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Abstract

Background: Among different types of human papillomavirus (HPV), types 16 and 18 were known to be high-risk
agents causing mainly cervical cancer. Up to now, the potential of HPV E7 protein has been proved as a diagnostic
marker of cervical cancer. Moreover, the levels of anti-heat shock protein (Hsp) and anti-high mobility group box-1
(HMGB1) antibodies in cancer patients have been useful in tumor diagnosis. The goal of the present study was to
determine the efficiency of the potential serologic markers including HPV E7, Hsp20, Hsp27 proteins and Hp91
peptide in Iranian HPV-exposed women, for the first time.

Methods: At first, the recombinant HPV E7, Hsp20 and Hsp27 proteins were expressed in E. coli system, and purified by
affinity chromatography under native conditions. Then, antibody responses were detected against the recombinant
proteins as well as Hp91 peptide as potential markers in 49 Iranian women who were seropositive for HPV-16 and 18
L1 capsids (i.e., HPV-exposed women) and 49 controls using indirect ELISA.

Results: Our data indicated that the seroreactivities of women exposed to HPV16, HPV18 and both of them against the
recombinant E7, Hsp20, Hsp27 proteins and Hp91 peptide were significantly higher than those in control group (p < 0.
05 for HPV16 or HPV18; p < 0.01 for both of them versus all markers). HPV-exposed women with high antibody responses
to HPV-16 and 18 L1 capsids as a commercial biomarker had significant seroreactivity to HPV-16 and 18 E7 and Hsp27 (p
< 0.05). The recombinant E7 and Hsp27 proteins showed higher efficiency than Hsp20 and Hp91 for detection of
individuals exposed to HPV infections (p < 0.05).

Conclusion: Generally, the levels of serum E7 and Hsp27 were increased in HPV-16 and 18 L1- seropositive women
suggesting their potential value as a diagnostic marker for HPV infections.
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Study significance
The studies indicated that most high-risk HPV infections
in young subjects are transient and have little long-term
significance. Only a small proportion of infected individ-
uals (~ 5–10%) fail to clear HPV and suffer from persistent
infections. Thus, serological assays are important for de-
tecting anti-HPV antibodies and determining the subjects
with previous exposure to HPV, who may be protected
against subsequent HPV infection. In the current study, we
showed that HPV E7 and Hsp27 can be considered as

promising biomarkers similar to HPV L1 for determination
of HPV-16 and 18-exposed women.

Background
Human papillomavirus (HPV) infection has been recog-
nized as the main etiologic factor in the development of
different cancers [1]. The HPV types have been currently
determined up to 225 types [2]. Among the high-risk
HPVs, types 16 and 18 are responsible for the majority of
cervical cancer in the world especially in Iran [1, 3]. The
persistent HPV infections generate E6 and E7 oncoproteins
which promote cell proliferation and carcinogenesis lead-
ing to increased levels of host antibodies [4]. As known,
HPV DNA test along with routine Pap smear could reduce
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colposcopy rate in ASCUS patients [5]. A report recom-
mended an organized cervical screening with HPV DNA
testing for women in Iran, beginning at age 35 and
repeated every 10 or 5 years [6]. However, biomarkers are
required to select patients for colposcopy screening in low
and middle income countries where DNA and cytology
testing are too expensive. Moreover, the assessment of
antibody levels against HPV antigens has been important
to determine the natural history of infection and efficiency
of vaccination [7]. The studies indicated that a large
proportion of high-risk HPV infections in young women
are spontaneously removed and have short-term effects.
Indeed, low rates of infected women, approximately
5–10%, suffer from persistent HPV infections. Therefore,
detection of anti-HPV antibodies is important for deter-
mination of the overall HPV exposure rate in a population
[8–12]. There are various serologic markers for HPV infec-
tions such as detection of HPV DNA in tumors, antibody
assay against HPV L1, E6 and E7 proteins, and the levels of
p16 protein [13–16]. The antibodies against HPV L1 were
considered as markers of cumulative exposure to the virus
[17]. Indeed, the antibody response in host to HPV L1 is
poor and may remain for years as an indicator for past
infection but not malignancy. Some studies showed that
the presence of E7-specific antibodies was associated with
an increased relative risk for cervical cancer that may be
detected up to 5 years prior to diagnosis [7]. Recently, com-
bination of HPV markers is preferred to predict survival
among individuals with HPV infections [18].
As known, heat shock proteins (HSPs) are present in

all prokaryotic and eukaryotic organisms. These proteins
are divided into various groups based on their molecular
weight such as Hsp60, Hsp70, Hsp90, Hsp110 and small
Hsps (e.g., Hsp27 and Hsp20) [19]. Heat shock proteins
are overexpressed in a wide range of human cancers and
involved in recognition by the immune system [20, 21].
Among heat shock proteins, small HSPs are highly con-
served proteins among all species which have a conser-
vative α-crystallin domain (~ 90 amino acid residues).
Some small heat shock proteins are expressed in all hu-
man tissues including HspB1 (Hsp27), αB-crystallin
(HspB5), HspB6 (Hsp20) and HspB8 [22, 23]. For
example, small Hsp27 is a multifunctional protein which
acts as a protein chaperone and an antioxidant and plays
a role in the inhibition of apoptosis. Hsp27 is a
biomarker of infections and also a therapeutic target in
cancer [24]. A study showed that the host Hsps such as
Hsp25, Hsp60, Hsp70 and Hsp90 were used as potential
biomarkers for the diagnosis of tuberculous meningitis
(TBM) [25]. Another study indicated that the serum
level of Hsp27 as a potential marker was increased in
Egyptians with Type 2 Diabetes [26]. These reports
showed that the levels of Hsps can change in infectious
and non-infectious diseases.

On the other hand, the high-mobility group box-1
(HMGB1) protein known as amphoterin, is a highly
conserved, non-histone nuclear protein expressed in almost
all eukaryotic cells. Recent clinical studies have shown that
HMGB1 is a potential diagnostic or prognostic biomarker
in a variety of inflammatory disorders and cancers [27, 28].
The cytokine-inducing part of the HMGB1 molecule is
among the first 20 amino acids of the B-box domain (aa
89–108) known as Hp91 peptide [29, 30]. The studies indi-
cated that the Hp91 peptide is a potent inducer for gener-
ation of Th1-type immune responses [31, 32].
In this study, at first, the recombinant (r) HPV E7,

Hsp20 and Hsp27 proteins were expressed in Escheri-
chia coli (E. coli) as a His-tag protein and purified using
affinity chromatography. E. coli is the most popular ex-
pression system for production of the recombinant pro-
teins. This system has some advantages compared to
other systems such as low cost, high yield, easy purifica-
tion, a large number of expression plasmids and strains,
and many cultivation strategies [33].
After production of the recombinant proteins, the seror-

eactivities of Iranian women who were seropositive for
HPV-16 and 18 L1 capsids as mono- and co-infection (as
previously reported; 26) were evaluated against the rE7,
rHsp20, rHsp27 proteins as well as Hp91 peptide as diag-
nostic markers. Indeed, we compared the efficiency of
HPV-16 and 18 L1 capsids with HPV-16 and 18 E7, Hsp27,
Hsp20 and Hp91 for detection of anti-HPV IgG antibodies
using indirect ELISA in Iranian women exposed to HPV
infections not diagnosed with cervical cancer.
Briefly, our goal was to determine novel and effective

markers instead of L1 capsid-based commercial kit for diag-
nosis of HPV-exposed subjects. We used the samples
recognized by L1 kits whether a specific HPV marker (i.e.,
E7) along with a non-specific marker (i.e., Hsp27, Hsp20 or
Hp91) possess high efficiency for diagnosis of HPV-exposed
women. On the other hand, this study confirms whether
Iranian women who were seropositive for HPV-16 and 18
L1 capsids are really HPV-infected women at present.
However, it will be required to design new kits with suitable
efficacy and low cost for serological tests.

Methods
Study population
Serum samples were collected from 49 Iranian women
(with no previous treatment, vaccination and immuno-
deficiency disorders) who were seropositive for HPV-16
(22 cases, group 1), HPV-18 (12 cases, group 2) and both
HPV-16 and 18 (15 cases, group 3) L1 capsids as observed
in our previous study (Additional file 1, Ref. [34]) and 49
control women. All the subjects were recruited from out-
patients attending to hospitals in Tehran, Iran, for routine
checkup or mild diseases such as common cold; 34).
These samples were examined to detect antibodies against
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the HPV-16 and 18 E7, Hsp20 and Hsp27 proteins, and
Hp91 peptide. Also, 49 Iranian HPV-16 and 18 L1 sero-
negative cases (healthy individuals without HPV infection,
other viral infections, e.g., HIV, HCV, HBV, HGV, HSV,
bacterial infections, e.g., TB and non-infectious disorders,
e.g., cancers) and one commercial standard sera (USA ori-
gin: Innovative Research, INC, without any infection, a
validated control) were enrolled as control group for
evaluation of anti-HPV antibody in sera against the E7,
Hsp20, Hsp27 proteins and Hp91 peptide (Pateint dia-
gram in Additional file 1). In this study, the mean age of
Iranian patients was 27.44 yr. (range, 11 to 35 yr), and the
mean age of Iranian controls was 30.20 yr. (range, 23 to
35 yr). All participants gave written informed consent and
the Pasteur Institute of Iran Ethics Committees cleared
and approved the study protocol.

Expression and purification of the recombinant HPV16 E7
protein
For generation of the recombinant HPV16 E7 protein
(rE7), the E. coli M15 strain harboring E7 gene (pQE-E7,
[16]) was grown to an optical density of 0.7 to 0.8 at 600
nm and protein expression was induced by adding 1mM
IPTG at 37 °C. Protein samples were analyzed by
SDS-PAGE at 4 h after induction. Then, the soluble
fraction of rE7 was purified by affinity chromatography on
Ni-NTA resin (Qiagen protocol) under native conditions
using imidazole buffer. The purified E7 protein fractions
were identified by Western Blot (WB) analysis using
anti-His tag antibody (Abcam), dialyzed against PBS1X,
and detected by LAL assay (QCL-1000, Lonza) for the LPS
contamination. This contamination was lower than 0.2
EU/mg which was suitable for the next use in ELISA.
Moreover, for Western Blotting, the immunoreactive pro-
tein bands were visualized on nitrocellulose membrane
(Millipore, USA) using peroxidase substrate 3, 3′-diamino-
benzidine (DAB, Sigma). Finally, the protein concentration
was assessed by NanoDrop Spectrophotometer and stored
at − 70 °C. The HPV-18 E7 protein was available in labora-
tory as previously provided by our group.

Cloning, expression and purification of the recombinant
Hsp27 protein
At first, the full length of human Hsp27 gene (Accession
No: NM_001540) was synthesized in a prokaryotic expres-
sion vector (pQE30-Hsp27, Biomatik Co., Canada). To
generate pET-Hsp27, the Hsp27 fragment was subcloned
from pQE30-Hsp27 into the pET-23a in NheI/ SalI cloning
site. Next, the E. coli Rosetta strains were transformed with
the recombinant pET-Hsp27 plasmid and the clones were
selected on LB-agar plate. These bacterial clones were
grown to an optical density of 0.6–0.7 at 600 nm in Ty2x
medium and protein expression was induced by 1mM
IPTG. The cell pellets were harvested at 4 h after induction

and analyzed by 12% SDS-PAGE. The recombinant Hsp27
protein was purified by affinity chromatography under na-
tive conditions using imidazole buffer according to the
manufacturer’s instructions (Qiagen), and identified by
Western Blot analysis using anti-His tag antibody. Then,
the purified protein was dialyzed against PBS1X and de-
tected by LAL assay for the LPS contamination. This con-
tamination was lower than 0.5 EU/mg which was suitable
for the next use in ELISA. Finally, the protein concentra-
tion was assessed by NanoDrop Spectrophotometer and
stored at − 70 °C.

Cloning, expression and purification of the recombinant
Hsp20 protein
The full length of human Hsp20 gene (Accession No:
NM_144617) was synthesized in a prokaryotic expression
vector (pQE30-Hsp20, Biomatik Co., Canada). To gener-
ate pET-Hsp20, the Hsp20 fragment was subcloned from
pQE30-Hsp27 into the pET-23a in NheI/ HindIII cloning
site. All expression and purification protocols were per-
formed similar to the production of Hsp27 as mentioned
above. Herein, the endotoxin contamination was less than
0.4 EU/mg for Hsp20 protein as detected by LAL assay
which was suitable for the next use in ELISA.

Preparation of Hp91 peptide.
The Hp91 peptide (DPNAPKRPPSAFFLFCSE) with an
N-terminal biotin was synthesized and purified by Bio-
Matik Co. (Canada; [32]). The peptides were dissolved in
PBS 1X for ELISA experiments.

Detection of IgG antibodies against rE7, rHsp27, rHsp20
proteins and Hp91 peptide
For detection of IgG antibodies against the recombinant
proteins, 96-microwell plates (Greiner) were coated over-
night at 4 °C with 100 μl of the recombinant HPV E7 (rE7,
5 μg/ml), Hsp27 (rHsp27, 5 μg/ml), Hsp20 (rHsp20, 5 μg/
ml) proteins as well as Hp91 peptide (10 μg/ml). Then, the
plates were blocked with 1% BSA in PBS for 2 h at 37 °C,
and incubated with 100 μl of human sera diluted 1:100 in
blocking buffer containing 0.05% (v/v) Tween 20 for 2 h at
37 °C. The bound human antibodies were detected by goat
anti-human IgG conjugated to horseradish peroxidase
(HRP, Sigma, 1:10000) and then addition of 3,3′,5,5’-Tetra-
methylbenzidine (TMB, Sigma) as the substrate. All wash-
ing steps were done with PBS1X containing 0.05% Tween
20. The enzyme reaction was stopped by adding 50 μl of 1
M sulphuric acid and the absorbance was determined at
450 nm.

Statistical analysis
Statistical analysis was performed using Prism 5.0 software
(GraphPad). One-way ANOVA was used to analyze the
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differences in the levels of antibody production. For all
analyses, p < 0.05 was considered statistically significant.

Results
Study population
Iranian subjects who were seropositive for HPV-16 and
18 L1 capsids were divided into three groups: seropositive
for HPV-16 (group 1, 22 cases), seropositive for HPV-18
(group 2, 12 cases), and seropositive for both HPV-16 and
HPV-18 infections (group 3, 15 cases). Indeed, seropreva-
lence was 45% for HPV16 L1, 24% for HPV18 L1 and 31%
for both HPV16 and HPV18 L1 in 49 Iranian subjects.

Generation of the recombinant HPV16E7, Hsp20 and
Hsp27 proteins
The recombinant HPV E7, human Hsp20 and human
Hsp27 proteins were successfully expressed in E. coli
strains. The rE7, rHsp20 and rHsp27 proteins migrated as
the 23, 20 and 27 kDa bands in SDS-PAGE, respectively.
Their purification was performed under native conditions
using affinity chromatography (Fig. 1). The purified pro-
teins were identified by Western Blotting as shown in Add-
itional file 2. The NanoDrop Spectrophotometer showed
that the recombinant proteins had a concentration range
between 0.8 and 1mg/ml.

Detection of HPV E7, Hsp27, Hsp20, Hp91-specific
antibodies by ELISA
The frequency of antibodies to HPV E7, Hsp20, Hsp27
proteins and Hp91 peptide was determined in 49 serum
samples from Iranian women who were seropositive for
HPV-16 and 18 L1 capsids [34] as well as controls. The
mean absorbance values for rE7, rHsp20, rHsp27 proteins
and Hp91 peptide in HPV-16-exposed women were 1.083
± 0.390, 0.455 ± 0.284, 0.873 ± 0.374 and 0.338 ± 0.329,

respectively. The levels of antibodies against all recombin-
ant proteins in HPV-exposed women were significantly
higher than those in control group (p < 0.001). The results
showed that the levels of antibodies against rE7, rHsp20,
rHsp27 proteins and Hp91 peptide in HPV-16 exposed
women did not show any statistically differences with
HPV-18 exposed women (p > 0.05). In addition, the levels
of antibodies against rHsp20 and Hp91 peptide in
HPV-18-exposed women showed no statistically differ-
ences with women exposed to both HPV-16 and HPV-18
(p > 0.05). In contrast, the levels of antibodies against the
rE7 and rHsp27 in women exposed to both HPV-16 and
HPV-18 were higher than women exposed to HPV-16 or
HPV-18 (p < 0.05). Figure 2 shows the differences between
the seroreactivities in HPV-exposed individuals and con-
trols against rE7, rHsp20, rHsp27 proteins and Hp91 pep-
tide. To determine the serum reactivity for each
recombinant protein, and peptide, a cut-off value was cal-
culated by considering the mean absorbance values of
control sera plus two standard deviations (mean ± 2SD).
Overall, 50% of the serum samples from women with ser-
oposivity to HPV-16 L1 antibody reacted in four assays as
anti-E7, anti-Hsp20, anti-Hsp27, and anti-Hp91 antibody
positive and 55% of the HPV-18 sera recognizing all re-
combinant proteins. Also, 75% of the serum samples from
women with seroposivity to HPV-16 and 18 L1 antibodies
were positive to all recombinant proteins. Indeed, HPV E7
and Hsp27 were more effective biomarkers than Hsp20
and Hp91 for detection of both HPV infections. On the
other hand, the efficiency of HPV-16 and 18 L1 capsids
was compared with HPV-16 and 18 E7, Hsp20 and Hsp27
proteins as well as Hp91 peptide for determination of
women exposed to HPV16, HPV18 and both infections.
The results indicated that the HPV E7 and Hsp27 can be
considered as promising biomarkers similar to HPV L1

Fig. 1 Expression and purification of the recombinant proteins: The recombinant human Hsp20 (a), E7 (b), and human Hsp27 (c) proteins were
run on a polyacrylamide gel electrophoresis and stained by coomassie blue. MW is the molecular weight marker (prestained protein ladder: 10–
170 kDa, Fermentase). Samples of before induction (BI), after induction (AI), and the purified recombinant proteins (Pu) were shown in figure for
each protein, respectively
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for determination of HPV-16 and 18-exposed women
(Fig. 3).

Discussion
In the current study, the presence of human antibodies to
HPV E7 protein, small heat shock proteins 20 and 27, and
Hp91 peptide was indicated by ELISA in HPV-exposed
Iranian women. The recombinant proteins expressed in E.
coli were used as antigens in ELISA for screening 49 serum
samples obtained from individuals who were seropositive
for HPV-16 (22 cases), HPV-18 (12 cases) and both
HPV-16 and HPV-18 (15 cases) L1 capsids as well as con-
trol group (without any infections, 34). SDS-PAGE analysis
of IPTG-induced cell lysates showed the presence of a
prominent protein band of 23, 20 and 27 kDa for E7,
Hsp20 and Hsp27, respectively that was not detectable in
non-induced cell lysates. Then, the small heat shock pro-
teins and Hp91 peptide besides viral oncogenic protein
(E7) could be used to screen the seropositive individuals
for HPV L1 capsids. Our ELISA findings indicated that
HPV-exposed women with high antibody response to

HPV-16 and 18 L1 had significant seroreactivity to
HPV-16 and 18 E7 and Hsp27.
Considering the importance of detecting HPV infection

(i.e., exposure rate to high-risk HPV types), a variety of
methods was developed for these purposes [35]. The stud-
ies showed that the anti-HPV16 E7 antibody could be used
as a blood biomarker for HPV infections [4]. Moreover,
antibodies against HPV virus-like particles (VLPs) were
considered as a marker of HPV infection, and were associ-
ated with HPV-related disease, but not as strongly as E6
and E7 antibodies [36]. A number of protein biomarkers
are currently available to assist in screening HPV infections
[37, 38]. The HPV antigens have been generated through
the expression and purification of the recombinant proteins
in different expression systems for vaccine development
and/or detection of antibodies in human sera, saliva and
cervical mucus using ELISA method [39]. The ELISA
method is the main tool used for clinical diagnosis and
screening large populations as well as evaluating the
immunological responses to different HPV antigens. In the
current study, we also generated the recombinant HPV16

Fig. 2 Analysis of IgG antibody levels with respect to rE7 (a), rHsp27 (b), rHsp20 (c), and rHp91 (d) coating antigens in HPV-exposed women
compared to control group using ELISA. The horizontal line represents the mean value of optical density in respect to each antigen
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E7, Hsp20 and Hsp27 proteins as an antigen under native
procedures for the next use in ELISA.
As known, E6 and E7 transforming proteins are consist-

ently expressed in HPV life cycle [39–41]. Several studies
have shown the induction of antibody responses against
E6 and E7 oncoproteins in patients with cervical cancer
higher than in healthy subjects [39, 42, 43]. These studies
and other reports usually indicated HPV seroreactivity for
cancer patients in early or late stage; but our study showed
a high seroreactivity in women-exposed to high-risk HPV
types (i.e., HPV L1-seropositive cases, 34) compared to
un-infected women (i.e., HPV L1-seronegative cases as
controls) against the recombinant HPV E7 protein. In
general, the detection of HPV-specific IgG in serum is a
useful assay to determine previous and current HPV infec-
tion status [44].
On the other hand, heat shock proteins are highly con-

served, but their expression levels between individuals
were reported to differ widely for HSP60, HSP70 and
HSP90 [45]. The studies showed that HSP70 is a promising
tumor marker for both diagnostic and therapeutic applica-
tions [46, 47]. Moreover, several reports showed high
levels of Hsp27 in sera of patients with different types of
cancers by ELISA [20, 45, 48–53]. The studies showed
that Hsp27 synthesis was enhanced during the early stages
of endometrial cancer development. Antibodies to the
Hsp27 were present in some women with ovarian and
endometrial cancers but not in healthy women [53]. In
addition, Hsp27 has been implicated in cardiovascular
disease and atherosclerosis as a potential biomarker of dis-
ease and injury [24, 54, 55]. In this line, our study indi-
cated the diagnostic capacities of Hsp27 and Hsp20 in

women who were seropositive for HPV-16 and HPV-18
L1. We showed that the levels of Hsp27-specific antibody
were significantly higher than the levels of Hsp20-specific
antibody in individuals exposed to high-risk HPV types.
Recent clinical studies have shown that HMGB1 is a po-

tential diagnostic or prognostic biomarker in a variety of in-
flammatory disorders and cancers. For instance, the serum
level of HMGB1 was significantly elevated in benign and
malignant asbestos-related diseases (ARDs) [28]. Other re-
sults demonstrated that HMGB1 levels were increased in
patients with Crimean-congo hemorrhagic fever virus
(CCHFV), Dobrava virus (DOBV) or Puumala virus
(PUUV) infections. Indeed, HMGB1 could be considered
as a potential biomarker for severe hemorrhagic fevers [56].
Furthermore, the serum HMGB1 level was increased by
1.5-fold in patients with colorectal carcinoma compared to
those in healthy controls. Indeed, the diagnostic accuracy of
HMGB1 for stage I cancer was significantly higher than
that of carcinoembryonic antigen (CEA). The combination
of HMGB1 and CEA led to increase significantly the overall
diagnostic sensitivity compared to CEA alone [57, 58]. In
this study, we used HMGB1-derived Hp91 peptide for
detection of HPV infections in Iranian women who were
seropositive for HPV L1 capsid. Our results showed that
anti-Hp91 antibody was generated in HPV-exposed women
significantly higher than HPV-uninfected women, but
however, the responses were poor compared to E7, Hsp27
and L1-specific antibodies.
Generally, the use of commercial HPV L1 kit is effi-

cient to determine HPV-exposed subjects, but there is a
major limitation including cost and HPV type. This kit
can effectively detect HPV types 16 and 18, thus the

Fig. 3 Analysis of IgG antibody levels against rE7 (E&F), rHsp27 (G&H), rHsp20 (I&J), and rHp91 (K&M) coating antigens as compared to HPV-16
and 18 L1 antigens in HPV-exposed women using ELISA. The horizontal line represents the mean value of optical density in respect to
each antigen

Ramezani et al. BMC Infectious Diseases          (2019) 19:142 Page 6 of 8



development of other markers will be necessary for this
purpose especially in resource-poor countries. Our re-
port demonstrated that oncological/viral biomarker (E7)
associated with Hsp27 may be beneficial in the detection
of individuals exposed to high-risk HPV types. It was in-
teresting that individuals with strong anti-L1 antibody
level showed high anti-E7 and anti-Hsp27 antibodies
suggesting similar efficiency of these proteins as HPV
biomarkers. Regarding the results, the combination of
non-specific markers (i.e., Hsps or Hp91) with specific
markers (i.e., HPV E7) could enhance significantly the
overall diagnostic sensitivity as compared to each
marker, alone. However, it is required to evaluate these
markers in larger populations from different regions.

Conclusions
In summary, women exposed to both HPV-16 and 18 in-
fections showed higher antibody responses than women
exposed to HPV-16 or HPV-18 against E7 and Hsp27, but
not against L1, Hsp20 and Hp91. Moreover, no significant
difference was observed in seroreactivities between HPV-16
and HPV-18-exposed women against Hsp20, Hsp27 and
Hp91. Generally, the levels of serum E7 and Hsp27 were
increased in women exposed to HPV-16, HPV-18 as mono-
and co-infection suggesting their potential utility as a diag-
nostic marker for HPV infections. These markers can be
used as good aims for resource-poor countries.

Additional files

Additional file 1: Schematic representation of study population.
(JPG 51 kb)

Additional file 2: Identification of the purified proteins by Western Blot
analysis using anti-His antibody: lane 1: Hsp27, lane 2, Hsp20; lane 3, E7;
MW is the molecular weight marker (prestained protein ladder: 10–170
kDa, Fermentase). (JPG 78 kb)
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