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ABSTRACT

Oral cancer is one of the major global health problems. Methylation is one of the epigenetic modifications that play an important 
role in the transcriptional inactivation of tumor suppressor genes in human cancer. Aim: The present study was directed to assess 
the Ras-association domain family 1A (RASSF1 A) gene promoter methylation status in oral squamous cell carcinoma (OSCC) 
and its correlation to patient’s clinicopathological data. Material and methods: Formalin-fixed, paraffin-embedded tissue blocks 
of fifty patients with histopathologically confirmed OSCC in addition to 10 normal oral mucosa blocks were included in this 
study. Hematoxylin and Eosin (H&E) stain was used to confirm the diagnosis of cases as 16 well differentiated, 19 moderately 
differentiated and 15 poorly differentiated OSCC. Sections of each block were deparaffinized and prepared by DNA extraction 
for detection of RASSF1A gene methylation status by methylation-specific polymerase chain reaction (MSP) technique. Results: 
RASSF1A promoter methylation was not detected in normal cases, but it was found in 30% (15/50) of OSCC cases. The increase 
of methylation in OSCC was significant (p-value=0.045). The increase of methylation in poorly differentiated OSCC (6/15, 40%) 
was more than that.0 in moderately differentiated OSCC (7/19 36.8%) but both were significante in relation to normal mucosa (p-
values= 0.021, 0.027 respectively). Well-differentiated OSCC was the lowest in methylation (2/16, 12.5%), while its increase than 
normal was not significant (p-value= 0.244). There was direct correlation between methylation and the lymph nodes metastasis.  
Conclusion: RASSF1A promoter methylation significantly associated with OSCC, the decrease of cell differentiation in histopath-
ological stages and lymph node metastasis. Hence, RASSF1A promoter methylation could be used as a tumor marker in addition 
to histopathological stage and lymph nodes metastasis predictor in OSCC.
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INTRODUCTION 

Oral cancer is one of the major global health prob-
lems with an annual estimated incidence of 300,000 
newly diagnosed cases(1). In Egypt, about 4.500 cas-
es are diagnosed as oral cancer every year(2). Oral 
squamous cell carcinoma (OSCC) is the commonest 
single entity in oral cancer and accounting alone for 
about 90% of all malignancies of the oral cavity(3). 
Despite the development of diagnostic screening 
equipment, operation techniques, and postopera-
tive care, there are a high number of patients mani-
festing oral cancer advanced-stage as well as high 

mortality. This five-year survival rate remains ap-
proximately 50 %, which is not satisfactory despite 
new treatment modalities(4). Because of this unfor-
tunate situation, which persists until now, there have 
been continuous studies and reports on the deciding 
factors that would improve the survival rate of oral 
cancer patients(5). 

Besides genetic changes, epigenetic altera-
tions may lead to changes in gene expression as 
well. Epigenetic alterations include modifications 
of the genome without changes in the underly-
ing DNA sequence(6). DNA methylation is a major  
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epigenetic modification that is strongly involved 
in the physiological control of genome expression. 
Aberrant DNA methylation may lead to silencing of 
important genes, such as tumor suppressor genes, 
affecting their related transcriptional pathways 
and ultimately leading to development of cancer(7). 
One of the greatest challenges facing modern on-
cology is the development of adequate biomarkers 
that could improve both diagnosis and treatment(8). 
DNA methylation can be used as a marker for early 
cancer detection(9). In contrast to genetic events, 
DNA methylation in cells is reversible. Therefore, it 
could serve as an attractive target for new therapeu-
tic strategies(10).

Although hypermethylation and consequent si-
lencing of more than forty tumor suppressor genes 
have been identified in OSCC, a clear correlation 
between the epigenetic-driven deregulation of gene 
expression and oral cancer progression is at present 
not fully demonstrated(11). The Ras signaling path-
way is frequently activated in human tumors (12). 
Moreover, previous studies indicate that, in addition 
to Ras mutation, inactivation of negative effectors 
of Ras may play a significant role in the develop-
ment of tumors. Among these negative effectors, 
the Ras association domain family (RASSF) is a 
group of proteins that contain Ras association (RA) 
domains and suppress Ras activity. RASSF1, for 
example, was identified as a potential tumor sup-
pressor that can induce apoptosis in tumor cells (13, 

14). Moreover, RASSF1A is one of eight isoforms of 
RASSF1 that is involved in microtubule stabiliza-
tion, cellular motility, invasion, apoptosis and cell 
cycle control(9). 

To date, a number of studies have investigated 
the association between head and neck squamous 
cell carcinomas(HNSCC) and aberrant methylation 
of RASSF1A gene (15). RASSF1A promoter meth-
ylation studies which conducted only on OSCC still 
limited and focused on cases with specific clinico-

pathologic or histopathologic characteristics. The 
promoter methylation percentages which resulted 
from these studies ranged from 2% to 93% (16-18). 
Because of these inconsistent and inconclusive re-
sults, it was advantageous in the present study to as-
sess the RASSF1A promoter methylation status, its 
role in carcinogenesis of OSCC and its correlation 
to patient’s clinicopathological data.

MATERIAL AND METHODS

Cases collection 

Formalin-fixed, paraffin-embedded tissue blocks of 
fifty patients with histopathologically confirmed OSCC 
in addition to ten normal oral mucosa tissue blocks, ad-
jacent to non-neoplastic lesions obtained from opercu-
lectomy, were included in this study. The OSCC cases 
were diagnosed as: 16 well differentiated 19 moder-
ately differentiated and 15 poorly differentiated OSCC 
cases. These blocks were collected including their clin-
icopathological data from the archival stored blocks in 
Pathology Departments of Nasr City Health Insurance 
Hospital and National Cancer Institute, Cairo Univer-
sity. Consecutive sections from paraffin-embedded 
tissue blocks were cut at 5-µm thickness and stained 
by H&E stain for confirmation of histopathological 
diagnosis.

Methylation specific PCR detection of methyl-
ated RASSF1A gene 

Three main steps were followed in order to de-
tect hypermethylated RASSF1A gene by methyla-
tion specific PCR technique: DNA extraction, bisul-
fite treatment of extracted DNA and PCR detection 
of methylated RASSF1A genes.

DNA extraction

It was done by using the QIAamp DNA FFPE 
Tissue Kit (56404, QIAGEN, Germany), the ex-
tracted DNA concentration and purity were evalu-
ated by Beckman DU 7400 spectrophotometers.
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Bisulfite treatment of extracted DNA 

This step was performed by EZ DNA meth-
ylation direct kit (D5020, Zymo Research Corp., 
USA). In this reaction, all unmethylated cytosines 
were converted in to uracil but methylated cyto-
sines are resistant to this modification. Therefore, 
the methylated cytosine remained intact while the 
unmethylated cytosines were completely converted 
into uracil following bisulfite treatment and detect-
ed as thymine after PCR amplification.

PCR detection of methylated RASSF1A genes 

The methylation of DNA to inactivate any gene, 
it occurs at the promoter regions of this gene. The 
promoter DNA sequences which modified by bisul-
fite treatment could be detected by PCR using un-
methylated inner primers and the sequences which 
resisted the modification could be detected by PCR 
using methylated inner primers. To increase the sen-
sitivity and specificity we firstly amplified the pro-
moter regions of the bisulfite treated DNA by us-
ing the outer primers. Secondly, we performed PCR 
by applying the inner unmethylated primer to each 
DNA sample resulted from the first step, and lastly 
we performed PCR by applying the inner methyl-
ated primer to every DNA sample resulted from the 
first step. The primer was purchased from metabion 
international AG Lena-Christ Strasse /Martinsried, 
Germany. Three types of primers used as follow:

Primer Sequence

RASSF1A-outer 
F

(5’-GAG GAG GGG ATG 
AAG GAG G-3’, upstream)

RASSF1A-outer 
R

(5’-CTC CAA CCA AAT ACA 
ACC CT-3’ downstream)

RASSF1A-MSP-
F

(5’-GGG TTT TGC GAG AGC 
GCG-3’, upstream)

RASSF1A-MSP-
R

(5’-GCT AAC AAA GCG GAA 
CCG-3’ downstream)

RASSF1A-UM-
SP-F

(5’-GGT TTT GTG AGA GTG 
TGT TTA G-3’, upstream)

RASSF1A-UM-
SP-R

(5’-CAC TAA CAA ACA CAA 
ACC AAA C-3’ downstream)

The PCR conditions for outer primers were 95˚C 
for 5 min; 40 cycles at 95˚C for 30 sec, 53˚C for 
45 sec, and 72˚C for 45 sec; and a final extension 
at 72˚C for 10 min. The PCR conditions for inner 
primers were 94˚C for 15 min; 40 cycles at 94˚C for 
30 sec, 62˚C for 30 sec, 72˚C for 30 sec; and a fi-
nal extension at 72˚C for 10 min. The PCR products 
were detected by agarose gel electrophoresis after 
staining by ethidioum promide and analyzed by gel 
documentation system. Distilled water was used 
as negative control (DW). Bisulfite-treated normal 
lymphocyte DNA (NL) from healthy volunteers 
served as a positive control for unmethylated DNA 
primers. This DNA was methylated by the use of 
SssI methyltransferase and used after bisulfite mod-
ification as a positive control for methylated DNA 
primers (Fig 1).

Statistical Analysis 

Data were collected, revised, coded and entered 
to the statistical package for social science (IBM 
SPSS) version 20. The comparison between two 

Fig. 1: Printed photograph of gel documentation system re-
vealed agarose gel electrophoresis of methylation-spe-
cific PCR products showing DNA ladder with known 
base pair sizes. Other lanes showing DNA product (169 
bp) of RASSF1A gene, in samples of distilled water 
(DW), normal lymphocytes (NL), and lymphocytes 
DNA methylated by SssI methyltransferase  (ML), Let-
ters UM denoted PCR product with primers specific for 
unmethylated sequences and M denoted PCR product 
with primers specific for methylated sequences.
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groups with qualitative data was done by using 
Chi-square test and/or Fisher exact test was used 
instead of Chi-square test when the expected count 
in any cell was found less than 5. The comparison 
between two independent groups with quantitative 
data and parametric distribution was done by using 
Independent t-test.  The comparison between more 
than two independent groups with quantitative data 
and parametric distribution was done by using one-
way analysis of variance (ANOVA) followed by 
post hoc analysis using least significance difference 
(LSD) test. The p-value was considered significant 
if < 0.05 and highly significant if < 0.01.

RESULTS

Clinicopathological findings 

Table 1 summarizes the clinicopathological fea-
tures of all cases examined in the present study. The 
average age of the 50 patients with OSCC (male, 
41; female, 9) was (67.56 ± 8.65) years. Accord-
ing to the site of the tumors, the most common 
site was gingiva and alveolar mucosa followed by 
tongue, palate, buccal mucosa, floor of the mouth 
and lips. The average size of the tumor was (7.38 
± 10.25). Histopathological examination showed 
that the presence of metastatic tumor cells in the 
regional lymph nodes was found in only 10 out of 
50 cases (20%). There was no statistical significant 
difference between OSCC subgroups concerning to 
clinicopathological features except between well 

differentiated and poorly differentiated OSCC con-
cerning to gender distribution and tumors size (P-
value 0.046 and 0.038, respectively) (Table 2). 

TABLE (1) Description of clinicopathological re-
sults of all the studied OSCC cases.

Methylation specific PCR (MSP) results:

The results showed that methylation of the pro-
moter region of RASSF1A was not detected in nor-
mal cases but unmethylated bands was detected in 
10 of 10 (100%) of these normal cases. In OSCC 
cases promoter methylation bands were detected 
in 15 of 50 cases (30%) and unmethylated bands 
were detected in 49 of 50 (98%) of OSCC cases. 
Statistically, there was significant increase of meth-
ylation in OSCC group in relation to normal group 
(P= 0.045) (Table 3). Furthermore, there was no sig-
nificant statistical difference between positive and 
negative methylated cases in age (P = 0.2), distribu-
tion of gender (P = 0.8) and mean of tumor size (P = 

TABLE 2: Comparison between OSCC subgroups regarding age, gender and tumors size in all studied 
cases.

*: Chi-square test, **: P < 0.05: Significant, P1:  well vs. moderate, P2:  well vs. poor, P3: moderate vs. poor.
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0.54). However, there was high significant correla-
tion between positive cases for methylation regard-
ing to lymph nodes positivity and number of posi-
tive lymph nodes involvement (p-value 0.00 and 
0.002 respectively) (Table 4).  

Fourteen OSCC cases (n=14) showed both 

methylated and unmethylated bands, while one 
case showed only methylated band. In primary tu-
mors, the presence of the normal stromal cells and 
inflammatory cells may contribute to the presence 
of unmethylated bands in most cases. All normal 
cases showed only unmethylated bands. Printed 

TABLE (3): Comparison between OSCC group and control group regarding methylation and unmethyl-
ation. 

Study groups

Methylation

OSCC group Control group Chi-square test

No. % No. % X² P-value

Methylation
Negative 35 70% 10 100%

4.000 0.045*
Positive 15 30% 0 0%

Unmethylation Negative 1 2% 0 0%
0.203 0.652

Positive 49 98% 10 100%

*: P < 0.05: Significant

TABLE (4) Comparison between positive and negative cases to methylation regarding lymph node metas-
tasis and number of lymph nodes involvement. 

                       Methylation

L.N.

-ve to methylation +ve to methylation Chi-square test

No. % No. % X² P-value

Lymph nodes
Negative 33 94.3% 7 46.7%

14.881 0.000*
Positive 2 5.7% 8 53.3%

No. of lymph Nodes

0 33 94.3% 7 46.7%

19.325 0.002*

1 0 0.0% 1 6.7%

2 2 5.7% 1 6.7%

3 0 0.0% 3 20.0%

4 0 0.0% 1 6.7%

7 0 0.0% 2 13.3%

TABLE (5) Comparison between OSCC subgroups and control group regarding methylation and unmeth-
ylation

          Study groups
Methylation

Control group Well Moderate Poor Chi-square test

No. % No. % No. % No. % P1 P2 P3

Methylation
-ve 10 100% 14 87.50% 12 63.20% 9 60.00%

0.244 0.027* 0.021*
+ve 0 0% 2 12.50% 7 36.80% 6 40.00%

Unmethylation
-ve 0 0% 0 0.00% 1 5.30% 0 0.00 %

NA 0.460 NA
+ve 10 100% 16 100% 18 94.70% 15 100%

P1: Control vs well, P2: Control vs moderate, P3 control vs poor. *: P < 0.05: Significant
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photograph of gel documentation system revealed 
agarose gel electrophoresis of methylation-specific 
PCR products of oral squamous cell carcinoma 
samples were shown in (Fig 2). 

The percentage of methylation in poorly dif-
ferentiated OSCC (40%) was more than that in 
moderately differentiated OSCC (36.8%) and well-
differentiated OSCC was the lowest in methylation 
(12.5%). There was a significant difference in the 
increase of methylation when moderately and poor-
ly differentiated OSCC compared to normal group, 
but well-differentiated OSCC didn`t show signifi-
cance (P= 0.027, P=0.021, and P=0.244 respective-
ly) (table 5). 

DISCUSSION

In the present study, a series of 50 blocks of OSCC 
tissue with their clinicopathological data used in or-
der to assess the IHC expression of RASSF1A pro-
tein and its correlation to clinicopathological data 
compared to normal oral mucosa tissues as a con-
trol. Studied cases ranged from 50 to 85 years old 
with mean of 67.56 years. Being in the old age, the 
mean of OSCC patients age was nearly in line with 
that was reported in Egypt (56.85)(19). The age range 
of studied OSCC patients differed from age range 
that reported in some Arabic countries population 
which may be due to the difference in habits and 
environment(20, 21). In the present study, males were 
affected more than females that is in agreement with 
most OSCC studies. However, the present male to 
female ratio was 4.6:1 that is more than that report-
ed in Egypt (1.4-1) and in Arabic countries (1-1 to 
1.5-1)(1,20, 21). This difference may be attributed to the 
small number of cases in the current study. In the 
present study, the most affected site was the gingiva 
followed by the tongue. Contrarily, the anterior two 
thirds of the tongue was the most common site in re-
cent published epidemiological studies of Egyptian, 
Arabic countries and worldwide population (3,20,21). 
This difference may be also attributed to the small 
number of cases in the current study. The mean of 
tumors size of the presented cases were 7.38 cm3. In 
addition, the sizes of 23 out of 50 (46%) OSCC cas-
es were less than 4 cm that is in-between the results 
of previous studies which reported 59%, 39%, 40%, 

Fig. (2) Agarose gel electrophoresis of methylation-specific 
PCR products showing DNA ladder with known base 
pair sizes. Other lanes showing DNA products (169 bp) 
resulted from MSP of RASSF1A gene in 10 normal 
mucosa samples (N1-N10) and 2 cases of OSCC (Fig 
A) and cases of OSCC (39-50). Letters UM and M de-
noted PCR product with primers specific for unmethyl-
ated and methylated sequences, respectively. 
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respectively(17, 22, 23). In the current study, 10 out of 
50 (20%) OSCC cases showed positive lymph node 
metastasis with variable number of involved nodes. 
This percentage was nearly similar to that report-
ed by Noorlag et al(18), who found lymph node in-
volvement in 49 out of 215 (23%) and was less than 
that reported by other studies which reported 37%, 
78% and 30% lymph node involvement respective-
ly(17,22,23). The mean of tumor size and percentage 
of positive lymph node metastasis were variable in 
previous studies due to deference in patient cohorts, 
environmental factor and methods of detection (3, 24). 

In the present study, promoter methylated MSP 
bands were not detected in normal oral mucosa cas-
es. The absence of methylation in control is congru-
ent with previous studies(25-27) which found methyla-
tion in none of their control cases. On the contrary, 
another studies(19, 28, 29) investigated the RASSF1A-
promoter methylation and the methylation has been 
reported to be present in (9/41), (4/18) and (11/48) 
of control cases, respectively. These results are in 
disagreement with the current study result. This di-
vergence in methylation percentage of control cases 
can be explained by the difference in control type, 
either autologous or heterogeneous. Control cases 
in disagreement studies were autologous but in 
agreement studies were mostly heterogeneous re-
sembling the current study. 

The previous interpretation may be supported 
by the results of Su et al(30) who found methyla-
tion in none of 12 heterogeneous normal mucosa 
cases compared to (12/32) of autologous adjacent 
non-neoplastic mucosa. Moreover, the epigenetic 
changes occur firstly before the appearance of the 
subsequent histopathological changes or may occur 
in haploid pattern especially in normal tissues adja-
cent to tumor.

In the current study, RASSF1A promoter meth-
ylated MSP bands were detected in 30% (15/50) 
of OSCC cases which in agreement with previous 
HNSCC studies(28,31). Similarly, Su et al (30) detect-

ed promoter methylation in 29% (9/31) of OSCC. 
However, promoter methylation of RASSF1A in 
OSCC were reported to be present in 2%, 22.4% 
and 95% of cases by Noorlag et al(18), Huang et al(17) 
and Tran et al (16) respectively, which appear to be in 
disagreement with the results of the current study. 
The divergence between the present study results 
and those of Noorlag et al(18) could be interpreted by 
that their study was  restricted to histopathological-
ly confirmed early SCC, which was reported to be 
less in methylation than more advanced and higher 
grades of HNSCC (32-34). Interestingly, the promoter 
methylation was noticed only in (2/16) of well-dif-
ferentiated OSCC in the current study. 

The little difference between the present study 
results and those of Huang et al(17) in promoter meth-
ylation of OSCC can be attributed to the differences 
in methylation testing methodology, the variations 
in sample processing, the differences in composi-
tion of patient cohorts and the lack of Human Papil-
loma Virus determination. All these causes had been 
previously proved to be somewhat influential in 
methylation results(15, 16, 18, 35, 36).

Methylation results which reported by Tran et 
al(16) was not only in disagreement with the present 
study, but also it was higher than all previous HN-
SCC studies. They conducted their study in popu-
lation with betel-associated OSCC. Therefore, the 
above-mentioned divergence in methylation can be 
elucidated by that the genetic pathway responsible 
for betel-associated OSCC without concomitant ef-
fects of ethanol and smoking may be different from 
the genetic pathway of OSCC of Egyptians, in the 
present study, which are mostly not betel-associat-
ed. Furthermore, Tran et al(16) study was restricted 
to non-smoking non-drinking Vietnamese female 
population. As methylation depends largely on en-
vironmental factors even during fetal life(37), ethnic 
and gender differences had been reported to influ-
ence methylation results as well(15, 38).
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In the current study, unmethylated MSP bands 
were detected in 49 out of 50 (98%) of OSCC cases. 
The detection of unmethylated MSP bands in nearly 
all cases of SCC is in coordination with the results 
obtained by other studies(16, 39). The unmethylated 
bands may have been detected due to the pres-
ence of normal cells, inflammatory cell infiltrates 
and nonmethylated alleles of cells in tumor tissue 
blocks. In the present study, it was noted that 1 out 
of 50 cases showed negative unmethylated band and 
positive methylated band. This observation may be 
attributed to using paraffin block containing large 
proportion from cancer tissue that is contain too 
little stromal cells to be detected by MSP technique.    

In the present study, it was also noted that 14 
out of these 49 cases showed both methylated and 
unmethylated bands. This finding is in coordination 
with results of other studies(16,39). The methylated 
and unmethylated bands may have been detected in 
the same case because of the presence of methyl-
ated gene in cancer cells in addition to unmethyl-
ated gene in normal cells, inflammatory cell infil-
trates and nonmethylated alleles of cancer cells in 
the same tumor tissue block. 

Statistically in the present study, aberrant 
RASSF1A promoter methylation in OSCC was 
found to be significantly increased in relation 
to normal mucosa (p-value 0.045<0.05). This 
observation suggested that RASSF1A promoter 
methylation seems to play an important role in 
OSCC pathogenesis. This is in coordination with 
many previous studies (15,16,19). Rarely, other studies 
reported that RASSF1A plays an important role 
in the development of cancer but is less important 
in HNSCC(18, 25). The contradiction between these 
studies may reflect the known differences in the 
disease or genes other than RASSF1A may be of 
greater importance in disagreement studies.  

In this study, RASSF1A promoter methylation 
was correlated to OSCC histopathological sub-
groups. It was found that the promoter methylation 
of RASSF1A in well, moderately and poorly differ-

entiated OSCC present in 2 out of 16 (12.5%), 7 out 
of 19 (36.8%) and 6 out of 15 (40%) of their cases 
respectively while none of normal oral mucosa cas-
es showed methylation. Statistically, the increase of 
RASSF1A promoter methylation in well-differenti-
ated OSCC in relation to normal mucosa was not 
significant (p-value 0.244>0.05). 

On the other hand, moderately and poorly dif-
ferentiated OSCC showed significant increase of 
RASSF1A promoter methylation in relation to nor-
mal mucosa (p-value 0.021 and 0.027, respectively). 
These observations indicated the presence of signif-
icant increase of RASSF1A promoter methylation 
with the decrease of cell differentiation in histopath-
ological grades especially the poorly differentiated 
OSCC that is, according to available knowledge in 
English literatures, not discovered before in stud-
ies restricted to OSCC. However, previous HNSCC 
studies reported similar observations(22, 40). 

In the present study, 20% of the OSCC cases 
(10/50) showed positive lymph node metastasis 
and eight out of these 10 cases showed RASSF1A 
promoter methylation. Furthermore, 6 of the above 
mentioned 8 cases contain higher number of in-
volved lymph nodes which mean that there was di-
rect correlation not only between methylation and 
the lymph nodes metastasis but also with number of 
involved lymph nodes. Statistically RASSF1A pro-
moter methylation in OSCC was found to be sig-
nificantly correlated to lymph nodes metastasis and 
number of involved lymph nodes (p-value 0.00 and 
0.002 respectively). These results are in consistence 
with previous study 32). The relation between RASS-
F1A promoter methylation and lymph nodes metas-
tasis could be explained by previous study results  
which reported that knocking down of RASSF1A 
results in reduced cell-cell adhesion (41) and RASS-
F1A inactivation by methylation may be involved in 
cell motility and migration control(42). Accordingly, 
RASSF1A methylation may play a role in metasta-
sis of OSCC.
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In the present study, it was found that 11 out of 
15 (73.3 %) of positive methylated cases located in 
age between 61 and 70 years old. This was in agree-
ment with Zhou et al(38) who found that the preva-
lence of RASSF1A promoter methylation of ESCC 
patients over 50 years old were higher than those 
younger than 50 years old. This relation can be at-
tributed to longer exposure time to environmen-
tal risk factors and indicated the impact of age on 
RASSF1A promoter methylation in OSCC. In sum-
mary, RASSF1A gene methylation showed highly 
significant association with OSCC and lymph nodes 
metastasis. It showed also highly significant associ-
ation with advancement in OSCC histopathological 
sub groups. Therefore, it was indicated that RASS-
F1A gene methylation could be important in OSCC 
carcinogenesis, metastasis, diagnostic biomarkers 
and prediction of grade. Being reversible, RASS-
F1A promoter methylation could be a promising in 
discovering therapeutic alternatives for OSCC.
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