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ABSTRACT

Purpose of the Study: The present study was conducted to
evaluate epigenetic alteration of five tumour suppressor genes
in the oral precancer and cancer patients.

Materials and Methods: The study was carried out in three
groups namely control group of five people (normal healthy
individuals), 10 oral leukoplakia patients and 10 oral squamous
cell carcinoma patients. Incisional biopsy was done and part of
the tissue sent for histological examination and part of tissue
sent for hypermethylation study of p16, p15, hMLH, MGMT,
E-cadherin tumour suppressor genes. Methylation specific
polymerase chain reaction was carried out for detecting
methylation in promoter regions of tumour suppressor genes.
The resultant PCR products were run in a 2.5% agarose gel

and the promoter hypermethylation status of the five tumour
suppressor genes were analysed.

Results: In oral Leukoplakia patients, 60% of methylation in the
case of p16 gene, 30% of methylation in the case of MGMT
gene and 60% of methylation in the case of E-cadherin gene. In
oral Squamous cell carcinoma patients, 60% of methylation in
the case of p16 gene, 40% of methylation in the case of MGMT,
60% of methylation in the case of E-cadherin gene, 20% in case
of p15,10% in case of hMLH gene.

Conclusion: Our results suggest that epigenetic mechanisms
of inactivation of tumour suppressor genes, such as aberrant
methylation of p16 and E-cadherin genes occur early in head
and neck tumourigenesis and might play a role in the progression
of these lesions.
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INTRODUCTION

Cancer is the third leading cause of death worldwide. Among
that oral cancer is an important health issue. Oral Squamous cell
carcinoma (OSCC) is one of the most widely prevalent cancer types
in developing countries, including India, and is associated with
tobacco and alcohol abuse [1].

Cancer arises by means of two prominent alterations namely genetic
alterations and epigenetic alterations. The genetic alterations along
with epigenetic events like promoter hypermethylation affect the
tumour suppressor genes causing loss of function [2].

Hypermethylation of the tumour suppressor genes were found to be
associated with several types of cancers [3]. In the present study,
we have analysed promoter hypermethylation pattern of five genes
such as p16, p15, hMLH, MGMT and E-cadherin in patients who
presented with oral precancer and cancer to evaluate if aberrant
methylation occurs earlier in carcinogenesis (premalignant lesions).
The results were compared between oral precancerous lesion and
oral cancer to find methylation markers in oral cancer susceptible
patients.

We included five tumour-suppressor genes in our study. p16, it is
a cyclin dependent kinase inhibitor, involved in the regulation of
the cell cycle, control of which is lost in virtually all types of tumour
[4]. p15 another CDK inhibitor involved in regulation of cell cycle,
which is frequently altered in human tumours [5]. hMLH, it is the
human homolog of bacterial MutL, involved in mismatch repair [6].
MGMT - DNA repair gene, this gene involves in repair of methylated
guanosine residues formed due to alkylated carcinogens.E-cadherin,
it involves in homotypic epithelial cell-cell adhesion. It’s regarded as
an invasion-suppressor gene [7]. All of these genes are known to be
inactivated by methylation in various cancers [8].
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MATERIALS AND METHODS

Study design: The present study was a case control study
conducted in the Department of Oral Medicine and Radiology,
Saveetha Dental College, chennai, India. The study was approved
by institutional ethical committee of Saveetha Dental College and
hospital. The study subjects were divided into 3 groups. Group
| — Control Group of five individuals - They are normal healthy
individuals came to hospital for dental extraction. Group Il consists
of 10 patients suffering from oral leukoplakia. Group Ill — Consists of
10 patients suffering from OSCC. Informed consent was obtained
from the subjects who were included in the study.

Inclusion criteria
1. Patients who were willing to participate in the study,

2. Patients who were attending dental OPD and who were
diagnosed as oral leukoplakia and oral cancer,

Patients who were free from systemic diseases,

e

Healthy subjects were included as control.

Exclusion criteria
Patients who were reluctant to participate in the study.

Collection of samples and DNA isolation

Biopsies of oral mucosa for control study were taken among the
normal healthy individuals. Incisional biopsy was done in patients
suffering from leukoplakia and OSCC. Part of the tissue sent for
histological examination and part of tissue sent for hypermethylation
study of certain tumour suppressor genes. The samples were
transported on ice in phosphate buffered saline (PBS) to the
laboratory, where it was freed of surrounding normal tissue, rinsed
in PBS and immediately processed for DNA isolation.
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Genes No. of Promoter Promoter
Cases hypermethylation hypermethylation
positive negative
No. of Percentage No. of Percentage
cases cases
p16 5 Nil 0 5 100
p15 5 Nil 0 5 100
hMLH 5 Nil 0 5 100
MGMT 5 Nil 0 5 100
E-Cadherin 5 Nil 0 5 100

[Table/Fig-1]: Promoter hypermethylation patterns of various genes in control

group
Genes No. of Promoter Promoter
Cases hypermethylation hypermethylation
positive negative
No. of Percentage No. of Percentage
cases cases
p16 10 6 60 4 40
p15 10 Nil 0 10 100
hMLH 10 Nil 0 10 100
MGMT 10 3 30 7 70
E-Cadherin 10 6 60 4 40

[Table/Fig-2]: Promoter hypermethylation patterns of various genes in oral

leukoplakia

Genes No. of Promoter Promoter
Cases hypermethylation hypermethylation
positive negative
No. of Percentage No. of Percentage
cases cases
p16 10 6 60 4 40
p15 10 2 20 8 80
hMLH 10 1 10 9 90
MGMT 10 4 40 6 60
E-Cadherin 10 6 60 4 40

[Table/Fig-3]: Promoter hypermethylation patterns of various genes in oral
Squamous cell carcinoma

Restriction digestion of genomic DNA
Genomic DNA (8 pg) was digested initially with 5U of Hap Il restriction
enzyme in 1X supplied buffer L for 2h at 37°C. The reaction was
refreshed with 10 U of Hap Il and incubated again for 2h. DNA was
purified and the restriction enzyme inactivated by extraction with
phenol chloroform immediately after digestion.

Methylation-specific polymerasechain reaction

DNA was amplified by methylation-specific PCR (MSP) [9] using
two sets of primers, one specific for methylated and other for
unmethylated sequence of each gene.

Agarose gel electrophoresis

The PCR product was mixed with appropriate volume of 6X loading
dye (0.25% bromophenol blue, 0.25% xylene cyanol and 30%
glycerol in water) and electrophoresed through 0.75-3.0% agarose
gel and visualized under ultraviolet illumination after staining with
ethidium bromide. The promoter hypermethylation status of the five
genes p16, p15, MGMT, hMLH and E-cadherin were analysed.

RESULTS

Hypermethylation status of five tumour suppressor genes were
carried out for the control group, oral leukoplakia and OSCC
patients. Positive and negative promoter hypermethylation were
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[Table/Fig-4]: Shows promoter hypermethylation patterns of various genes in oral

leukoplakia
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[Table/Fig-5]: Shows promoter hypermethylation patterns of various genes in oral
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[Table/Fig-6]: Shows promoter hypermethylation patterns of various genes in oral

leukoplakia and oral squamous cell carcinoma

recorded for each tumour suppressor gene separately and results
were recorded. Appearance of two bands using enzyme treated
genomic DNA has template would indicate hypermethylation of the
CpG sight in each tumour suppressor gene. A single band amplified
by the nested primer would indicate unmethylated DNA.

It was recorded that no methylation was found among the 5 normal
individuals for all the 5 genes. This shows that hypermethylation
process do not occur for these genes in normal individuals [Table/
Fig-1].

It was recorded that in leukoplakia patients, 60% of methylation in
the case of p16, 30% of methylation in the case of MGMT and 60%
of methylation in the case of E-cadherin gene [Table/Fig-2]. The other
two genes namely p15 and hMLH clearly showed no methylation in
all leukoplakia samples. In the case of leukoplakia 70% of samples
showed methylation in any one of the genes, remaining 30% of the
samples showed nil methylation in all the genes analysed. Further
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30% of the samples showed methylation in two genes whereas
10% of the sample showed methylation in three genes (p16, MGMT
and E-cadherin).

The results in OSCC showed, 60% of methylation in the case of
p16, 40% of methylation in the case of MGMT, 60% of methylation
in the case of E-cadherin, 20% in case of p15, 10% in case of hMLH
gene [Table/Fig-3]. In the case of oral cancers, 80% of the samples
showed methylation in any one of the genes analysed, remaining
20% of samples were not shown any methylation. Further 40% of
the samples showed methylation in two genes where as 10% of
the samples showed methylation in three genes (p16, MGMT and
E-cadherin).

DISCUSSION

Recently, epigenetic disruptions, such as methylation of CpG island
in promoter region of tumour suppressor genes and microRNA
methylation have been recognized as key events in squamous cell
carcinoma development [10]. Aberrant promoter hypermethylation
can interfere with the binding of transcription factors to the DNA of
tumour suppressor genes, resulting in transcriptional silencing of key
genes involved in protection of cells from the process of unregulated
growth [11]. These methylation changes serve as potential and
sensitive molecular markers in defining risk states, achieving early
diagnosis and tracking the prognosis of cancer [12].

The significance of environmental contaminants such as heavy
metals have known to be related with multiple diseases, such
as cancer, cardiovascular diseases, neurological disorders and
autoimmune diseases [13]. Metal ions induce reactive oxygen
species (ROS), and thus, lead to the generation of free radicals
[14,15]. ROS accumulation can affect epigenetic factors [16].

Several groups investigated the methylation profile of various
genes like p16, p15, MGMT, hMLH, Ecadherin and DAP-K in
oral squamous cell carcinoma [17,18]. Though currently, multiple
reports have identified the correlation between some tumour-related
genes such as CDKN2A/p16, DAP-K and MGMT in endometrial,
endobronchial and cervical premalignant lesions [19,20] yet, no such
significant correlation have been studied in oral premalignant lesion.
In this study, we investigated the methylation status of p16, p15,
MGMT, hMLH and E-cadherin genes in leukoplakia and squamous
cell carcinoma patients, to study the significance of epigenetic
alterations in head and neck carcinogenesis.

As part of the study with respect to oral leukoplakia samples, the
hypermethylation analysis showed 60% of methylation in E-cadherin
and p16 gene [Table/Fig-4]. There are already reports of p16 gene
methylation marker linked to leukoplakia [21] populations who are at
high risk for susceptibility to oral squamous cell carcinoma. MGMT
gene also showed 30% methylation frequency in leukoplakia. The
fact that patients affected with leukoplakia have an increased
susceptibility to oral squamous cell carcinoma has been supported
by reports revealing the presence of MGMT gene methylation
markers [22]. However, no methylation was found in the Cyclin
dependent kinase inhibitor p15 and mismatch repair gene hMLH.

Next with respect to OSCC samples, the methylation analysis
showed 60% methylation in p16 and E-cadherin genes [Table/
Fig-5]. Our studies indicate that the p16 and E-cadherin are the
most preferentially targeted genes for methylation in oral squamous
cell carcinoma of Indians. There are already reports of p16 and
E-cadherin genes suitable for diagnosis of OSCC in individuals
at high risk for this disease [23]. The same high percentage
methylation in leukoplakia samples suggests that the methylation
of these two genes [Table/Fig-6] may be an early event in the
genesis or progression of oral squamous cell carcinoma. MGMT
gene hypermethylation showed only a marginal difference between
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leukoplakia and oral cancer patients. This may also be taken as
a premalignant early event suggesting its prognostic significance
[24].

Contrary to leukoplakia samples p15 and hMLH genes in oral
cancers showed 20% and 10% methylation respectively. This
suggests that it may be a delayed event in the Oral squamous cell
carcinoma progression. Low levels of methylation inactivation of
hMLH1 indicated in our study are consistent with the observation of
very low incidence of microsatellite instability in OSCC [25]. Hence,
our study suggests the possible usage of Hypermethylation of two
genes E-cadherin along with p16 as a diagnostic marker for OSCC
susceptibility patients.

CONCLUSION

In conclusion, the observations with high percentage (60%) of
hypermethylation in p16 and E-cadherin gene in leukoplakia can
be taken as a diagnostic tool for oral squamous cell carcinoma
susceptible patients.This shows the importance of methylation as
a crucial event in the progression of oral squamous cell carcinoma,
which offers a possible therapeutic target. Thus Methylation
changes constitute potentially sensitive molecular markers to define
risk states, achieve early diagnosis and track the prognosis of the
cancer.

Hypermethylation profiling is a relatively expensive procedure
which though currently is seldom practiced yet has excellent
future prospective with technical sensitivity requiring a lot of
standardization.

REFERENCE

[1] Rao D.N, Ganesh B, Rao R.S, Desai P.B. Risk assessment of tobacco, alcohol
and diet in oral cancer - A case-control study. International Journal of Cancer.
1994, Volume 58 (4):469-73.

[2] Macleod K. Tumor suppressor genes: Current opinion in Genetics & Development.
2000; 10:81 - 93.

[3] Manel Esteller, Paul G. Corn, Stephen B. Baylin, James G. Herman. A Gene
Hypermethylation Profile of Human Cancer. Cancer research. 2001; 61: 3225-29.

[4] Merlo A, Herman JG, Mao L, Lee DJ, Gabrielson E, Burger PC, et al. CpG island
Methylation is associated with transcriptional silencing of the tumour suppressor
p16/CDKN2/MTS1 in human cancers. Nat Med. 1995; 1:686 —92.

[5] Herman JG, Jen J, Merlo A, Baylin SB. Hypermethylation-associated inactivation
indicates a tumor suppressor role for p15INKB1. Cancer Res. 1996; 56(4):722-27.

[6] Martina L. Veigl, Lakshmi Kasturi, Sanford D. Markowitz. Biallelic inactivation of
hMLH1 by epigenetic gene silencing, a novel mechanism causing human MSI
cancers. Proc Natl Acad USA. 1998; 95(15):8698-702.

[7]1 Shuko Nakayama, Akira Sasaki, Hiroshi Mese, Rafael E. Alcalde, Takanori Tsuiji,
Tomohiro Matsumura. The E-cadherin gene is silenced by CpG methylation in
human oral squamous cell carcinomas. Int J Cancer. 2001; Vol 93:667-73.

[8] Baylin SB, Herman JG. DNA hypermethylation in tumorigenesis: epigenetics
joins genetics. Trends Genet. 2000 16(4):168-74.

[9] James G. Herman, Jeremy R. Graff, Sanna Myohanen, Barry D. Nelkin, Stephen
B. Baylin. Methylation-specific PCR: A novel PCR assay for methylation status of
CpG islands. Proc. Natl. Acad. Sci. USA. September 1996; Vol 93: 9821-26.

[10] Chen X, Hu H, Guan X, Xiong G, Wang Y, Wang K, et al. CpG island methylation
status of miRNAs in esophageal squamous cell carcinoma. Int J Cancer. 2012;
1; 130(7):1607-13.

[11] Jacqueline A Gasche and Ajay Goel. Epigenetic mechanisms in oral
carcinogenesis. Future Oncol. 2012; 8(11): 1407-25.

[12] Arantes, De Carvalho, Melendez, Carvalho A.L, Goloni Bertollo: Methylation as a
biomarker for head and neck cancer. Oral Oncology. 2014; Vol 50: 587-92.

[18] Lifang Hou, Xiao Zhang, Dong Wang, Andrea Baccarelli. Environmental chemical
exposures and human epigenetics. International Journal of Epidemiology. 2012;
41:79-105.

[14] Galaris D, Evangelou A. The role of oxidative stress in mechanisms of metal-
induced carcinogenesis. Crit Rev Oncol Hematol. 2002; 42(1):93-1083.

[15] LeonardSS, Bower JJ, ShiX: Metal-induced toxicity, carcinogenesis, mechanisms
and cellular responses. Mol Cell Biochem. 2004; 255:3-10.

[16] Monks TJ, Xie R, Tikoo K, Lau SS: Ros-induced histone modifications and their
role in cell survival and cell death. Drug Metab Rev. 2006; 38(4):755-67.

[17] Calmon MF, Colombo J, Cavalho F, FP Souza, JF Filho, EE Fukuyama, et al.
Methylation profile of genes CDKN2A (p14 and p16), DAPK1, CDH1, and
ADAM23 in head and neck cancer. Cancer Genet Cytogenet. 2007; 173(1):31-
37.

[18] Kato K, Hara A, Kuno T, Mori H , Yamashita T, Toida M, et al. Aberrant promoter
hypermethylation of p16 and MGMT genes in oral squamous cell carcinomas and
the surrounding normal mucosa. J Cancer Res Clin Oncol. 2006; 132(11):735-43.



G. S. Asokan et al., Promoter Hypermethylation Profile of Tumor Suppressor Genes in Oral Leukoplakia and Oral Squamous Cell Carcinoma

[19]

[20]

[21]

Guida M, Sanguedolce F, Bufo P, Di Spiezio Sardo A, Bifulco G, Nappi C, et al.
Aberrant DNA hypermethylation of hMLH-1 and CDKN2A/p16 genes in benign,
premalignant and malignant endometrial lesions. Eur J Gynaecol Oncol. 2009;
30(3):267-70.

lliopoulos D, Oikonomou P, Messinis |, Tsezou A. Correlation of promoter
hypermethylation in hTERT, DAPK and MGMT genes with cervical oncogenesis
progression. Oncol Rep. 2009; 22(1):199-204.

Takeshima M, Saitoh M, Kusano K, Nagayasu H, Kurashige Y, Malsantha M, et al.
High frequency of hypermethylation of p14, p15 and p16 in oral pre-cancerous
lesions associated with betel-quid chewing in srilanka. J Oral Pathol Med. 2008;
37(8):475-79.

[22]

[23]

[24]

[25]

www.jcdr.net

Lépez M, Aguirre JM, Cuevas N, Anzola M, Videgain J, Aguirregaviria J, et
al: Gene promoter hypermethylation in oral rinses of leukoplakia patients- a
diagnostic and/or prognostic tool. Eur J Cancer. 2003; 39(16):2306-09.
Muthusamy Viswanathan, Nobuo Tsuchida, Govindaswamy Shanmugam:
Promoter Hypermethylation Profile of Tumor-Associated Genes p16, p15,
hMLH1, MGMT and E-cadherin in oral squamous cell carcinoma. Int. J. Cancer.
2003; 105, 41-46.

Mingli Liu, Lei Feng, Ximing Tang, Shanchun Guo: Gene promoter
hypermethylation in leukoplakia of the oral mucosa. Pathology and Laboratory
Medicine International. 2010; 2: 71-77.

Jin YT, Myers J, Tsai ST, Goepfert H, Batsakis JG, Naggar AK.: Genetic alterations in
oral squamous cell carcinoma of young adults. Oral Oncol. 1999; 35(3):251- 56.

PARTICULARS OF CONTRIBUTORS:
Associate Professor, Department of Oral Medicine and Radiology, Tagore Dental College and Hospital, Chennai, India.
Reader, Department of Oral Medicine and Radiology, Indira Gandhi Institute of Dental Science, Pondicherry, India.
Professor and Head, Department of Oral Medicine and Radiology, Saveetha Dental College and Hospital, Chennai, India.

il
2
3.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. G. S. Asokan, M.D.S.
Associate professor, Department of Oral Medicine and Radiology,

Tagore Dental College and Hospital, Ratinamangalam, Vandalur, Chennai-48, India.

Phone : 9976388886, E-mail : gsasokan@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Mar 13, 2014
Date of Peer Review: May 13, 2014
Date of Acceptance: Jun 06, 2014

Date of Publishing: Oct 20, 2014

Journal of Clinical and Diagnostic Research. 2014 Oct, Vol-8(10): ZC09-2C12



