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Background & objectives: Oral squamous cell carcinoma is one of the most lethal forms of cancer, and
its aetiology has been attributed to both genetic and epigenetic factors working in liaison to contribute
to the disease. Epigenetic changes especially DNA methylation is involved in the activation or repression
of gene functions. The aim of this study was to investigate the DNA methylation pattern and expression
profiling of the promoter regions of FMS-related tyrosine kinase 3 (FLT3), erythrocyte membrane
protein band 4.1-like 3 (EPB41L3) and stratifin (SFNV) genes in oral cancer within the Khasi and Jaintia
tribal population of Meghalaya in North East India.

Methods: Quantitative methylation analyses of the selected genes were carried out by MassARRAY
platform System, and the relative expression profiling was carried out by real-time polymerase chain
reaction.

Results: Quantitative methylation results indicated that the level of methylation was significantly higher
(hypermethylated) for FLT3 and EPB41L3 and significantly lower (hypomethylated) for SFV in tumour
tissues as compared to the adjacent paired normal tissue. Expression profiling was in concurrence with
the methylation data whereby hypermethylated genes showed low mRNA level and vice versa for the
hypomethylated gene.

Interpretation & conclusions: The findings show that hyper- and hypomethylation of the selected
genes play a potential role in oral carcinogenesis in the selected Khasi and Jaintia tribal population of
Meghalaya. The methylation status of these genes has not been reported in oral cancer, so these genes
may serve as promising biomarkers for oral cancer diagnosis as well as in disease monitoring.
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Oral squamous cell carcinoma (OSCC) or oral 500,000 cases worldwide!, and in India, as per the
cancer is the sixth most common form' and one of Global Cancer Statistics 2018 the incidence of new
the most widespread and highly aggressive types of cases of cancer of the lip and oral cavity is about
cancer?. It has an annual estimated incidence of over 119,9923. A case study carried out in India in 2010 on
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cancer mortality rate revealed that the cancer of the
oral cavity was the third most common cancer among
women, with the highest incidence of mortality among
men. The study also showed that the highest incidence
of cancer occur mainly in the northeastern parts of
India*. As per the Cancer Atlas of India, Meghalaya
has a high rate of cancer of the oral cavity, oropharynx,
hypopharynx and oesophageal cancer®. In Meghalaya,
a retrospective study carried out in Shillong Civil
Hospital from 2007 to 2011 on the prevalence of
head and neck cancer within the State showed that
oropharyngeal and oral cancer were the most common
in this region®.

The high rate of oral cancer in Meghalaya has been
attributed to the lifestyle habits of the population. The
involvement of betel quid has been shown in several
types of cancer including oral cancer’*.

The development of oral cancer involves many
factors working together in synergy to bring about
alterations in two large groups of genes, viz., oncogenes
and tumour suppressor genes (TSGs). These alterations
bring about molecular changes in both genetic and
epigenetic levels leading to the diseased condition’.
Epigenetic modifications such as DNA methylation
(hyper- and hypomethylation) of a specific gene(s)
is known to be one of the factors involved in the
development and progression of oral cancer'®. DNA
hypermethylation of promoter region(s) of specific
TSGs is a critical step in oral carcinogenesis'’,
and several genes hypermethylated in OSCC are
known to cover a wide range of cellular processes?.
Global genomic hypomethylation of repetitive DNA
elements and oncogenes is a common feature in many
malignancies, and their activation has been known to
trigger genomic instability'2.

A whole epigenomic study carried out by us
revealed 45 differentially methylated genes'®, and
the present study was focused on the study of the
methylation pattern of three selected genes, viz.,
FMS-related tyrosine kinase 3 (FLT73), erythrocyte
membrane protein band 4.1-like 3 (EPB41L3) and
stratifin (SFN) from those 45 genes, in patients with
oral cancer in the Khasi and Jaintia tribal population
of Meghalaya, India. Several studies have shown a
disparity in the level of DNA methylation of specific
functional gene and their altered expression based on
race and ethnicity'*'%, the present study may provide
an insight on how promoter-associated CpG island
methylation of specific functional genes is involved in
the aetiology of oral cancer within this population.

Material & Methods

Surgically resected tumour and adjacent paired
normal samples (at least 2 cm from the site of the
primary tumour) were collected from the department of
ENT, North Eastern Indira Gandhi Regional Institute of
Health and Medical Sciences (NEIGRIHMS), Shillong,
Meghalaya, India, from April 2013 to February 2014.
Samples were collected from the ethnic tribal patients
of Meghalaya i.e., the Khasis and Jaintias. The
samples were flash-frozen in liquid nitrogen and stored
at —80°C until further requirement. The tumour tissues
were histopathologically confirmed for cancer cells. All
participants provided written informed consent. The
research protocol was approved by the Institutional
Ethics Committee of North Eastern Hill University,
Shillong, Meghalaya (IEC/13412).

DNA extraction and MassARRAY: A total of 17 pairs
of tumour and paired adjacent normal tissues were
used for methylation profiling by MassARRAY.
Quantitative  methylation MassArray  EpiTyper
(EpiTYPER® Agena Bioscience, CA, USA)" was
carried out for the selected genes, viz., FLT3, EPB41L3
and SFN for methylation analysis of its promoter
region-associated CpG island. This bisulphite
treatment-based method for detection and quantitation
of DNA methylation uses base-specific cleavage
and matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) to
differentiate between methylated and non-methylated
DNA. All primers were designed using MethPrimer!”
within the identified CpG islands (Table I). The details
of procedure have been described elsewhere'’.

RNA extraction and RT-PCR: RT-PCR was carried
out for all three genes (FLT3, EPB4I1L3 and SFN)
using B-actin as an endogenous control. Total RNA
was extracted from tumour and paired adjacent
normal tissues as described eleswhere’>. mRNA
sequence for the selected genes was retrieved from
PubMed gene database (https.//www.ncbi.nlm.nih.gov/
pubmed/), and gene-specific primers were designed
using Primer3web v4.0.0 (http://primer3.ut.ee/)' and
synthesized by Integrated DNA Technologies, lowa,
USA (Table II). Quantitative RT-PCR was performed
and relative expression was calculated using the
comparative delta Ct method".

Statistical analysis: Kolmogorov-Smirnov test was
performed over the raw data of methylation and
expression assay to check whether the data are normally
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Table 1. List of primers for the selected sets of genes used in the MassARRAY® EpiTYPER

Amplicon name Primer sequence Amplicon Amplicon location Total number
size (bp) relative to TSS of CpGs
FLT3 CpG 1 F TATTTTTAAGAGAGTTATTTGTAG 541 =37 to +503 bp 75
R AAAAAAAATCCTTAACCACCTAAC
EPB41L3_CpG 1 F TTTATGTAATTGTTTTGAAGTATTG 288 —199 to +88 bp 32
R TTACCTAAAATCAACAAAAAACCC
SFN_CpG 2 F GGATATGGTAGTTTTTATGAAAGG 259 +111 to +369 bp 15
R ATAACTATCCAACAAACCCAACAC

TSS, transcription start site; FLT3, FMS-related tyrosine kinase 3; EPB41L3, erythrocyte membrane protein band 4.1-like 3;
SEN, stratifin; bp, base pair; F, forward; R, reverse

Table II. List of primers for quantitative real-time polymerase chain reaction

Gene Primer sequence Amplicon size (bp)
EPB41L3 (NM_012307.3) F AGCAGTAAACTCTCTCGGTCT 112
R AGCGTTTCTCTACATCACAGG
FLT3 (NM_004119.2) F TCAGTGGCAAGAAACGACAC 90
R TCCCTTTTCTACGATGGTAACC
SFN (NM_006142.3) F TTGTGGCTGAGAACTGGACA 113
R TGCTTTCCCTCAATCTCGGT
ACTB (NM_001101) F TCTACAATGAGCTGCGTGTG 110
R GGTCTCAAACATGATCTGGGT

ACTB, B-actin

distributed or not. Data were not normally distributed
and hence required a non-parametric statistical test.
Taking into consideration the small sample size, the
result of normal distribution and paired nature of
the sample, the Wilcoxon signed rank test for paired
analysis was chosen for data analysis. All statistical
analysis was carried out in SPSS v20.0 (IBM Corp.,
Armonk, NY, USA).

Results

Methylation level of FLT3, EPB41L3 and SFN:
MassARRAY platform was used for the methylation
analysis of FLT3, EPB41L3 and SFN. Quantitative
methylation analyses were primarily focused on the
promoter region of the gene. Hence, one amplicon for
each genes was identified taking into consideration
SNPs, repeats, a maximum number of CpGs and their
relative position with respect to the transcription start
site (TSS).

The methylation level of the each amplicon for
the three genes showed a significant difference in
the average level of methylation in tumour samples

as compared to that of adjacent normal tissue. FLT3
amplicon with 75 CpG sites analysed showed a
significantly higher level of average methylation across
46 CpG sites (P <0.05, P<0.01 and P<0.001, n=17) in
tumour sample as compared to that of adjacent paired
normal tissue (Fig. 1). Twenty three sites could not be
detected and six sites were not significant. Similarly,
EPB41L3 amplicon with 32 CpG sites showed a
significantly higher level of average methylation across
18 CpG sites (P<0.01 and P<0.001, n=17) in tumour
sample as compared to that of adjacent paired normal
tissues (Fig. 2). Fourteen sites could not be detected.
The higher level of DNA methylation in tumour sample
as compared to that of paired adjacent normal tissue
gives indicated that the CpGs within the amplicon of
FLT3 and EPB41L3 were hypermethylated.

In the case of SFN, of the 15 CpG sites analysed,
the level of average methylation across 10 CpG sites
was significantly lower in tumour sample as compared
to that of adjacent paired normal tissues (P<0.05,
n=17). Two sites could not be detected and three sites
were NS (Fig. 3). This suggested that CpGs within the
amplicon of SFN were hypomethylated.
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Fig. 1. Average methylation level of each CpG site in FMS related tyrosine kinase 3 (FL73) in tumour and adjacent normal tissues (n=17)
detected and undetected by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis. P*<0.05,
"<0.01, ""<0.001 compared to normal. Data are shown as mean+tstandard error of mean.
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Fig. 2. Average methylation level of each CpG site in erythrocyte membrane protein band 4.1-like 3 (EPB41L3) in tumour and adjacent normal
tissues (n=17) detected and not detected by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)
analysis. P*<0.05, *<0.01, ""<0.001 compared to normal. Data are shown as mean+standard error of mean.

Expression analysis by RT-PCR: Quantitative real-time
PCRof FLT3, EPB41L3 and SFN were carried outon 12
paired samples. The expression of FLT3 and EPB41L3
showed a significant reduction in the level of mRNA
expression in tumour sample as compared to that of
adjacent paired normal tissues (P<0.01). There was
an approximate 6-fold and 4-fold decrease in the level
of mRNA expression relative to FLT3 and EPB41L3,

respectively (Fig. 4). SFN, on the other hand, showed
a significant increase in the level of mRNA expression
in the tumour sample as compared to that of adjacent
paired normal tissues (P<0.01, n=12). A 21-fold
increase in the level of mRNA expression relative to
SFN was observed. The level of mRNA expression
seen in FLT3 and EPB41L3 was in conjunction with
the methylation data as hypermethylation usually
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Fig. 3. Average methylation level of each CpG site in stratifin (SFN) in tumour and adjacent normal tissues (n=17) detected and undetected
by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis. "P<0.05 compared to normal.

Data are shown as mean+tstandard error of mean.

decreases the level of expression. Similarly, SFN level
of mRNA expression was in concurrence with the
methylation data as hypomethylation usually increases
the level of expression (Fig. 4).

Discussion

Promoter hyper- or hypomethylation for genes,
especially around the TSS has been known to play
a critical role in cancer development, especially at
an early stage of tumour development!®. These early
alterations lead to either loss of function of TSGs or gain
in function of oncogenic genes and elements. Altered
gene function results in loss of cell cycle control, up-
or downregulation of gene transcription and altered
cell-cell and cell-substratum interaction. The three
genes (FLT3, EPB41L3 and SFN) showed their role
with reference to cell function, and alteration in their
functionality by methylation pattern may give rise to
altered gene expressions and abnormal development.

FLT3 belongs to the receptor tyrosine kinase family
and is important for the normal development of the
haematopoietic and immune systems'®. Many studies on
FLT3 have been focused on the somatic alteration of the
gene consisting of an internal tandem duplication of the
JM (juxtamembrane) domain coding sequence in acute

myeloid leukemia'. Studies carried out on the status
of DNA methylation profiling of FL73 gene and cancer
showed a higher level of DNA methylation within the
FLT3 gene in oesophageal cancer” and pancreatic
cancer?!, respectively, indicating that the gene was
hypermethylated. Tan et a/*' reported a decrease in the
level of mRNA expression in pancreatic cancer?, and
treatment on HCC cell lines by 5-aza-dC showed re-
expression of the methylated genes*>. Underexpression
of the FLT3 genes may contribute to the lack of
sensitivity in certain tyrosine kinase target drugs, such
as imatinib?. Kuo et al’* have reported that FLT3 may
function as tumour suppressor-like genes in oesophageal
squamous cell carcinoma (ESCC) tumourigenesis as
hypermethylation of the gene showed an association
with poor survival outcome. No literature was available
for the methylation status of this gene in oral cancer.

The EPB41L3 gene encodes for an
adhesion protein belonging to the 4.1 family of
membrane-associated proteins that regulates cell
growth’ and cell adhesion®*. EPB4IL3 promoter
hypermethylation has been attributed to the cause
of ovarian cancer®, cervical cancer®, diffuse
gliomas® and prostate cancer®®. Hypermethylation
of the EPB41L3 promoter is a common mechanism
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Fig. 4. Average mRNA expression of FMS-related tyrosine kinase 3 (FLT3), erythrocyte membrane protein band 4.1 like-3 (EBP41L3) and
stratifin (SFN). Real-time polymerase chain reaction was performed to identify the mRNA expression of all three genes in tumour and adjacent
paired normal tissues (n=12). “P<0.01 compared to normal. Data are shown as meanstandard error of mean.

by which the gene is downregulated during tumour
development and re-expression of EPB4IL3 has
been known to induce extensive apoptotic cell
death®. EPB41L3 may play an important role in
suppressing metastasis by regulating the proper
arrangements of actin stress fibres and increasing the
cell motility associated with metastatic behaviour?’.
Because of this feature, EPB41L3 may be considered
as a tumour suppressor in ESCC? and a candidate
ovarian cancer-suppressor gene®. A study carried out
by Perez-Janices et al’, showed that the expression of
EPB41L3 in gliomas was low or completely absent
in cases where the promoter region of the gene
was hypermethylated. Several studies also showed
that treatment of cell lines by 5-azadC restored
transcription of the EPB41L3 gene®*.

SFN belongs to the 14-3-3 family of acidic
polypeptides. Capable of binding to more than
100 functionally diverse cellular proteins, these can
play significant roles in different cellular functions
such as cell cycle regulation, signal transduction,
apoptosis, malignant transformation and cytoskeleton
organization®®. Overexpression of SFN has been
reported in lung cancer” and pancreatic cancer?'. The
overexpression of the SFN gene has been attributed
to hypomethylation, as confirmed by Sato et al*° in
pancreatic cancer.

Our study results were in concurrence with other
published studies whereby promoter hyper- and
hypomethylation of the functional genes in OSCC
were shown to lead to their altered gene expressions.
Our study also showed involvement of new and novel
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genes involved in OSCC, and this might further
provide an additional insight on the existing molecular
mechanism involved in the occurrence, development
and progression of the disease.
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