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Comparison of methylation patterns of E6 gene promoter region in the
low-risk and high-risk human papillomavirus
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ABSTRACT
Background and Objectives: Cervical cancer is an important cause of death in women worldwide (1, 2). Cancer is a disease
that may be caused by many factors that affect gene activity through genetic and epigenetic changes like DNA methylation.
DNA promoter methylation contributes to the chromatin conformation that may be repressing transcription of the human
papilloma virus type16 (HPV-16), which is prevalent in the etiology of cervical carcinoma. In the present study, we aimed to
investigate DNA methylation target sites in promoter region of both high-risk and low risk HPVs.
Materials and Methods: Methylation pattern of E6 promoter in low-risk HPV (type 11) and high-risk HPV (type 16 and 18)
was examined by Bisulfite Sequencing PCR (BSP) method.
Results: Based on the results, methylation status of high-risk and low-risk HPV-E6 promoter is different. It was revealed that
CpG dinucleotides were unmethylated in type 16 and 18 target sequences, whereas in HPV-E6 type 11 all of CpG dinucleotides were methylated except one of them.
Conclusion: The result suggested that a significant correlation between methylation status and HPV-induced cervical carcinogenesis, and promoter of HPV-16 and 18 E6 has minimal methylation in comparison with low-risk HPV-11.
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Cervical cancer is the third leading cause of cancer
deaths among women worldwide (1, 2). The majority
of these deaths take place in developing countries (3).
This type of cancer is one of the most preventable
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cancers in the world and screening programs play an
important role in reducing the mortality. According
to the World Health Organization (WHO) there are
no appropriate strategies for prevention including
vaccination and screening in many developing nations (4).
High risk human papillomaviruses genome is detectable in more than 97 percent of cases (5). Integration of human papillomavirus (HPV) DNA into the
host genome is definitely known as the main cause
of cervical cancer (6). High-risk HPV types such as
HPV-16 and HPV-18 are involved in cervical cancer and a number of other cancers whereas low-risk
types such as HPV 6 and 11 are not generally associated with cancer, but these viruses cause genital
warts. High-risk HPV persistent infection in women
can induce precancerous lesions in cervix tissue and
can progress to cervical cancer after years (7).
Cervical cancer could be avoided by effective
screening and management of pre-cancerous lesions,
which can be successfully treated (8). The HPV detection in cervical cancer diagnosis can help preventing tumor before it reaches an advanced stage
(9). Now in many countries have begun to focus on
hrHPV DNA test as primary screening together with
cytology (10).
Many studies indicated that E6 and E7 oncogenes
of high risk HPV types in addition to other factors
are responsible for immortalization of cells and tumor progression (11). Generally, cancer is a disease
that may be caused by many factors that affect gene
activity through genetic and epigenetic changes
which is usually associated with overexpression of
oncogenes and the silencing of tumor suppressor
genes. DNA methylation is one of the epigenetic
mechanisms that cells use to modify function of
genes without change in the nucleotide sequence.
Except for HPV infection, other factors may increase
the risk of cervical cancer that has not been identified well. Cell immortality depend on expression of
E6 and E7 oncoproteins that influenced by several
agents including transcription factors and epigenetic
modifications (12).
HPV genome is a circular, double-stranded DNA
which consists of three major regions: early, late, and
a long control region (LCR). LCR contain origin of
genome replication and several transcription factor
binding sites that control viral genome transcription
(13). E2 protein is the main regulator of the viral life
cycle (14) and modulates host cells especially via its
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terminal domains interactions. E2 can repress the
E6/E7 promoter in a different way. Distinct regulation mechanisms have been described for transcription and translation of E6 and E7 in the high-risk and
low-risk HPVs. In low-risk HPVs two distinct promoters drive transcription of E6 and E7 gene while
in high-risk HPVs these oncogenes have been transcribed as a "polycistronic mRNA" under the control
of a single promoter (14).
Another process that affects viral oncogene expression and tumor progression is methylation of CpG dinucleotide in viral genome (14). CpG methylation of
HPV-16 DNA most distributed in the enhancer and
promoter regions that it can be seen at lower levels
in advanced stages of cancer. CpG methylation may
lead to silencing of tumor suppressor genes and miRNAs (11). Some studies reported that methylation is a
part of HPV life cycle and others suggested that this
strategy used in cells to protect itself against virus
(13). Actually significantly elevated expression and
activity of DNMT1 enzyme can occur as a result of
E6 and E7 stimulating activity (15).
Studies show that transient and persistent HPV infections have different methylation pattern. As mentioned, DNA methylation is one of the most important epigenetic mechanisms of oncogene expression.
These epigenetic modifications involved in tumor
progression and it somehow may be used for diagnostic purposes in the future (16).
Bisulfite treatment of DNA is one of the DNA
methylation assays. In this method cytosine residues on single stranded DNA convert to uracils but
5-methyl cytosine retains unaffected. Then methylated and unmethylated cytosines can be distinguished
with methods such as methylation-specific PCR.
Regarding the role and importance of papillomavirus E6 oncoprotein in cancer formation and possible
correlation between DNA methylation in promoter
region and gene expression, we investigated the differences in methylation patterns of high risk and low
risk HPV target sequence. In this study methylation
pattern of promoter of E6 in low-risk HPV (type 11)
and high-risk HPV (type 16 and 18) was examined by
Bisulfite Sequencing PCR (BSP) method.

MATERIALS AND METHODS
Origin of samples. HeLa (with 10-50 copies of
HPV 18) and CaSki (with 600 copies of HPV 16)
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cell lines were used as positive control for HPV-16
and HPV-18 respectively. Ca Ski (ATCC® CRL1550™) and HeLa (ATCC® CCL-2) cell lines were
obtained from a cell bank (Pasteur Institute of Iran).
Confirmed positive clinical samples which included
HPV-11, HPV-16, and HPV-18 obtained from Day
General Hospital (Tehran, Iran). The DNA of positive clinical samples and control cells were extracted
using QIAamp® DNA Mini Kit (QIAGEN, Valencia,
CA).
Bisulfite modifications. Bisulfite modification of
genomic DNA was performed by using the EZ-96
DNA Methylation-Gold Kit (Zymo Research, Orange, CA) according to protocol.
PCR primers. Methyl Primer Express v1.0 and
Methprimer Softwares were employed for checking
the methylation pattern of E6 promoter and designing primer sets (Fig. 1). The characteristics of the
primers used for PCR amplifications of E6 promoter,

Fig. 1. Identification of CpG islands using Met Primer software. Each pink vertical bar represents one CpG site.

and the PCR conditions are summarized in Table 1.
PTZR cloning and sequencing. PCR product of
types of 16 and 18 cloned in TA vector. The DH5α
strain of E. coli competent cells were transformed
with confirmed recombinant vectors in Luria-Bertani medium and the plasmids were extracted using
intron commercial Kit (DNA_Spin™ Plasmid DNA
Purification Kit). DNA concentrations were determined by measuring the optical density at 260 nm
and the absence of the contaminating E. coli DNA
or RNA was checked by agarose gel electrophoresis.
The presence of the E6 promoter in the constructed
vector (PTZ57R/E6 promoter) was determined using
PCR (Fig. 6). The DNA sequences of the E6 promoter were fully sequenced.

RESULTS
PCR products were run on agarose gel and the
related bands were observed (248 bp for HPV-16, 309
bp for HPV-18 and 330 bp for HPV-11). PCR product
of HeLa and Ca Ski cell lines and PCR product of
HPV-11, HPV-16, and HPV-18 were run on the gel
agarose and observed band was consistent with the
expected product length (Figs 2-4).
After the results of PCR reaction were confirmed
by gel electrophoresis, the PCR products of two
types of 16 and 18 were cloned in the TA vector,
with a positive result of the products of extracted
plasmids (Fig. 5). Then products of extracted plasmid and PCR products of HPV-11 and HPV-16 were
sequenced. Sequencing results showed significant
difference between High-risk and Low-risk HPV
pattern. There are 5CpG dinucleotides in promoter
region that influenced by methylation. In LR-HPV,
4 CpG dinucleotides from 5CpG dinucleotides were

Table 1. List of primers used in PCR amplification of E6 promoter and PCR conditions
Primer
HPV18_F
HPV18_R
HPV16_F
HPV16_R
HPV11_F
HPV11_R

5-ATGATTAAGTTGTGTATATATAGTTTATGT-3
5-TTCAAATACCTCTATAAATTCCAATACTA-3
5-AAATTGTATATGGGTGTGTGTAAAT_3
5-TCATATATAATTATTTACAACTCTATACA-3
5-TGAGTAATTTAAGGTTATATATTTGT-3
5-ACAACCTTTAAATTCTTATAAACA-3
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PCR
PCR
product (bp)
conditions
309
95°C 15 min, 95°C 30 s, 56°C 30 s, 72°C
30 s for 38 cycles and 72°C 15 min.
248
95°C 15 min, 95°C 30 s, 52°C 30 s, 72°C
30 s for 38 cycles and 72°C 15 min.
330
95°C 15 min, 95°C 30 s, 48°C 30 s, 72°C
30 s for 38 cycles and 72°C 15 min.
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methylated whereas in High-risk HPVs the four of
CpG dinucleotides in the promoter region had been
were unmetylated (Figs 6, 7).

DISCUSSION
Although Human papilloma virus (HPV) vaccines
played a major role in cervical cancer prevention,
but needs to be debated screening of patients (17).
Pap smear is used widely for primary screening of
cervical cancer but the limitations of cervical cytology and potential side effects from unnecessary
Fig. 4. Gel electrophoresis pattern of PCR products of Ca
Ski Cell line (lane B) and a HPV-16 positive clinical sample
(lane C) by specific primers amplification. Lane A: DNA
marker

Fig. 2. Gel electrophoresis pattern of PCR products of HeLa
Cell line (lane A) and two HPV-18 positive clinical samples
(lanes C and D) by specific primers amplification. Lane B:
DNA marker
Fig. 5. Gel electrophoresis pattern of the colony PCR products. Lane A: DNA marker, Lane B: HPV-18 (309 bp), Lane
C: HPV-11(330 bp), Lane D: HPV-16 (248 bp).

Fig. 3. Gel electrophoresis pattern of PCR products of two
HPV-11 positive clinical samples (lanes B and C). Lane A:
DNA marker
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Fig. 6. sequencing results of HPV-11 Methylation-specific
PCR products. There are three methylated cytosine residues
at positions 80, 86 & 101 and only one thymine residue at
position 95 in CpG sites after Bisulfite treatment of DNA
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Fig. 7. Sequencing results of HPV-16 Methylation-specific
PCR products. There are four thymine residues at positions
329, 350, 354 & 365 in CpG sites which were cytosine residues before bisulfite treatment.

treatments are reasons to develop new prevention
methods like HPV-DNA based screening especially
epigenetic assays (18).
Epigenetic regulation of gene expression including methylation of genome involved in different aspects is important. These epigenetic alterations are
involved in main human diseases including cervical
cancer progression (19). Although classical CpG islands have not been definitively identified in HPV
genome, but there are a significant number of conserved CpG sites which probably play an important role in viral life cycle. The mechanism for these
alterations in DNA methylation is not fully understood. It may be a host defense mechanism against
viral infection or it probably taken by virus to drive
cellular transformation.
Several studies have documented about association between HPV methylome and HPV-related cancers. For example, methylation of HPV DNA especially in L1 gene in CIN2+ cases have different patterns compared to acute or cleared infections (16). It
was shown that methylation plays an important role
in HPV gene expression and silencing process and
different patterns of methylation can be seen in different stages of neoplastic transformation (20).
DNA methylation is a stable characteristic which
can be considered as a diagnostic marker and can be
performed by using restriction enzyme based differential cleavages pattern of methylated DNA, sodium
bisulfite conversion and sequencing and some newer
methods, such as methylated DNA immunoprecipitation (Me-DIP) and deep sequencing technologies.
Most of these studies investigated hrHPVs long
control region (LCR) methylation pattern which contains E6 and E7 oncogenes promoter. Several studies
have reported decreased methylation of LCR is accompanied by cancer progression in HPV16-positive
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CINs (21). Though, in several other studies increasing methylation within the LCR has been indicated
in advanced cervical cancer. These contradictory
results may have been caused by the use of different
techniques for DNA methylation analysis or different
stages of the viral genome in in clinical samples. According to a recent study progressive hypomethylation is accompanied by cervical cancer and promoter
hypomethylation is required for activation of important genes in the early stages of carcinogenesis (22).
Since DNA methylation has been identified as a
potential biomarker for cervical cancer (23), in this
study we examined the promoter region methylation
patterns in high-risk and low-risk HPVs. As regards
high-risk HPV-16 and HPV-18 have been reported
more frequently than other types in cervical cancer,
the assumptions were made methylation pattern may
have been one of the factors that lead to this types
carcinogenicity towards low-risk HPVs. To this end,
we compare DNA methylation in promoter region
in these two types of HPV. This study showed that
promoter CpG islands were hypomethylated in highrisk HPVs (types 16 & 18) compared to low-risk
HPV (type 11) and sequencing results showed clear
differences in the promoter methylation profiles between high-risk and low-risk HPVs. In type11 only
one CpG dinucleotide from 5 CpG dinucleotides was
unmethylated and in high-risk HPVs all CpG dinucleotides were unmethylated.

CONCLUSION
The present study shows differences between two
types of low-risk and high-risk HPVs E6 gene promoter methylation patterns and thus between expression levels of E6 oncoprotein and carcinogenic power
of these HPV types. HPV promoter methylation profile could be an easy and measurable biomarker to
examination of potential carcinogenicity of high-risk
HPVs. However, additional clinical sample testing
in patients with different grades of CIN are needed
to reach a better understanding of DNA methylation
pattern as biomarker for different cancer stages.

ACKNOWLEDGEMENTS
This study was supported by the Research Deputy
of Tarbiat Modares University, Faculty of Medical

IRAN. J. MICROBIOL. Volume 10 Number 6 (December 2018) 441-446http://ijm.tums.ac.ir
445

Ehsan Zafari ET AL.

Sciences, Tehran, Iran.

REFERENCES
1. Forman D, de Martel C, Lacey CJ, Soerjomataram I,
Lortet-Tieulent J, Bruni L, et al. Global burden of
human papillomavirus and related diseases. Vaccine
2012;30:F12-F23.
2. Saadat P, Soleimanjahi H, Asghari SM, Fazeli M, Razavinikoo H, Karimi H. Co-administration of anti-angiogenic peptide and DNA vaccine in cervical cancer
tumor model. Int J Cancer Manag 2017;10(3):e4723.
3. Mukhtar R, Mehmood R, Parveen S, Hussain M, Arif
M. Prevalence of cervical cancer in developing country: Pakistan. GJMR 2015;15:13-17.
4. Organization WH, Control PoC, Health WHOR. Cervical cancer screening in developing countries: report
of a WHO consultation: World Health Organization;
2002.
5. Moreman C, Redman C, Moss E. Human papillomavirus and its role in cervical cancer screening and treatment. Curr Treat Options Infect Dis 2015;7:217-229.
6. McBride AA, Warburton A. The role of integration
in oncogenic progression of HPV-associated cancers.
PLoS Pathog 2017;13(4):e1006211.
7. Burd EM. Human papillomavirus and cervical cancer.
Clin Microbiol Rev 2003;16:1-17.
8. Herbert J, Coffin J. Reducing patient risk for human
papillomavirus infection and cervical cancer. J Am Osteopath Assoc 2008;108:65-70.
9. Mishra GA, Pimple SA, Shastri SS. An overview of prevention and early detection of cervical cancers. Indian
J Med Paediatr Oncol 2011;32:125-132.
10. Dijkstra M, Snijders P, Arbyn M, Rijkaart D, Berkhof
J, Meijer C. Cervical cancer screening: on the way to
a shift from cytology to full molecular screening. Ann
Oncol 2014;25:927-935.
11. Moody CA, Laimins LA. Human papillomavirus oncoproteins: pathways to transformation. Nat Rev Cancer 2010;10:550-560.
12. Badal V, Chuang LS, Tan EH-H, Badal S, Villa LL,
Wheeler CM, et al. CpG methylation of human pap-

446

illomavirus type 16 DNA in cervical cancer cell lines
and in clinical specimens: genomic hypomethylation correlates with carcinogenic progression. J Virol
2003;77:6227-6734.
13. Zheng Z-M, Baker CC. Papillomavirus genome structure, expression, and post-transcriptional regulation.
Front Biosci 2006;11:2286-2302.
14. Klingelhutz AJ, Roman A. Cellular transformation by
human papillomaviruses: lessons learned by comparing high-and low-risk viruses. Virology 2012;424:7798.
15. Yeung A, Lam C, Tsang WP, Tsang TY, Co NN, Yau
PL, et al. HPV-16 E6 upregulation of DNMT1 through
repression of tumor suppressor p53. Oncol Rep
2010;24:1599-1604.
16. Clarke MA, Wentzensen N, Mirabello L, Ghosh A, Wacholder S, Harari A, et al. Human papillomavirus DNA
methylation as a potential biomarker for cervical cancer. Cancer Epidemiol Biomarkers Prev 2012;21:21252137.
17. Wentzensen N, Schiffman M, Palmer T, Arbyn M. Triage of HPV positive women in cervical cancer screening. J Clin Virol 2016;76:S49-S55.
18. Sahasrabuddhe VV, Luhn P, Wentzensen N. Human papillomavirus and cervical cancer: biomarkers for improved prevention efforts.Future Microbiol
2011;6:1083-1098.
19. Vinokurova S, von Knebel Doeberitz M. Differential
methylation of the HPV 16 upstream regulatory region
during epithelial differentiation and neoplastic transformation. Plos One 2011;6(9):e24451.
20. Hasanzadeh M, Ahmadi S. New Topics on HPV in EUROGIN 2016 JOGCR 2016;1(2):e8290.
21. Piyathilake CJ, Macaluso M, Alvarez RD, Chen M, Badiga S, Edberg JC, et al. A higher degree of methylation
of the HPV 16 E6 gene is associated with a lower likelihood of being diagnosed with cervical intraepithelial
neoplasia. Cancer 2011;117:957-963.
22. Johannsen E, Lambert PF. Epigenetics of human papillomaviruses. Virology 2013;445:205-212.
23. Wentzensen N, Sun C, Ghosh A, Kinney W, Mirabello
L, Wacholder S, et al. Methylation of HPV18, HPV31,
and HPV45 genomes and cervical intraepithelial neoplasia grade 3. J Natl Cancer Inst 2012;104:1738-1749.

IRAN. J. MICROBIOL. Volume 10 Number 6 (December 2018) 441-446

http://ijm.tums.ac.ir

