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Cervical cancer is strongly associated with chronic human
papillomavirus infections, among which HPV16 is the most
common. Two commercial HPV vaccines, Gardasil and
Cervarix are effective for preventing HPV infection, but can-
not be used to treat existing HPV infections. Previously, we
developed a human endogenous retrovirus (HERV)-enve-
loped recombinant baculovirus capable of delivering the L1
genes of HPV types 16, 18, and 58 (AcHERV-HP16/18/58L1,
AcHERV-HPYV). Intramuscular administration of AcCHERV-
HPYV vaccines induced a strong cellular immune response
as well as a humoral immune response. In this study, to ex-
amine the therapeutic effect of ACHERV-HPV in a mouse
model, we established an HPV16 L1 expressing tumor cell
line. Compared to Cervarix, immunization with AcHERV-
HPYV greatly enhanced HPV16 L1-specific cytotoxic T lym-
phocytes (CTL) in C57BL/6 mice. Although vaccination
could not remove preexisting tumors, strong CTL activity
retarded the growth of inoculated tumor cells. These results
indicate that AcCHERV-HPV could serve as a potential thera-
peutic DNA vaccine against concurrent infection with HPV
16, 18, and 58.

Keywords: human papillomavirus, vaccine, immunity, cyto-
toxic T-lymphocytes, anti-tumor

Introduction

Human papillomavirus (HPV) is the primary etiologic agent
of cervical cancer. Two commercial HPV vaccines, Cervarix
and Gardasil, effectively prevent persistent infections, as well
as progressive diseases associated with HPV16 and HPV18
(Lu et al., 2011; Romanowski, 2011; Kwang et al., 2012; Kim
et al., 2013; Bissett et al., 2014). However, these vaccines
cannot be used to treat existing infections, or other HPV-
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associated diseases, including cervical cancer. Although vac-
cination has been successful at reducing new infections, treat-
ment options for individuals already infected with HPV re-
main limited. The development of new therapeutic vaccines
for the treatment of HPV-associated diseases is therefore
urgently needed (Lehtinen and Dillner, 2013).

Numerous therapeutic vaccines targeting HPV16 or HPV18
have been developed over the past few decades, a small
number of which having been investigated in clinical trials
(Monie et al., 2009; Bosch et al., 2013). HPV early proteins
E6 and E7 induce the malignant transformation of cells by
binding to p53 and pRb, and disrupting normal cell cycle
regulation. This central role in viral pathology has made
these proteins the ideal target for therapeutic vaccines, with
strategies ranging from chimeric virus-like particles (VLPs)
incorporating E6 or/and E7, recombinant viruses, and pep-
tides/protein fusions incorporating the E6 and E7 proteins
(Trimble and Frazer, 2009). This approach has recently been
validated clinically, with an E6/E7 peptide vaccine demon-
strating modest efficacy for the treatment of cervical intra-
epithelial neoplasia (CIN), a pre-cancerous form of cervical
cancer (Kenter et al., 2009). This encouraging result brings
hope that a papillomavirus VLP-based vaccine may also be
effective in eradicating existing chronic papillomavirus in-
fections if strong enough cellular immune responses can be
achieved. However, despite promising results, no therapeutic
VLP-based HPV vaccines have been shown to exhibit sig-
nificant clinical efficacy against CIN (Kawana et al., 2012).

Because HPV E6 and E7 antigens are selectively maintained
and constitutively expressed only in infected cells and ma-
lignant tumors, most therapeutic HPV vaccines strategies
have focused on eliciting T-cell immune responses against
HPV E6 and E7 (De Bruijn et al., 1998; Zheng et al., 2008; Ma
et al., 2012). In contrast, cell-mediated immune responses
against the HPV L1 antigen are believed to be of limited
therapeutic value in established HPV-infected cervical le-
sions, and have therefore not been intensively investigated
(Bellone et al., 2009). Nevertheless, the L1 antigen has been
shown to elicit neutralizing antibodies through the help of
T cells, with potent antiviral activity in infected hosts (Rudolf
et al., 2001). Mucosal immunization with an HPV16 L1 VLP
has been shown to inhibit growth of HPV16-expressing tu-
mor cells in both prophylactic and therapeutic settings (De
Bruijn et al., 1998; Revaz et al., 2001). Similarly, an intra-
nasal HPV-16 L1 VLP vaccine induces vaginal IgA responses
via the activation of vaginal Thl-like CD8+ T-cell-medi-
ated cytotoxicity (Dupuy et al., 1999). In addition, subcuta-
neous or nasal immunization of C57BL/6 mice with HPV16
L1 capsomere particles induces both L1-specific antibodies
and cytotoxic T-lymphocytes (CTL) responses in vitro, re-
sulting in the regression of L1-expressing tumor cells in vivo
(Ohlschlager et al., 2003).
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Previously, we demonstrated that human endogenous ret-
rovirus (HERV) enveloped, replication-deficient baculovi-
rus delivering HPV L1 genes (AcHERV-HPV) induced high
levels of humoral and cellular immunity, conferring com-
plete protection against HPV type-specific pseudovirions
(Lee et al., 2010, 2012; Cho et al., 2014). Here, we examined
whether the trivalent HPV L1 DNA vaccine exhibits anti-
tumor efficacy in a murine model of HPV Ll-associated
cervical cancer.

Materials and Methods

Generation of ACHERV-HPV

AcHERV-HPV was produced using the Bac-to-Bac baculo-
virus expression system (Invitrogen) according to the man-
ufacturer’s instructions (Cho et al., 2014). Briefly, a codon-
optimized HERV envelope gene was embedded downstream
from polyhedron promoter (GenBank accession number
NMO014590; GenScript Corp.) and three HPV genes, 16 L1,
18 L1, and 58 L1 (kindly supplied by Dr. Schiller, National
Cancer Institute, National Institutes of Health) were cons-
tructed in recombinant baculoviruses under the control of the
human elongation factorla promoter, respectively. ACHERV-
HPV was generated and amplified in Spodoptera frugiperda
9 (S9) cells.

Generation of stable B16F10-L1 cell lines

The HPV16 L1 gene was amplified from plasmid p16L1L2
DNA by PCR using primers 5'-AAAGCTAGCCCACCAT
GAGCCTGTGGC-3' and 5'-AAATCTAGAAGCTTTCACA
GCTTCCTC-3', and then cloned into the NotI site of plas-
mid pcDNA3.1(+) (Invitrogen). The generated pcDNA3.1-
1 was transfected into B16F10 mouse melanoma cells using
Lipofectin (Invitrogen), and selection was performed with
800 pg/ml of G418 (Invitrogen). To confirm expression of
the HPV16 L1 protein, B16F10-L1 cells were subjected to
western blot analysis and immunofluorescence assays (IFA)
using an anti-L1 antibody, Camvir-1 (Santa Cruz).

Mouse models

Six-week-old female C57BL/6 mice were purchased from
Orient-Bio and housed in filter-top cages, with water and
food provided ad libitum. The use of animals in these ex-
periments was approved by the Institutional Animal Care
and Use Committee of Konkuk University (Approval No.
KU12078).

For each experiment, mice were divided into three groups:
an AcHERV HPV group (n = 14) which was immunized
with 1 x 10" plaque-forming units (PFU) of AcCHERV-HPV,
a Cervarix group (n = 14) which received 5% of a normal
human dose of Cervarix (GlaxoSmithKline), and a PBS
control group (n = 14) which was treated with 50 ul of PBS.
Each group was immunized intramuscularly on the left leg
on days 0, 14, and 28. Serum and vaginal wash samples
were then collected at 2, 4, and 6 weeks after the first
immunization.

Anti-HPV16 L1 antibody assay

HPV16 pseudoviruses (PVs) were produced as described
previously (Buck et al., 2005; Xu et al., 2006) using capsid-
encoding plasmid p16L1/L2 and pYSEAP. ELISA was used
to detect IgG and IgA antibodies to HPV16 L1 in the mice.
Endpoint titers were defined as the highest serum dilutions
at which the absorbance value was equivalent to that of non-
immunized mice, and were expressed as group geometric
means + standard deviations (SDs). The PV neutralizing
antibody (NAb) assay was performed as described previously
(Cho et al., 2014). Neutralization titers were defined as the
reciprocal of the highest dilution factor that caused > 50%
reduction in SEAP activity.

Measurement of interferon (IFN)-y and interleukin (IL)-4
production by enzyme-linked immunospot (ELISPOT) assay

To analyze T cell responses induced by immunization with
AcHERV-HPV, spleens were collected 8 weeks after the
first injection. HPV16 L1-specific CD8+ T cells were indi-
rectly quantified by measuring production of IFN-y and
IL-4 following HPV challenge using murine IFN-y and
IL-4 ELISPOT kits (BD Biosciences) according to the manu-
facturer’s instructions.

Cytotoxic T-lymphocyte (CTL) assay

Spleen cells were harvested from vaccinated mice two weeks
after the final immunization. The CTL assay was performed
by using the CytoTox 96 nonradioactive cytotoxicity assay
(Promega) based on the detection of lactate dehydrogenase
(LDH) release (Sharma et al., 2012). The percent cytotoxi-
city was calculated as % Cytotoxicity = (Experimental - Effec-
tor Spontaneous - Target Spontaneous) / (Target Maximum
- Target Spontaneous) x 100.

Tumor challenge

Two weeks after the final immunization, mice were injected
subcutaneously in the left flank with 1 x 10* B16F10 or
B16F10-L1 cells. Mice were monitored periodically, and
tumor size was recorded for 30 days. Tumor growth was
determined by measuring maximal and minimal diameters
with a vernier caliper; tumor volumes were calculated ac-
cording using the formula: volume = (length x width?) x
0.52 (Li et al., 2010).

Statistical analysis

All data were analyzed by analysis of variance (ANOVA)
and corrected for multiple hypothesis testing with the Stu-
dent-Newman-Keuls post-hoc test using SigmaStat software
(Systat Software). P values < 0.05 were considered signifi-
cant.

Results

Humoral immune responses induced by AcHERV-HPV

The AcHERV-HPV- and Cervarix-immunized groups eli-
cited strong anti-HPV16 L1 IgG immune responses relative
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Fig. 1. Measurement of HPV16 L1-specific antibody titers after immunization. Mice were immunized with ACHERV-HPYV, Cervarix, or PBS at two week
intervals, three times a week. Blood collection and vaginal washes were performed at 2, 4, and 6 weeks after initial injection. HPV16 L1-specific serum IgG
antibody titers (A), vaginal IgA antibody titers (B), and neutralizing antibody titers (C) were analyzed by ELISA. Representatives of two independent experi-
ments performed in duplicate are shown. * P < 0.05 compared with other groups (ANOVA and Student-Newman-Keuls test).

to controls (P < 0.002). Serum IgG titers from mice immu-
nized with AcCHERV-HPV were similar to that of the Cer-
varix group (Fig. 1A).

Vaginal secretions of the ACHERV-HPV and Cervarix-
immunized groups (Fig. 1B) exhibited significantly increased
levels of anti-HPV16 L1 IgA relative to controls (P < 0.005).

Similar to serum IgG and vaginal IgA antibodies, high level
of serum NAbs were induced in both the AcCHERV-HPV
and Cervarix groups (Fig. 1C). Taken together, these data
clearly demonstrated that immunization with AcCHERV-HPV
is as effective as Cervarix® for inducing humoral responses
against HPV L1.

HPV16 L1-specific Th1 and Th2 cell responses

Immunization with ACHERV-HPV induced two-fold higher
production of IFN-y compared to Cervarix (Fig. 2A), and
triggered similar levels of IL-4 production compared to Cer-
varix plus HPV16PV stimulation (Fig. 2B). AcHERV-HPV
immunization also yielded significantly higher levels of IFN-y
and IL-4 compared to PBS controls (P < 0.001). Together,
these results suggest that ACHERV-HPV triggers the simul-
taneous inductions of Th1 and Th2 immune responses.

Immunization with AcCHERV-HPYV induces L1 specific CTLs

Splenocytes harvested from mice immunized with AcHERV-
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HPV or Cervarix exhibited L1-specific cytotoxic responses,
which were completely absent from immunized with PBS
alone (Fig. 3A-C). The AcHERV-HPV group exhibited higher
cytotoxicity in response to HPV16 L1 compared to Cervarix
group. The extent of L1-specific lysis directly correlated with
the ratio of effector cells to target cells. These data show that
immunization with AcCHERV-HPV leads to efficient re-sti-
mulation of L1-specific CTLs, with greater efficacy than
that of Cervarix.

Expression of HPV L1 protein in cells

Expression of the HPV16 L1 protein in B16F10-L1 cells
was confirmed by western blot analysis using Camvir-1 as
the primary antibody (~52 kDa; Fig. 3D). HPV16 L1 expre-
ssion was also confirmed via immunofluorescent staining
of B1I6F10-L1 cells using the Camvir-1 antibody (Fig. 3E).

Antitumor activity of the ACHERV-HPV vaccine

To evaluate the therapeutic potential of ACHERV-HPV, its
antitumor activity was evaluated in a B16F10-L1 cell-trans-
planted tumor model. Tumor growth was measured and
the mean volumes are reported in Fig. 4A. Variable tumor
take or growth rate was observed between individual mice.
In Fig. 4B, the mean tumor volume of mice immunized
with AcHERV-HPV was significantly reduced compared

Fig. 2. Analysis of Th1 and Th2 cytokines
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present in the splenocytes of immunized
mice. Splenocytes were harvested 7 weeks
after initial immunization, and analyzed by
ELISPOT assay to determine the number
of (A) IFN-y-producing HPV16-specific
CD8" T cells, and (B) IL-4-producing HPV-
16-specific CD4" T cells. Values represent
the number of spots per 10° splenocytes fol-
lowing stimulation with HPV16 PVs. Repre-
sentatives of two independent experiments
performed in triplicate are shown. * P <
0.001 vs PBS control; ** P < 0.05 vs PBS
control.
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Fig. 3. Analysis of CTL activity and detection of HPV16 L1 protein. CTL responses were measured in C57BL/6 immunized mice with ACHERV-HPV (A),
Cervarix (B), or PBS (C) intramuscularly by indirect detection of LDH released from dead target cells. The percentage of L1-specific lysis was denoted as
black circles in B16F10-L1 cells and open circles in B16F10-vector cells. Representatives of two independent experiments performed in triplicate are

shown. Expression of HPV16 L1 protein was determined by western blot (D) and IFA (E).

with that of the negative control group at day 30 after tu-
mor challenge and 2 of 10 mice remaining tumor free (P <
0.01). Although tumor growth was also retarded in the mice
immunized with Cervarix (P < 0.02), ACHERV-HPV immu-
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nization retarded the tumor growth more effectively than
Cervarix. Taken together, the antitumor effects of ACHERV-
HPV suggest that it has potential as a therapeutic vaccine

Fig. 4. Measurement of tumor growth in
immunized and tumor challenged mice.
Tumor size and volume were monitored for
30 days after tumor challenge, in mice im-
munized with AcCHERV-HPV, Cervarix, or
PBS. (A) Mean tumor volumes are shown
in each immunization group at the in-
dicated time points. Error bars indicate
standard errors of the mean. (B) The tu-
mor volumes of individual mice are shown
for each immunization group at day 30 af-
ter BI6F10-L1 cell challenge. Mean tumor
volumes are shown using thick horizontal
bars. Statistical comparisons of the means
were carried out using Student’s ¢ test. * P <
0.01 vs PBS control; ** P < 0.02 vs PBS
control.



Discussion

HPV vaccines are highly effective at preventing infection
by blocking viral entry; however, these vaccines are unable
to clear existing infections in patients or HPV-associated
malignancies. A variety of therapeutic vaccines have been
examined in both preclinical and clinical trials, including
proteins, peptides, DNA vaccines, recombinant viruses (Ein-
stein et al., 2007; Gan et al., 2014). Among the many strat-
egies employed, most therapeutic vaccines are focused on
E7 protein and suppressing the growth of E7 tumor cells in
C57BL/6 mice (Schafer et al., 1999). However, L1 epitopes
are prominent on HPV-infected cervical squamous epithe-
lium during the chronic stage. Thus, an HPV L1-targeting
DNA vaccine should be more efficient than an E7-targe-
ting vaccine for eradicating HPV during the pre-cancer stage.
The goal of this study was to explore the therapeutic po-
tential of an AcCHERV-HPV L1 vaccine. Previously, we de-
scribed a trivalent HERV-enveloped, baculovirus-based DNA
vaccine against HPV16 L1, -18L1, and -58L1 (AcHERV-HPV)
capable of inducing high levels of both humoral and cellular
immunity (Cho et al., 2014). In this study, we found that
IFN-y and IL-4 levels in splenocytes isolated from mice
immunized with AcCHERV-HPV were significantly higher
than PBS controls. Especially, IFN-y levels were higher than
those seen in response to Cervarix (Fig. 2). We observed
that immunization with AcHERV-HPV induced both Thl
and Th2 immune responses in mice. It might be explained
by Th2-stimulating adjuvant activity of baculoviral vector
(AcHERV). In other study, baculovirus was reported to in-
duce both Thl and Th2 immune responses, by inducing
baculovirus-specific INF-y and IL4-expressing splenocytes
in mice (Luo et al., 2013). Therefore, it is considered that
AcHERYV baculoviral vector could stimulate the activation of
both Th1 and Th2 cell subsets for expressed HPV antigens.
This dual cytokine response was particularly important, as
the inhibition of tumor growth and subsequent regression
of tumor volume are strongly associated with T cells pro-
duction both IFN-y and IL-4. The Th1 cytokine likely in-
duces effector cells, such as CD8+ T cells and NK-T cells,
that function to eliminate tumor cells and promote tumor
regression (Garcia Paz et al, 2014). In addition to T cell-
mediated cytotoxicity, antibody-dependent cell-mediated
cytotoxicity (ADCC) may also be important in tumor ther-
apy (Gan et al., 2014). Anti-HPV antibodies identify E6 or
E7 peptides presented on the surfaces of tumor cells, resul-
ting in ADCC, and clearance of tumor cells. Therapeutic vac-
cines capable of strengthening the immune response against
targets such as HPV L1 and E7 may therefore be the key for
controlling the progress of HPV-associated malignancies.
Here, we used the B16F10 tumor cell line expressing HPV -
16 L1 to establish a murine model of HPV tumorigenesis.
Immunization with ACHERV-HPV greatly enhanced HPV16
L1-specific anti-tumor effects in mice. Although such im-
munization could not remove preexisting tumors, strong
CTL activity and Th2 response retarded the growth of the
inoculated tumor cells.
In conclusion, the strong induction of humoral and cell-
mediated immunity by ACHERV-HPV vaccination suggests
that this vaccine provides both therapeutic and prophylactic
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treatment of HPV-associated malignancies.
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