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Abstract

The persistent infection of high-risk human papillomavirus (HPV) is one of the most common
causes of cervical cancer worldwide, and HPV type 58 is the third most common HPV type
in eastern Asia. The E7 oncoprotein is constitutively expressed in HPV58-associated cervi-
cal cancer cells and plays a key role during tumorigenesis. To study the biological function
of HPV58 E7 and to characterize E7 protein-host cell interactions, we cloned the human
HPV58 E7 gene and produced specific E7 antibodies. The HPV58 E7 gene was cloned into
a prokaryotic expression vector, pGEX-4T2. The recombinant plasmid pGEX-4T2-(HPV58-
E7) was transformed into Escherichia coliDH5a and expressed as a fusion protein contain-
ing a GST tag. After purification and removal of the GST affinity tag, the E7 protein was
used as an antigen for the production of antiserum in rabbits. The specificity of the purified
HPV58 E7 antibody was detected by western blotting, immunofluorescence and immuno-
histochemistry analysis. These methods demonstrated that the polyclonal antibody could
specifically recognize the endogenous and the recombinant HPV58 E7 proteins. Immuno-
histochemistry analysis indicated that the E7 protein was localized in the nucleus of cervical
cancer cells.

Introduction

Cervical cancer is one of the most common female genital cancers, with an estimated 53,000
new cases and 28,000 deaths occurring each year around the world [1]. The high-risk human
papillomavirus (HPV) is a primary cause of cervical cancer [2]. HPV58, a common subtype of
high-risk HPV, plays a more prominent role in HPV-associated cervical cancer in Asian coun-
tries. HPV58 has been found in 11.5% to 28% of cervical cancer patients in China [3].

Once HPV infection occurs, the viral genome is integrated into the host cell DNA, the
biological synthesis and assembly of viral components is carried out, and parts of viruse pro-
teins are finally released from within the host cell [4]. The high-risk HPV E6 and E7 gene-
encoded oncoproteins degrade and inactivate tumor suppressor proteins, such as p53 and

PLOS ONE | DOI:10.1371/journal.pone.0169138 December 29, 2016

1/11


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0169138&domain=pdf
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Production of HPV58 E7 Antibody

retinoblastoma protein (pRB), and promote the malignant transformation of the host cells [5].
Notably, a high expression level of E6 and E7 oncoproteins are biological hallmarks of HPV-
associated cancers [6].

To date, a commercial antibody to HPV58 E6 and E7 are still unavailable. In this study, we
aimed to express the HPV58 E7 protein in vitro, and further produce and verify the specific
polyclonal antibody against the E7 protein. The expression of the HPV58 E7 protein and its
antibody will help to investigate the function of this oncoprotein and further evaluate its clini-
cal significance.

Materials and Methods
Patients and animals

This study was performed according to the guidelines set forth by the Declaration of Helsinki.
The study protocol was approved by the Ethics Committee of Sir Run Run Shaw Hospital of
Zhejiang University School of Medicine. Written informed consent was obtained from the
participants in accordance with the requirements of the Ethics Committee of Sir Run Run
Shaw Hospital of Zhejiang University School of Medicine. All the patients who participated in
the study were assessed between March 2013 and March 2015. Paraffin-embedded specimens
from cervical cancer patients diagnosed according to the WHO classification of tumors of
female genital organs by the Division of Pathology were collected by the Departments of
Obstetrics and Gynecology, Sir Run Run Shaw Hospital, School of Medicine, Zhejiang Univer-
sity, China. HPV 16-, 18- and 58-positive cervical epithelium cells were obtained from the
Departments of Obstetrics and Gynecology, Sir Run Run Shaw Hospital, School of Medicine,
Zhejiang University, China. Authors could access information that could identify individual
participants during and after data collection.

Animal studies were carried out in strict accordance with the guidelines of the regional Ani-
mal Ethics Committee and the rules for experimental animals at Zhejiang University. New
Zealand White rabbits (3-months old, approximately 2.5 kg) were used in the polyclonal anti-
body preparation. All the animals were from the same line and reared in similar conditions at
the Breeding Station of Zhejiang Chinese Medical University and were sacrificed according to
the standards of the Animal Management of Zhejiang University.

Construction of HPV58 E7 prokaryotic expression vector

In situ polymerase chain reaction (PCR) was used to clone the HPV58 E7 gene from human
HPV58-positive cervical epithelial cells of a patient. The specific primer pair was designed to
amplify the target HPV58 E7 gene (the forward primer: 5’ ~CCGGGATCCATGAGAGGAAACAA
CCCAACG-3',and the reverse primer: 5/ ~CCGGAATTCTTATTGCTGTGCACAGCTAGG-3")
and synthesized by Qingke Biological Technology Co., Ltd., Hangzhou, China. Briefly, 5 pl
human HPV58-positive cervical epithelial cell solution was used for in situ PCR in a reaction
(50 pl) containing 0.4 uM primers, 0.2 mM dNTP mixture (Takara, Japan), and 0.5 pl rTaq
polymerase (Takara, Japan). The PCR amplification was performed on an Applied Biosystems
$1000 Thermal Cycle and the products were separated on a 1.5% agarose gel. The DNA frag-
ments were recovered from the agarose gel using the Gel Extraction kit (OMEGA Bio-Tek,
US.A)

The full length coding sequence of the HPV58 E7 gene was inserted into the pGEX-4T2 vec-
tor in-frame with the GST open reading frame. The HPV58-E7 gene and pGEX-4T2 vector
were cleaved by EcoR I (Takara) and BamH I (Takara), and linked by T4 DNA ligase (Takara).
The reconstructed pGEX-4T2-(HPV58-E7) vector was transformed into competent Escherichia
coli DH50. (Takara). Bacterial cells were collected from an overnight culture in LB medium by
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centrifugation, washed twice with PBS, and lysed for plasmid isolation using the manufacturer’s
protocol (OMEGA Bio-Tek). The vector was cleaved with the restricted endonucleases EcoR I/
BamH 1, followed by agarose gel electrophoresis. Positive samples were sent to Qingke Biologi-
cal Technology Co., Ltd. for sequencing.

Construction of HPV58 E7 eukaryotic expression cassette

The HPV58 E7 gene was further amplified through PCR with specific primers (the forward
primer: 5’ ~CCGGAATTCATGAGAGGRAACAACCCAACGC-3",and the reverse primer: 5’ - C
CGGGATCCTTATTGCTGTGCACAGCTAGG-3" ) using the pGEX-4T2-(HPV58-E7) vector as a
template DNA. The 303 bp HPV58-E7 fragment containing restriction sites for unique en-
zymes including BamH I and EcoR I was inserted into the pEGFP-CI1 vector with the EGFP
open reading frame. The recombinant plasmid was isolated from E. coli clones and verified
through restriction analysis and sequencing by Qingke Biological Technology Co., Ltd.

The vectors were transiently transfected into HEK293T cells according to the manufactur-
er’s instructions (Lipofectamine™ 3000, Invitrogen, U.S.A.) Briefly, HEK293T cells were cul-
tured in DMEM with high glucose supplemented with 10% fetal bovine serum (FBS; Sijiging,
China) in a humidified 37°C incubator for transfection. The diluted pEGFP-C1-(HPV58-E7)
or pEGFP-C1 vectors were added to the diluted Lipofectamine™ 3000 reagent in Opti-MEM™
medium (1:1 ratio), and incubated for 10 to 15 minutes at room temperature. Next, we added
the DNA-lipid complex to the cells and analyzed the transfected cells after 2 to 4 days at 37°C.

Expression and purification of HPV58 E7 protein

The verified pGEX-4T2-(HPV58-E7) vectors were transformed into E. coli DH50. and induced
by 0.2 mM isopropyl B-D thiogalactopyranoside (IPTG; Beyotime, China), which led to the
production of soluble GST-HPV58-E7 fusion protein. In brief, colonies were inoculated into
LB medium (100 pg/ml Amp; Beyotime) and incubated in a high speed shaker (250 rpm) at
37°C until the OD600 nm reached 0.6-0.8 (8 h). IPTG with the final concentration of 0.2 mM
was added to the medium and incubated at 26°C for 4 to 6 h. The broth medium was centri-
fuged at 2000 xg (5 min) and the bacterial pellet was resuspended in PBS for sonication on ice.
After centrifugation (2000 xg for 5 min), the supernatant and the sediment were both reduced
in lysis buffer and subjected to 10% SDS-PAGE. After electrophoresis of the proteins, the gel
was stained in 50 ml Coomassie blue stain (0.25% Coomassie Brilliant Blue R-250, 10% glacial
acetic acid, 25% methanol) for 1 h at room temperature with gentle agitation, followed by
destaining in distilled water for more than 2 h until the protein bands were visible clearly.

Glutathione-Sepharose 4B beads (Life, U.S.A.) were added to the remaining supernatant for
binding of the GST-HPV58-E7 protein. The purified HPV58 E7 protein was obtained after
removal of GST by incubation with thrombin (Life) and dialysis in PBS overnight, and stained
in Coomassie blue followed by electrophoresis on a 10% SDS-PAGE gel.

Preparation and purification of polyclonal antibody against HPV58 E7
protein

The purified HPV58-E7 protein was mixed with an equal volume of Freund’s complete adju-
vant (Sigma-Aldrich, U.S.A.) to a final concentration of 300 pg/ml. Subsequently, approxi-
mately 500 pg of HPV58-E7 protein was injected subcutaneously into the backs of New
Zealand White rabbits (3-months old, approximately 2.5 kg). The following three times, the
immunizations were executed with HPV58-E7 protein in Freund’s incomplete adjuvant at
10-day intervals. An enzyme-linked immunosorbent assay (ELISA) was used to test rabbit
antisera for the presence of antibodies to HPV58-E7 and was repeated daily until a threshold
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was observed (1:100,000). The HPV58 E7 protein was diluted to 50 ug/ml with a 0.05 M, pH
9.6 carbonate buffer solution, and 100 ul diluted protein was added to each polystyrene board
at 4°C overnight. Then, the board was washed with PBST (PBS plus 0.05% Tween 20) three
times and blocked with 200 ul 5% milk at 37°C for 2 h. After washing, the HPV58 E7 antibody
was diluted 1:100,000 times, and 100 pl was added to the board at 37°C for 1 h. The secondary
HRP-conjugated goat anti-rabbit antibody was added, followed by incubation with TMB solu-
tion and termination with 2 M sulfuric acid. The measurement of the color produced was
quantified with a spectrophotometer at 450 nm wavelength, the OD of the positive sample was
2.1 times that of the negative sample. After that, another 500 ug HPV58-E7 protein without
adjuvant was injected intramuscularly into the rabbits’ legs 10 days later. Then, 5 days after the
last injection, blood was collected through the carotid artery of the rabbits under anesthesia.
We collected 100 to 120 ml blood from each rabbit until the rabbit died. The serum was sepa-
rated and preserved in -20°C.

The rProtein G Agarose (Life) was applied for the isolation of IgG antibodies using column
chromatography according to the manufacturer’s protocol. In brief, an empty column (5 ml)
was prepared with a 1 ml bed volume by loading 2 ml of 50% rProtein G Agarose slurry. Next,
10 ml of binding buffer was added to equilibrate the column before loading the rabbit serum.
Subsequently, 6 to 12 ml binding buffer was added to remove unbound protein following the
application of 6 ml elution buffer to elute the bound IgG antibodies.

Western blotting analysis

Cell lysates or protein samples prepared in reducing sample buffer (50 mM Tris-HCl (pH 6.8),
2% SDS, 0.01% Bromophenol Blue, 10% glycerol, 50 mM DTT) were subjected to SDS-PAGE
and transferred to polyvinylidene fluoride (0.2 um PVDF, Bio-Rad, U.S.A.) membranes. After
blocking with 10% nonfat milk (BD Difco™, U.S.A.) for 1 hour, the membranes were incu-
bated with antibodies specific for HPV58-E7 (1:10,000). Secondary peroxidase-conjugated
goat anti-rabbit IgG (1:5000; Beyotime) was incubated for 2 hours at room temperature and
ECL substrates (Millipore, U.S.A.) were applied and signals were detected by a chemilumines-
cence imaging system (FUJIFILM, U.S.A.).

Immunofluorescent stain

The 293T-pEGFP-C1 or 293T-pGEX-C1-HPV58-E7 cells were seeded in a 6-well plate with
glass-bottomed dish for 1 day. The cells were washed, fixed with 4% paraformaldehyde (Bio-
Rad) for 10 min, and permeabilized with 0.1% Triton X-100 (Solarbio, China) for 10 min.
After washing with PBS three times, the cells were blocked with 5% goat serum (Beyotime)
and incubated with primary antibodies (anti-HPV58-E7; 1:400) overnight at 4°C. The cells
were washed and further incubated with secondary antibodies (Alexa Fluor 555-conjugated
donkey anti-rabbit IgG; 1:500; Beyotime). The nuclei were stained with 200 pug/ml DAPI
(Beyotime). The stained cells were observed under a microscope (OLYMPUS, U.S.A.).

Immunohistochemistry analysis

Formalin-fixed paraffin-embedded (FFPE) HPV58-positive (detected by PCR) endometrial
cancer sections (8-pm) were used for immunohistochemical staining of the HPV58-E7 pro-
tein. Endogenous peroxidases in the de-paraffinized sections were quenched with 0.3% hydro-
gen peroxide in 60% methanol for 20 min. Non-specific adsorption was minimized by
incubating the sections in 2% normal goat serum in PBS for 20 min. The sections were then
incubated with anti-HPV58-E7 rabbit polyclonal antibody (1:500) at room temperature for 2
hours. Then, the sections were washed with PBS and incubated with an HRP-conjugated goat
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anti-rabbit IgG secondary antibody (1:1000). The immunoreactions were visualized by incu-
bating the sections for 3 minutes in a 0.1% 3,3'-diaminobenzidine (DAB) solution and coun-
terstained with hematoxylin for 8 mins. The stained cells were observed under a microscope
(OLYMPUS, U.S.A.).

Results
Construction of expression vector of the HPV58 E7 gene

The present study aimed to express HPV58 E7 protein in vitro and produce its antibody. To this
end, the HPV58 E7 gene was first inserted into the pGEX-4T2 and pEGFP-CI1 vectors between
the restriction sites for EcoR I and BamH I (Fig 1). The recombinant plasmids pGEX-4T2-
(HPV58-E7) (Fig 1A) and pEGFP-C1-(HPV58-E7) (Fig 1B) were identified by double-enzyme
digestion with EcoR I and BamH 1. The sequencing further confirmed that the HPV58 E7 gene
was in accordance with the design and was 297 bp in length (S1 File). The constructed expres-
sion vector of pGEX-4T2-(HPV58-E7) was introduced into E. coli DH50, which resulted in the
expression of the GST-HPV58-E7 fusion protein. The pEGFP-C1-(HPV58-E7) vector was
transfected into HEK293T cells and further used in the verification of the HPV58 E7 antibodies.

Expression and purification of HPV58 E7 protein

The E. coli strain DH50. was transformed with recombinant pGEX-4T2-(HPV58-E7) vector,
and the HPV58 E7 protein as a fusion protein with a GST-tag was expressed. After sonication
and centrifugation, the proteins were separated by SDS-PAGE and visualized by Coomassie
blue staining (Fig 2A). The fusion protein was further purified using Glutathione-Sepharose
4B beads and the GST-tag was removed by thrombin. SDS-PAGE revealed that the apparent
molecular weight of the HPV58 E7 protein was approximately 15 kDa (Fig 2B). The results
showed that the eluted protein exhibited a purity of above 95%.

Verification of polyclonal antibody against HPV58 E7

After the rabbits were immunized five times with purified HPV58 E7 protein, the polyclonal
antibody against E7 was purified using the rProtein G Agarose. The purified antibody exhib-
ited high specificity, which was analyzed by several methods including western blotting,
immunofluorescent staining and immunohistochemistry (Fig 3). Different samples were sepa-
rated by 10% SDS-PAGE and transferred to PVDF membranes (Fig 3A). The predicted bands
representing HPV58 E7 were found in the purified HPV58 E7 protein and total protein sam-
ples from 293T cells transfected with pEGFP-C1-(HPV58-E7) vectors, while proteins from the
293T cells and 293T-pEGFP-C1 cells did not generate any bands. These results indicated that
the polyclonal antibody could recognize both the endogenous and the recombinant HPV58 E7
protein, which meant that the polyclonal antibody had high specificity.

As shown in Fig 3B, 293T-pEGFP-C1-HPV58-E7 cells could be detected with the HPV58
E7 antibodies we produced by immunofluorescent staining. The 293T-pEGFP-CI1 cells showed
no signal of HPV58 E7. The HPV58-positive endometrial cancer tissues were used as samples
to test the distribution of the HPV58 E7 protein using the anti-HPV58-E7 antibody. The
results of immunohistochemistry showed that the HPV58 E7 antibody could test the cells
infected by HPV58, and the E7 protein was localized in the nucleus of cervical cancer cells (Fig
3C). Thus, the polyclonal antibody was able to recognize endogenous HPV58-E7 in tissues
and may be a useful tool to study the function and mechanism of HPV58-E7.

Furthermore, we tested the cross-reaction between different HPV types of E7 protein anti-
bodies through western blotting, immunofluorescent analysis and immunohistochemistry
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Fig 1. Construction of the expression vector of the HPV58 E7. (A) Construction of pGEX-4T2-(HPV58-E7)
vector. The lane M1 shows the TaKaRa DL2000 DNA marker, lane 1 shows the HPV58 E7 gene (PCR from human
HPV58-positive cervical epithelial cells); lane 2 is the pGEX-4T2 vector; lane 3 is the cleaved pGEX-4T2 vector by
EcoR | and BamH |; lane 4 shows the reconstructed pGEX-4T2-(HPV58-E7) vector; lane 5 is the verification of
pGEX-4T2-(HPV58-E7) vector which was cleaved by EcoR | and BamH [; the lane M2 is TaKaRa DL 15,000 DNA
marker. (B) Construction of pPEGFP-C1-(HPV58-E7) vector. The lane M1 shows the TaKaRa DL2000 DNA marker,
lane 1 shows the HPV58 E7 gene (PCR from pGEX-4T2-(HPV-58E7) vector); lane 2 is the pEGFP-C1 vector; lane
3 is the cleaved pEGFP-C1 vector by EcoR | and BamH |; lane 4 shows the reconstructed pEGFP-C1-(HPV58-E7)
vector; lane 5 is the verification of pEGFP-C1-(HPV58-E7) vector which was cleaved by EcoR | and BamH |; the
lane M2 is TaKaRa DL 15,000 DNA marker.

doi:10.1371/journal.pone.0169138.9001

staining (Fig 4). SiHa cells are HPV 16-positive and HeLa cells are HPV 18-positive. The results
showed the HPV 58 E7 antibody could not recognize the HPV 16 and 18 E7 proteins through
western blotting and immunofluorescent staining in SiHa or HeLa cells (Fig 4A and 4B). We
chose clinical cervical cancer samples, which were tested by PCR for HPV 16- or 18-positivity.
Still, the HPV58 E7 antibody could not recognize the E7 proteins in the samples (Fig 4C).
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Fig 2. Expression and purification of HPV58 E7 protein. (A) Coomassie blue staining for recombinant GST-HPV58-E7
protein. Lane M is the protein ladder; Lane 2 shows the protein of the supernatant of the bacterial lysate after centrifugation;
Lane 3 shows the protein of the sediment of bacteria lysate. The arrowhead indicates GST-HPV58-E7 protein. (B)
Coomassie blue staining for purified HPV58-E7 protein. Lane M is the protein ladder; Lane 1 and 2 show the purified E7
protein after removal of GST-tag; Lane 3 and 4 show the E7 protein after dialysis in PBS. The arrowhead indicates
HPV58-E7 protein.

doi:10.1371/journal.pone.0169138.g002

Discussion

Our study showed for the first time the production and application of a specific HPV58 E7
antibody. We identified the E7 protein expression both in transfectants and in clinical samples
and confirmed the nuclear location of HPV58 E7 in a cervical cancer sample. Our study pro-
vides a basis for the further exploration of the HPV58 E7 protein as a potential tool for the
diagnosis and detection of aggressive cervical tumors.

HPYV infection is associated with a broad spectrum of mucocutaneous diseases, including
condyloma acuminate and endometrial cancer. The high-risk HPV types are commonly asso-
ciated with lesions that can progress into cervical carcinoma [7]. The existing studies have
showed that the high-risk HPV E6 and E7 genes are the main oncogenes of high-risk HPV's
[8]. The degradation of tumor suppressors p53 and pRb induced by E6 and E7, respectively,
induces cellular transformation [8]. Additionally, the E7 protein would bind to a great variety
of other cellular key proteins, such as p107, cyclin A and p130 [9-11]. Certain of these proteins
play important roles in the induction of mitogenic pathways, in G1/S progression, and in the
inhibition of cellular differentiation and may increase chromosomal instability [9-11].

Additionally, the E7 oncoprotein affected the phenotype and function of antigen-presenting
cell (APCs) subsets in the skin. The E7 transgene expression in keratinocytes attracted new APC
subsets to the epidermis measured by distinct cell surface markers. However, the antigen-pro-
cessing was significantly impaired, which was measured by proteolytic cleavage of DQ-OVA
and the activation of T cells by APCs [12]. Furthermore, there was a study that found that E7
mRNA expression was higher in women with high grade squamous intraepithelial lesion (HSIL)
and cervical intraepithelial neoplasia (CIN) grade 2 or higher [13]. HPV E7 may also induce the
upregulation of RRM2, which then promotes cervical carcinogenesis via ROS-ERK1/2-HIF-1a-
VEGF-induced angiogenesis [14].

HPV-58, a common subtype of high-risk HPV, accounts for a substantial proportion of the
cervical cancers in Asian countries. It has been found in 11.5 to 28% of cervical cancer patients
in China, 16% in Korea and 8% in Japan [15]. In a recent study that evaluated the prevalence
of high-risk HPVs in cervical intraepithelial lesions in Shanghai showed that the three most
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Fig 3. Verification of polyclonal antibody against HPV58 E7. (A) western blotting for the detection of HPV58
E7.Lanes 1, 2 and 3 are the cell lysates of HEK293T, 293T- pEGFP C1 and 293T-pEGFP-C1-HPV58-E7,
respectively; Lane 4 is the purified HPV58-E7 protein. (B) Immunofluorescent analysis for the detection of
HPV58 E7 in 293T-pEGFP-C1, 293T-pEGFP-C1-HPV58-E7 cells. (C) Immunohistochemistry staining for the
detection of HPV58 E7 in cervical cancer cells. Red arrowheads indicate the HPV58-positive cells. White
arrowheads indicate the HPV58-negative cells.

doi:10.1371/journal.pone.0169138.9003
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Fig 4. Examination of the cross-reaction of HPV 58 E7 antibody. (A) western blotting for the detection of
HPV58 E7. Lanes 1, 2 and 3 are the pure protein of HPV 58, 16 and 18 E7. (B) Immunofluorescent analysis
for the detection of HPV58 E7 in SiHa and HelLa cells. (C) Immunohistochemistry stain for the detection of
HPV58 E7 in cervical cancer cells, which was HPV 16- or 18-positive, HPV 58 was negative. 1 is the
HPV16-positive sample and 2 is the HPV18-positive sample.

doi:10.1371/journal.pone.0169138.9004
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dominant HPV genotypes were HPV16, 58, and 52 [16]. HPV58 is the third most common
HPV type in Eastern Asia overall [17]. Therefore, studying the biological function of HPV58,
especially the E7 oncoprotein, would provide novel insights into HPV-associated cervical can-
cer development, especially following the widespread administration of HPV16/18 vaccines.
Up to date, research studying the HPV58 type has been limited, and may be due to a lack of
specific proteins and antibodies. Furthermore, antibodies raised against specific HPV type
antigens often do not cross-react with other types, which may also be an obstacle for further
research.

In the present study, we successfully expressed the HPV58 E7 protein in vitro and applied it
in the preparation of a specific polyclonal antibody against the E7 protein. Furthermore, we
verified the specificity of HPV58 E7 antibody through western blotting, immunofluorescence
and immunohistochemistry analysis. The E7 protein may be used as an adjuvant for HPV58
vaccine development. The antibody can be extensively used in both biological research and
clinical detection, including the western blotting, immunofluorescence, immunohistochemis-
try, ELISA development and flow cytometry.

In conclusion, the expression of HPV E7 protein may provide a basis for the production of
HPV58 vaccine. The development of the E7 antibody will provide a new and reliable method
to detect HPV58 infection in the clinical setting. These findings provide novel insight into the
possible functions of the HPV58 E7 protein and serve as an important first step for the further
investigation of the roles of HPV58 E7 in cervical cancer development.

Supporting Information
S$1 File. The sequencing of pGEX-4T2-(HPV58-E7) and pEGFP-C1-(HPV58-E7) vector.
(RAR)

S1 Fig. Detection of polyclonal antibody against HPV16 and 18 E7. (A) western blotting for
the detection of HPV16 and 18 E7. The upper band was marked with HPV18 E7 antibody. The
lower band was marked with HPV16 E7. The Lanes 1, 2 and 3 are the pure protein of HPV 58,
16 and 18 E7. (B) Immunofluorescent analysis for the detection of HPV16 E7 in SiHa cells and
HPV18 E7 in HeLa cells. (C) Immunohistochemistry stain for the detection of HPV16 and 18
E7 in cervical cancer cells. 1 is the HPV16-positive sample and 2 is the HPV18-positive sample.
Red arrowheads indicate the positive cells. White arrowheads indicate the negative cells.
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