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Abstract
The ability to elicit cross-neutralizing antibodies makes human papillomavirus (HPV) L2 capsid
protein a possible HPV vaccine. We examined and compared the humoral response of mice
immunised with a HPV-16 L2 DNA vaccine or with HPV-16 L2 protein. The L2 DNA vaccine
elicited a non-neutralising antibody response unlike the L2 protein. L2 DNA vaccination suppressed
the growth of L2-expressing C3 tumor cells, which is a T cell mediated effect, demonstrating that
the lack of non-neutralizing antibody induction by L2 DNA was not caused by lack of T cell
immunogenicity of the construct.

INTRODUCTION
Cancer of the cervix is the second most prevalent cancer in women worldwide, with HPV-16
being the most prevalent high-risk HPV type associated with cervical cancer [1] Gardasil, the
quadrivalent and Cervarix the bivalent prophylactic HPV vaccines are based on L1, the major
capsid protein, and protect against four or two HPV genotypes, but will not provide complete
protection against all HPV types as the protection is primarily type specific. Therefore a single
antigen vaccine that protects against multiple HPV types would be a good alternative to
develop.

L2, the minor capsid protein, has been shown to have a cross-type neutralising epitope [2] and
a L2 DNA vaccine may be an acceptable approach for a candidate vaccine. Many factors
including safety, stability and low cost make the choice of a DNA vaccine attractive for use in
developing countries. A number of HPV-specific DNA vaccines have been designed, with the
focus mainly on therapeutic vaccines using the early genes E6, E7 and E2 [3], [4].
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In this study we constructed a HPV-16 L2 DNA vaccine (L2 DNA) using the pTH vector [5],
immunised mice and investigated the induction of L2 antibody titres and also T cell responses
by analyzing protection against tumor formation by C3 tumor cells, a cell line containing the
entire HPV-16 genome and growth of which is controlled by T cells [6].

METHODS AND RESULTS
Vaccines

HPV-16 L1 VLP prepared in insect cells were isolated as described [7]. The HPV-16 L2 gene
[8] was cloned into the expression vector pProEx ™ and L2 protein was expressed and purified
from E. coli. The human codon-optimised HPV-16 L2h gene (EMBL accession AJ313180)
was cloned into the mammalian expression vector pTH [5]. Endotoxin-free L2 DNA was
prepared with Qiagen Endofree-Giga-kits. Western blotting showed L2 expression in L2 DNA
transfected HEK-293 cells (Fig 1). The presence of the L2 gene in the C3 tumor cell line was
confirmed by PCR using internal primers and primers that amplify the whole gene (Fig 2A).
Western blotting of C3 cell lysates confirmed L2 protein content at low levels. (Fig 2B). This
result is a new observation.

Immunisation and tumor challenge of mice
Eight week-old female C57BL/6 mice (6 per group) were inoculated on day 0 and day 28 with
HPV-16 VLP (10 μg/mouse, sc), L2 protein (50 μg/mouse, sc), L2 DNA (im), 1 μg/mouse, 10
μg/mouse and 100 μg/mouse and the DNA vector pTH (100 μg/mouse). All mice were bled
before immunisation and at the end of the experiment (6 weeks post tumor challenge). The
animals were challenged by sc injection of 0.5 × 106 C3 tumor cells 2 weeks after the second
vaccination. Tumor size was measured every week until tumor size exceeded 1.5 cm3 or 6
weeks post challenge and volume calculated as: (length × width2)/2. All animal procedures
were passed by the University of Cape Town Faculty of Health Sciences Animal Ethics
Committee.

Antibodies in response to HPV-16 L2 DNA vaccination
L2-specific antibodies were assessed using sera from immunized mice to probe L2 protein by
western blotting. Sera collected at the end of the experiment from mice immunised with the
L2 protein reacted positively with an L2 band at dilutions of 1:5000 or higher. In comparison,
sera from mice immunised with 100 μg L2 DNA reacted with the L2 band only at 1:50 dilution,
suggesting the L2-specific antibody titres elicited by the L2 DNA vaccine were 100-fold lower
than those elicited by L2 protein immunisation (data not shown).

HPV-16-specific antibody neutralisation of HPV-16 Pseudovirions
Serum from mice immunised with the L2 DNA vaccine did not neutralise HPV-16
pseudovirions in a HPV-16 neutralisation assay [9] in contrast to sera (1:200 dilution) from
mice immunised with the L2 protein which inhibited entry of pseudovirions in 293TT cells
(data not shown).

L2 DNA vaccine is immunogenic
Immunisation with L2 DNA vaccine (irrespective of dose) reduced average volumes of L2
expressing tumor cells 2.5-fold compared with those receiving the empty vector at day 34 post
tumor challenge (Fig 3). Tumor volume in HPV-16 VLP vaccinated mice, the positive control
for T cell mediated responses[6] was 13 fold less than that induced in mice vaccinated with
the pTH vector (p=0.02; Mann-Whitney U Test). This indicates that the L2 DNA vaccine is
immunogenic as it protects against a tumor cell line whose growth is controlled by T cells
[6].
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DISCUSSION
In the current study we investigated whether antibodies raised against L2 after immunisation
with DNA vaccines were able to neutralise virus, and whether DNA vaccines based on L2
genes have the capacity to induce T cell responses by challenging mice with tumor-forming
cells containing the whole HPV-16 genome.

Our preliminary work showed that HPV-16 L2 expressed in E. coli resulted in an insoluble
product (Hitzeroth, et al, unpublished) affecting folding and/or exposure of correct L2 epitopes
to the immune system. We hypothesized that expressing the protein in animal cells by means
of a DNA vaccine might mimic in vivo L2 exposure to the immune system, and achieve
authentic folding and presentation of the cross-neutralising L2 antibody epitope(s).

We generated the DNA vaccine L2 DNA using the pTH vector [5] already used in human trials
of HIV DNA vaccines, and investigated its immunogenic potential. Although L2 DNA was
expressed in mammalian cells when injected into mice only weak antibody responses were
detected, and these antibodies did not have neutralising activity. In animals vaccinated with
L2 DNA, the tumor volume was reduced to about 50% at all three doses of DNA compared to
animals vaccinated with empty vector alone. Although this was only a trend, it indicates the
immunogenic potential of this construct. L1 VLP gave the best protection against tumor
challenge in our experiments. These results corroborate previous results where a single dose
of L1/L2 VLP was enough for tumor protection. [6]. These results suggest that in vivo
expression of L2 protein alone favours a cellular immune response over a humoral immune
response. A reason for a lack of neutralizing antibodies could be that the L2 protein was not
released from host antigen presenting cells for activation of B cells in the right quantity or
frequency.

There have been a number of reports on prophylactic HPV vaccine development utilising L2.
Peptides derived from L2 protein or L2 fused to E7 and E6 have been investigated as possible
vaccine candidates, with some measure of success [10]. Vaccination with the N-terminal 88
residues of the L2 protein alone protects against appropriate PV challenge in rabbits [11];
[12] with BPV-1 L2 being effective in inducing antisera which neutralised a wide range of
cutaneous and mucosal HPVs. More recently a DNA vaccine consisting of a human calreticulin
gene linked to L2, E6 and E7 was shown to elicit neutralising antibody responses to L2 DNA
after DNA vaccination in addition to tumor regression of E6/E7 expressing tumors [4]. In that
study relatively low doses of 2μg – 50μg of DNA were effective, but these mice received DNA
vaccine boosts at 1 week intervals for 3 weeks which might be a reason why we did not obtain
the same titre of neutralising antibodies against L2. In our study we gave a single DNA vaccine
booster dose 28 days apart.

In conclusion, we have shown that an L2 DNA vaccine provides some protection from tumor
challenge in a mouse model indirectly indicating it can induce T cell responses that mediate
this protection. We showed also that an L2 DNA vaccine alone was not a successful
prophylactic vaccine. It remains to be tested whether a L2 DNA vaccine could serve as a good
priming agent in a DNA prime, protein boost regime.
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Figure 1.
Expression of L2 protein in L2 DNA transfected HEK 293 cells. Transfected cells were lysed
and L2 protein detected by Western blot using a rabbit anti-HPV16 L2 antibody. Lane 1: L2
protein; Lane 2: pTH transfected cells; Lane 3,4,5: 24, 48 and 72h L2 DNA transfected cells
respectively
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Figure 2.
HPV-16 L2 in C3 cells: (A) DNA was isolated from C3 tumor cells and the L2 gene was
amplified using different primer pairs. Lane 1 negative control, Lane 2, 3, and 4, amplified L2
fragments of 509 bp, 802 and 885 bp, respectively, Lane 5 amplification of the L2 gene (1.4kb).
(B) C3 cells were lysed and run on a PAGE gel, blotted, and probed with L2 antibody. Lane 1
L2 expressed in E. coli, Lanes 2–4 increasing amounts of 5, 10 and 15 μl of cell lysate was
run.
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Figure 3.
Tumor volume at 34 days post challenge with C3 tumor cells two weeks after vaccination on
day 0 and day 28 with the indicated vaccines.
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