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Epidermal growth factor receptor (EGFR) is a tyrosine

of several tumor suppressor genes has been reported
in cervical cancer. The p16 gene is implicated in
kinase receptor that belongs to the ErbB family and
the cell cycle control, playing an important role as
plays an essential role in tumor progression (6). The use
a tumor suppressor gene. This gene is located on
of tyrosine kinase inhibitors that block the ErbB
9p21.3 and generates several transcript variants
message delivery pathway is one of the relevant clinical
which differ in their first exons (8), is capable of
advances in the field of targeted cancer treatment.
inducing cell cycle arrest in G1 and G2 phases, acts
Increased expression of epidermal growth factor
as a tumor suppressor, binds to MDM2, and blocks
receptors and its ligand has been reported in many
its nucleocytoplasmic shuttling by sequestering
epithelial tumors (7). In recent years, it has been shown
it in the nucleolus (9). This inhibits the oncogenic
that tyrosine kinase inhibitors that target ATP, an
action of MDM2 by blocking the MDM2-induced
epidermal growth factor receptor, may have antitumor
degradation of p53 and enhancing p53-dependent
activity. Studies have shown that treatment with
transactivation and apoptosis. Several mechanisms
epithelial growth receptor inhibitors should continue
for p16 gene inactivation have been described
until the tumor size is not increased, even if no
(deletion, promoter methylation, and point
significant change in gene expression is observed (8).
mutation), but their incidence depends on tumor
Many human cancers are the result of mutations in the
type. In this study, the methylation of the P16 gene
RAS family, and lung cancer is no exception (9). One
promoter was evaluated in people with cervical
member of this family is the k-ras proto-oncogene,
cancer and people with the papilloma virus.
which is located on the long arm of chromosome 12 and
encodes the 21-kDa protein. It is a member of the
Methods and materials
GTPase family that binds to the cell membrane and
The study population included nine women with
converts extracellular messages into intracellular
cervical cancer whose malignancy was confirmed
messages via membrane receptors such as EGFR, which
by a pathologist, ten patients with high-risk types of
induces proteins required for receptor activity such as
the HPV virus HPV 16/18 virus confirmed by PCR
PI3K (10). The most common hotspot k-ras gene
tests, and ten healthy women. Samples included cells
mutations are in exons 2, 3 and 4 of this gene (11).
removed from the cervix by a sterile swab sampled by
Mutations in this gene are associated with low patient
a gynecologist. The cells were kept in preservative and
survival and increased lung cancer metastasis, and
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at 4 °C until DNA was extracted. DNA samples were
extracted by the QIAamp DNA Mini Kit genomic
extraction kit according to the kit’s protocol. The
MSP method was used to investigate the methylation
of the promoter area, so the process of bisulfite
conversion of DNA samples was performed by the
EpiTect Bisulfite Kits based on the kit’s protocol.
The PCR process was performed using GC TEMPase
master mixes which were designed to replicate GC

rich areas and specific methylate and non-methylate
primers (Table 1). Samples of 5 ul of bisulfite DNA
were mixed with 1 ul of specific primers and 12.5 ul of
Mastermix and a volume of 25 was reached with PCR
grade water. After the PCR process, the sample was
run in 2% agarose gel, and the two methyl and nonmethylene bonds were compared. Statistical analysis
of this study was performed using SPSS software and
the Mann Whitney u test.

Table1. MSP primer sequence

P16 primer

Sequence
TTATTAGAGGGTGGGGTGGATTGT
CAACCCCAAACCACAACCATAA
TTATTAGAGGGTGGGGCGGATCGC
GACCCCGAACCGCGACCGTAA

Methylated
Non-methylated

Results

The status of p16 gene promoter methylation
was assessed in nine patients with cervical cancer,
ten patients with papilloma virus, and ten healthy
women. The results showed that 66% of patients
with cervical cancer had methylation of the p16 gene
promoter region; however, only 20% of patients with
the papilloma virus and none of the healthy women
had methylation of this area of the promoter (Fig. 1).
Cervical cancer patients showed a significantly higher
methylation frequency for the p16 gene as compared
to the control and HPV groups (p=0.001) (Table 2).

Discussion

Epigenetic changes, especially methylation, play
an important role in the formation of cancer. Promoter
methylation of many tumor suppressor genes is
closely linked to the inhibition of transcription and
inactivation. In this study, the methylation status of
the p16 gene promoter region was evaluated in people
with cervical cancer, people with the papilloma
virus, and healthy people (10). In previous studies,
the frequency of promoter methylation of the p16
gene in cervical cancer was reported as 53%; in the
present study, the promoter methylation frequency for
the p16 gene in cervical cancer was 66% (6/9). The
current results are similar to results from previous
studies (11). The findings also suggest that p16
methylation occurs frequently and may be used as a
marker for cervical cancer detection. In this study as
in other studies, promoter methylation was observed
in none of the controls. Also in this study, promoter
methylation was observed in more people with the
papilloma virus compared to healthy individuals.
Larger prospective studies are necessary to establish
the clinical applicability of these observations.

Reference

Fig 1. MSP results analysis on 2% agarose gel : Bands with a length
of 176 are related to non-methyl samples and bands with a length of
48 are related to methylene samples.
Table2. P16 gene promoter methylation status in three groups:
people with cervical cancer, people with human papillomavirus
infection, and people with control

Group

Promoter status

-value

Cervical cancer
HPV patient
Control

66% (6/9)
20% (2/10)
0% (0/10)

0.0001

1. NIH. Cervical cancer. NIH Consensus Statement 1996; 14: 1-38.
2. Pisani P, Parkin DM, Bray F, Ferlay J. Estimates of the
worldwide mortality from 25 cancers in 1990. Int J Cancer 1999;
83: 18-29.
3. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer
JA, Shah KV, et al. Human papillomavirus is a necessary cause of
invasive cervical cancer worldwide. J Pathol 1999; 189: 12-9.
4. Schiffman MH, Castle P. Epidemiologic studies of a necessary
causal risk factor: human papillomavirus infection and cervical
neoplasia. J Natl Cancer Inst 2003; 95: E2.
5. Bosch FX, Manos MM, Munoz N, Sherman M, Jansen AM,
Peto J, et al. Prevalence of human papillomavirus in cervical cancer:
a worldwide perspective. International biological study on cervical
cancer (IBSCC) study group. J Natl Cancer Inst 1995; 87: 796-802.
6. Waggoner SE. Cervical cancer. Lancet 2003; 361: 2217-25.

13

Karim Abdulkarim et al.
7. Holowaty P, Miller AB, Rohan T, To T. Natural history of
dysplasia of the uterine cervix. J Natl Cancer Inst 1999; 91: 252-8.
8. Bird A. DNA methylation patterns and epigenetic memory.
Genes Dev 2002; 16: 6-21.
9. Russo VEA, Martienssen RA, Riggs AD, eds. Epigenetic
mechanisms of gene regulation. Plainview, N.Y.: Cold Spring

14

Pers M J
Harbor Laboratory Press, 1996.
10. Yoder JA, Walsh CP, Bestor TH. Cytosine methylation and the
ecology of intragenomic parasites. Trends Genet 1997; 13: 335-40.
11. Baylin SB, Herman JG, Graff JR, Vertino PM, Issa JP.
Alterations in DNA methylation: a fundamental aspect of
neoplasia. Adv Cancer Res 1998; 72: 141-96.

