the women to the in-
fecting HPV may be associated with the HPV life cycle: prop-
agation in the terminally differentiating cells with a limited
burst size. During the long history of virus and human, the life
cycle may have evolved to escape the host immune systems. A

NEUTRALIZING ANTIBODIES AGAINST HPV 1539

low level of neutralizing antibody may not be protective against
repeated infection with the homologous HPV type. Repeated
infection may raise the risk of integration of the HPV E6/E7
oncogenes into cell DNA, leading to the initial step for cell
immortalization by HPV.

The serum samples from 53 (24%) women were positive for
neutralization against two or more HPV types tested (Table 3).
Cross-neutralization does not seem to contribute to neutral-
ization of multiple HPV types, because the anti-HPV16 titers
did not correlate with the anti-HPV31 titers and the anti-
HPV52 titers did not correlate with the anti-HPV58 titers. The
data strongly suggest that the women whose sera neutralized
multiple types were infected with those multiple HPVs.

The tentative cutofl used in this study probably grouped the
serum samples containing very low levels of neutralizing anti-
body into the negative group, explaining at least partly why the
80 (37%) women with CIN1 and CIN2, the lesions caused by
HPV infection, were negative for the neutralizing antibodies
against the tested HPV types, which cover the major types
detected in CIN1 and -2 in Japan (13). Enhancing the sensi-
tivity of the neutralization assay would be desirable for further
studics of natural HPV infection and the host immune re-
sponse against it.

Recently, Steel et al. (20) measured neutralizing antibody in
sera of young women by using HPV16 and -18 PVs produced
similarly to those in this study, They found that most of the
women seroconverted and kept their neutralizing activity for a
long time, while some failed to seroconvert, which is consistent
with the data obtained in this study.

ACKNOWLEDGMENTS

We thank Akira Mitsuhashi, Takuma Fujii, Tsuyoshi lwasaka,
Nobuo Yaegashi, Yoh Watanabe, Yutaka Nagai, and Tomoyuki Kita-
gawa for the sample collection and Kunito Yaoshiike for critical reading
of the manuscript.

This work was supported by grants-in-aid from the Ministry of
Health, Labor and Welfare for the Third-Term Comprehensive 10-
year Strategy for Cancer Control: from the Ministry of Education,
Science, Sports and Culture of Japan (number 12218102); and from
the Smoking Research Foundation.

REFERENCES

1. Buck, C. B, D, V. Pastrana, D. R, Lowy, and J. T. Schiller, 2004, Efficient
intracellular assembly of papillomaviral vectors. J. Virol. 78:751-757.
Buck, C. B, N. Cheng, C, D, Thompson, D. R. Lowy, A. C. Steven, 1. T.
Schiller, und B. L. Trus, 2008, Arrangement of 1.2 within the pupillomavirus
capsid. J. Virol. 82:5190-5197.

Chen, X. 5., R. L. Garcea, L Goldberg, G, Casinl, and S, C. Harrison. 2000,

Structure of small virus-like particles assembled from the L1 protein of

human papillomavirus 16, Mol. Cell 5:357-567.

4. de Villiers, E. M., C. Fauquet, T. R. Broker, H. U, Bernard, and H. zur
Hausen, 2004, Classification of papillomaviruses. Virology 324:17-27.

5. Doorbar, J. 2006. Molecular biology of human papillomavirus infection and
cervical cancer. Clin. Sci. 110:525-541.

6. Glannini, 5. L., E. Hanon, P, Moris, M. Van Mechelen, 5. Morel, F. Dessy,
M. A. Fourneau, B, Colau, J. Suzich, G. Losonksy, M. T. Martin, G. Dubin,
and M, A, Wettendorf. 2006. Enhanced humoral and memory B cellular
using HPVI6/18 L) VLP vaccine formulated with the MPL/aluminium salt

hination (AS04) pared w aluminium salt only, Vaccine 24:5937-
5949,

7. Giroglou, T., M. Sapp, C. Lane, C, Fligge, N. D). Christensen, R. E. Streeck,
und R. C. Rose. 2001. Immunological analyses of human papillomavirus
capsids, Vaccine 19:1783-1743.

8 Harper, D. M., E. L. Franco, C. M. Wheeler, A. B, Moscicki, B, Romanowski,
C, M. Roteli-Martins, ). Jenkins, A. Schuind, S. A. Costa Clemens, G.
Dubin, et al. 2006. Sustained efficacy up to 4.5 years of & bivalem L1
virus-like particle vaccine against human papilomavirus types 16 and 18:
follow-up from a randomized control trial, Lancet 367:1247-1255,

1

=3

8002 ‘£ 1990}00 UO SeSEasIQ SNONOByU] JO BIMIsU) [EUOHEN 18 B10'WSE AT WOy papeEojuMOQ



1340 OCHI ET AL

Y Kirnbaver, B, F. Booy, N. Cheng, . R. Lowy, and J. T. Schiller. 1992
Papillomavinus L1 matjor capsid protein scif-asembles into virus-like parti-
clcs that arc highly immunogenic. Proe. Natl, Acad. Sci, USA 89:12180-
12154

10. Konde, K., Y. Ishii, H. Ochi, T. Matsumoto, H. Yoshikaws, and T. Kanda.
2007, Neutralization of HPV16, 18, 31, Mﬂp&nﬂuﬂﬁmwhm
induced by immunizing rabbits with synth g sg-
md:mmlnu.mwmmummvm
358:266-272

11. Konda, K..ll.[kﬂ.'l’ Matsumoto, H. Yoshikaws, and T. Kanda. 2008
Nﬂhuwdhmmnmmmmmbymei
the cross-reactive 12 1. Med. Virol, 80:841-846,

12. Koutsky, LLK.A.J\!II.C.N.M.D.I.I:-.&IIR.F.I.
Alvarez, L. M. Chiscchierini, und K. U. Jansen. 2002. A controlled trinl of a
human plpﬂlmunirntyp: Isvmie. N. Engl. J, Med. 347:1645-1651,

13, Machama, T. study in Oki Japan, of human
plpdlmmmmfaﬁmdweuwﬂnunhlnkubuobﬂuﬁymwl
13:77-80,

14, Mbulawa, Z. Z., A. L. Williumson, D, Stewart, J. A Passmore, L. Denny, B.
Allan, and D. J. Marais. 2008. Association of serum and mucosal neutraliz-

papillomavirus type 16 (HPV-16) with HPV-16
infection and cervical discase. J. Gen. Virol, 8%:910-914,

15. Muiioz, N, F. X. Bosch, X. Castellsague, M. Diaz, S. Sanjose, 1. Ham-
mouds, K. V. Shah, and C. J, L. M. Meijer. 2004, which human
p-pilhnlvirm types shall we vaccinate and sereen? Int. J. Cancer 111:278-

l&mn\ﬂ.ﬂ&m"?mcﬂm? E.cﬂll.l)('.
FitaGerald, 8. Kruger Kjaer, . R. Lowy, and J. T, Schiller. 2004, R,

Cu, VacCiNg ImsunoL

17. Pisani, P, F. Bray, and M. Parkin. 2002 Esti

w
19, MJ.I,K.MH.M

of
Hbﬁulukﬂnlml&mmwm-ﬁmmh
g antibody assay, Clin. Vaccine Immunal.

1387-1390.
21. Villa, L. L., R. L. Costa, C. A R. P
Giuliana, C. M. Wheeler, L. A. Koutsky, C. Malm, M. Lehtinen,
M. DR

rZ=F B.

nmmhhﬁ:uluhmnpapﬂmwmbﬂﬁmwlﬂm?
yvsmﬂillc Sex. Transm. Dis. 34:371-3

of human sera in a sensitive, high-throughput pseudovirus-based p:pdkmn
virus neutralization assay for HPV16 and HPV1S. Virology 321:205-216,

3. Yoshik H,T. m&lmumﬂ."uﬂmm&
In-ou.l‘nl Deuaionndlypian I geaital paj by
DNA i Ipn IR Caru;chu. 82:524-531.

800Z ' J8Q0I00 UO S8SESSIQ $N0KO8JU] O SIMASU] [BUOHIEN 8 BI0'LUSE'1AD WO papecjumoq



[Human Vaccnes 5.1, 43-45; January 2009], ©2007 Landes Biowcience

Commentary

Development of an HPV vaccine for a broad spectrum of high-risk types

Todahito Kanda® and Kazunari Kondo

Canter lor Pothogen Genomics: M

d Inwitute of infecfiou Di

3; Shinjukeku, Tokyo, Jopon

Key words: high-risk HPV, VLP vaccine, minor capsid protein L2, type-common neurralization epitope

Cervical cancer, the second most frequent gynecological malig-
nancy in the world, is caused by infection with high-risk human
papillomaviruses (HPV16, 18, and other 13 types). Vaccines
protecting women from infection with high-risk HPVs can reduce
prevalence of cervical cancer withour costly screening for cervical
precancerous lesions, Two vaccines containing HPV16 and 18
virus-like particles (VLPs), which were produced by self-assembly
of the major capsid protein L1 of cach HPV type, successfully
induced type-specific neutralizing antibodies in the recipients of
countries. Although HPV16 and HPVI8 account for approxi-
mately 50% and 20% of cervical cancer, respectively, the remaining
major issue to be addressed is how to prevent infection with other
high-risk HPVs. Our and other studies have indicated that the
HPV minor capsid protein L2 has several type-common neutral-
ization epitopes and that immunization of animals with peptides
having the 1.2-epitopes protects them against experimental chal-
lenge. Recently, we have shown that a type of chimeric VLE
HPV16 VLPs to which the type-common L2-epitope was added,
induced in rabbits both the anti-HPV16 L1 neutralizing antibody
at a high level and the anti-L2 cross-neutralizing antibody at lower
but sufficient levels to be protective shown in the other animal
experiments. Thus, this type of chimeric VLP seems likely to be
one of the next-generation vaccine candidates for a broad spectrum
of high-risk HPV types. Future issues were discussed abour the
HPV vaccine development.

Cervical Cancer and High-Risk HPVs

Cervical cancer is the second most frequent gynecological malig-
nancy in the world.! World Health Report (2004) estimared that
approximately 500,000 new cases appear and abour 239,000 die
annually. Industrialized countries have succeeded in greatly reducing
deaths from cervical cancer through a screening program that allows
early detection of precancerous lesions. Presently 809 of the patients
are in developing countries, where the program is 100 expensive
to implement. Cervical cancer is 2 major health inequiry between
developed and developing countries.
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Cervical cancer and its precursor lesions are caused by genital
infection with human papillomaviruses (HPVs). HPVs are classified
into more than 100 genotypes based on the homology of genomic
DNA, and the types found in cervical cancer are grouped as high-risk
types (types of 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68 and 73).% The distribution of high-risk HPVs in humans slightly
varies from region 1o region; HPV16 and HPV18 account for about
50% and 20%, respectively, of the cases worldwide.>?

HPVs are a nonenveloped small icosahedral virus with a circular
double-stranded DNA genome of 8 k basc pairs (bp). The life cycle
of HPVs is closely associated with epithelial differentiation. HPVs
reach and infect the basal cells of the stratified epithelia through
small epithelial lesions. In the basal cells the viral DNA is maintained
as episomes in the nuclei. When the host cells initiate terminal differ-
entiation, the HPY DNA starts to replicate and to be transcribed.
HPV virions are gencrated in the upper layers of the epidermis or
mucosa and released from them.*?

HPV oncoproteins, E6 and E7, make the virus propagation
possible in the rerminally differentiating cells by reactivaring cellular
DNA synthesis machinery and preventing apoptotic death of the
cells active for unnatural DNA synthesis. The E7 protein, binding
1o pRb, mediates release of the cellular E2F transcription factor from
a pRb-E2F complex. The E6 prowin, binding to p53, dirccts its
degradation through a ubiquitin-mediated pathway. The accidental
integration of the viral genome into the host chromosome produces
cell continuously expressing E6 and E7. These cells, which lack the
functions of pRb and p53, are immortalized and become malignant
after accumulation of genetical alterations.* Thus, a vaccine that
prevents HPV infection could reduce the incidence of the cancer.

Structure of HPV Capsid

The HPV capsid consists of the major capsid protein L1 (mol.
wt.; around 55,000) and the minor capsid protein L2 (mol. wr;
around 76,000). Seventy-two capsomeres (cach is an L1-pentamer)
are arranged on a skew T = 7d icosahedral surface lartice of the
capsid. Twelve capsomeres conract five neighbors and the others, six.
Three-dimensional image reconstruction suggests that L2 is locared
in the center of pentavalent capsomeres at the virion vertices.®

Although cell cultures supporting efficient HPV replication are
not available, the expression of L1 either alone or together with
L2 in surrogate systems results in the spontncous formation of
particles without viral DNA, the virus-like particle (VLP) or the
L1/L2-capsid, respectively.’® These particles are morphologically
undisunguishable from HPV virions. Expression of L1 and L2 in
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cells harboring cpisomal copies of an expression plasmid results in
packaging the episomal DNA into the L1/1.2-capsids to produce
infectious pscudovirions.” The pseudovirions are used as a surrogate
virus to detect neutralizing activiry of anri-HPV antibodies.!?

VLP Vaccine for Types 16 and 18

The VLPs are highly immunogenic in animals'' and humans
and induce a type-specific neutralizing antibody that recognizes
a conformation-dependent epitope.’? Rabbits immunized with
cottontail rabbit papillomavirus (CRPY) VLP are resistant to
CRPV challenge. Transfer of serum or immunoglobulin G from
the immunized rabbirs prorects naive rabbits against the challenge,
strongly suggesting that the protection is mediared by neutralizing
antibodies. Similarly, immunization of calves with VLP of Bovine
Papillomavirus 4 (BPV4) is extremely effective to protect animals
against BPV4 challenge.'¥ The immunization with VLP also elicits
cell-mediated responses including induction of CTL and memory
B-cells. Although the exact role of various immune mechanisms in
the protective efficacy of the VLP vaccine remains to be determined,
these data clearly indicate that VLP is suitable for prophylactic
vaccine antigen.

Merck & Co., Inc., developed the prophylactic vaccine (Gardasil®)
using VLPs of HPV16 and 18 (and low-risk HPV6 and 11 associ-
ated with benign genital warts) as antigens. The vaccine successfully
induced rype-specific neutralizing antibodies in the recipients and
protected them against infection with these HPVs in the large-
scale clinical trials.'® GlaxoSmithKline Co., developed the similar
prophylacric vaccine (Cervarix®) using VLPs of HPV16 and 18 as
antigens and showed preventive effect against HPV16 and 18 with
limited cross-protection against HPV31 and 45, the most closely
related types to HPV16 and 18, respectively.'® The US Food and
Drug Administration and European Medicine Agency (EMEA) have
approved Gardasil® in 2006 and EMEA has approved Cervarix®
in 2007. Although HPV16 and 18 together account for approxi-
mately 70% of cervical cancer, one of the remaining problems to be
addressed is how to prevent infection with other high-risk HPVs.
Multivalent vaccine combining VLPs of all of the high-risk HPVs
may not be practieal.

Type-Common Neutralization Epitope in L2

We have identified rype-common neutralization epitopes in
HPV16 L2. Rabbit antisera induced by synthetic peptides with
sequences of HPV16 L2 amino acids (aa) 18 to 38, aa 56 to 75, aa
61 to 75, aa 64 to 81 or aa 96 to 115 have been shown to neutralize
the HPV16 pseudovirions and cross-neutralize the pseudovirions of
one or more of HPV18, 31 and 58.17 Also, mouse monoclonal anti-
body recognizing an cpitope in aa 17 to 36 neutralizes pseudovirions
of HPVS, 6, 16, 18, 31, 45, 52, 58 and bovine papillomavirus type
1 (BPV1), and authentic virions of HPV11.'8 These data strongly
suggest that there exist several cross-neutralization epitopes in the
HP'VIG L2 region from aa 17 to 115. Amino acids sequences of
the L2 regions corresponding to the HPV16 L2 region are highly
conserved between the high-risk HPVs.

Several animal experiments have indicated thar L2-vaccines can
prevent immunized animals from papilloma formation by not only
homologous papillomaviruses but also heterologous papillomaviruscs.
Vaccination of rabbits with a synthetic peptide with an aa sequence
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of 1.2 aa 94-112 or 107-122 of couwonail rabbit papillomavirus
(CRPV) protects them against challenge with CRPV.!? Vaccination
of calves with a bacterially produced pepride with 1.2 aa 11-200 of
bovine papillomavirus type 4 (BPV4) protects them against challenge
with BPV4.2® Vaccination of rabbits with a bacterially produced
peptide having HPV16 12 aa 11-200 efficiently protects them
against cutancous challenge with CRPV and mucosal challenge with
rabbit oral papillomavirus.?!

The activity to neutralize infectious pseudovirions or authentic
virions of the papillomaviruses used for the challenge has been
measured with the serum samples collected from the protected
animals, The neutralizing riters of the serum samples range from an
undetectable level to 1:250, which are much lower than those induced
by the VLP vaccines. The data suggest that despite their lower ability
to elicit neurralizing titers, the L2 vaccines are capable of effectively
protecting animals against challenge with papillomaviruses.

Chimera VLP os a Vaccine Candidate for Multiple HPVs

Tt is an auractive idea to add the cross-neutralization L2-epitopes
to the current VLP vaccine, whose safery has been well established, to
produce a modified vaccine cffective against a broader spectrum of the
high-risk HPVs. We have inserted the peptides containing the cross
neutralizing L.2-epitopes between aa 430 and 433 of HPVIG L1.2
The chimeric L1s are able to assemble themselves into the chimeric
VLDs. Although the sizes of the chimeric VLPs are not identical
with that of HPV16VLE, immunization of rabbits with the chimeric
VLPs has induced neutralizing antibody against HPV16, as HPV16
VLP does, indicating that the chimeric VLPs retained neutralization
cpitope of HPV16 VLP. The antisera induced by the chimeric VLP
with the peptide having HPV16 1.2 aa 56-75 (Ch56/75VLP) have
cross-neutralized HPV18, 31, 35, 52, 58 (Kondo K ct al.* and our
unpublished data). The level of the anti-L2 neutralizing antibody
induced by Ch56/75VLP is comparable o those protecting the
rabbits or the calves against the experimental challenge with the
papillomaviruses in the previous animal experiments.'*?! Therefore,
the chimera VLE, Ch56/75VLE, may serve as a vaccine candidate for
a broad spectrum of high-risk HPVs,

Future Issues to be Addressed

The current HPV vaccine is expected to inhibit latent infecrion
with HPV, whereas the other successful vaccines, such as polio
vaccine and measles vaccine, inhibir the onset of symptoms through
the suppression of large scale viral propagation by quick secondary
immune reaction after the early propagation of the infecting viruses.
For effective protection, the anti-HPV neutralizing andbody should
be present continuously. At present we do not know the minimum
serum antibody level required for the protection. Data should be
collected on the serum neutralizing antibody level required for
preventing the recipients from infection with HPV in large-scale post
markering surveillance studies, The kinetics of the antibody levels of
the recipients over time will provide a basis to predict the plareau
level from the peak level and to consider an appropriate dose regimen
and the need for boosting.

Although HPV vaccine is expected to prevent cervical cancer,
some practical virological surrogate indicators should be developed
to evaluate the vaccine efficacy. One candidare is the prevention of
persistent infection with HPV rargeted by the vaccine. The HPV
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persistent infection may be detected by continuous monitoring of
HPV DNA in cervical and vaginal specimens. PCR amplification
of HPV DNA is the most sensitive and accurate method for HPV
detection, Unfortunately, however, we have little knowledge on the
fare of basal cells latendly infected with HPV, the frequency and the
burst size of HPV starting from one latently infected
cell, and so on. Because HPV DNA in the latendy infected basal
cells may be undetectable, the HPV negative state should be
assessed. It is necessary to establish the relation between the latent
infection and PCR-detection of HPV DNA.

It is possible that natural infection with HPV does not induce
protective immunity, because HPV DNA is repeatedly detected with
cervical and vaginal specimens collected at different times from single
individuals who have neutralizing antibody ar a low level against
cognate HPV type (our unpublished data). The number of the
latently infected basal cells may increase through repeated infection
with HPV propagared in differentiating epithelial cells in the geniral
tract. The spread of HPV would increase the risk of the HPV DNA
integration into cellular DNA, the key event to produce immortal-
ized cells. Thus, the HPV vaccine may reduce the cancer risk, by
inhibiting repeated infection, for women who have been infected
with HPV, Further studies are needed on the life cycle of HPV in
nature and the effect of the current vaccine, to develop an effective
next-generarion HPV vaccine.
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Transcription factor human Skn-1a enhances replication
of human papillomavirus DNA through the direct binding
to two sites near the viral replication origin
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Human papillomavirus type 16 (HPV16) DNA replication, which requires
two viral proteins El and E2, occurs only in the differentiating epithelium.
Besides the general factors necessary for cellular DNA synthesis, other
unidentified cellular factors are assumed to be involved in the regulation of
HPV DNA replication. In the present study, we found that the POU-
domain transcription factor human Skn-la, which induces the terminal
differentiation of keratinocytes and activates the HPVI6 late promoter,
enhanced the transient replication of a plasmid containing the HPV16
replication origin in HEK293 cells when co-transfected with a plasmid
expressing El and E2. An electrophoretic mobility shift assay with a bacte-
rially expressed human Skn-la or an extract of HelLa cells over-expressing
human Skn-la revealed the presence of two human Skn-la binding sites
that are distinct from the known three sites, near the replication origin. A
chromatin immunoprecipitation analysis showed that human Skn-1a bound
to these sites in cells. Nucleotide substitutions in the sites abolished the
binding of human Skn-la and the human Skn-la-mediated replication
cnhancement. The data strongly suggest that, through the binding to the
two sites, human Skn-la enhances HPV DNA replication.

Human papillomavirus (HPV), a small icosahedral
virus, has a double-stranded circular DNA genome of
approximately 8000 bp [1]. All HPV types, classified
based on the homology of genomic DNA, share a
common genetic organization: the early region enco-
ding nonstructural viral proteins (E1, E2, E4, ES5, E6
and E7), the late region encoding two capsid proteins
(L1 and L2) and the noncoding regulatory region
between the L] and E6 genes, which includes the viral
DNA replication origin [2].

The life cycle of HPV is tightly associated with
epithelial differentiation [3]. HPV infects the basal cells
of the epithelium through microlesions and their
genomes are maintained as multicopy episomes in the
nucleus. When the host cells initiate terminal differenti-

Abbreviations

ation, the HPV DNA starts to replicate and to be
transcribed efficiently. HPV virions are generated in
the upper layers of the cpidermis or mucosa and
released from them.

HPV DNA replication is initiated by the binding
of viral E2 protein to the E2-binding sites near the
replication origin [4]. Then, E2 protein recruits viral
El protein, which is a replicative DNA helicase, to
the origin. El protein assembles into an active heli-
case hexamer, thereby inducing the unwinding of the
origin DNA 1o start replication [4]. The host cell sup-
plies the general replication proteins, such as DNA
polymerases, proliferating cell nuclear antigen and
anabolic systems that synthesize the deoxynucleotide
substrates.

Brdu), bromodeoxyuridine; C/EBP, CCAAT/enhancer binding protein; CBP, CREB-binding protein; COP, CCAAT-displacemant protain; ChiP,
chromatin immunoprecipitation,; CMV, cytomegarovirus; EMSA, electrophoretic mability shift assay, GST, glutathione Stransferase; HPV,
human pepillomavirus; IRES, internal ribosomal entry site; oriP, origin of plasmid replication,
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hSkn-1a enhances HPV DNA replication

Except for the general replication proteins, several
cellular proteins have been shown to affect the HPV
replication. Ubiquitous transcription repressors, YY1
and CCAAT-displacement protein (CDP), inhibit the
replication of HPV origin-containing plasmids in cell
culture systems and in cell-free replication systems
through their binding to the origin sequences [5-7].
TopBP1, a protein involved in cellular DNA replica-
tion and repair, binds to HPV16 E2 and up-regulates
the HPVI16 replication [8]. Inil, a subunit of the
human SWI/SNF chromatin-remodeling complex,
binds to El [9]. However, a cellular protein that
enhances the HPV DNA replication in the differentiat-
ing epithelium has not been identified to date.

The proliferation and differentiation of keratinocytes
are both tightly regulated by cellular transcription fac-
tors, including AP-1 family proteins [10], POU-domain
proteins [11], nuclear factor-kappa B family proteins
[12] and CCAAT/enhancer binding proteins (C/EBPs)
[13]. The keratinocyte-specific POU-domain factor,
human Skn-la (hSkn-la), plays a critical role in kerati-
nocyte differentiation [14,15]. hSkn-la, which is
expressed in suprabasal cells, induces the transient cell
proliferation required for keratinocyte stratification
[15]. Tst-1, another POU-domain factor, which is
expressed in the differentiating epithelium, has a func-
tion similar to that of Skn-la [16). The C/EBP family
protein, C/EBPP, whose expression is up-regulated
during keratinocyte differentiation [17], causes cell-
growth arrest and induces the expression of marker
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proteins for the differentiated keratinocytes [18]. The
transcription repressor CDP [19], which is expressed
abundantly in the basal cells, disappears during differ-
entiation [20], suggesting that the release of the CDP-
mediated transcription repression of some genes
promotes the differentiation.

In the present study, we examined hSkn-la, Oct-1,
Tst-1, Brn-1, C/EBPp and CDP for their ability to
enhance the transient replication of a plasmid contain-
ing the HPV16 replication origin in HEK293 cells
co-transfected with a plasmid expressing E1 and E2, and
found that hSkn-1a enhanced the replication. An elec-
trophoretic mobility shift assay showed that hSkn-la
bound to two sites near the origin. Nucleotide substitu-
tions in these sites abolished the replication enhance-
ment, suggesting that the replication enhancement was
mediated by the sequence-specific binding of hSkn-la.

Results

Enhancement of transient replication of the
HPV16 origin-containing plasmid by hSkn-1a

An HPVI6 origin-containing plasmid, pGL3-Pgso,
which has HPV16 DNA sequences from nucleotides
7003-7904 and 1-868 (Fig. 1A), replicated in HEK293
cells transfected with pCMV/EI-IRES-E2, an expres-
sion plasmid for HPVI6 replication proteins E1 and
E2. pCMV/EI-IRES-E2, which was newly constructed
by inserting the internal ribosomal entry site (IRES)

Fig. 1. Enhancement of the transient replication of pGL3-Pgrq by hSkn-1a. (A) Schematic representation of the HPV16 E1/E2 co-expression
plasmid and the HPVI16 origin-containing plasmid. The £1 and E2 genes are transcribed simultaneously from pCMV/E1-IRES-E2, in which
the E1 and E2 genes are connected with poliovirus IRES. pGL3-Pgrg contains the HPV16 DNA replication origin and the firefly luciferase
gene. (B) The amounts of the replicated pGL3-Pyy,. Total episomal and the replicated (Dpni-resistant] pGL3-Pero were measured by real-time
PCR with Hirt extract from HEK293 cells that had been co fi i with the p indicated at the bottomn. (C) Effects of hSkn-1a.
Oct-1, Tst-1, Bm-1, C/EBPP and CDP on the replication of pGL3-Pgro. Replicated pGL3-Pgm was measured by reaktime PCR with Hirt
axtract from HEK293 cells that had been co-transfected with three plasmids: pGL3-Pgze, pCMV/E14RES-E2 and a plasmid to be tested (for
factor hSkn-1a, Oct-1, Tst-1, Bm-1, C/EBPB or CDP). The relative replication of pGL3-Paz (in the presence of a factor tested) has been nor-
malized and is expressed as the ratio of replicated pGL3-Pgyq in the absence of the factors indicated above. The scale bar represents the
mean = SD of three independent transfection experimants. (D) Southern biot analysis of replicated pGL3-Pgzg in the absence or presence of
hSkn-18 co-expression, The signal indicated by the arrow in the autoradiogram was quantitated and presented at the bottom. (E) Effects of
hSkn-1a, Oct-1, Tst-1, Brn-1, C/EBPP and COP on transcription from the CMV promoter and the IRES-dependent translation. The firefly and
Renilla luciferase acl[vmes of the lysate derived from HEK293 cells that had been transfected with pCMV/E1-IRES-Firefly and pCMV/Renilla
together with the exp 1 ph i for transcription factor were measured and normalized to the protein concentration of the lysate. The
scale bar represents the mean + SD of three independent transfection experiments. (F) Western blot is of total of HEK293
cells that had been transfected with or without the hSkr-1a expression plasmid. The antibody against hSkn-1a (Santa Cruz) was used to
detect hSkn-1a. Western blot analysis was performed as described [23]. (G) Effects of hSkn-1a on Epstein-Barr virus oriP-dependent plasmid
replication. pREP4 was measured by real-time PCR with Hin extract from HEK283 cells that had been transfected with pREP& with or with-
out the hSkn-1a expression plasmid. The ratio of replicated plasmid to total episomal plasmid is indicated. The scale bar represents the
maan £ SD of three independent experiments, (H) Effects of hSkn-1a on cellular DNA replication. The level of the incorporation of BrdU was
measured by BrdU Cell Proliferation Assay Kit and indicated as Aasc. The scale bar represents the mean = SD of three independent experi-
maents. (1) Effects of hSkn-1a on HPV16 full-genome replication. The level of the HPV16 genome replication was measured by real-time PCR
with Hirt extract from HEK293 cells that had been transfected with HPV16 complete genome with or without the hSkn-1s expression plas-
mid. The scale ber represents the mean £ SE of two independent experiments,
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