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Background: The aim of this study was to investigate the methylation status of E2BSs in the HPV 16 long control
region (LCR) in clinical cervical samples.

Methods: Methylation status of the four E2BSs in 43 clinical cervical samples with HPV 16 infection was
quantitatively detected using pyrosequencing. Meanwhile, Quantivirus® HPV E6/E7 RNA 3.0 assay (bDNA) was
used to detect E6/E7 mRNA levels in the corresponding specimens.

Results: Our results showed that methylation status of E2BS1, 2 and 4 sites in high-grade squamous in-
traepithelial lesions (HSIL) and cervical cancer were significantly higher than that of asymptomatic HPV 16
infection and low-grade squamous intraepithelial lesions (LSIL) (all P < .05). Furthermore, methylation status
of HPV 16 E2BS1 and 2 was positively correlated with E6/E7 mRNA levels (rs = 0.529 and 0.512 respectively,
P < .01). Receiver operating characteristic curve analysis was used to compare the diagnostic performance of
E2BSs methylation. When the Youden index was the maximum value, the methylation level of E2BS1 and E2BS2
all demonstrated optimum diagnostic sensitivity of 77.8%, and specificity of 80% and 92%, respectively.
Conclusions: The methylation status of E2BS1 and 2 may have utility as diagnostic markers for the severity of
cervical lesions in the future.

1. Introduction

Cervical cancer is one of the most common gynecological malig-
nancies in the world and is the third leading cause of cancer death
among females in developing countries [1]. Persistent infection with
high-risk human papillomaviruses (HR-HPVs) is the definitive etiolo-
gical agent of cervical cancer. Among the HR-HPVs, HPV 16 is one of
the most prevalent types observed in cervical carcinoma [2,3].

It is generally accepted that overexpression of the oncogenic pro-
teins E6 and E7 is necessary for the progression of cervical in-
traepithelial neoplasia. The primary transforming properties of E6 and
E7 oncoproteins seem to be their ability to inactivate the tumor

suppressor gene products p53 and pRb, respectively [4,5]. Related
studies reported binding of the E2 protein to E2 binding sites (E2BSs) at
the long control region (LCR) of the HPV 16 genome as transcription
factors that may exert either activation or inhibition of E6 and E7 on-
coproteins [6]. When E2 protein concentrations are low, it is expected
that E2 will preferentially bind to E2BS4 (promoter-distal), leading to
enhanced production of early viral proteins, including E2 itself and the
oncoproteins E6 and E7. As E2 concentrations increase, more E2 protein
will bind to promoter-proximal E2BSs relative to E2BS4, resulting in
transcriptional repression through displacement of specificity protein 1
(Spl) and TATA binding protein (TBP) from their binding sites [7-9]
(note that the numbering of E2BSs in the current study may differ from

Abbreviations: HPV, human papillomavirus; E2BSs, E2 binding sites.; HR-HPV, high-risk human papillomavirus.; LCR, long control region.; Sp1, specificity pretein
1.; TBP, TATA binding pretein.; LBC, liquid-based cytology.; TBS, the Bethesda reporting system.; LSIL, low-grade squamous intraepithelial lesions.; HSIL, high-grade
squamous intraepithelial lesions.; HSIL +, high-grade squamous intraepithelial lesions and squamous cell carcinoma.; SCC, squamous cell carcinoma.; ROC, receiver

operating characteristic curve.; bDNA, Quantivirus® HPV E6/E7 RNA 3.0 assay.
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Fig. 1. Four E2BSs in the different areas of HPV16 LCR respectively, which contains seven CpG sites.

that of the references cited). Therefore, the HPV E2 protein plays a
considerable role in the regulation of E6/E7 transcription, which is
considered essential for the progression of cervical carcinogenesis.

Various studies have shown that epigenetic modification of the HPV
genome, especially DNA methylation, could serve as an alternative
mechanism for the viral life cycle and cancer progression [10,11]. DNA
methylation primarily occurs on cytosine bases of CpG dinucleotides,
leading to gene silencing in response to chromatin structure remodeling
[12]. Our previous studies have shown that the increase in HPV 16 L1
gene methylation is associated with cervical dysplasia, consistent with
other findings [13,14]. However, it is highly controversial in describing
the association between the methylation status of HPV 16 LCR and the
grade of cervical lesions. The methylation status of four E2BSs may alter
binding affinity to the E2 protein, which affects transcriptional reg-
ulation of E2 on E6 and E7 oncoproteins. Therefore, to better under-
stand HPV-induced carcinogenic effects, it is imperative to carry out
further studies on HPV DNA methylation.

In this study, the methylation status of four E2BSs in HPV 16 LCR in
clinical samples was evaluated by pyrosequencing technology.
Pyrosequencing provides quantitative assessments of CpG methylation,
without cloning, for large-scale molecular epidemiology studies. The
aim of the present study is to investigate methylation patterns of E2BSs
contained in the HPV 16 LCR. At the same time, the effect of HPV 16
E2BS methylation on the expression of E6/E7 mRNA was also observed.
There is a possible correlation between HPV DNA methylation and the
severity of cervical neoplasia, suggesting that HPV DNA methylation
may be a biomarker for cervical cancer diagnosis.

2. Materials and methods
2.1. Patients

The present prospective study enrolled consecutive patients at-
tending routine outpatient liquid-based cytology (LBC) screening using
the ThinPrep system (Cytyc Corporation, MA, USA) at the Third
Affiliated Hospital of Zhengzhou University, Zhengzhou, China, be-
tween September 1, 2016, and September 1, 2017. Cytology were
classified using the 2014 Bethesda Reporting System (TBS) by three
experienced cytopathologists. The patients with abnormal cytological
diagnosis were further performed by colposcopy biopsy. Histology di-
agnosis using the current World Health Organization (WHO) classifi-
cation. Detection of HPV genotyping was performed by HybriBio HPV
GenoArray test (HybriBio Ltd., Hong Kong SAR, China) using the re-
sidual LBC, as previously described [15] , and only HPV 16 single in-
fection were included in the study. Additionally, follow-up the histo-
logical diagnosis, the histological diagnoses were consistent with the
cytological diagnoses. Finally, a total of 43 clinical specimens (median
age 37 years, range 25-65 years) were included in this study, including
10 cases of asymptomatic HPV 16 infection (Normal), 15 cases of low-
grade squamous intraepithelial lesions (LSIL), and 18 cases of high-
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grade squamous intraepithelial lesions and squamous cell carcinoma
(SCC) (HSIL+). This study was approved by the institutional Ethics
Committee of Bioscience, Zhengzhou University. Informed consent was
obtained from all participants prior to inclusion.

2.2. DNA extraction and bisulfite modification

DNA was isolated and purified from all 43 LBC samples using the
General AllGen Kit (CWBIO, Beijing, China) and according to the
manufacturer's instructions. DNA concentrations were quantified on a
NanoDrop ND-2000  spectrophotometer (Thermo  Scientific,
Wilmington, DE, USA). Bisulfite conversion of DNA (500 ng) was per-
formed using the EpiTect Bisulfite Kit (Qiagen, Hilden, Germany), and
the bisulfite-modified DNA was purified on columns provided with the
kit. During modification, unmethylated cytosines were converted to
uracils, whereas methylated cytosines remained unmodified.

2.3. Amplification and pyrosequencing

Quantitative methylation by pyrosequencing was focused on the
target sequence from nucleotide (nt) 6293 to nt 7124, encompassing 8
CpG sites of HPV 16 LCR (NCBI accession no. NC_001526.4). Within the
LCR, two sites (nucleotide positions 6591 and 6597) are located in
E2BS4, one site (position 6998) is located in E2BS3, two sites (nu-
cleotide positions 7079 and 7085) are located in E2BS2 and two sites
(nucleotide positions 7094 and 7100) are located in E2BS1 (Fig. 1).
Because optimal read length of pyrosequencing per primer is limited
to < 60 nucleotides, three pairs of amplification and sequencing pri-
mers were designed for the current study using commercial assay de-
sign software (PyrosequencingTM Assay Design Software, Qiagen,
Germany) (Table 1). One of the primers in each amplification reaction
was labeled with biotin at its 5’ end, and the choice of primer was based
on the direction of pyrosequencing.

PCR was performed in a 50 pL reaction mixture containing 5 X PCR
buffer, 1 pL of 10 mM dNTP, 0.2 uL of 5U Taq polymerase, 50 pmol of
each primer and 2pL of bisulfite-modified DNA. PCR reaction was
carried out using the following conditions: preheating at 95°C for
3 min, followed by 40 cycles of 94 °C for 30s, 56 °C for 30s, 72 °C for
1 min, and 1 cycle of 72 °C for 7 min. Amplified products were verified
in 1.8% agarose gel electrophoresis.

Pyrosequencing of the PCR amplified products was performed using
the PyroMark Q96 ID instrument (Qiagen) as directed by the manu-
facturer. Assay setup and sequence run, as well as results analysis, were
performed by the Pyro Q-CpG TM software.

2.4. HPV E6/E7 mRNA testing
The Quantivirus® HPV E6/E7 RNA 3.0 assay (bDNA) (DiaCarta, CA,

USA) is a sandwich nucleic acid hybridization procedure for direct
quantitation of HPV E6/E7 mRNA in residual LBC samples without RNA
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Table 1
Primer sequences for methylation study of HPV 16 by pyrosequencing.
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Amplicon (bp) amplification primers (5’ — 3’) sequencing primers" CpG position (nt)

A (185) FW (bio): ATTGTGTTGTGGTTATTTATTGTA S1: ACATTTTATACCAAAAAACATAC

6597, 6591

RV: ACAAATTTAAACCATAATTACTAACATAA AACCRAATTCRATTAAAACTACAAAATAACC

B (204) FW: TGTTTATTTGTAAAATTGTATATGGGTGTG S2: ATGGGTGTGTGTAAAT

6998

RV (bio): CCTATAAATCCTAAAACATTACAATTCTCT YGTTTTGGGTTATATATTTATAAGTA

C (204) FW (bio): TGTTTATTTGTAAAATTGTATATGGGTGTG S3: ACATAAAATATCTACTTTTATACT

7100, 7094, 7085, 7079, 7073

RV: CCTATAAATCCTAAAACATTACAATTCTCT AACCRATTTCRATTCAACCRATTTCRA

TTACRCCCTTAATTTTATACATAA

@ Sequencing primers are indicated in bold. Sequences to analyze are italicized with the CpG sites underlined.

purification and amplification. Particular housekeeping genes were
detected in parallel with HPV mRNA to calculate the effective con-
centration of cells from each clinical sample at the same time. The
specific testing methods for the detection of HPV mRNA were described
in our previous report [16].

2.5. Statistical analysis

SPSS 21.0 software (SPSS, Inc., Chicago, IL, USA) was used for
statistical analyses. Spearman rank correlation was used to evaluate the
association among HPV 16 E2BSs methylation, E6/E7 mRNA levels and
severity of cervical lesions. Kruskal-Wallis and Mann-Whitney tests
were used for comparison of HPV 16 E2BSs methylation and E6/E7
mRNA levels among the different grade cervical lesions. Diagnostic
accuracy of E2BSs methylation was assessed using the ROC curve. P-
values < .05 were considered significant.

3. Results
3.1. Analysis of methylation status of eight CpGs in HPV 16 LCR

The methylation level of each of the eight CpG dinucleotides of HPV
16 LCR, in 43 DNA samples isolated from HPV16 infected cervical LBC
specimens, was detected using pyrosequencing (Fig. 2). Progressive
methylation of HPV 16 LCR was noted with increasing severity of
cervical lesions, and the methylation status of 6597, 7079, 7085, 7094
and 7100 CpG sites differed significantly among the cervical lesion
groups (all P < .05; Fig. 3). In general, methylation levels of all five
CpGs among HSIL+ specimens were significantly higher than that in
asymptomatic HPV 16 infection samples (all P < .05).

3.2. Analysis of the relationship between E2BSs methylation levels and
cervical lesions

From the investigation of the HPV 16 E2BSs methylation patterns,
except for E2BS3, there was a better correlation between the pro-
gressive methylation and the severity of cervical lesions. The methy-
lation levels of E2BS1, 2 and 4 showed an increasing trend from
asymptomatic HPV 16 infection to LSIL and HSIL+ (r; = 0.644, 0.714
and 0.511, respectively, all P < .01). The methylation level of E2BS2
was most highly correlated with the degree of cervical lesions
(rs = 0.714, P < .01). However, the correlation between the methy-
lation level of E2BS3 and cervical lesions was not significant
(rs = 0.250, P = .11). In addition, as shown in Table 2, the degree of
E2BS1, 2 and 4 methylation showed significant variation among the
different groups of clinical cervical specimens (all P < .05). Overall,
the HSIL+ group was significantly more methylated than the other two
groups (all P < .05).

To further analyze the relationship between HPV DNA methylation
and cervical lesions, the differences in methylation levels at the four
E2BSs within the same cervical lesions were studied. Among the group
of HSIL+ samples, significant differences were found in the methyla-
tion levels of all four E2BSs (yx? = 18.627, P < .05). The methylation
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degree of E2BS3 was significantly lower than that of E2BS1, E2BS2 and
E2BS4 (all P < .05). However, E2BS1 showed higher methylation
compared to E2BS4 (Z = —2.499, P = .01). In LSIL, a significant dif-
ference among four E2BSs was also observed (x2 =11.296, P = .01),
with the level of E2BS3 methylation being the lowest in this group as
well. However, no significant difference was observed among the four
E2BSs in asymptomatic HPV 16 infection, although E2BS4 tended to be
more methylated than E2BS1, 2 and 3 (Xz =5.971,P = .11).

3.3. Analysis of the relationship between E2BS methylation status and the
expression level of E6/E7 mRNA

In this study, the Quantivirus® HPV E6/E7 RNA 3.0 assay (bDNA)
was performed with total RNA from all 43 samples to detect HPV E6/E7
mRNA expression level, and the results were compared with E2BS
methylation status. The E6/E7 mRNA levels were significantly in-
creased, corresponding with the severity of cervical neoplasia
(rs = 0.662, P < .05). Moreover, the expression levels of HPV 16 E6/
E7 mRNA varied significantly among the different groups of clinical
cervical specimens (XZ =19.970, P < .05). Of note, the E6/E7 mRNA
levels increased with the progression of HPV 16 E2BS1 and 2 methy-
lation (rg = 0.512 and 0.529, respectively, P < .05). However, the
correlation between E6/E7 mRNA and the methylation levels of E2BS3
and 4 were not significant (r; = 0.195 and 0.287, respectively,
P > .05).

3.4. ROC curve

Receiver operating characteristic curve (ROC)analysis was used to
compare the diagnostic performance of the E2BSs methylation. We
analyzed the clinically relevant portion of the area under the curve
(AUC), which was greater for the methylation of E2BS1 and 2, com-
pared to that of E2BS3 and 4 (Table 3). The methylation level of E2BS1
and E2BS2 exhibited higher diagnostic value for predicting HSIL+
(AUC = 0.836 and 0.901, respectively). When the Youden index was
the maximum value, the methylation level of E2BS1 and E2BS2 both
demonstrated optimum diagnostic sensitivity of 77.8%, and specificity
of 80% and 92%, respectively(Fig. 4).

4. Discussion

Persistent infection with HR-HPVs and corresponding increased
expression of E6 and E7 oncogenes are essential in the pathogenesis of
cervical carcinoma. However, epigenetic alterations, especially DNA
methylation, are required for triggering carcinogenesis. DNA methyla-
tion primarily occurs on cytosines located on CpG dinucleotides and
directly leads to gene silencing in response to chromatin structure re-
modeling [10]. Each E2BS of the HPV 16 LCR contains one or two CpG
dinucleotides in a conserved palindromic sequence, which is a potential
target for DNA methylation in the host cell. Previous studies have
shown that methylation of E2BSs may alter its binding affinity for E2
proteins, thereby enhancing E6 and E7 transcription by activating the
p97 promoter [17,18].
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Fig. 2. Methylation levels of eight CpG dinucleotides in HPV 16 LCR were detected using pyrosequencing. CpGs in the E2BS1 and E2BS2 (nucleotide positions 7100,
7094, 7085 and 7079) were detected in amplicon C with sequencing primer S3. A. Methylation level of asymptomatic HPV 16 infection (normal). B. Methylation level

of invasive squamous cell carcinoma (SCC).

Table 2
The methylation levels of the four E2BSs of HPV 16 in cervical lesions.
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Fig. 3. Methylation levels of the eight CpG sites of HPV 16 LCR in different
cervical lesions. Progressive methylation of HPV 16 LCR was noted with the
severity of cervical lesions. Methylation levels (%) for each CpG sites are pre-
sented as the mean ( + S.D.). LSIL, low-grade squamous intraepithelial lesion.
HSIL+, including HSIL and SCC. HSIL, high-grade squamous intraepithelial
lesion. SCC, invasive squamous cell carcinoma.

However, previous studies aimed at describing the methylation
status of HPV 16 LCR and the therein-contained E2BSs in clinical
samples are limited with controversial results. Some studies show a

Group Normal (n =10) LSIL (n=15) HSIL+ (n=18) 2 P

E2BS4  3.24(1.82) 4.00(2.01) 7.34(4.93) 11.414  0.003
E2BS3  1.70(2.38) 2.10(2.76) 3.82(3.62) 2.858 0.240
E2BS2  1.19(1.77) 2.96(2.45) 12.56(11.86) 21.808  0.000
E2BS1  2.72(2.27) 5.32(2.51) 12.83(11.66) 17.476  0.000

Data (%) are presented as the mean methylation percentage ( = SD) of all
samples included in that group.

Normal, asymptomatic HPV infection; LSIL, low-grade squamous intraepithelial
lesion; HSIL+ (including HSIL and SCC), high-grade squamous intraepithelial
lesion and cervical squamous carcinoma.

decrease in DNA methylation frequency in HPV LCR, which is asso-
ciated with cervical cancer progression [19,20]. In contrast, this study
and some early reports have suggested that HPV LCR methylation is
more common in cervical cancer than in asymptomatic infections or
that patients with high E2BS methylation exhibit a trend for higher risk
of cancerous lesions [14,21-24]. There are two main reasons for these
inconsistencies. First, DNA methylation was detected using a variety of
techniques, and some assays could not quantify methylation adequately
at individual CpG sites. Second, the source of the samples used for these
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Table 3

AUC, sensitivity and specificity of HPV 16 E2BSs methylation for prediction of

high-grade histological diagnosis.

Assay (n = 43) AUC 95% CI P sensitivity  specificity
LB UB (%) (%)
E2BS4 methylation 0.798 0.665 0.930 0.001 88.9 68.0
E2BS3 methylation 0.642 0.472 0.812 0.115 50.0 80.0
E2BS2 methylation 0.901 0.801 1.000 0.000 77.8 92.0
E2BS1 methylation 0.836 0.708 0.963 0.000 77.8 80.0

AUC, the area under the ROC curve; CI, confidence interval; LB, lower bound;
UB, upper bound.

experiments is different. Some studies have been performed on fresh-
frozen cervical tissues, whereas others have been conducted on cervical
exfoliated cells or cervical cancer cell lines. In the current study, me-
thylation levels of four E2BSs in HPV 16 LCR in cervical LBC specimens
were successfully detected using pyrosequencing. The results showed
that HPV 16 E2BSs methylation appeared at a high frequency in HSIL
+. In particular, E2BS2 methylation was significantly associated with
the severity of cervical disease. At the same time, E6/E7 mRNA levels
were found to increase with progression of HPV 16 E2BS methylation.
Taken together, these data further indicate that the hypermethylation
status of the HPV genome, especially in E2BSs, may potentially block
the inhibitory function of E2, leading to upregulated expression of E6
and E7 oncogenes.

Expression of E6 and E7 oncogenes is regulated by the LCR region of
the HPV genome, to which cellular transcription factors can bind, as
well as the viral protein E2 [6,25,26]. The E2 protein is the master
regulator of the viral life cycle, since it has high affinity for E2BS4,
leading to transcriptional activation of E6/E7 oncoproteins through loss
of inhibition on the p97 early promoter. In contrast, when E2 binds to
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the other three sites proximal to the TATA box, especially E2BS1 and
E2BS2, transcription of E6 and E7 is repressed [7,26-30]. Thus, this
study further compared the differential methylation patterns of the four
E2BSs. Consistent with previous studies, in HSIL+, E2BS1 (proximal to
the promoter) was significantly more methylated than E2BS4 (distal to
the promoter) and thereby activated transcription. In combination with
the expression levels of E6/E7 mRNA, our results showed that E2BS1
was more methylated than E2BS4 during cervical carcinogenesis, fur-
ther inhibiting the ability of E2 protein to transcriptionally repress E6/
E7 oncoproteins.

In this study, the methylation status of eight CpGs in HPV 16 LCR
was investigated in clinical specimens with confirmed HPV infection
and various grades of cervical lesions using pyrosequencing.
Furthermore, bDNA was used to detect expression levels of E6/E7
mRNA in the corresponding specimens. The data showed that both HPV
16 E2BS methylation and E6/E7 mRNA levels increase with disease
severity. In addition, there may be a positive correlation between E6/E7
mRNA levels and the methylation status of HPV 16 E2BS1 and E2BS2.
The results of this study further support the hypothesis that the me-
thylation status of the HPV LCR, especially in E2BSs, might contribute
to the upregulated expression of E6 and E7 oncogenes [31].

The limitation of this study was that the small sample size may af-
fect the research results. In the future, we will continue to follow-up
with these patients and a larger-scale population is needed. Moreover,
we would investigate HPV genome methylation in animal models, to
further understand the correlation between HPV 16 LCR methylation
and cervical cancer.

In conclusion, the current study presented new data on the DNA
methylation status at the four E2BSs sequences of HPV 16 LCR in
clinical cervical lesions. The methylation levels of HPV 16 E2BSs and
the expression of E6/E7 mRNA both increased with cervical lesion se-
verity. The results of this study further support the notion that epige-
netic and genetic alterations of E2BSs in the HPV 16 LCR may
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Fig. 4. ROC curves for HPV 16 E2BS1 and E2BS2 methylation level in HSIL+ with sensitivity and specificity.

102



X. Zhang, et al.

potentially block the inhibitory function of E2 and lead to upregulated
expression of E6 and E7 oncogenes. In addition, the methylation level of
E2BS1 was significantly higher than that of E2BS4 and may facilitate
the progression from asymptomatic HPV 16 infection/LSIL to HSIL+.
By comparing the area under the curve as well as the sensitivity and
specificity, the methylation status of E2BS1 and 2 may be used as di-
agnostic markers for the severity of cervical lesions.
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