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ABSTRACT
Introduction: HPV-16 and HPV-18 account for around 70% of cases of invasive cervical cancer
worldwide. These are highly pathogenic and high-risk genotypes. The most prevalent sexually
transmitted disease is human high-risk papillomavirus (HR-HPV), which can infect anyone who en-
gages in sexual activity at any time in their life. To evaluate the possibility that the virus causes
malignant lesions in infected women with high-risk HPV types who have normal and abnormal
Pap smears, the current study examined the methylation pattern of CpG islands in the oncogene
promoter of high-risk HPV E6. Methods: Forty-eight Pap smears were collected from women re-
ferred to Shahid Sadoughi Hospital in Yazd for this case-control study. The Sinaclon kit was used
for DNA extraction. PCR amplification with specific primers allowed the identification of HPV-16
and HPV-18 types. The bisulfite modification method, based on the EpiTect Bisulfite Conversion
Kit, was then used to identify methylation in the E6 gene. Version 22 of the SPSS program was
used to collect the data, and the corresponding statistical tests were used for analysis. Results:
In this study, methylation at position 506 in the HPV-16 E6 gene was detected in 10.4% (n = 5/48)
of cases; however, methylation in the 1985 region for the E6 promoter of HPV-18 was 20.8% (n =
10/48). Comparison of the methylation rate in the HPV-18 nucleotide 1985 in normal and abnor-
mal Pap smear samples showed that the methylation rate in normal and abnormal samples was
55.8% and 44.2%, respectively. There was no significant difference between the frequency of HPV-
18 and HPV-16 DNA methylation in all selected CpG nucleotide regions (P ≥ 0.05). Conclusion:
Our results indicate that the methylation change in the E6 gene promoter was not involved in the
development of infection with HPV-16 and HPV-18 types in the study population.
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INTRODUCTION
Worldwide, cervical cancer is the fourth most com-
mon cancer affecting women, with developing coun-
tries being disproportionately affected1,2. The world
is struggling to implement effective preventive mea-
sures such as vaccinations and screenings in under-
developed countries3,4. Cervical cancer is usually
caused by certain human papillomaviruses (HPV),
which are classified as high-risk viruses (hr-HPV)5,6.
These viruses are transmitted through sexual contact
and belong to the genus Alphapapillomaviruses. The
strongest hr-HPVs are types 16 and 18, which are re-
sponsible for around 70% of cases of cervical can-
cer7–10. These species remain in the body for long
periods of time due to their high persistence rate.
The development of HPV-induced cancer is depen-
dent on the ongoing synthesis of the oncoproteins E6
and E711–13. These proteins cause and maintain un-
controlled cell growth (immortality) in infected cells
by interacting with various cellular proteins, includ-
ing cellular tumor suppressor proteins14. Through

its interaction with the early promoter located in the
long control region (LCR) of the HPV viral genome,
the E2 protein is essential for controlling the produc-
tion of E6 and E715. The origin of viral DNA repli-
cation, early gene promoter sequences (such as those
for oncogenes E6 and E7), and regulatory regions that
promote viral gene transcription are all located in the
LCR region16–18. One method that could influence
the function of the E6 and E7 genes is the methyla-
tion of the LCR 19,20.
The process of attaching a methyl group to certain
DNA regions — in particular to the cytosine bases
within CpG islands — is known as DNA methyla-
tion21,22. By altering the chromatin structure, this
methylation — which is often mediated by enzymes
called DNAmethyltransferases (DNMTs) — can lead
to gene silencing. Methylation of the viral LCR is
one possible method of silencing certain viral genes
associated with hr-HPV infections and cervical can-
cer. However, if the methylation pattern affects regu-
latory regions, it can also lead to increased expression
of other viral genes23–25. This complicated interplay
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shows how DNA methylation influences the severity
of the disease.
Hr-HPV infection is a significant risk factor for cervi-
cal cancer, but it is not sufficient for the disease to de-
velop solely due to its presence. Precancerous lesions
and cervical cancer have DNA methylation patterns
that indicate involvement in the disease process26,27.
Increased expression and activity of DNMT1, an en-
zyme important for DNAmethylation, may be related
to themethylation of the E6 oncogene promoter in hr-
HPV strains. This processmay lead to the degradation
of the important tumor suppressor protein p5328. An
effective method for identifying or predicting the risk
of cervical cancer at an early stage of diagnosis is to ex-
amine DNA methylation patterns, particularly in the
E6 promoter region. In this study, the frequency of E6
gene promoter methylation was compared in HPV-16
and HPV-18 infections. The propensity of these com-
mon HPV strains to form malignant tumors should
be assessed by analyzing their methylation patterns.
Accurate prognosis, efficient disease surveillance, and
the development of treatment plans for women with
abnormal Pap smears could benefit from this knowl-
edge. In the present study, the methylation pattern
of CpG islands in the hr-HPV E6 oncogene promoter
was compared to evaluate the potential of the virus
for malignant lesions in women infected with high-
risk HPV types who have normal and abnormal Pap
smears.

METHODS

Sampling

In this cross-sectional study, a total of 48 Pap smears
were collected over a period of one year (2019) from
women referred to the Obstetrics and Gynecology
Clinic of Shahid Sadoughi Hospital in Yazd, Iran. In
all cases, written informed consent was obtained, and
the research protocol was approved by the local ethics
committee. Based on the Pap smear results, samples
were categorized into two groups: normal (n = 24/48;
control) and abnormal (n = 24/48; case). All samples
were stored at -20 ºC until further examination. In-
clusion criteria included women with normal and ab-
normal Pap smears who were infected with high-risk
HPV (Hr-HPV) types, such as HPV-16 and HPV-18,
and were between 15 and 45 years of age. Exclusion
criteria included pregnancy, a history of hysterectomy
or abnormal cervical epithelial lesions, infection with
low-risk HPV types (Lr-HPV), and age not between
15 and 45 years.

DNA Extraction and Hr-HPV Detection
Template DNA extraction from the paraffin-
embedded blocks was performed as follows: Heated
xylene (1 ml; 60°C) was added to the samples,
followed by incubation at 58°C for 20 minutes and
centrifugation at 15,000 rpm for 10 minutes. Ethanol
(99%) was added to all samples and incubated
at 60◦C for 20 minutes. Subsequently, 300 µ l of
digestion buffer was added and incubated overnight
at 58◦C. After centrifugation, the supernatant was
transferred to another sterile tube. To obtain a pure
template, the extraction procedure was supplemented
by a phenol/chloroform assay. The concentration
and quality of the template DNA were determined
using a NanoDrop 1000 spectrophotometer and gel
electrophoresis, respectively. The presence of the
Hr-HPV genome (HPV-16 and -18) was determined
using MolecuTech REBA HPV-ID.

Methylation Pattern of the E6 Gene by
Bisulfite DNAModification
To investigate the methylation pattern of the E6 gene
in the Hr-HPV samples, a bisulfite modification tech-
nique using the EpiTect Bisulfite Conversion Kit was
performed. In brief, sodiumbisulfitewas prepared ac-
cording to the kit protocol, and the sample DNA was
treated. In the bisulfite DNA modification method, a
pair of forward primers with CpG (F2/F3) and with-
out CpG positions (F1) are used (Table 1). For all for-
ward primers, a reverse primer (R) is also used. Each
pair of forward and reverse primers was used sepa-
rately in one tube. The presence of one of the CpG loci
results in a negative PCR for that primer pair. Primer
F1 generates the desired band in all caseswithR.How-
ever, the forward primers (F2, F3) are formed without
generating the desired band, indicating that the CpG
site is present at that sequence point.
The DNA treated with sodium bisulfite was subjected
to a PCR reaction. The primer sequences are listed in
Table 2. PCR was performed to amplify E6 methyla-
tion in HPV-16 and HPV-18 using the following pro-
gram: Denaturation at 95◦C for 8 minutes, 36 cycles
of denaturation at 95◦C for 35 seconds, annealing at
56◦C for 30 seconds, extension at 72◦C for 30 seconds,
and final extension at 72◦C for 10 minutes. The am-
plified products were visualized by electrophoresis in
1.5% agarose gels stained with Gel RedTM.

Statistical Data Analysis
In this study, participant data was collected confiden-
tially using questionnaires and incorporating the re-
sults of the experiments. All patient data were then
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entered into SPSS software for statistical analysis. A
Student’s t-test was performed to compare between
groups. A p-value of less than 0.05 was considered
statistically significant, indicating a statistically rele-
vant difference between the groups compared.

Figure 1: The length of the PCR product used to
investigate the methylation of CpG sites in HPV-
16.

Figure 2: PercentageofmethylationofHPV-16at
position 506 in abnormal Pap smears compared
to normal Pap smears.

Figure 3: The length of the PCR product used to
investigate the methylation of CpG sites in HPV-
18.

Figure 4: PercentageofmethylationofHPV-18at
position1985 inabnormalPapsmears compared
to normal Pap smears.

Figure 5: No significant correlation between
HPV-16 and HPV-18 infection and the degree of
methylation at positions 506 and 1985, respec-
tively.

RESULTS
In this study, the nucleotide pattern at positions 494
and 506 for HPV-16 and 1985 and 2003 for HPV-18
was examined. The mean age of the patients exam-
ined was 34.5± 7.23 years. The incidence of HPV-16
and HPV-18 was 64.6% and 35.4%, respectively. The
incidence of HPV-16 was higher than that of HPV-18
in both groups (cases/controls).
Twenty-fourHPV-16 infected samples with abnormal
Pap smears were analyzed for CpG methylation pat-
terns in the E6 gene promoter. Of all subjects in this
study, 5 cases (10.4%) were found with methylation
at position 506 in the HPV-16 E6 gene. Of the 24
samples in each group, only 4 samples in the abnor-
mal Pap smear group and 1 sample in the normal Pap
smear group had methylation in the 506 region of the
E6 gene promoter of the HPV-16 genotype. It is note-
worthy that none of the samples showed methylation
at nucleotide site 494 of the promoter of the E6 gene of
this genotype. The frequency ofHPV-16DNAmethy-
lation at all analyzed CpG sites ranged from 0% to
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Table 1: Primer sequences used in Bisulfite DNAmodification
test loci in

Primer type Sequence of primers (5’-3’)

HPV16- F1 ATGGGAATTTATATGTTGTATGTGAT

HPV16- F2 ATGGGAATCTATATGTTGTATGTGAT

HPV16- F3 ATGGGAATTTATATGCTGTATGTGAT

HPV16- R CTCCTCCTCTGAGCTATCATTTAATTGCTC

HPV18_F1 ATGATTAAGTTGTGTATATATAGTTTATGT

HPV18_F2 ATGACTAAGTTGTGTATATATAGTTTATGT

HPV18_F3 ATGATTAAGTTGTGTATATACAGTTTATGT

HPV18_R TTCAAATACCTCTATAAATTCCAATACTG

Table 2: Primer sequences used for detection of E6methylation in HPV-16 and -18

E6 Proto-oncogene Sequence of primers Product size
(bp)

HPV-16F 5’-ATGGGAATTTATATGTTGTATGTGAT-3’ 379

HPV-16R 5’-CTCCTCCTCTAAACTATCATTTAATTACTC-3’

HPV-18F 5’-ATGATTAAGTTGTGTATATATAGTTTATGT-3’ 309

HPV-18R 5’-CTCCTCCTCTAAACTATCATTTAATTACTC-3’

4.1% in the different subgroups and was not statisti-
cally significant in any of them (P = 0.348). The results
of DNAmethylation by themodified bisulfite method
show that the 92, 104, and 106 methylation sites have
nomethylation after bisulfite treatment, and the cyto-
sine is converted to uracil, with thymine finally being
found in the PCR product. Comparison of themethy-
lation rate of 506 HPV-16 nucleotides in normal and
abnormal Pap smear samples showed that the methy-
lation rate was 53.5% in normal Pap smear samples
and 43.5% in abnormal Pap smear samples (Figures 1
and 2 ).
The HPV-18 methylation pattern was analyzed at the
CpG site 1985 of the selected E6 gene promoter using
24 pure DNA samples from HPV-18 infected cervi-
cal samples with abnormal Pap smears. In 24 sam-
ples, non-methylated cytosines at the 1981-2010 nu-
cleotide position were analyzed using methyl primers
similar to those used for HPV-16. In total, 10.4% of
the samples showed methylation at this position. In
each group, only 5 samples in the group of abnormal
Pap smears showed methylation in the 1985 region of
the E6 promoter of genotype 18 (20.8%). None of the
samples showed methylation in the nucleotide locus
of the 2003 E6 promoter of this genotype. According
to the results, no methylated cytosine was detected in
other selected DNA fragments isolated from cervical

samples with HPV-18 infection. According to the sta-
tistical analysis, there was no significant difference (P
≥ 0.05) in the frequency of HPV-18 DNA methyla-
tion at all selected 1985 CpG nucleotide sites in HPV-
18 DNA samples isolated from specimens with dif-
ferent degrees of cervical pathology. The results of
the methylation modification study showed that no
methylation occurred atmethylation sites 152 and 159
after bisulfite treatment, and the cytosine was con-
verted to uracil, eventually being incorporated into
the thymine PCR product. Comparison of themethy-
lation rate of 1985 HPV-18 nucleotides in normal and
abnormal Pap smear samples showed that the methy-
lation rate was 55.8% in normal tissue and 44.2% in
abnormal tissue (Figures 3, 4 and 5).
In the normal and abnormal Pap smears, methylation
at the position of the 506 nucleotide in the CpG re-
gion was 54.8% and 45.2% for HPV-16, respectively,
but 58.8% and 41.2% for HPV-18 in 1985.

DISCUSSION
An estimated 71% of cases of uterine cancer are as-
sociated with HPV-16 and HPV-18 infections29,30.
Different ethnic groups have varying rates of HPV
prevalence and types; infections with HPV-52 and
HPV-58 aremore common inAsia than on other con-
tinents31,32. Numerous studies establish a link be-
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tween host genes and hyperimmunity to human pa-
pillomavirus and uterine cancer. However, the rela-
tionship between the severity of cervical lesions and
the methylation rate of different HPV strains is con-
troversial. Research has investigated the relationship
between the methylation status of the HPV genome,
early and late genes, and disease severity, with some
results suggesting a negative association and others
suggesting a positive association.
One of the key players in gene silencing is increased
methylation in CpG islands. Several genes are im-
pacted by CIHM (CpG island hypermethylation) in
a large number of tumors. Examining E6 gene
promoter methylation in patients with HPV-16 and
HPV-18 Pap smears was the goal of this investigation.
Despite the contentious discoveries on the pattern of
HPV DNA methylation in cervical disease, the var-
ious results are nearly equivalent. The enhancer re-
gion’s nucleotide 7862 (CpG) has a very low rate of
DNA methylation in the majority of earlier studies.
These results indicate that all HPV DNA samples that
lacked methylation at nucleotide position 7862 were
examined in this investigation. There is overlap be-
tween the CpG location (7862 nucleotides) and the
E2 crossing. The transcription of the oncogenes E6
and E7 has been demonstrated to be repressed by E2
gene products. Consequently, loss of E2 suppression
and stable E6/E7 expression can result from methy-
lation of the E2 cross13,16. Among the several in-
vestigations identifying the two proteins E6 and E7
as candidates, it is important to highlight the study
by Yan et al., which demonstrated that cellular im-
mune responses to peptides E7 and E6 were strongly
related to illness progression. High diversity of cyto-
sine methylation at selected CpG sites and between
various amplicons was not found when DNA methy-
lation abundance in specific CpG nucleotides was ex-
amined. Cytology is still utilized for the early detec-
tion of cervical cancer despite its very low sensitiv-
ity. Both hypomethylation and hypermethylation are
examples of incompatible DNA methylation in cervi-
cal lesions. In high-grade intrauterine neoplasia and
cervical carcinoma, only three promoter regions are
hypomethylated, while most genes are hypermethy-
lated. The most significant risk factor for cervical
cancer and its antecedents is hrHPV infection. Ear-
lier research demonstrated that the HPV-16 E6 pro-
tein binds to p53, potentially releasing more Sp1, ac-
tivating more DNMTs, and altering DNA methyla-
tion. Identifying disease-specific gene methylation is
a new approach to cancer screening, enhancing early
cancer diagnosis as the best diagnostic. Previous re-
search has shown that methylation of certain genes,

such as PAX1, SOX1, ZNF582, and POU4F3, in uter-
ine cancer is therapeutically valuable for identifying
INCIN3 cancer samples. In the present study, due to
the frequency of methylation in patients with HPV-
16 and HPV-18 infection, methylation changes in the
E6 gene promoter did not play an important role in
the development of infection with high-risk HPV-16
and HPV-18 virus types in the study population. No
significant association was found between GG geno-
type and E6 gene polymorphism (P≥ 0.05), although
further studies are needed to confirm this.

CONCLUSIONS
In the current study, the methylation pattern in the
E6 gene promoter was determined using tissue sam-
ples from the cervix of 48 women who were referred
to the clinic at Shahid Sadoughi Hospital in Yazd and
had abnormal or normal Pap smears, in addition to
the usual high-risk HPV types. The results show that
there is a poor correlation coefficient for the methyla-
tion of nearby CpG sites in HPV-16 and HPV-18 for
both the 1985 and the 506 sites. This finding could
indicate the existence of methylation boundaries. Af-
ter considering repeated testing, there was no dis-
cernible correlation between the methylation of indi-
vidual CpG sites and viral load in the diagnostic CIN-
II or CIN-III samples or the control group.

ABBREVIATIONS
CIN-II: Cervical Intraepithelial Neoplasia II,
CIN-III: Cervical Intraepithelial Neoplasia III,
CIHM: CpG Island Hypermethylation, CpG:
Cytosine-phosphate-Guanine,DNMT: DNAMethyl-
transferase,DNMTs: DNAMethyltransferases,HPV:
Human Papillomavirus,HR-HPV: Human High-risk
Papillomavirus, hr-HPV: High-risk Human Papil-
lomavirus, LCR: Long Control Region, Lr-HPV:
Low-risk Human Papillomavirus, PCR: Polymerase
Chain Reaction, SPSS: Statistical Package for the
Social Sciences
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