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1. Introduction
OSCC is the major form of oral cancer. Oral cancer is 

found to be one of the significant public health concerns 
globally and accounts for a significant percentage of all 
cancer cases [1]. Though there have been tremendous ad-
vancements in the field of medical science and treatment 
strategies, survival of oral cancer remains pitifully low 
because most of the times it is diagnosed late and due to 
aggressive nature of the disease [2]. The etiology of OSCC 
is multidetermined, as there are factors that go either rela-
ted to genetic predisposition or environmental etiology, 
like smoking, alcoholism, and infection with human papil-
lomavirus [3]. While these extrinsic factors have been a 
long-documented fact of the disease, the role of cells has 
been identified to be increasingly important, from a gene-
tic and epigenetic change concerning oral cancer initiation 
and progression [4].

The introduction of crucial oncogenes and the tumor 
suppressor genes has remained central in the pathogenesis 
of many cancers, including OSCC [5]. These mutations 
of critical genes such as TP53, CDKN2A, and EGFR can 
thus cause disruptions in normal cellular processes resul-

ting in uncontrolled cell growth, avoidance of apoptosis, 
and promotion of tumor growth [6]. However, OSCC cau-
sation cannot be subjected to genetic mutations only. 

Epigenetic modifications have been strongly associated 
with the regulation of gene expression and the develop-
ment of cancer, including through DNA methylation [7]. 
Epigenetic changes are noteworthy because they do not 
alter the sequence of the DNA but can affect gene activity 
to a large extent, including genes involved in tumor sup-
pression and oncogenesis [8].

One of the most actively studied epigenetic mechanisms 
in cancer is called DNA methylation. Aberrant methylation 
is a characteristic of the OSCC; it is considered aberrant 
with hypomethylation of oncogenes and hypermethylation 
of tumor suppressor genes to result to overexpression and 
silencing of the respective genes [9]. This abnormal gene 
expression plays a vital role in malignant transformation 
of oral epithelial. As an example, excessive expression of 
oncogenes like CDKN2A (p16) through which cell cycle 
is regulated leads to unconditional proliferation of cells. 
On the other hand, hypomethylation of oncogenes is said 
to influence them to produce their products hence leading 
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to growth and metastasis of the tumor. Not only all of these 
epigenetic alterations are itr problem that causes the pro-
gression of OSCC but also it might be an opportunity in 
developing an early diagnosis and patient-specific treat-
ment [10].

Thus, it is hard to decide whether the molecular pro-
file of oral cancer arises from mutations at the genetic and 
epigenetic levels [11]. For example, hypermethylation of 
DNA repair genes results in their silencing, with a resultant 
genetic instability accelerating the rate of accumulation of 
mutations that further supports the process of carcinogene-
sis [12]. A causal relation between genetics and epigene-
tics has been established; thus, a mutation in the genome 
may facilitate changes in the epigenetic landscape, culmi-
nating in a feedback loop that supports tumorigenesis [13]. 
An understanding of such intricate relationships between 
genetic and epigenetic factors would be, therefore, crucial 
for developing novel diagnostic markers and targeted the-
rapies against OSCC.

Despite a significant deal of knowledge regarding mo-
lecular and epigenetic mechanisms leading to OSCC, more 
research is yet to be done in this respect. For example, 
although Ali et al. (2017) [14] and Singh et al. (2016) 
[15], among others, have succeeded in identifying some 
of the most critical genetic mutations as well as epigenetic 
alterations associated with OSCC, an urgent demand still 
exists for these analyses to be broadened and integrated 
with each other in search for greater understanding of the 
interplay of these genetic and epigenetic factors. Espe-
cially, the latest experiments have typically been done on 
isolated genes or pathways and fail to describe the com-
prehensive ways in which these factors affect OSCC pro-
gressions and treatments. Despite this, however, although 
Mesgari et al. (2023) [16] highlights the therapeutic po-
tential of epigenetic modifiers, further, highly precise, 
and comprehensive studies regarding the safety and effi-
cacy of these novel therapies at clinical stages are essen-
tial. Moreover, the role of microRNAs and metabolomic 
changes in OSCC as cited by Gintoni et al. (2023) [17] and 
Gupta et al. (2024) [18] require a deep study to unders-
tand how such factors interact with changes at the genetic 
and epigenetic levels that would affect the outcome of the 
disease. Last but not least, there is a huge research gap in 
epigenetic markers that would improve early detection and 
personalized OSCC treatment. It can assist in filling such 
gaps to establish a better picture of the OSCC pathoge-
nesis, besides formulating a more productive approach to 
diagnostics and treatment.

The research was conducted to bring light on the pos-
sible DNA methylation occurrences that cause and develop 
oral cancer. An improvement in the understanding of the 
cause of oral cancer was achieved through examination of 
the DNA repair gene expression in tissues of OSCCs and 
the methylation of tumor suppressor and oncogenes. These 
results in the study added to our knowledge about the use 
of DNA methylation as a biomarker of OSCC detection, 
diagnosis and patient prognosis, and possibly the develop-
ment of a patient specific treatment plan based upon gene-
tic and epigenetic pat^{r}erns.

2. Materials and methods
2.1. Study design

The current research was a cross-sectional study groun-
ded on OSCC, which was aimed at studying genetic and 

epigenetic changes of this type of head and neck cancer. 
The study design was of an observational one, which al-
lowed to assess different types of molecular changes in 
a specified population at one character time. In particu-
lar, it dealt with the comparison of the DNA methylation 
patterns and DNA repair genes expression level in OSCC 
and normal tissues. The strategy has been used to explain 
the variations in the molecular signatures between cance-
rous and non-cancerous tissues in an attempt to gain more 
knowledge about OSCC pathogenesis and identification 
of prospective biomarkers to be used in the diagnosis and 
prognosis of OSCC.

2.2. Sample collection
The total number of the tissue samples gathered was 

100 composed of OSCC of 50 and the adjacent normal 
tissue samples of 50. These samples were collected in 
patients who had surgical resection due to OSCC in one 
of the participating medical institutions. The recruitment 
of patients was organized among the patients who were 
planned to pass surgical intervention, and all of them were 
diagnosed with OSCC and made a corrective decision. 
Patients that were excluded were those that previously 
underwent chemotherapy or even radiotherapy before the 
surgery because this would confound the molecular ana-
lysis. This was in a study which was cleared by the board 
reviewing it and all the people involved in the study were 
made aware of the purpose of the study and how it would 
be conducted and the risks that may be encountered during 
the study. The tissue samples that had to be removed du-
ring the surgery were no sooner dumped in sterile contai-
ners and then they got frozen to -80 o C to ensure that the 
nucleic acids were not degraded in any case and also to 
keep the integrity of samples as it was so that they could 
be used later during the analyses.

The target population included 100 people made up 
of 50 cases, who had OSCC and 50 controls who were 
healthy persons. Both tumor tissues and adjacent non-
cancerous tissues were successfully obtained from OSCC 
patients, enabling direct comparison between cancerous 
and healthy tissues within the same individuals. All parti-
cipants provided written informed consent, and the study 
adhered to institutional ethical guidelines.

2.3. DNA extraction and quantification
A commercial DNA extraction kit, such as the Qiagen 

DNeasy Blood & Tissue Kit, was utilized for efficient iso-
lation of high-quality DNA from various tissue types. For 
sample preparation, thawed tissues were homogenized in 
a buffer solution to ensure complete cell lysis and DNA 
release. DNA extraction was performed according to the 
kit protocol, using a silica membrane-based method to 
remove most cellular debris through cell lysis, protein 
removal, and subsequent binding of DNA to the mem-
brane. The concentration and purity of the extracted DNA 
were assessed using a NanoDrop 2000 spectrophotometer 
by measuring absorbance at 260 nm and 280 nm, provi-
ding a ratio for determining protein contamination and 
confirming that sufficient DNA yield was obtained for 
downstream applications. DNA recovered was aliquoted 
followed by storing at -20 o C and subjected to no repeated 
freezing and thawing processes and kept at constant condi-
tions prior to analysis.
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of DNA methylation and levels of gene expression was 
determined as p-values. Correlation analysis was done to 
identify the relation between the changes in DNA methy-
lation and the changes in gene expression on whether the 
changes in the epigenetic alteration were related to change 
in gene activity in OSCC. Heatmaps, box plots and scatter 
plots have been used to visualize graph and charts illus-
trating the variance of OSCC tissues and normal tissues. 
Interpretation of the findings was brought up in relation to 
the existing literature to emphasize the mutations that are 
significant to OSCC and also to find out the possible bio-
markers that could be used to help in early detection and 
treatment by the use of specific therapies.

3. Results
3.1. DNA methylation patterns

DNA methylation analysis was conducted to compare 
the methylation status of key tumor suppressor and onco-
gene promoters between OSCC tissues and matched nor-
mal tissue samples. The results, presented in Table 1, show 
the quantified methylation levels of genes implicated in 
tumor suppression and oncogenesis.

The results of the data in Table 1 demonstrated a high 
and significant elevation of methylation of the tumor sup-
pressor genes in the OSCC tissues. That includes changes 
in p16 (CDKN2A), which elevated from 10.5% in the 
normal tissue to 78.4% in OSCC, MLH1, from 12.7% to 
65.2%, and BRCA1 from 8.9% to 55.3%, with all modi-
fications at p-values <0.001. This massive hypermethyla-
tion of the above OSCC tissues implies a strong silencing 
effect on these critical tumor suppressor genes, which goes 
well with the fact that this mode of gene methylation in-
terferes with normal cellular regulation, leading to tumor 
development. The noted high significance levels for all of 
these genes establish the reliability of the findings, sug-
gesting that hypermethylation of these genes is indeed an 
important feature of OSCC pathology.

3.1.1. Gene expression analysis
The relative expression levels of DNA repair genes 

(BRCA1, MLH1, and p16) in OSCC and normal tissues 
were visualized using a bar plot generated with Python.

The measurement of the expression of genes involved 
in DNA repair was achieved by comparing the relative 
expression of DNA repair genes in normal tissues with 
OSCC tissues by gene expression analysis. The expression 
levels of key genes involved in DNA repair were compa-
red between the two tissues in Figure 1. This plot shows 
the downregulation of these genes on OSCC samples as 
compared to normal tissues. This graph vividly shows the 
down regulation of these genes in OSCC as opposed to 
normal tissues.

It was found that p16 (CDKN2A), MLH1, BRCA1) 
tumor suppressor genes had strong hypermethylation in 
OSCC tissues than in normal tissues, and this effect also 

2.4. DNA methylation measurement and Bisulfite 
conversion

A set of steps was conducted to assess the status of 
DNA methylation as an essential epigenetic modification 
associated with regulation of the gene. The Zymo Research 
EZ DNA Methylation Kit was used to convert bisulfite the 
isolated DNA. In the process, the unmethylated cytosines 
were transformed to uracils, and the methylated cytosines 
were left unchanged, and conditions of the reaction were 
optimized so that the conversion rate to uracil is complete. 
Then, methylation specific PCR was carried out on the 
bisulfite-converted DNA to evaluate methylation of the 
specific CpG sites within the promoter regions of the tu-
mor suppressor genes including p 16. This method applied 
distinguished between the methylated and unmethylated 
DNA by the amplification of the bisulfite-treated DNA 
using primers unique to the state of methylation. To find 
out the differentially methylated loci between the OSCC 
and the normal tissues, the MSP results were analyzed 
especially looking into the genes that have a role in the 
progression of cancers.

2.5. Gene expression analysis
Quantitative real-time PCR (qRT-PCR) was used to 

compare the expression of DNA repair-related genes like 
BRCA1 and MLH1 in OSCC tissue samples against the 
ones in normal tissues. Tissue samples were used to ex-
tract total RNA using an RNA extraction kit, most prefe-
rably Qiagen RNeasy Kit, and the quality of the extracted 
RNA verified using Agilent Bioanalyser to ascertain the 
integrity as well as the absence of contaminants of the ex-
tracted RNA. cDNA was synthesized using reverse trans-
criptase enzyme in RNA samples following the manufac-
turer guideline to ensure complete conversion. qRT-PCR 
showed target gene expression levels specifically based 
on prime factor expression of BRCA1, MLH1 and other 
causative genes. Experimental validation of each sample 
was done in triplicate to achieve reproducibility and accu-
racy, and data is normalized against housekeeping genes 
for minimum variations in RNA quantity (GAPDH). The 
5 difference in Ct (Delta Delta Ct) method was used to 
determine relative gene expression levels and statistical 
analyses computed to compare gene expression in OSCC 
and normal tissue groups.

A bar plot created via Python was used to visually 
represent the relative expression of DNA repair genes 
(BRCA1, MLH1 and p16) in OSCC and normal tissues.

2.6. Data Analysis
The data on genes expression and DNA methylation 

were analyzed with the help of statistical software (e.g. 
SPSS or R). The comparison of the relevant values was 
carried out with the performance of appropriate statistics 
tests (t-tests and non-parametric tests according to the data 
distribution). The significance of differences in patterns 

Gene Normal Tissue (Mean ± SD) OSCC Tissue (Mean ± SD) p-value
p16 (CDKN2A) 10.5 ± 1.2% 78.4 ± 4.5% <0.001

MLH1 12.7 ± 1.8% 65.2 ± 3.9% <0.001
BRCA1 8.9 ± 1.1% 55.3 ± 3.4% <0.001

P-values less than 0.05 were considered statistically significant.

Table 1. DNA methylation levels in OSCC and normal tissues.
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led to the distinct downregulation of the expression. All 
these results highlight the influence of epigenetic altera-
tions in gene silencing and tumor progression of oral squa-
mous cell carcinoma (Table 1 and Figure 1).

Other notable results of the study were hypermethyla-
tion of promoters of tumour suppressor genes, including 
p16(CDKN2A) (Table 1). The normal/healthy tissues 
showed the lowest percentage of methylation in all these 
genes compared with OSCC tissues where the accumula-
tion of all the four corporates was encountered which led 
to the silencing of the gene and this resulted in the loss of 
tumor-supression properties. The same tendency was with 
other tumor suppressor genes, such as MLH1 and BRCA1, 
which further proved the fact that epigenetic changes play 
a role in developing and progressing OSCC.

Table 2 cross-matched experiments on the hypomethy-
lation of oncogenes in OSCC tissues with normal tissues. 
Such demethylation in the regulatory regions resulted in 
deregulation of oncogenes that can result in enhanced pro-
liferation, invasion, and metastasizing of tumor cells.

The expression of major DNA repairing genes such as 
BRCA1 and MLH 1 were highly down regulated in OSCC 
tissues as compared to normal tissues (Table 2 and Figure 
1). This decrease in gene activity indicates that there might 
be a defective DNA DNA repair pathway of cancer cells 
most probably through promoter hypermethylation, and 
this might lead to genomic instability as well as tumor 
development.

3.2. Bisulfite conversion and DNA methylation analysis
The bisulfite conversion was carried out to ascertain 

the difference between the unmethylated and methylated 
cytosines with the unmethylated Cys converting to uracil 
and the set Cys not being converted. This allowed a proper 
determination of the degree of methylation of CpG islands 
in the genome DNA. Thereafter, methylation-specific 
PCR (MSP) was used in the study of methylation level of 
critical tumor suppressive genes such as p16 (CDKN2A) 
and MLH1, which are frequently with tumor changes in 
oral cancer. As seen in the results section, there were very 
precise differences in the methylations of OSCC and nor-
mal tissues indicating a considerable hypermethylation in 
the promoter regions of these tumor suppressor genes on 
the OSCC samples.

3.2.1. Gene expression and DNA methylation correlation
Analysis of gene expression of the DNA repair genes, 

e.g. BRCA1 and MLH1 showed that they were highly 
down-regulated in OSCC tissues than in normal tissues 
used as controls. Total RNA was isolated and reverse-
transcribed and quantitative real-time reverse transcription 
PCR was done using GAPDH as internal control. Using 
statistical analysis using R and SPSS, BRCA1 and MLH1 
had strong down regulation in OSCC samples (p < 0.05).

In addition, DNA methylation pattern comparison 
revealed massive hypermethylation of tumor suppressor 
genes promoters in OSCC tissues compared to unmethy-
lation of most tumor suppressor genes in the normal ones, 

including p16 (CDKN2A), and MLH1. The differences 
were statistically significant (p < 0.05) as was shown by 
T-tests.

Correlation analysis indicated a strong inverse relation-
ship between promoter methylation and gene expression 
levels, suggesting that epigenetic silencing through hyper-
methylation contributes to the reduced expression of key 
DNA repair genes in OSCC.

Significantly higher methylation levels were observed 
in the promoter regions of tumor suppressor genes p16 
(CDKN2A) and MLH1 in OSCC tissues compared to nor-
mal tissues, as shown in Table 2.

In OSCC samples, p16 and MLH1 displayed hyper-
methylation rates greater than 70%, whereas their methy-
lation stood below 15% in normal tissues, indicating a 
stark contrast. The strongly significant p-values for all 
three fall all below 0.001, which stresses that the observa-
tion is extremely robust.

The relative OSCC tissues had shown a marked downre-
gulation of DNA repair genes, especially BRCA1 and 
MLH1, in comparison to their normal tissues. Downregu-
lation of the said genes may be attributed to hypermethy-
lation present in their promoter regions.

The qRT-PCR analysis revealed a significant downre-
gulation of these genes in OSCC tissues. Analysis of gene 
expression revealed a reduction of approximately 65% for 
BRCA1 and about 60% for MLH1 expression in OSCC 
(Figure 2).

Major findings of the study included hypermethylation 
of tumor suppressor genes, most notably p16 (CDKN2A), 

Fig. 1. Relative gene expression levels in OSCC and normal tissues.

Gene Normal Tissue (Mean ± SD) OSCC Tissue (Mean ± SD) p-value
p16 (CDKN2A) 11.3 ± 1.5% 76.8 ± 5.1% <0.001

MLH1 13.2 ± 1.9% 69.5 ± 4.2% <0.001

Table 2. DNA methylation levels in tumor suppressor genes.

Fig. 2. Outcome visual for gene expression levels in normal Vs OSCC 
tissues
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in OSCC tissues. On the other hand, some oncogenes were 
found to be hypomethylated in OSCC tissues. 

Significant downregulation of DNA repair genes, such 
as BRCA1 and MLH1, was observed in OSCC tissues. 
DNA repair genes ensure the integrity of the genome by 
the degradation of damaged DNA and the absence of accu-
mulation of deleterious mutations. These genes are highly 
active in the cells since some DNA damage is inevitably 
occurring, which is then correctly repaired.

However, the expression levels of BRCA1 and MLH1 
in OSCC tissues were much lower than in the controls. 
This would indicate that there was a weakened DNA repair 
machinery within cancer cells, which would provide sus-
ceptibility to the accumulation of mutations. Loss of DNA 
repair machinery would most likely contribute to genomic 
instability, allowing malignant cell behavior through addi-
tional mutations.

These findings point to the significance of DNA methy-
lation patterns in molecular OSCC pathogenesis and open 
avenues for therapeutic strategies targeted at reversing 
such epigenetic changes. Understanding the mechanisms 
involved in such alterations may enable researchers to take 
steps toward reactivating dormant tumor suppressor genes 
or suppressing overexpressed oncogenes, thus promising 
targeted cancer therapies.

3.3. Expanded DNA methylation analysis
To gain a more comprehensive understanding of the 

methylation landscape in OSCC, we extended our analysis 
to include additional tumor suppressor genes (TP53, RB1, 
and APC) and oncogenes (MYC and RAS). The methyla-
tion levels of these genes were compared between OSCC 
and normal tissues. As shown in Table 3, OSCC tissues 
exhibited significant hypermethylation in the promoter re-
gions of tumor suppressor genes and notable hypomethy-
lation in oncogenes compared to normal controls. These 
findings further highlight the widespread epigenetic alte-
rations associated with OSCC.

Table 3 presents the DNA methylation levels of key tu-
mor suppressor genes and oncogenes in normal and OSCC 
tissues. Notably, both p16 (CDKN2A) and TP53 exhibited 
marked hypermethylation in OSCC tissues, with methy-
lation levels increasing from 12.1% and 9.8% in normal 

tissues to 82.3% and 75.2% in OSCC tissues, respectively 
(p < 0.001 for both), indicating highly significant hyper-
methylation in these genes.

The widespread hypermethylation observed in tumor 
suppressor genes suggests their transcriptional silencing, 
which may facilitate uncontrolled cell proliferation and 
contribute to OSCC progression. In contrast, the onco-
genes MYC and RAS exhibited significantly lower methy-
lation levels in OSCC tissues. This hypomethylation is 
associated with increased gene expression, as demonstra-
ted by the elevated expression levels of MYC and RAS 
in OSCC compared to normal tissues (Table 3; p-values 
= 0.003 and 0.001, respectively). Overall, these findings 
indicate a pattern in which silencing of tumor suppressor 
genes and activation of oncogenes, mediated by altered 
methylation and expression profiles, play a critical role in 
the development and progression of OSCC.

Table 4 demonstrates that the expression levels of key 
DNA repair genes—including BRCA1, MLH1, XRCC1, 
ERCC1, and MGMT—are significantly downregulated in 
OSCC tissues compared to normal tissues. The reduction 
in gene expression ranges from 47% to 70%, with BRCA1 
and MGMT showing the greatest decreases at 66% and 
70%, respectively. All observed differences are statistical-
ly significant (p < 0.001). These findings indicate a subs-
tantial impairment of DNA repair mechanisms in OSCC, 
which may contribute to increased genomic instability and 
promote tumor development and progression.

To help show the major molecular aberrations occur 
in the oral squamous cell carcinoma (OSCC), a thorough 
comparison on DNA methylation levels and the gene ex-
pression profile within the OSCC tissues and the normal 
tissues was shown in Figure 3.

Tumor Suppressor Genes: In OSCC tissues, seve-
ral genes that are cancer inhibitors like p16 (CDKN2A), 
TP53, RB1, and APChave high level of methylation than 
in the normal tissues. This hypermethylation is characte-
ristic of an epigenetic silencing and possible interference 
with the orderly regulations of cells by aberrant growths 
and eventual malignancies (Figure 3 left).

Oncogenes: On the other hand, the oncogene such as, 
MYC and RAS are less methylated in OSCC tissues. It is 
a hypomethylation and is accompanied by enhanced gene 

Gene Normal Tissue (Mean ± SD) OSCC Tissue (Mean ± SD) p-value
p16 (CDKN2A) 12.1 ± 2.2% 82.3  ± 6.5% <0.001

TP53 9.8  ± 1.4% 75.2  ± 5.8% <0.001
RB1 8.5  ± 1.6% 69.5  ± 4.9% <0.001
APC 7.2  ± 1.3% 58.9  ± 5.2% <0.001
MYC 14.5  ± 2.7% 22.3  ± 3.1% 0.003
RAS 13.6  ± 2.4% 24.9  ± 2.8% 0.001

Table 3. DNA methylation levels in tumor suppressor and oncogenes in OSCC vs normal tissues

Table 4. Gene expression right OSCC-normal.

Gene Normal Tissue 
(Relative Expression)

OSCC Tissue 
(Relative Expression)

Fold Change 
(OSCC/Normal) p-value

BRCA1 1.00 ± 0.05 0.34 ± 0.04 -66% <0.001
MLH1 1.00 ± 0.05 0.39 ± 0.05 -61% <0.001

XRCC1 1.00 ± 0.06 0.45 ± 0.06 -55% <0.001
ERCC1 1.00 ± 0.07 0.53 ± 0.06 -47% <0.001
MGMT 1.00 ± 0.08 0.30 ± 0.04 -70% <0.001
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activation, which stimulates cellular proliferation and tu-
mor development (Figure 3 left).

Downregulation in OSCC: Critical DNA repair genes 
(BRCA1, MLH1, XRCC1, ERCC1, and MGMT) were 
significantly downregulated in tissues of OSCC when 
compared with the normal tissues. This downregulation is 
indicative of compromised ability to repair its own DNA 
and in turn, this could result in genomic instability and 
promote accretion of mutations leading to development of 
cancers (Figure 3 right).

This was among others in tumor suppression genes 
and on gene oncogenes (TP53, RB1, and APC, and MYC, 
RAS), and it is on this basis that further understanding 
of epigenetic changes in Oral Squamous Cell Carcino-
ma could be done. This study established that the DNA 
methylation profile between normal and OSCC tissues are 
highly different and therefore this once again justified the 
relevance of epigenetic altering in the pathogenesis and 
causation of OSCC.

Some important tumor suppressor genes, p16 
(CDKN2A), TP53 and RB1 were significantly over-
methylated. These genes regulate cell development and 
maintenance of cell cycle check points which avoid the 
development of tumor cells. Evidence from these studies 
has shown that hypermethylation has a propensity to pre-
dispose tumor suppressor genes to senescence subsequent-
ly doing away with the process of negative regulation of 
cell growth and carcinogenesis.

p16 (CDKN2A): The intensity of methylation in tu-
mor tissues of OSCC reached 82.3 percentile with 12.1 
percentile only in the normal tumors, thus, showing a high 
increment (p < 0.001). This hypermethylation might be the 
reason as to why this control failed to control the cell cycle 
which caused a perfect storm in the uncontrolled division 
of the cells.

TP53 and RB1: These other hypermethylated genes in 
OSCC tissues exhibited methylation percentages of 75.2 
+ 5.8 and 69.5 + 4.9, respectively, whereas in the control 
tissues, their percentage was very low; their methylation 
percentages were 9.8 + 1.4 and 8.5 + 1.6 respectively. 
TP53, the so-called guardian of the genome, silencing of 
this gene reduces apoptosis and poses a greater possibility 
of accumulation of mutations in the cancer cell.

APC: The percentage of methylation of the gene re-
lated to the binding of the cell and signal transduction 
APC rose in OSCC tissue (58.952) compared to normal 
tissue (7.213) (p < 0.001). Silencing due to methylation 
may affect cell biomechanical integrity and crosstalk with 
neighboring cells and thereby facilitate the propensity of 
the tumor to invade more easily and metastasize.

These findings confirm the notion that hypermethyla-
tion of tumor suppressor genes has a significant role in 
the development of OSCC, rendering able mechanisms, 
which would otherwise guard against malignant altera-
tions, idled.

Hypomethylation of Myc and Ras oncogenes was also 
an outcome and the researchers felt that inadequate methy-
lation reactivates oncogenes to promote cancer develop-
ment. The oncogenes were found within the OSCC tissues 
to be less methylated deducingly compared to the normal 
tissues making them become overexpressed.

MYC: The level of methylation of MYC was also 
reduced in OSCC tissues (22.3(+/-3.1)%) as compared 
with normal tissues (14.5(+/-2.7)) with a very significant 

p-value of 0.003. MYC can play a significant role as a 
transcriptional regulator of cell growth, proliferation and 
metabolism, which are the same forces that spur tumor 
development.

RAS: Percentage of the methylation level of RAS gene 
in OSCC tissue was also found to have a comparable value 
of that in normal tissue i.e. 24.9 2.8 vs. 13.6 2.4 p = 0.001. 
RAS pathway is known to have frequently been linked to 
the proliferation, survival and invasive nature of OSCC 
and other malignancies.

The verdict that these oncogenes are hypomethyla-
ted denotes that they are overexpressed in OSCCs and 
improve the proliferative and aggressive potential of the 
cancer cells.

Moreover, the study demonstrated that tissues of OSCC 
showed decreased expression of some important DNA 
repair genes. This type of down regulation could suggest 
that cancer cells have defective means of repairing their 
DNA and are more susceptible to genetic instability that 
makes them susceptible to greater tumor development.

These DNA repair genes, BRCA1, MLH1, XRCC1, 
ERCC1 and MGMT were significantly downregulated in 
the OSCC tissue and the fold change was at significant le-
vel in BRCA1 and MGMT (down-regulated by 66 percent 
and 70 percent respectively). In the cases, the change of 
gene expression on fold was significant (p < 0.001 in all).

•	 BRCA1: It is involved in the fixation of double-
strand DNA breaks, and in such cases, cells are left vulne-
rable to the accumulation of mutations leading to cancer 
progression.

•	 MLH1: It is an important part of the mismatch 
repair pathway, and low MLH1 expression severely com-
promises the ability of a cell to correct replication errors, 
thereby increasing mutation rates even further.

•	 XRCC1: plays a role in single-strand break repair, 
low levels of XRCC1 by 45% make for poor repair of oxi-
dative stress and environmental factors, which are highly 
prevalent causes of DNA damage in oral cancers.

•	 MGMT: This gene repairs alkylated DNA, and 
down-regulation (70%) suggests that the OSCC cells 
lose their ability to repair alterations introduced by DNA 
alkylating agents, such as those shown by tobacco smoke, 
which is a significant risk factor for OSCC.

The inactivation of DNA-repair pathways in OSCC 
cells probably involves genomic instability in these can-
cers, which supports the generation of mutations related to 
the process of carcinogenesis.

Fig. 3. Comparative Analysis of DNA Methylation and Gene 
Expression Profiles in OSCC and Normal Tissues. Left: Hyper-
methylation of Tumor suppressor activations and hypomethylation of 
oncogenes in OSCC; Right: Down regulation of expression of DNA 
repair genes in OSCC.
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4. Discussion 
Consequently, this study has focused on the crucial role 

of genetic mutations and epigenetic alterations, especially 
DNA methylation, in the pathogenesis of OSCC. Accor-
ding to the findings, there were notably distinct patterns 
of methylation in both tumor suppressor genes and onco-
genes. Additionally, there was a downregulation of DNA 
repair genes in OSCC tissues as compared to normal tis-
sues. These changes in the landscape of molecules will be 
of great value as a source of information about the hitherto 
unseen mechanisms of oral cancer and could prove the 
gateway to potentially promising therapeutic interventions 
and diagnostic tools.

4.1. DNA methylation and tumor suppressor gene si-
lencing

A particularly notable result was the pronounced hyper-
methylation of tumor suppressor genes—especially p16 
(CDKN2A) and MLH1—in OSCC tissues. This epigene-
tic alteration was markedly higher in cancerous samples 
compared to normal tissues, highlighting the critical role 
of these genes’ silencing in the development and progres-
sion of oral squamous cell carcinoma The variations in 
the methylation levels among these genes showed that the 
OSCC samples contained levels above 70%, while nor-
mal samples had less than 15%. Regulators, components 
involved in DNA repair and cell cycle control, and other 
essential genes may be silenced by this hypermethylation. 
Inactivation of the p16 gene promotes unchecked cell pro-
liferation, a hallmark of cancer, because the gene controls 
the G1-S transition in the cell cycle. Similarly, the role of 
MLH1 in DNA mismatch repair is quite crucial, and the 
inactivation is very likely to result in an accumulation of 
genetic mutations that further promote tumorigenesis.

The mechanism by which these genes are hypermethy-
lated has been generally known to be evasion of normal 
cellular checkpoints and repair mechanisms by cancer 
cells. In this respect, the present findings enhance the no-
tion that epigenetic mechanisms, including DNA methyla-
tion, indeed represent early promoter events in OSCC pa-
thogenesis. The involvement of genes in silencing through 
hypermethylation provides a pathway to malignant trans-
formation by allowing cells to bypass growth control me-
chanisms and accumulate genetic alterations [19].

4.2. Hypomethylation of oncogenes
On the other hand, OSCC tissues exhibited hypomethy-

lation of oncogenes, whereas hypermethylation was obser-
ved in the tumor suppressor genes. The fact fits well with 
previous studies [20, 21] that suggest global DNA hypo-
methylation is the most common feature of many cancers 
and is associated with chromosomal instability because it 
leads to the activation of oncogenes. The process of de-
methylation allows the oncogenes to be expressed with 
enhanced activity, thus promoting the proliferation, survi-
val, and metastasis of cells. This pattern provides valuable 
insight into the regulation of gene expression during carci-
nogenesis, as it shows that oncogenes are hypomethylated 
and tumor suppressor genes are hypermethylated.

4.3. Downregulation of DNA repair genes
In contrast to normal tissues used as controls, OSCC 

tissues showed a marked decrease in the expression levels 
of BRCA1 and MLH1, two genes involved in DNA repair. 

Such downregulation corresponds to the promoter hyper-
methylation of these genes. Epigenetic silencing may, 
therefore, be responsible for the mechanism underlying 
DNA repair machinery disruption in cancerous cells. Both 
BRCA1, critical for homologous recombination repair, 
and MLH1, an important protein for mismatch repair, are 
important for genomic integrity. Inhibition of such genes 
may well contribute to the accumulation of mutations that 
appear to drive OSCC aggressiveness [22].

Consistent with earlier studies [23, 24] that esta-
blished a direct relation between incompetent DNA repair 
mechanisms and cancer susceptibility, here, the downre-
gulation of DNA repair genes in OSCC tissues supports 
this relationship. Low expression levels of BRCA1 and 
MLH1 further implicate OSCC cells as having impaired 
responsiveness to DNA damage, thereby increasing their 
susceptibility to changes in the genome that can facilitate 
tumorigenesis. In addition, the association of promoter hy-
permethylation with low gene expression makes epigene-
tic regulation important in the modulation of DNA repair 
pathways in cancer.

4.4. Implications for biomarkers and targeted therapy
Research objectives include the ability to evaluate 

DNA methylation as a biomarker for the early detection, 
diagnosis, and prognosis of OSCC. The marked difference 
in methylation pattern found between OSCC and normal 
tissues can be an important biomarker of cancerous tis-
sues. The specific involvement of hypermethylation of p16 
and MLH1 might help in early discrimination of OSCC 
and non-cancerous tissue, opening doors for early inter-
vention and better outcomes [25].

DNA repair genes, such as BRCA1 and MLH1, whose 
malfunction is present in such cancers, are downregulated. 
These are opportunities for targeted therapies. Drugs that 
undo DNA methylation, such as DNMTi, could restore the 
expression of these genes and reactivate tumor suppressor 
pathways. Another type of treatment targeting the repair 
deficiencies in DNA is to use the PARP inhibitors and this 
would prove helpful to treat the cancers that have broken 
homologous recombination repair like mutant or broken 
BRCA1 [26].

4.5. Relationship between methylation and gene ex-
pression

In this correlation analysis, we found that an alterna-
tion of methylation pattern in OSCC tissues and levels of 
gene expression existed. The findings confirm the impor-
tance of DNA methylation in the expression of genes in 
cancer. Intense hypermethylation of BRCA1 and MLH1 
is associated with down regulation of their expression, 
which has direct consequences on the capacity of the cells 
to repair the DNA damage. The complexity of this epige-
netic control suggests that the regulation of genes in the 
pathogenesis of cancer becomes complex and further adds 
a possibility of the methylation pathway as an option of a 
therapeutic intervention [27].

Altogether, the findings of this research point strongly 
that DNA methylation and other genetic and epigenetic 
alterations play a role in OSCC pathogenesis. The findings 
related to having down expression of DNA repair gene, 
hypomethylation of oncogenes and hypermethylation of 
tumor suppressor genes are indicative of having positive 
interaction between complex molecular pathways in-
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volved in the progression of oral malignancies. Detection 
of such molecular variations leads to the new pathways of 
detection at an early stage and formation of the persona-
lized treatment strategies that should be based on genetic 
and epigenetic data of OSCC patients [28].

In the first table analysis, it brings into the picture a 
key correlation between abnormal pattern of DNA methy-
lation and development of OSCC. Epigenetic aspect of 
DNA tumor suppressor silencing by hypermethylation and 
DNA repair gene repression bring new insights into the 
epigenetic picture of oral cancer. These findings indicate 
the potential of DNA methylation markers as a tool of dia-
gnosis as well as prognosis in a clinical practice.

According to the table below (number 2), critical 
epigenetic changes in the OSCC tissues spotlight hyper-
methylation of tumor suppressor genes and down-regula-
tion of the DNA-repair genes. The outcome of this study 
will present the potential future use of DNA methylation 
as a promising biomarker for possible early onset diagno-
sis and prognosis of oral cancer. Therefore, future studies 
should use larger cohorts and longitudinal data to check if 
these biomarkers are helpful in clinical settings.

A more detailed examination of aberrant DNA methy-
lation reveals a strong association with OSCC. Notably, 
extensive hypermethylation-mediated silencing of tumor 
suppressor genes, alongside significant downregulation of 
DNA repair genes, underscores the central role of epige-
netic alterations in the pathogenesis and persistence of 
oral cancer. Additionally, the observed hypomethylation 
of oncogenes such as MYC and RAS highlights the dyna-
mic and complex nature of methylation changes in cancer 
progression. Collectively, these findings demonstrate that 
DNA methylation patterns hold considerable promise as 
biomarkers for early diagnosis and prognosis of OSCC.
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