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Abstract The first vaccine against human papillomaviruses
(HPV) formulated with HPV16 L1 virus-like particles (VLPs)
produced in yeast was approved by the FDA in June 2006.
Nevertheless, there have been few studies of the immunogenicity
in mice of VLPs. In this study, we evaluated the cell-mediated
immune response to VLPs produced in Saccharomyces cerevisiae.
After immunization of mice with HPV16 L1 VLPs, we
measured splenocytes proliferation and the levels of IFNy,
IL2, IL4, and ILS. Splenocytes proliferation was significantly
increased and a mixed Th1/Th2 response was indicated. IgG
subtype immunoresponses were strongly induced and IgG1
titers were higher than those of IgG2a.
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Cervical cancer is the second most common cancer in
women worldwide and there are 200,000 cervical cancer-
related deaths each year [19, 20, 24]. HPV16, 18, 31, and 45
are major causative factors of cervical cancers, and HPV16
is the most frequent type [1]. A prophylactic vaccine against
HPV has been derived from HPV virus-like particles (VLPs).
HPVs encode a major capsid protein (~55 kDa), L1, that
can self-assemble into VLPs in the absence of other viral
gene products. These VLPs are structurally similar to native
HPV virions [6, 9, 13, 21-23]. Recombinant HPV16 L1
VLPs have been generally made in yeast and insect cells
[15, 21]. Yeast-cell-derived HPV16 L1 VLP vaccination
has been shown to induce Th1- and Th2-mediated cytokines
and cytotoxic T lymphocyte responses in chimpanzees and
humans [3, 18], but there is no report of Th1- and Th2-type
immune responses to yeast-derived HPV16 L1 VLPs in
the mouse model. Therefore, it seems important to study
cell-mediated immunity induced by yeast-expressed HPV16
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L1 VLPs in the mouse model. In the present study, we
measured splenocytes proliferation, levels of cytokines
IFNy, IL.2 (Thl-response), IL4 and IL5 (Th2-response),
and IgG1 and IgG2a titers in response to immunization
with HPV16 L1 VLPs.

Recombinant HPV16 L1 VLPs were prepared in a yeast
system as described previously [5, 10, 12, 14, 22]. Ten
mice were immunized by subcutaneous injection with 5 pg
of HPV16 L1 VLPs with the Freund’s complete adjuvant.
After 3 weeks, all the mice were boosted twice with the
same amount of VLPs adsorbed to Freund’s incomplete
adjuvant (Sigma, U.S.A.). Five control mice received PBS
under the same conditions. To measure the splenocytes
proliferation and cytokines response to VLPs, mice were
sacrificed ten days after the last immunization and their
spleens removed [11]. The splenocytes were resuspended
in RPMI-1640 medium (20 mM HEPES, 10% fetal calf
serum, 24 mM sodium bicarbonate, 2 mM L-glutamine,
100 IU/ml penicillin, 100 pg/ml streptomycin), and seeded
at 2x10° cells per well in flat-bottomed 96-well plates.
The splenocytes were incubated with HPV16 L1 VLPs
(1.5 ng/well) for 6 days at 37°C.

To measure the proliferation response to VLPs, the
MTT assay was used [8, 17]. The cells were pulsed with
thiazolyl blue tetrazolium bromide (200 pg/well, Sigma,
U.S.A.) for the final 4 h of incubation, supernatants were
removed, DMSO (Sigma, U.S.A.) was added to each well,
and absorbance was read at 540 nm. As shown in Fig. 1,
the proliferation of splenocytes in immunized mice was
significantly increased compared with the nonimmunized
mice. After 6 days of incubation, the splenocytes from the
mice immunized with VLPs had increased to 10x10° cells
per well (5 fold), whereas the control splenocytes from
mice injected with PBS had only increased to 4x10° cells
per well (Fig. 1).

To measure cytokine production response to VLPs, each
cytokine was measured in culture supernatants on days 4,
5, and 6. Levels of IFNy, IL2, IL4, and IL5 were measured
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Fig. 1. Splenocytes proliferation in mice immunized with
HPV16 L1 VLPs.

The immunized (M) and nonimmunized (@) groups were subcutaneously
injected three times with HPV16 L1 VLPs (5 pg) and PBS, respectively.
Splenocytes were isolated from the mice and incubated for 6 days with
HPV16 L1 VLPs (1.5 ng/well). Proliferation of the splenocytes was
measured with the MTT assay. Values are averages £SD of results for the
immunized group (#=10) and nonimmunized group (#=5).

by sandwich ELISA, according to the manufacturer’s
instructions (BD OptIEA Set, BD Biosciences, U.S.A.).
As shown in Fig. 2, the immunized splenocytes produced
significantly higher levels of Thl-type cytokines (IFNy,
IL2) than the nonimmunized splenocytes (Fig. 2). In the
immunized group, IFNy was detected at 1,900 pg/ml to
3,380 pg/ml, and IL2 was detected at 300 pg/ml to 400 pg/
ml. In control mice, low levels of IFNy (590 pg/ml) and
112 (<20 pg/ml) were detected. In addition, the immunized
group produced high levels of Th2-type cytokines (IL4,
IL5); IL4 and IL5 were detected up to 210 pg/ml and
1,180 pg/ml, respectively (Fig. 3). These results show that
the mice immunized with HPV16 L1 VLPs produced Thl
and Th2 responses.

To confirm the induction of a mixed Thl and Th2
response to HPV16 L1 VLPs, we measured IgG1 (Th2)
and IgG2a (Th1) in the sera of immunized mice by ELISA.
The ELISA plates were coated with 100 ng of VLPs and
blocked with 2% BSA for 1h at room temperature. The
wells were incubated with serial dilutions of mouse sera
for 1 h at 37°C. The secondary antibodies, goat anti-mouse
IgG1 (Zymed, U.S.A.) and IgG2a (Serotec, U.K.), which
were diluted 1:2,000, were added to the wells and the
plates were incubated at 37°C for 1h. The unbound
secondary antibody was removed by washing, and bound
antibody was stained with substrate and absorbance read
at 492 nm. As shown in Table 1, we observed a high
IgG1 titer (23,000 to 84,000) in all sera from immunized
mice but no VLP-specific IgGl (<100) in those from
nonimmunized mice. High levels of 1gG2a (12,000 to 43,000)
were also detected in the sera from immunized mice.
However, the levels of 1gG2a (<100) were not detected in sera
from the control group. These results suggest that HPV16
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Fig. 2. Thl-type cytokine responses to HPV16 L1 VLPs.
Splenocytes from the mice injected with HPV16 L1 VLPs (solid bars) or
PBS (open bars) were incubated for 6 days with HPV16 L1 VLPs (1.5 pg/
well). IFNy (A) and IL2 (B) in the culture supernatants were measured by
sandwich ELISA on days 4, 5, and 6. Bars are averages £SD of IFNy and
IL2 from the immunized group (»=10) and nonimmunized group (#=5).
P<0.05.

L1 VLPs expressed in yeast are able to induce the Th1/Th2
mixed immune response.

We found that the proliferation of splenocytes (Fig. 1),
and supernatant IFNy and IL2 levels (Fig. 2) were increased
by immunization, indicating that cell-mediated immune
responses were induced. The production of IFNy and IL2
was presumably induced by the proliferation of CD8+ and
CD4+ T cells. Moreover, costimulation of Thl- and Th2-
type cytokines was confirmed by the increased levels of
TFNy, IL2, IL4, and IL5 (Fig. 2 and Fig. 3).

In the case of insect-cell-derived VLPs, Dupuy et al.
[2] reported that three immunizations of mice with 5 ug
of HPV16 L1 VLPs induced only Thl-type cytokines
(IFNy, IL2), whereas Marais et al. [16] reported that three
immunizations with 10 ug of HPV16 L1 VLPs induced
both Thl- and Th2-type cytokines. In the present study,
although the mice received three immunizations with only
5 ug of HPV16 L1 VLPs, both types of immune response
were observed.

IFNy induces IgG2a production and inhibits IgGl
production, whereas 114 has the opposite effect [4]. Therefore,
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Fig. 3. Th2-type cytokine responses to HPV16 L1 VLPs.
Splenocytes were incubated as in the legend to Fig. 2, and supernatants 1.4
(A) and ILS (B) were measured by sandwich ELISA on days 4, 5, and 6.
Bars are averages +SD of IL4 and IL5 from the immunized group (+=10)
and nonimmunized group (#=5). P<0.05.

Table 1. IgGl1 and IgG2a responses to HPV16 L1.

IgG subclasses®

Group Mouse ID No.
1gG1 IgG2a
Immunized® 1 28,000 12,000
2 48,000 19,000
3 73,000 13,000
4 62,000 17,000
5 28,000 17,000
6 84,000 16,000
7 23,000 43,000
8 31,000 24,000
9 44,000 21,000
10 35,000 16,000
Unimmunized® 11 <100 <100
12 <100 <100
13 <100 <100
14 <100 <100
15 <100 <100

“The immunized group (mouse ID Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10) was
subcutaneously injected with HPV16 L1 VLPs (5 pg).

"The nonimmunized group (mouse ID Nos. 11, 12, 13, 14, 15) was
subcutaneously injected with PBS.

‘IgG1 and IgG2a in the sera of the immunized and nonimmunized groups
measured by sandwich ELISA.

the titer of IgG1 is higher than that of IgG2a when Th2-
type cytokines preponderate, and lower when Thl-type
cytokines preponderate [4]. In our study, the mean titers
of IgG1 and IgG2a were 45,600 (£20,970) and 19,800
(+8,880), respectively, showing that there was a greater
Th2-type than Thl-type immune response (Table 1).

We conclude that HPV16 L1 VLPs expressed in yeast
induce a mixed Th1/Th2 immune response in mice and
that the Th2-type response is stronger. The first HPV
vaccine (Gardasil, Merck) formulated with HPV16 L1
VLPs produced in yeast was approved by the FDA in June
2006 [7]. We believe that our findings will contribute to
the standardization and validation of the next generation of
HPV vaccines in the mouse model.
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