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Objective(s): Human papillomavirus (HPV) is a primary contributing agent of cervical cancer.
Eradication of HPV-related infections requires therapeutic strategies. We used Brucella abortus RB51
rough lipopolysaccharide (R-LPS) as an adjuvant along with two HPV16 therapeutic DNA vaccines,
pcDNA3-E7 and pcDNA3-L1, for improving DNA vaccine efficacy.

Materials and Methods: For evaluation of the B. abortus LPS adjuvant efficacy in combination with DNA
vaccines to induce cellular immune responses, C57BL/6 mice were immunized with the DNA vaccines,
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Results: Findings indicated that vaccination with pcDNA3-E7 or pcDNA3-L1 alone could induce strong
cellular immune responses, but stronger antigen-specific T-cell immune responses were shown by co-
administration of HPV16 E7 and HPV16 L1 DNA vaccines along with R-LPS adjuvant.

Conclusion: Overall, B. abortus R-LPS through enhancement of T-cell immune responses can be
considered an efficient vaccine adjuvant in future studies and trials.
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Introduction

Cervical cancer is a preventable disease, but it is
one of the main causes of cancer-related deaths among
women worldwide (1). Annually, there are about
477000 new cases of cervical cancer and approximately
233000 mortalities, with most deaths occurring in
developing countries (2). Viral molecular investigations
indicated that persistent infection with oncogenic high-
risk human papillomavirus (HPV) is the most important
etiologic agent of cervical pre-cancer and cancer (3, 4).
HPVs are small (52-55 nm), non-enveloped particles
consisting of a circular double-stranded DNA genome
and icosahedral capsid containing two structural
proteins —L1 (major protein, 55 kDa in size; 80% of
total viral protein) and L2 (minor protein, 70 kDa)
which are required for virion assembly. The expression
of L1, alone or in combination with L2, in different
expression systems can produce virus-like particles
(VLPs) (5-8). The most common high-risk HPV types,
particularly HPV16 and HPV18, are the major causes
of cervical cancer (9, 10). Therefore, there is a crucial
requirement for the production of effectual preventive
and therapeutic HPV vaccines to combat this kind of
cancer. HPV L1 capsid protein is highly immunogenic,
consisting of conformational epitopes for stimulation of
humoral immune responses and enabling out assembly

into VLPs (11). Currently, two HPV L1 VLP-based
prophylactic vaccines, Gardasil® and Cervarix®, have
been commercialized for prevention of cervical cancer
produced by Merk and GlaxoSmithKline, respectively
(12-14). The quadrivalent vaccine, Gardasil, contains
HPV VLPs (types 16, 18, 6, and 11) and aluminum
hydroxyphosphate sulfate as an adjuvant. Cervarix
(bivalent vaccine) also protects against HPV types 16
and 18 and contains ASO4 as an adjuvant (a mixture
of monophosphoryl lipid (MPL) A and aluminum
hydroxide) (11, 15). Potentially, these vaccines by
stimulating conformational L1 epitopes specifichumoral
immune responses contribute to protection against HPV
(16). Although prophylactic HPV vaccines are a great
achievement toward diminishing incidence and death
rates of cervical cancer, they are not able to eradicate
existing HPV-related infections and HPV-associated
malignant lesions (17, 18). Therefore, development of
potential therapeutic methods is largely desirable for
cervical cancer treatment. DNA vaccines are a suitable
approach for immunotherapy of cancer and viral
diseases. They lead to the clearing of virus-infected cells
and tumor cells through effective generation of antigen-
specific cell-mediated immune responses (19-21). Thus,
this therapeutic strategy can play an important role in
the therapy of cervical cancer. The HPV E7 oncoprotein
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is capable of binding the retinoblastoma tumor
suppressor protein (pRb) and through its inactivation
leads to driving the cell cycle to cancer. Besides, E7
oncoprotein is constantly expressed in transformed
cells and stimulates cellular immune responses (22-26).
Several studies have chosen the E7 protein as an ideal
target antigen for designing therapeutic HPV vaccines
(27-29). One of the strategies for improvement of DNA
vaccine efficacy is using an appropriate adjuvant in
DNA vaccine formulation. Adjuvants can potentially
contribute to enhancing vaccine immunogenicity and
accelerating immune response intensity (30). The
application of toll-like receptor (TLR) agonists as an
adjuvant in combination with the vaccine can lead to
improved vaccine efficacy (31). Lipopolysaccharide
(LPS), as a pathogen-associated molecular pattern
(PAMP), is the external leaflet of the outer membrane
in most gram-negative bacteria, which is essential for
their growth and survival. LPS consists of three distinct
domains in most bacteria: lipid A (a glycolipid portion),
oligosaccharide core, and O-specific polysaccharide
(a glycan) (32). LPS is a TLR4 ligand that can bind
to it through the lipid A portion, then contribute to
activation signal transduction and subsequently
biosynthesis of pro-inflammatory cytokines such as
TNF-q, IL-1 and IL-6, hydroxyl radicals, nitric oxide, and
adhesion molecules. Therefore, LPS can be considered
an appropriate immunostimulatory adjuvant in DNA
vaccine formulation (15, 33).

Lipid A portion is responsible for LPS endotoxic
properties and can result in sepsis and septic shock
(15). Therefore, the utilization of LPS as an adjuvant
is limited in vaccine formulation. For this reason,
several investigations were undertaken for reducing
LPS endotoxicity property without diminishing
adjuvant activity. Research has led to production of
MPL (3-0-desacyl-4-monophosphoryl lipid A), as a
component of Cervarix HPV vaccine adjuvant, which
is a less toxic form of Salmonella minnesota R595 LPS
(34-36). An investigation demonstrated that Brucella
abortus possesses a non-classical LPS that is less toxic
and non-pyrogenic in comparison with Escherichia coli
classical LPS. In this study, B. abortus LPS in comparison
with E. coli LPS was less potent in triggering fever in
rabbits, killing mice, and producing IL-1f3 and TNF-a
(37). For these specific properties, B. abortus LPS can
be considered a part of vaccine formulation. B. abortus

RB51 strain has a mutant LPS without O-specific
polysaccharide which is called rough LPS (R-LPS) (15).
Here, we investigated the effects of B. abortus RB51
R-LPS as an adjuvant in combination with HPV16 E7
and HPV16 L1 DNA vaccines in a tumor mouse model
for improvement of DNA vaccine potency.

Materials and Methods

Plasmid DNA vaccines and adjuvant

The plasmid DNA constructs, pcDNA3-E7, and
pcDNA3-L1 were generated as previously described
(38). pcDNA3s were prepared on a large scale by
QIAGEN Plasmid Maxi Kit. Agarose gel electrophoresis
was performed for evaluating the purity of extracted
plasmid DNA. R-LPS from B. abortus RB51 was purified
by Moreno et al. method as previously described (39-
41). The degree of purity and the quality of extracted
R-LPS were confirmed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). LPS-
specific silver staining was done according to Tsai and
Frasch (42).

Tumor cells culture

TC-1 tumor cells were cultured in RPMI-1640 (Gibco)
medium supplemented with 10% fetal bovine serum
(FBS), 100 IU/ml penicillin, and 100 pg/ml streptomycin
at 37 °C with 5% CO, atmosphere.

Mouse animal model

Five to six-week-old female C57BL/6 mice were
purchased from the Pasteur Institute of Iran and were
kept under proper standard conditions in the laboratory
animal facility of Tarbiat Modares University. In the
current study, all procedures were conducted according
to the ethical principles of Institutional Animal Care and
Use Committee of Tarbiat Modares University.

Animal immunization

For evaluation of vaccine therapeutic effects, the
tumor cell suspension consisting of 10° TC-1 cells in
100 pl PBS was subcutaneously inoculated in the right
flank of each mouse. The mice were divided into nine
experimental groups with 5 mice in each group. Ten
days after TC-1 cell inoculation and development of
very small tumors, based on the program presented in
Table 1, different vaccine formulations in a total volume
of 100 ul were prepared and injected subcutaneously.

Table 1. Experimental groups of mice injected with different vaccine preparations

Groups Compound (100 pl) Abbreviation
1 50 pg pcDNA3-L1 alone L

2 50 pg pcDNA3-L1 along with 10 pg R-LPS LR

3 50 pg pcDNA3-E7 alone E

4 50 pug pcDNA3-E7 along with 10 pg R-LPS ER

5 50 pg pcDNA3-E7 and 50 pg pcDNA3-L1 EL

6 50 pg pcDNA3-E7 and 50 pg pcDNA3-L1 along with 10 pg R-LPS ELR

7 50 pg pcDNA3 alone pc

8 10 pug R-LPS alone R

9 PBS (Control group) P
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Figure 1. Gel electrophoresis profile of purified R-LPS in special silver
staining. Lane 1-3: R-LPS purified from B. abortus RB51 and Lane 4:
S-LPS purified from B. abortus S19 as control. R-LPS due to missing
0-side chain polysaccharide had a single diffuse band at the bottom
of the gel whereas smooth-LPS purified from B. abortus S19 had two
distinctive band zones, low and high molecular weight, which were
associated with lipids and carbohydrates, respectively

Then vaccinated mice received two boosters at two
weeks intervals. Periodically, tumor progression was
monitored, and the tumor volume was calculated
according to Carlsson’s formula by measuring the
smallest and largest tumor diameters. Two weeks after
the last immunization, the mice were exterminated and
their spleens were removed for assessment of immune
responses by cytokine assay.

Measurement of IFN-y and IL-4 cytokines by ELISA assay

Two weeks after the last treatment, spleens from
vaccinated mice were harvested. The splenocyte
suspensions were obtained by gentle homogenization
in RPMI (Gibco). Red blood cells (RBCs) were lysed by
incubation in RBC lysis buffer (20 mM Tris, 160 mM
NH,Cl, pH 7.4) for 5 min at room temperature, and
the pelted splenocytes were resuspended in RPMI
supplemented with 10% FBS, 2 mM L-glutamine, 100
U/ml penicillin and 100 pg/ml streptomycin. The
splenocytes at a concentration of 2x10° cells/ml were
seeded in 24-well plates and incubated with proper
mitogen (the 5 pg/ml concanavalin A (Con A, Sigma
C7275) or 10 pg/ml E. coli LPS (Sigma, L2630)) and
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then incubated at 37 °C with 5% CO.,. After 3 days,
culture supernatants were collected for measurement
of IFN-y and IL-4 cytokines by using commercial DuoSet
enzyme-linked immunosorbent cytokine assay Kits
(R&D system, Minneapolis, MN). Values were presented
as pg cytokine/ml (mean+SD, n=5).

Data analysis

One-way ANOVA was performed to compare
significant variance among the cytokine concentrations
and in vivo tumor growth experiments. The analysis was
followed by Turkey’s post-test. P-values < 0.05 were
considered significant. All data analyses were carried
out using the GraphPad Prism 6.01 software package
(LaJolla, CA, USA).

Purification of B. abortus RB51 LPS adjuvant

SDS-PAGE patterns of purified R-LPS in special silver-
staining was shown in Figure 1. R-LPS had a single diffuse
band associated with lipid A in the bottom of the gel, but
it did not have a low molecular weight zone associated
with carbohydrates portion due to missing O-side chain
polysaccharide whereas purified smooth-LPS had two
distinctive band zones, low and high molecular weight
which was associated with lipids and carbohydrates,
respectively.

Co-injection of R-LPS adjuvant and HPV16-E7 and
HPV16-L1 DNA vaccines (ELR group) generate
stronger cell-mediated immune responses than other
therapeutic groups

For evaluation of T cell immune responses induced
by pcDNA3-E7 and pcDNA3-L1 vaccines and R-LPS
adjuvant, tumor-bearing C57BL/6 mice wereimmunized
via subcutaneous injection with any one of the DNA
vaccines alone or in combination with R-LPS adjuvant
three times with two weeks intervals. Two weeks after
the last immunization, spleen cells of vaccinated mice
were cultured in the presence of different mitogens ex
vivo and IFN-y and IL-4 cytokines secreted by T-cells
were assessed using ELISA kits.

The results of Th1-cytokine IFN-y analyses revealed
that DNA vaccines alone or together could significantly
increase IFN-y production compared with control
groups. As shown in Figure 2A, the DNA vaccines,
pcDNA3-E7 or pcDNA3-L1, in combination with R-LPS
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Figure 2. Measurement of cytokine levels secreted by splenocytes of immunized mice. Splenocytes obtained from immunized mice were re-
stimulated with appropriate mitogens. IFN-y and IL-4 levels were determined after induction of cultured splenocytes at 37 °C for three days by
commercial ELISA kits. Data are mean*SD, n=5. The levels of statistical significance for differences between experimental groups were determined
using ANOVA followed by Turkey’s post-test. Statistical significance was indicated with *P<0.05, **P<0.001, and *** P<0.0001. Groups were shown

as abbreviations according to Materials and Methods
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adjuvant (ER and LR groups, respectively) significantly
decreased IFN-y production compared with mice
receiving DNA vaccines without R-LPS adjuvant (E and
L groups, respectively) (P<0.001). R-LPS adjuvant could
not significantly generate IFN-y response as compared
with other groups, and also in combination with each
one of the DNA vaccines it contributed to the diminishing
of IFN-y production. Interestingly, mice receiving both
two plasmid DNA vaccines and R-LPS adjuvant (ELR
group) showed enhanced IFN-y response compared
with EL group mice that received two DNA vaccines
without adjuvant, but this enhanced response was not
significant. These results represented that cell-mediated
immune response (Th1-cytokine IFN-y) induced by two
DNA vaccines can be stronger in combination with the
R-LPS adjuvant (ELR group). While this adjuvant in
combination with every one of the DNA vaccines results
in decreased IFN-y production.

In mice receiving pcDNA3-L1 alone or pcDNA3-L1
along with R-LPS adjuvant a significant increase of
Th2-cytokine 1L-4 was induced compared with other
groups. As illustrated in Figure 2B, a combination of
R-LPS adjuvant with DNA vaccines did not significantly
increase IL-4 production, although there was a slightly
increased IL-4 production in the LR group compared
with the L group. Also, LR vaccine could induce a
significantly increased IL-4 level in comparison with EL
and ELR vaccines (P<0.001).

Co-injection of R-LPS adjuvant and HPV16-E7 and
HPV16-L1 DNA vaccines (ELR group) generate potent
therapeutic antitumor effects

In this study for determining whether R-LPS adjuvant
in combination with DNA vaccines could reduce tumor
growth rate, C57BL/6 mice were subcutaneously
challenged with TC-1 tumor cells in the right flank. Then
tumor-bearing mice were treated with DNA vaccines
alone orin combination with R-LPS adjuvant three times.
As displayed in Figure 3, among the vaccinated groups,
the rate of tumor growth in the mice receiving both two
DNA vaccines and R-LPS adjuvant (ELR experimental
group) was reduced compared with other vaccinated
groups. Taken together, these results suggested that
using R-LPS adjuvant in combination with HPV16-E7
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Figure 3. Therapeutic effects of vaccines on the tumor growth rate.
For evaluating the therapeutic effects of different vaccine formulations
on the tumor growth rate, mice were subcutaneously challenged with
106 TC-1 tumor cells for each mouse. Then tumor-bearing mice were
immunized with R-LPS adjuvant and DNA vaccines. Tumor volumes
were measured using Carlsson’s formula. Groups were shown as
abbreviations according to Materials and Methods
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and HPV16-L1 DNA vaccines is the most effective
formulation for the induction of therapeutic antitumor
effects of vaccines.

The principal criterion of immunization is the
generation of proper immune responses for the
protection of infection or treatment of disease. In spite
of the potent efficacy of available HPV prophylactic
vaccines for effectual prevention of HPV-associated
infections, they are not capable of clearing existing HPV-
related malignantlesions (43, 44). Therefore, an existing
therapeutic strategy could be important for eliminating
these lesions by enhancing T cell-mediated immune
responses. DNA vaccines, as an appropriate therapeutic
strategy, have been investigated in several studies that
aimed to induce cellular immune responses against
HPV-related lesions in the tumor mouse model. In most
investigations, E7 and L1 genes of HPV16 are considered
as targets for designing therapeutic DNA vaccines (38,
44-46). A study demonstrated that co-injection with
HPV16 E7 DNA vaccine and bovine papillomavirus
(BPV1) L1 or L2 DNA vector could generate enhanced
E7-specific T CD8" cell and potent L1/L2-specific CD4*
T cell immune responses (17). Results of the current
study revealed that co-administration of R-LPS adjuvant
and two DNA vaccines, pcDNA3-E7 and pcDNA3-L1,
could elicit relatively strong cell-mediated immune
responses as compared with administration of either
pcDNA3-E7, pcDNA3-L1 alone, or pcDNA3-E7 and
pcDNA3-L1 together. Besides, tumor growth in mice
vaccinated with this vaccine (ELR group) had declined
compared with mice vaccinated with two DNA vaccines
without the R-LPS adjuvant (EL group). Measurement
of cytokine levels demonstrated that IFN-y production
rate was reduced in mice treated with any one of the
DNA vaccines, pcDNA3-E7 or pcDNA3-L1, along with
R-LPS adjuvant compared with the mice treated with
any one of the DNA vaccines alone. Therefore, these
results indicated that the use of R-LPS as an adjuvant
in co-vaccination with pcDNA3-E7 and pcDNA3-L1
DNA vaccines generated effectively cellular immune
responses and treatment antitumor effects stronger
than other vaccines formulations. LPS component of
gram-negative bacteria is a PAMP and identified as
a ligand for TLR4 receptor (47, 48). Recognition of
LPS by TLR4 leads to triggering signal transduction
and subsequently producing inflammatory cytokines
(49). In addition, a previous study reported that the
B. abortus LPS has much less potential for generation
of endotoxic shock (37). Thus, this component of
B. abortus structure can be considered an efficient
candidate for vaccine formulations. Another study
indicated the effectiveness of B. abortus S19 LPS (S-LPS)
as an adjuvant in combination with different PPD
fractions from Mycobacterium tuberculosis as antigen in
skewing of immune responses to Th1 or Th2 pathways
depends on the antigen type (50). Studies by Kianmehr
et al. illustrated that vaccination of mice with S-LPS or
R-LPS of B. abortus as an adjuvant in combination with
HPV16 L1 VLP enhances significantly VLP-specific IgG
response compared with mice vaccinated with VLP
alone. Furthermore, their study indicated that both
S-LPS and R-LPS adjuvants in combination with VLP
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increased IFN-y production, and R-LPS in combination
with VLP induced stronger IL-4 levels compared with
other vaccinated groups (15).

Conclusion

These findings demonstrate the effectiveness of B.
abortus LPS as an adjuvant in vaccine formulations
consisting of different antigens such as proteins and DNA
for improving immune responses. Co-administration of
B. abortus RB51 R-LPS as adjuvant and HPV16-E7 and
HPV16-L1 DNA vaccines lead to generation of strong
cell-mediated immune responses and potent therapeutic
antitumor effects. Therefore, this research verifies the
clinical applications and the prospects of developing
HPV16 E7 therapeutic vaccines in combination with
immune adjuvants. Overall , we conclude from our
results that using R-LPS as an adjuvant in combination
with two DNA vaccines (ELR group) improves cellular
immune responses and reduces tumor growth rate;
this results in enhancement of vaccine therapeutic
effects. Therefore, it can be considered an efficient
candidate vaccine. In conclusion, our observations may
provide valuable prospects for developing a therapeutic
approach against cervical cancer through utilization of
HPV16 DNA vaccines along with immune-stimulatory
adjuvants.
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