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Abstract

Background Human papillomavirus type 16 (HPV-16) infection is strongly associated with considerable parts

of cervical, neck, and head cancers. Performed investigations have had moderate clinical success, so research to reach
an efficient vaccine has been of great interest. In the present study, the immunization potential of a newly designed
HPV-16 construct was evaluated in a mouse model.

Results Initially, a construct containing HPV-16 mutant (m) E6/E7 fusion gene was designed and antigen produced
in two platforms (i.e, DNA vaccine and recombinant protein). Subsequently, the immunogenicity of these platforms
was investigated in five mice) C57BL/6 (groups based on several administration strategies. Three mice groups were
immunized recombinant protein, DNA vaccine, and a combination of them, and two other groups were negative
controls. The peripheral blood mononuclear cells (PBMCs) proliferation, Interleukin-5 (IL-5) and interferon-y (IFN-y)
cytokines, IgG1 and IgG2a antibody levels were measured. After two weeks, TC-1 tumor cells were injected into all
mice groups, and subsequently further analysis of tumor growth and metastasis and mice survival were performed
according to the schedule.

Overall, the results obtained from in vitro immunology and tumor cells challenging assays indicated the potential

of the mE6/E7 construct as an HPV16 therapeutic vaccine candidate. The results demonstrated a significant increase
in IFN-y cytokine (P value <0.05) in the Protein/Protein (D) and DNA/Protein (E) groups. This finding was in agreement
with in vivo assays. Control groups show a 10.5-fold increase (P value <0.001) and (C) DNA/DNA group shows a 2.5-
fold increase (P value <0.01) in tumor growth compared to D and E groups. Also, a significant increase in survival of D
and E (P value <0.001) and C (P value <0.01) groups were observed.

Conclusions So, according to the findings, the recombinant protein could induce stronger protection compared
to the DNA vaccine form. Protein/Protein and DNA/Protein are promising administration strategies for presenting this
construct to develop an HPV-16 therapeutic vaccine candidate.
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Background

The fourth most common female malignant disease
is cervical cancer, resulting in 570,000 new cases and
311,000 deaths globally in 2018 as released by WHO
[1]. Approximately 60% of all cases of cervical cancer
have belonged to the most common carcinogenic type,
HPV-16 [2-4].

Vaccination is the most preferred approach in the
control of infectious diseases such as HPV [5]. Current
HPYV vaccines elicit antibody responses against the late
viral capsid proteins of HPV (L1) and have been use-
ful for preventive purposes in people who have not
yet been infected [6]. Due to the critical role of cell-
mediated immunity (CMI) in HPV infection clearance,
there is an emergency need for developing therapeutic
HPYV vaccines to induce CMI responses [5, 7].
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Fig. 1 The experimental path of the study
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Therapeutic cancer vaccines mainly utilize oncogenic
viral proteins as tumor-specific antigens (TSAs) to acti-
vate the patient’s CMI responses [3, 8]. For this purpose,
amongst the early phase proteins of HPV, the E6 and E7
are ideal candidates because they have a constant, essen-
tial, and specific presence in cancerous cells. Moreo-
ver, cytotoxic T lymphocytes (CTLs) responses against
HPV E6 and E7 are inherently more frequent than other
HPV proteins and these proteins do not induce immune
tolerance [9-11]. Also, E6 and E7 are the biomarkers
that drive cancer progression, have been proven that
approaches targeting them are highly efficient in terms of
concentrated eliminating circulating malignant cells [12].

The E6 protein promotes degradation of the p53 pro-
tein, using the E6-associated protein (E6AP), and also
induces cellular telomerase activity [13, 14]. On the other
hand, the E7 protein binds to retinoblastoma protein
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(pRb) family members and subsequently inactivates them
[15, 16]. Moreover, this protein activates Mi2p, which is a
member of the histone deacetylase complex [17].

With meticulous attention to such details, further
operations are therefore required for removing the onco-
genicity of these proteins for safe use in vaccine formu-
lation. Several studies reported that HPV-16 E6 and E7
proteins have their individual antigenic sites and incor-
porating both of them in a construct resulted in higher
antitumor protection effects [18, 19].

Although efforts to develop vaccines with the ability
to confer E6/E7 HPV-specific immune responses have
shown good results in preclinical studies, there is also a
burning need to develop new strategies with clinical effi-
cacy [20]. To accomplish vaccine development strategies,
vaccine formulation, platforms, and route of administra-
tion are the main objective areas in research.

Common platforms that were utilized in developing
therapeutic vaccines are DNA vaccines, viral vectors, live
attenuated, and subunit vaccines with or without adju-
vant [21]. DNA vaccine platform has many advantages
for cancer immune therapy but it suffers from insufficient
intrinsic specificity for antigen-presenting cells (APCs)
and limited ability to spread between cells in vivo [14, 16,
22]. As CTLs are activated efficiently by APCs through T
helper (Th) 1 cells and its cytokines stimulation [23], it
is hypothesized that the delivery of antigens through dif-
ferent administration routes can activate different parts
of the immune system. Indeed, generally, DNA vaccines
strongly instigate CD4+T cell and recombinant proteins
are more effective at stimulating antibody responses and
CD4+T cell activation. Thus DNA/protein strategy can
lead to stronger, long-term CMI against intracellular
pathogens [24].

This study aimed to establish an inclusive assessment of
a new proposed construct through vaccine formulation,
platforms, and delivery strategies to present a new HPV
therapeutic vaccine candidate. For this purpose, a new
fusion gene of HPV-16 was designed based on mutant
forms of E6 and E7 (mE6/E7) that fused by using a helical
linker. Then the construct was produced in two different
platforms of DNA vaccine and recombinant protein using
Escherichia coli (E. coli) strains. Subsequently, five mice)
C57BL/6 (groups were organized and immunized with
different vaccine platforms (i.e., recombinant protein,
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DNA vaccine) or negative control agents to accomplish
the immunization schedule. After performing the immu-
nization program, suitable in vitro immunology assays
were used to assess immunological responses amongst all
groups. Further challenging of all mice groups with TC-1
tumor cells, the protective efficacy of newly designed
construct according to tumor growth, tumor metastasis,
and mice survival was evaluated (Fig. 1).

Results

The results of the bioinformatical assessment

Analysis in IEDB and SYFPEITHI servers demonstrated
E6 and E7 proteins containing a lot of CTL epitopes
throughout the entire sequences. Analysis of mutated
proteins by these servers confirmed that variations in
recognized epitopes exclusively occur around mutated
regions (Additional file 1: Table S1 and Table 2 S).

Construct structure and production

The chimeric protein sequence consists of 271 amino
acids, in which the mutated E6 protein was linked to the
mutated E7 protein through the HL2 linker (Fig. 2).

The induction and purification bands of the mE6/
E7 recombinant protein are shown in Additional file 1:
Figure S2 and confirmation of mE6/E7 identity is repre-
sented in Additional file 1: Figure S3.

PBMCs proliferation assay

To evaluate the cell proliferation rate, lymphocytes were
triggered using mE6/E7 recombinant antigens. Vacci-
nated groups (C, D E) showed a significant increase in
the number of proliferated cells compared to the A and B
groups (P value <0.05). However, the results didn’t show
any significant differences between the vaccinated groups
(Fig. 3).

Cytokine assay

Thl and Th2 cells produce IFN-y and IL-5 cytokines
respectively. A significant increase (* P value<0.05) was
observed in the levels of IFN-y in D and E compared to
the A and B groups. However, there was no significant
difference between the D and E groups (Fig. 4A). Com-
paring IL-5 levels between different groups implies a sig-
nificant increase in D compared to other groups (Fig. 4B).

“MHQKRTAMFQDPQERPRKLPQLCTELQTTIHDILECVYCKQQLLRREVYDFAFRDGCI
VYRDGNPYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQKPLC

PEEKQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETQLLAEAAAKEAAAKAAAMP

GDTPTLHEYMLDLQPETTDLYGYEQLNDSSEEEDEIDGPAGQAAPDRAHYNIVTFCCKC
DSTLRRCVQSTHVDIRTLEDLLMGTLGIVCPICSQKP”

Fig. 2 The amino acid sequence of the designed construct. The mutated amino acids are highlighted. (Additional file 1: Figure S1) shows the 3D

structure of the designed construct in a solid ribbon model
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Fig. 3 PBMCs proliferation in different groups. A PBS (SD=0.010), B
pcDNA3 (SD=0.011), C mE6/E7 inserted pcDNA3 (SD=0.070), D mE6/
E7 recombinant protein (SD=0.064), E mE6/E7 inserted pcDNA3 +
mE6/E7 recombinant protein (SD=0.075). * P value < 0.05

IgG1 and IgG2a antibody levels
IFN-y and IL-5 cytokines support the generation of
IgG2a and IgG1 in mice, respectively.

The pattern of IgG1 and IgG2a subclasses induced in
different immunized groups was evaluated.

The D and E groups showed a significant increase in
IgG1 and IgG2a antibody levels compared to the A, B,
and C groups. However, there was no significant varia-
tion among the D and E groups.

Moreover, IgG1 antibody levels in all groups are more
than IgG2a levels (Fig. 5).

Tumor growth, survival rate, and tumor metastasis assay
Tumor masses were examined by caliper measure-
ment and analyzed using SPSS 16 software. The average
of tumor size in the A and B groups showed significant
increases (P value <0.001) compared to the C, D, and E
groups. D and E groups didn't induce any tumor at all.
The tumor growth in the C group was significant com-
pared to A and B with a P value <0.05. The tumor growth
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Fig. 4 The concentration of IFN-y (A) and IL-5 (B) cytokines in different groups. A PBS, B pcDNA3, C mE6/E7 inserted pcDNA3, D mE6/E7
recombinant protein, E mE6/E7 inserted pcDNA3 + mE6/E7 recombinant protein. *P value < 0.05. SD of all groups respectively is: 0.039, 0.009, 0.034,
0.494,and 0.330in IFNg and 2.8, 2.5, and 2.8 for other groups in IL5 cytokines
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Fig. 5 Comparison of IgG1 and IgG2a levels in different groups. A
PBS, B pcDNA3,C mE6/E7 inserted pcDNA3, D mE6/E7 recombinant
protein, E mE6/E7 inserted pcDNA3 + mE6/E7 recombinant protein.
**Pvalue < 0.01

in the A and B groups was significantly higher than the C
group with P value <0.01 (Fig. 6).

The groups C, D, and E showed a significant increase in
survival rate compared to the A and B groups (p<0.001)
(Fig. 7). The survival rate of the C group was not signifi-
cant compared to D and E and was significantly higher
than A and B groups with a P value <0.01(Fig. 7).

In terms of tumor metastasis, histological analysis
implied the absence or minimal transformation of tissues
in the D and E groups, and their tissues were almost nor-
mal. However, other groups showed completely abnor-
mal tissues at the same time (Fig. 8).

Discussion

Vaccination as the most effective way to prevent HPV
has been performed for several years, but HPV-related
disease is also bothersome for human societies because
current prophylactic HPV vaccines are inefficient in the
treatment of HPV persistent infections. Hence, devel-
oping a therapeutic vaccine is an emergency strategy to
alleviate these difficulties. To the best of our knowledge,
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Fig. 6 Tumor growth of different mice groups, in immunization
by the mE6/mE7 construct. A PBS, B pcDNA3, C mE6/E7 inserted
pcDNA3, D mE6/E7 recombinant protein, E mE6/E7 inserted pcDNA3
+ mE6/E7 recombinant protein. *P value < 0.05, **P value < 0.01, ***P
value< 0.001
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Fig. 7 The survival rate of different mice groups, in immunization

by the mE6/mE7 construct. A PBS, B pcDNA3, C mE6/E7 inserted
pcDNA3, D mE6/E7 recombinant protein, E mE6/E7 inserted pcDNA3
+ mE6/E7 recombinant protein. *P value < 0.05, **P value < 0.01, ***P
value < 0.001

such research has not been promising up till now, and
deliberated studies with thoughtful consideration of
main vaccine development aspects including vaccine
formulation, platform, and delivery method may be
hopeful. In this study, the immunogenicity and protec-
tive efficacy of the new proposed construct (based on
HPV16 as the major cause of HPV-related cancers) in
three strategies of DNA/DNA (C), Protein/Protein (D),
and DNA/protein (E) were evaluated.

To design the construct, two E6 and E7 oncogenes
were selected because they are expressed permanently
and specifically in cancer cells and previous studies
showed that both E6 and E7 proteins elicit protective
immunity, separately [25]. Based on this study and
other studies, since both proteins have an immuniza-
tion effect, both of them were used in the construct.
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However, it has been proven that E6 and E7 antigens
are oncogenes [2, 15], therefore vaccines composed
of these antigens are not safe. Thus, according to stud-
ies five mutations [26] were performed and mutated
sequences were evaluated using bioinformatical soft-
ware. Limited variation of epitopes in mutated sequences
produce this supposing that these mutations do not
disrupt inherent epitopes of proteins significantly and
therefore confirmed for presence in vaccine formulation.

Moreover, since, the bioinformatical analysis showed
several epitopes in all E6 and E7 proteins lengths,
the full length of the proteins was used in designing
the construct.

Then designed construct was produced in two DNA
vaccine and recombinant protein platforms and evalu-
ated its potential in three delivery strategies of DNA/
DNA(C), Protein/Protein (D), and DNA/protein (E).

Several immunological assays were used to analyse the
immune response.

The results of the PBMCs proliferation test demon-
strated the designed construct could induce proliferation
of lymphocytes as one of the goals of cancer immuno-
therapy and construct platforms (i.e., DNA vaccine and
recombinant protein) had limited and non-significant
effects on cell proliferation.

Various factors such as the sequence of the peptide
ligand type, amount of antigen dose, adjuvant type, and
delivery affect naive CD4+T cells differentiation into
Thl or Th2 [27]. To trace different parts of the immune
system, two IFN-y and IL5 cytokines were evaluated.
IFN-y is known to arrange innate and adaptive immune
responses against viruses and tumors resulting in broad
tumor removal in mouse models. It is produced by T cell
and natural killer (NK) cells and can finally lead to the
group of differentiated immune responses Thl and CTL
cells [28]. Th2 promotes humoral immunity by cytokines
such as IL-5 [29]. As expected, the IL-5 levels showed
that recombinant protein platforms induce humoral
immunity while in DNA vaccine platforms such effects
were not observed. Studies showed that peptide length,
amino acid composition, and their arrangement affect
IFN-y inducing abilities of these peptides [30]. The high
level of IFNy in all platforms demonstrated that the con-
struct sequence effect for induction of cellular immunity
is promising even in protein platforms (D group). Moreo-
ver, complete Feround’s adjuvant (CFA) and incomplete
Feround’s adjuvant (IFA) which can induce a strong CTL
and local inflammatory response for activation of APCs,
engrossed huge attention in immunotherapy by research-
ers. These adjuvants have been used for HPV therapeu-
tic vaccines and inhibit tumor growth by induction of
Th1/TC-1 [31]. Altogether, our other immunological
assays, such as IFN-y, IL-5, and antibodies imply a higher
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Fig. 8 Histological examination of tissue’'s metastasis ofa PBS (A group), b mE6/E7 inserted pcDNA3(C group), € mE6/E7 recombinant protein (D
group) and d mE6/E7 inserted pcDNA3 + mE6/E7 recombinant protein (E group)

propensity to Thl responses in the D, E, and C groups
respectively.

Similar to above-mentioned details, high levels of
IgG2a compared to control groups imply strong stimula-
tion of IgG2a.

The generally lower level of IgG2a related to IgG1 in all
groups originated from aspecific and elevated baseline
response of C57BL/6 mouse strain, which this relation
obvious in A and B groups as control groups. The absence
of significant IgG2a levels in the C group related to the A
and B groups is consistent with the fact that DNA vac-
cine mostly simulates cell-mediated immunity by nature
(32, 33].

In this study, 5%10° TC1 cells were used for mouse
challenge. Tumour growth, survival, and metastatic anal-
ysis present identical and strong effectiveness strategies
in the D and E groups. That is, the results demonstrated
that this construct induced strong immunogenicity
thereby producing favourable responses and complete
protection against the high number of injected cells in
the D and E groups. The C group was also significantly
protected in comparison with the A and B groups.

Indeed, the presentation of this vaccine candidate in
the protein platform showed predominate immunity and
protectiveness. This means that the inherent therapeutic
features of the selected antigens and adjutants lead to this
wonderful therapeutic effect in the protein platform.

Moreover, the strong protection effect in the D and E
groups despite the elevated levels of both IgG1 and IgG2a
antibodies, was in agreement with other studies.

For example, a study indicated that the up-regulation
of both IgG1 and IgG2a isotypes has a significant role
in the vaccine-induced protection [34]. Also, in patients
with cervical cancer, supportive Th immunity, which is
induced by the secretion of both Th1/Th2 cytokines, is
protective [35, 36].

Previously, epitope vaccines containing E6 (49-57,
127-135 amino acids) and E7 (49-57, 67-75 amino
acids) peptides were evaluated in mice, and then immu-
nized mice were challenged by 7.5x104 TC-1 cells [37].
Results implied limited anti-tumor protection effects of
E6E7 peptides compared to the construct used in our
study (challenging with 5x105 TC1 cells) which can be
due to removing many epitopes that naturally exist in
these proteins (STable 2).

Recently, Xuechao Han et al. used an adenoviral vec-
tor encoding a mutant HPV16 E7 which is the deletion
of amino acids 21-24 to remove the capability to bind to
pRb. The study demonstrated that Ad-E7 was an effec-
tive candidate vaccine and upon combination with PD-1/
PD-L1 antibody, induced a strong immune response and
inhibited tumor growth in mouse cervical cancer mod-
els. However, our bioinformatical evaluation using IEDB
software showed that by deletion of these amino acids,
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at least one of the epitopes of the native gene (Allele:
HLA-DRB3*02:02, 16-30) is destroyed while in the
mutated construct of our study, it conserved. Moreover,
any frameshift can increase the risk of changing antigen
presentation and formation of neoantigens. As declared
in the previous studies, several mechanisms are involved
in E7 oncogenicity. It seems deletion of oncogenic sites
restrains the ability to modify all of them. However
more deliberate in silico, in vitro, and in vivo studies are
needed to introduce a modified construct for further
clinical evaluations [38].

In another study DNA vaccine with mutations in the
LYCYE motif of E7 induced higher levels of tumor pro-
tection compared to wild-type E7, this is because of
increasing proteasomal degradation and antigen process-
ing through MHC class I [39].

In agreement with the last-mentioned study, we sup-
posed that such efficient responses could also be induced
by designing of construct. Maybe even the insertion of
the linker or performed mutations improved proteasomal
degradations. High protection efficacy in challenge study
with this newly designed construct, implies that epitopes
presented as the same as natural antigens.

Certainly, the method of administration, vaccine doses,
and adjuvant and administration schedule strengthen
this candidate vaccine effect.

Based on immunological assays, the D group showed
the best effectiveness in the stimulation of cellular immu-
nity but results of in vivo challenging demonstrated that
the D group is as effective as the E group. These two
groups showed the strongest immunity among all groups.

However, delivery of DNA vaccines using a more effi-
cient method or construct delivery using different plat-
forms could also be very promising. Moreover, the
absence of any abnormality or tumor formation in the
injection sites of the construct (as a result of oncogenic-
ity of E6 and E7) means mutations are probably effective
in the destruction of oncogenicity along with preserving
immunogenicity. However, to assure the safety of vaccine
candidates more and deeper in silico, in vivo and in vitro
studies are recommended.

Conclusion

This construct is a promising vaccine candidate for HPV
therapeutic vaccine. It was concluded that the construct
with these sequences, mutations, linker, and immuniza-
tion strategies induced such a strong immunity. High
protection in challenging TC1 cells implies the abil-
ity of the protein platform to present this construct as
a therapeutic vaccine. So, the Protein/Protein (D) and
DNA/Protein (E) groups had the strongest responses. In
terms of evaluating the effects of combining two delivery
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routes, this study doesn’t show significant differences
between D and E groups. Thus in vivo test showed the
identical efficacy of vaccines in these two groups, despite
the discrepancy of their in vitro responses. Probably by
challenging with a higher number of TC1 cells, we will
be able to discriminate responses between Protein/Pro-
tein and DNA/Protein strategies in vaccination with this
construct. Delivery of the designed DNA vaccine using
a more efficient method or various platforms could also
be very promising for better evaluating the potential of
the designed construct in DNA/DNA and DNA/ protein
strategy.

Methods

Construct designing

Amino acid sequences of HPV-16 E6 (Accession
No.: NP_041325.1) and E7 proteins (Accession No.:
NP_041326.1) were obtained from NCBI’s (National
Center for Biotechnology Information) GenBank data-
base. To predict continuous T cell epitopes of E6 and E7
proteins, the sequences were analyzed by the Immune
Epitope Database (IEDB) (http://www.iedb.org) and SYF-
PEITHI  (http://www.syfpeithi.de/bin/MHCServer.dll/
EpitopePrediction.htm) databases. The mE6/E7 protein
sequence was mutated in silico as follows: In the E6 pro-
tein, Leucine at position 57 changed to Glycine, and also
four-point mutations in HPV-16 E7 were performed by
replacement of Histidine (position 2) to Proline, Cysteine
(position 24) to Glycine, Glutamic acid (position 46) to
Alanine, and Leucine to Arginine at residue 67 [26].
To evaluate the effects of mutations on E6 E7 epitopes,
they were reanalyzed using mentioned software. Finally,
mutated forms of proteins were selected and a con-
struct was designed in which the stop codon of the E6
protein (the first gene in the construct) was omitted
and the helical linker 2 (HL2; LAEAAAKEAAAKAAA)
was inserted between E6 and E7 sequences. The fusion
protein sequence is converted to the nucleic acid by
Oligo-5 software. For the prediction of the 3D structure
of the designed construct, the ab initio online program of
3Dpro (http://scratch.proteomics.ics.uci.edu) was used.
Then by PyMOL1.3 software, different segments of com-
puted structure in a solid ribbon model were determined.

DNA vaccine preparation

The construct sequence was optimized based on mice
codons and inserted in BamHI and Xhol restriction sites
of the pcDNA3 expression vector (Biomatic, Canada).
The pcDNA3-mE6/E7 was transferred into E. coli DH5«
competent cells in Luria-Bertani medium. Large-scale
purification of the plasmids was performed using Endo
free plasmid mega kit (Qiagen, USA).
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Recombinant protein production and purification

The codons of the construct were optimized for expres-
sion in bacteria and cloned in the pBluescript SK vector
(Biomatic, Canada). The mE6/E7 gene was subcloned
into the pET-32a expression vector (Novagene, USA)
using BamHI and Xhol restriction enzymes (Fermentas,
Lithuania) and T4 Ligase (Fermentas, Lithuania). Then
the E.coli BL21 (DE3) competent cells were transformed
with the recombinant pET-32a - mE6/E7 vector. The
E.coli BL21 (DE3) cells containing pET-32a -mE6/E7 were
cultured in 100 ml nutrient broth supplemented with 100
pg/ml of ampicillin and incubated at 37 °C and 220 rpm.
The protein production was induced by adding a 1mM
concentration of Isopropylthio-p-D-galactoside (IPTG)
and purifying using the Ni-NTA protein purification kit
(Qiagen, USA) [40, 41]. The quantitative and qualitative
evaluation of the protein was performed using measuring
absorbance at 280 nm and SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) on 12% gels [42-44].

Western blotting

Recombinant mE6/E7 was separated from other host
cell proteins using SDS-PAGE and transferred to polyvi-
nylidene difluoride (PVDF) membrane (Roche, Germany)
[45]. The identity of recombinant mE6/E7 protein was
verified using mouse anti-E7 monoclonal antibody (0.5
pg/ml) (Abcam, USA) and goat anti-mouse (0.25 pg/ml)
antibody conjugated with horseradish peroxidase (HRP)
enzyme (Abcam, USA). Finally, the detection was com-
pleted by 3, 3’-Diaminobenzidine (DAB) (Sigma, USA)
substrate solution.
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Mice

Male C57BL/6 mice (5-7 weeks old) were purchased
from the Pasteur Institute of Iran (n=40). The mice were
housed for one week before the experiment in a standard
condition.

Immunization

Finally, the animals were organized into five groups with
eight mice in each group. The immunization strategy was
scheduled as shown in Table 1.

PBMCs proliferation assay

About 30 pl ketamine and 10 pl xylazine (or even more
quantity with this ratio, if needed) were used for anes-
thesia. The mice were sacrificed in the home cage so that
other mice couldn’t be able to see or even sense this pro-
cess. The peripheral blood mononuclear cells (PBMC)
or splenocytes of the immunized mice were harvested
and dispensed into a 96-well culture plate (Nunc, Den-
mark) at cell densities of 1x10° in 10% Fetal bovine
serum (FBS) (Sigma, USA) supplemented RPMI-1640
(Sigma, USA). The splenocytes were treated with mE6/
E7 recombinant protein (10 pg/ml) and Phytohaemagglu-
tinin (PHA) (5 ug/ml) separately and incubated at 37 °C
for 72 h in a humidified atmosphere containing 5% CO2.
Then the splenocytes were separated and incubated for 4
h with 20 pl of a 5 mg/ml solution of 3-(4, 5-Dimethyl-
thiazol-2-yl)-2, 5-Diphenyltetrazolium Bromide (MTT).
Subsequently, the plates were incubated for an additional
30 min in the presence of 100 ul of Dimethyl Sulfoxide
(DMSO). Optical density was measured at the wave-
length of 560 nm and the stimulation index (SI) was cal-
culated as follows:

SI = (Mean OD560 of stimulated PBMCs) —Mean OD560 of blank | (Mean OD560 of unstimulated PBMCs)

Table 1 The animal grouping and immunization strategy

Groups Received Component Route of delivery Immunization Adjuvant
A PBS (100 pl) IM Three times at 0, 21,42 days  No
B pPcDNA3 (100 pg/100 pl) IM Three times at 0, 21,42 days  No
C mE6/E7 inserted pcDNA3 (100 ug/100 pl) IM Three times at 0, 21,42 days  No
D mEG6/E7 recombinant protein (100 pg/100 pl)  SC Three times at 0, 14, 21 days ~ CFA (Sigma, USA) in the first injection
and IFA in the second and third injec-
tions.
E mE6/E7 inserted pcDNA3 (100 pg/100 IM+SC Three times at 0, 21,42 days  IFAin the third injection
ul) + mE6G/E7 recombinant protein (100
1g/100 pl)

IM Intramuscularly, SC Subcutaneous, PBS Phosphate buffered saline, CFA Complete Feround’s adjuvant, IFA Incomplete Feround's adjuvant
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Cytokine assay

The splenocytes (2 x 10° cells/ml) were cultured in a 24-well
tissue culture plate in the presence of mE6/E7 recombinant
protein (10 pg/ml) and PHA (5 pg/ml). The supernatants
were harvested and assayed for interferon-gamma (IFNy)
and interleukin 5 (IL-5) using ELISA kits (Biosciences,
USA) according to the manufacturer’s instructions.

Determination of antigen-specific antibody responses

an antigen sandwich enzyme immunoassay to evalu-
ate IgG1 and IgG2a specific antibodies against mE6/E7,
serum samples were analyzed by ELISA. Briefly, 96-well
Maxisorp plates (Nunc, Denmark) were coated with
mE6/E7 recombinant protein (10 ug/ml) overnight at 4
°C. To prevent nonspecific binding, plates were blocked
with PBS containing 1% skim milk at 25 °C for 2 h. The
mice sera were added (with the dilution of 1:5 by PBS)
and incubated for 2 h at 25 °C. After three times wash-
ing (PBS+0.05% Tween20), Anti-mouse IgGl (0.5 pg/
ml) and IgG2a (0.5 pg/ml) (Abcam, USA) were added
for 1 h at 25 °C. After washing, the plates were incubated
for 1 h at 25 °C with goat anti-mouse IgG conjugated to
horseradish peroxidase (Abcam, USA). Detection was
evaluated by tetramethylbenzidine (TMB) as enzyme-
substrate and then the reactions were stopped and sig-
nals were measured at 450 nm.

In vivo tumor challenge and metastasis assay

The TC-1 cells, containing E6 and E7 genes were pur-
chased from the Pasteur Institute of Iran. The cells were
cultured in supplemented RPMI-1640. Two weeks after
immunization, a suspension containing 1X 10° TC-1
cells in 70 pl PBS was prepared and injected in the right
flank of mice. The mice followed up for 60 days to analyze
tumor growth and mice survival. Tumor sizes were meas-
ured every two weeks after the challenge, with calipers,
and the tumor volumes were calculated by this formula
(width X length x (width+length) /2) [46]. It needs to
be mentioned if the mice died before the day of meas-
uring tumor size, the size of tumors was measured on
death day. These sizes of tumors are the mean of all mice
tumors in a group. To evaluate metastasis, after 60 days
samples from sensitive organs such as the lungs, kidneys,
and liver of mice were prepared, and a histological assay
was performed.

Statistical analysis

Statistical analysis of data was performed by SPSS16
software. For this purpose, the Mann-Whitney U analy-
sis test and One-Way ANOVA were used. We consid-
ered P<0.001, P<0.01, and P<0.05 as our statistical
threshold.
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MHC Major histocompatibility complex
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