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Abstract

Oral Squamous Cell Carcinomas (OSCC) are one of the most frequent cancers in the world. This term is
used to describe malignant tumors of the oral cavity, pharynx and larynx, with a high incidence and
mortality. Deregulation of genetic expression is a common process; however, to this we must also add
epigenetic modifications, which consist of histone changes, altered expression of miRNAs and aberrant
DNA methylation. The main purpose of this study is to review the methylation promoter genes in OSCC
and to determine the degree of methylation in these types of tumors, in addition to analyzing the latest
studies on the usefulness of these genes as epigenetic markers for early detection and to determine the
recurrence of the disease and offer new treatment options.
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Introduction
The head and neck cancer included Oral Squamous Cell
Carcinoma (OSCC) which accounts for 90% of all head and
neck cancers and 3%-4% of malignancies [1,2]. The incidence
of head and neck cancer has increased significantly in the last
20 years. The most important risk factors are smoking and
alcohol consumption, and environmental exposure, there are
also other risk factors such as the Epstein-Barr virus, the
human papilloma virus, subtypes 16 and 18, deficiencies or
disequilibrium in vitamins and micronutrients, like folic acid,
vitamins A, C and E, zinc and selenium [3].

Carcinogenesis is a multi-step process, in some cases, several
epigenetic and genetic alterations accumulate progressively
[4,5]. Silencing of tumor suppressor genes is associated with
for the development of cancer, therefore there are several
epigenetic mechanisms that produce this: post-translational
modifications of histones, mainly phosphorylation,
deacetylation changes and in the ubiquitinylation status [6,7].
Eventhought the most studied epigenetic change in DNA is
cytosine methylation in CpG dinucleotide areas.

Methylation occurs in certain regions of tumor suppressor
genes, called promoters, which contain a high density of
cytosine nucleotides, known as CpG islands. Methylation is the

addition of a methyl group (CH3) in carbon 5 of cytosine
nitrogenous bases (C) located at 5' of guanines (G). The
presence of aberrant methylation in the gene promoter region is
related to gene expression [8-11]. The methyl group is added to
cytosine nucleotides through DNA methyltransferase, thereby
inhibiting the expression of this type of gene. Methylated genes
are responsible cell growth and DNA repair [12]. There are
three types of DNA-methyltransferase (DNMTs): DNMT1,
which maintains methylation patterns of DNA replication, and
DNMT3A and DNMT3B, which are responsible for
unmethylated CpGs5 islands [11].

There are approximately 45,000 CpG islands, about 500 base
pairs, which are underrepresented regions in the genome,
furthermore, they are not distributed casually throughout the
genome, appearing more frequently in the promotion of
regions and the first axons of specific genes [13,14].

DNA methylation can be used as a indicator for changes which
help in the early diagnosis as well as for classification,
prognosis and treatment of cancer. The gene promoters
methylation profile is different for each tumor type, enabling
identification of patterns of tumor specific methylation [15].
The most frequently methylation and silenced genes in cancer
cells reside in chromosomal regions showing loss of
heterozygosity [16].
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Several factors could trigger DNA methylation, radiation,
smoking (tobacco), stress, diet, hormones handler (such as
estradiol) analogues based, cadmium, arsenic, nickel, reactive
oxygen species, and several other chemicals, so it is important
minimize them, as they play an important role in cancer
development [17-19].

There are already described of genes that are methylated in
head and neck carcinomas, such genes serve a variety of
cellular processes as we explained below. There are a number
of genes that are methylated in head and neck carcinomas, such
genes serve a variety of cellular processes as explained below.
Numerous articles have offered insight on epigenetics, this
review seeks to cover all the research regarding DNA
methylation in oral cancer, as may be appreciated in Tables
1-3, which assesses the methylation percentage appearing in
OSCC. We will concentrate on a detailed discussion of the
genes that are hypermethylated in higher frequency, namely:
p16INK4A, p15INK4B, p53, APC, E-cadherin, MGMT, MLH1,
DAPK1,RASSF1A, RARβ. These genes serve a variety of
cellular processes as we explain below [20-23]. Perhaps all
these differences in percentages of methylation could be due to
the differences between the populations and the different
etiological factors.

p16/CDKN2/INK4A
P16 is located on chromosome 9p21, it inhibits cell cycle arrest
of cyclin-dependent kinases 4 and 6 and is vital for the
maintenance of the retinoblastoma protein in its active
dephosphorylated state. The incidence of methylation ranges
from 23% to 76% [24-30]. Its epigenetic silencing is related to
oral pre-cancer and cancer, and its inactivation is believed to be
an early and progressive event in tumor advancement and the
degree of dysplasia of premalignant lesions. Kato et al.
detected 72.73% methylation in healthy pretumoral tissue
samples, showing that this may be an early event in
carcinogenesis and could be useful as a prognostic and
diagnostic marker [30]. The p16INK4A methylation is
associated with an increase in tumor size, more advanced
stages (stages III and IV), lymph node metastasis, increased
risk of disease recurrence and a poor prognosis [31-33].

Analyzing the methylation percentages of the different authors
we see a great variability in the incidence of methylation,
possibly due to the type of sample used and the location or
origin thereof (oral cavity, oropharynx, indistinctly). In this
case, the low percentages of methylation as they appear in the
article of Sanchez-cespedes with 27% have been obtained in
samples of tumors of surgical resection of the head and neck
[34]; on the other hand, the highest percentage found was in
the article of Kulkarni et al. [25] with 67%, performed in oral
squamous cell carcinoma samples. We continue to analyse and
see intermediate methylation percentages, such as that found
by Calmon et al. [35] with 63% in 43 samples of head and neck
tumors and in parallel Supic et al. [36] with 58% in samples of
oral squamous cell carcinoma tumors. The lowest percentage
of methylation was contributed by the Schutter study [37] with
5% performed on head and neck tumor samples, but with the

particularity that they had already been treated with
radiotherapy, that's why it's so low. Once all the material and
methods of the reviewed works were analysed, we have not
found an explanation for the methylation variability in p16
(Table 1 shows a summary of studies analyzing epigentic
alterations in P16).

P15/CDKN1A/INK4B
The cyclin-dependent kinase inhibitor is located in a region on
chromosome 9p21 [38]. It acts by inhibiting cell growth by
preventing cell cycle progression during the G1 phase.
Methylation percentage ranges between 9% and 23%
[24,28,39,40]. Takeshima et al. found that healthy and adjacent
non-tumor tissues typically exhibit signals of p15INK4B
methylation [41] but, Yeh et al. in their study found that
9%-28% of the oral carcinoma squamous cells tissues exhibit
methylation of gene p15 [42]. Silencing of p16 and p15 genes
due to promoter methylation was found in epithelial
malignancies, being present in head and neck carcinoma [43].

P53
Gene p53 is located on chromosome 17p13. By altering the
function of p53, the ability of cells to respond to stress or
injury is also altered, leading to genome instability. This gene
plays a role in DNA repair, cell cycle progression, cell
differentiation, and apoptosis, its primary function is to be a
genome guardian. This gene is the most frequently mutated,
methylation ranges from 25% to 69% [44-47].

P53 changes arise from the combination of exposure to
tobacco and alcohol [48].

APC (Adenomatous polyposis coli)
This tumor suppressor gene inhibits cell proliferation indirectly
through Wnt-1, epigenetic silencing occurs in the early stages
of carcinogenesis, which causes an increase in β-catenin gene
and thus increased cell proliferation during carcinogenesis
[49,50].

Uesugi et al. detected methylation of 15% in head and neck
carcinoma, and Gao et al. found it in 25% of the cell lines
[50,51]. On the other hand, Fan et al. [52] and Supic et al. [23]
do not talk about methylation percentages, they simply
described promoter methylation.

E-cadherin/CDH1
CDH1 gene is located on chromosome 16q22.1 and encodes E-
cadherin that is involved in maintenance of the epithelial
phenotype and regulates tumor invasion [53,54]. The loss of its
expression and methylation was observed in the primary
tumors of the tongue [55,56]. Methylation of this promoter is
associated with the performance of invasive tumors and poor
prognosis. Methylation frequency ranges from 13% to 85%
[23,55].
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MGMT (O-6 methylguanine-DNA methyltransferase)
Located at chromosome 10q26, it encodes MGMT, a DNA
repair enzyme which removes adducts caused by alkylating
agents; this gene repairs the genome where it undergoes
alkylation damage, since it is capable of removing, it can
remove alkyl groups that are located at position O6 of guanine
[25,30].

Methylation frequency ranges between 12% and 74%
according to the different authors shown on the table,
contrasting with 9%, which is found in the oral mucosa of
healthy individuals [30,57]. These differences in the
percentage of methylation could be due to different
methodological aspects of the study, so we will focus on the
studies in the table to see if we find any difference. Analyzing
the lowest percentage found by Rosas et al. [58] with 23% in
samples of head and neck tumors, followed by Righini [39]
with 29% and Sanchez-Cespedes [34] with 33% in samples of
head and neck tumors, in comparison with other authors who
find a higher level of methylation but already in samples of
oral squamous cell carcinoma tumors, such as Kulkarni et al.
[25] with 52% and Kato et al. [30] with 56% followed by
Kordi-Tamandani [59] with 74%, so we could deduce that oral
cavity tumors have higher MGMT methylation than head and
neck tumors, possibly because they have the first contact with
carcinogens and therefore they present different exposure than
tumors of the head and neck. The silencing occurs early in
carcinogenesis [30] and is associated with advanced disease,
lymph node metastasis, poor prognosis and low patient
survival [30,57]. (Table 1 shows a summary of studies
analyzing epigentic alterations in P16 and MGMT).

MLH1 (MutL homolog 1)
Located in the region of chromosome 3p21.3, it is thought that
methylation of the 5’ region promoter can silence the
expression of MLH1 genes and thus downregulates protein
expression.

MLH1 methylation may be associated with a higher risk of
developing oral malignancies [60]. In a recent study, Gonzalez
et al. found promoter hMLH1 methylated in 38 (76%) patients
with OSCC, but in none of the control samples; the study also
suggests that promoter methylation is an early cancer event
[61]. Methylation percentage ranges from 0% to 50%, as
shown in the Table 3. There is great variability in the
methylation of this gene, authors such as Ogi et al. [28]
analyzing 96 tumors of tongue, gum and floor of mouth (oral
squamous cell carcinoma) do not find methylation of this gene;
and Viswanathan [62] found 8% in oral squamous cell
carcinoma; However, Puri et al. [63], analyses 51 samples of
head and neck tumors and 23% of them show methylation,
likewise in higher percentages, Liu et al. [64] in his study he
has 88% methylation in head and neck cancer. In contrast to
the MGMT gene, we see that the location of the head and neck
is more methylated than the oral ones.

DAPK1 (Death-associated protein kinase 1)
It is located on chromosome 9q34.1 and has a proapoptotic
effect [14,25,30]. DAPK1 methylation frequency ranges from
18% to 81%, as shown in Table 2. Analyzing the different
percentages of methylation shown in Table 2, we see a lot of
variability, so we have been reviewing the material and method
of some studies. Regarding Ogi et al. [28] with 7% analyse
tumor samples of oral squamous cell carcinoma (specifically of
tongue, lower gum and floor of mouth); the following
methylation values would be 11% and 18% found by Schutter
et al. [37] and Sanchez-Cespedes [34], respectively, being
always samples of head and neck tumors and also coinciding
with advanced stages; likewise Rosas et al. [58] found 33% in
samples of head and neck tumors. Following high levels of
methylation it is important to note 68% of Kulkarni et al. [25]
in samples of oral squamous cell carcinoma tumors (buccal
mucosa, tongue, bocaa floor and trigonoretromolar) and
coinciding with advanced stadiums; on the other hand Calmon
et al. [35] with 81% in samples of head and neck tumors and
all cases presented advanced stages; so these differences
instead of focusing on the location of the tumor, would be
oriented as to the stage of the tumor, since we see that all
studies with a higher percentage of methylation coincide with
advanced tumor stages T3-T4. It is a positive mediator of
programmed cell death induced by gamma-interferon, which
has been used as a tumor marker [22]. Supic et al. found an
association between lymph node involvement and an advanced
stage of the disease with methylation of this gene [22].

RASSF1A
Located at 3p21.3, it shows 7.5% methylation in head and neck
cancer [65]. The methylation of this gene is associated with
invasive tumors, and a shorter survival [66]. Methylation
frequency ranges between 0% and 8% [29] (Table 2 shows a
summary of studies analyzing epigenetic alterations in DAPK
and RASSF-1). The lowest percentage of methylation found in
the articles reviewed was that provided by Wong et al. [67]
with 5% in samples of nasopharyngeal tumors; Then Hasegawa
et al. [65] in his study found a 7.5% methylation in samples of
head and neck tumors; on the other hand, we have found high
levels of methylation of said gene, specifically in the study by
Huang et al. [68] with 22.4% and samples of oral location (oral
squamous cell carcinoma) as well as Maruya et al. [29] with
26% in oral cavity samples (squamous cell carcinoma).
Therefore, after analyzing all the methylation percentages,
there is a greater methylation of this gene in oral squamous cell
carcinoma than in head and neck cancer. The percentage shown
by de Shutter et al. (2.4%) [37], would be in carcinomas of the
head and neck after receiving treatment with Radiotherapy,
hence the low levels of methylation.

RARB2
The RARB2 gene is a tumor suppressor gene that belongs to the
RARB family, located at chromosome 9q34. It is methylated in
cancer. The percentage of methylation of this gene is around
(67%) [69]. It is closely related the increasing age of patients,
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tumor aggressiveness and poor prognosis [70]. Regarding the
studies reviewed, we found that in the study by Worsham et al.
[71] we found an 80% methylation in carcinomas of the
nasopharynx and on the other hand Lee et al. [70] 46%
methylation in salivary gland tumors; Youssef et al. [69] 66%
in head and neck cancer; on the other hand Shaw et al. [49]
with 73% methylation mainly in patients with oral squamous
cell tumors versus Maruya et al. [29] where the 63% were
samples of head and neck tumors, so we have not found where
to explain the differences in methylation levels but if we focus
only on the percentages we see that both locations (oral and
head and neck) present high levels of methylation. (Table 3
shows a summary of studies analyzing epigentic alterations in
Rarb2).

Methylation detection
Several studies have assessed the presence of methylation in
bodily fluids. The ability to determine methylation states in
primary tumors, using saliva and serum, could offer the
possibility of creating methylation genes panels to detect
cancer [34,58,72].

Serum
Analysis of serum of patients with HNSCC is a promising
approach because it is less invasive and can present an
effective method to monitor patients.

In the University Johns Hopkins issued the first report on the
state of methylation of DNA samples in serum and its relation
to head and neck tumors [34]. Blood contains fragments of
extracellular DNA that could reveal multiple malignant
conditions [73]. Hong Kong, managed to find DAPK promoter
methylation in peripheral blood in a study, where 8 patients of
24 (33%) had nasopharyngeal cancer with methylation [67].

The following genes were found in plasma samples of patients
with nasopharynx carcinoma: CDH1, CDKN2B/p15,
CDKN2A/p16 and DAPK, which confirms that the detection of
methylation genes in serum is valid for early detection of
locoregional recurrence [67]. Sanchez-Cespedes et al. state
that, if DNA changes are detected in serum, once the tumor is
resectioned, such changes could be indicators of high risk of
local recurrence or metastasis in cancer patients [34].

DNA methylation in serum was detected more frequently in
patients who developed distant metastases. Therefore, it could
be an indicator of recurrence or metastasis [34].

Saliva
Multiple studies have assessed and detected the presence of
promoter methylation after salivary rinses [39,58,74,75]. It is a
promising biomarker for monitoring and early detection of
recurrence [39].

Lopez et al. assessed the efficacy of gene methylation in oral
rinses. They observed methylation of p16, p14 and MGMT in
44%, 12% and 56% of oral samples, respectively [76].

In the clinical trial developed by Sanchez-Cespedes et al. they
studied the methylation patterns of promoter p16, MGMT,
DAP-K in head and neck tumors in saliva and were found to be
methylation in all stages and, even more so, in the oral cavity.
Therefore, this trial allows sensitive detection of DNA in saliva
and is useful for monitoring recurrence in patients with head
and neck cancers. After resection of the primary tumor,
detection of DNA alterations in the serum may be an indicator
of a high risk of local or distant recurrence in patients with
cancer [34].

Urine
Currently, there is no gene methylation detection data in the
urine of patients with head and neck cancer. Su et al. found
DNA fragments in tumor patients with colorectal cancer and
detection was easy [77].

Exfoliative cytology
It is minimally invasive and the brush`s use allows for the
collection of all epithelial cells [78]. Longo et al. showed after
brushing the intraoral mucosa they were able to detect
methylation of genes, specifically in a study of 96 patients with
oral squamous cell carcinoma where they found the following
methylation percentages CCNA1 (60.4%), DCC (54.2%) and
TIMP3 (35.4%) [78].

Tissue samples
The samples are usually taken from precancerous lesions,
tumor lesions and/or healthy peritumoral tissue.

Tan et al. proposed that the presence of methylation promoters
of the surgical margins of oral squamous cell carcinoma may
predict local recurrence [79].

The presence of DAPK promoter methylation detected in
histologically negative surgical in patients with oral squamous
cell carcinoma was significantly associated with decreased
overall survival, thus showing the possibility of using this
promoter for prognosis [80].

Correlation of methylation with progression and
malignization
Methylation status in head and neck oral carcinoma has great
potential for early detection, monitoring and treatment. There
is a correlation between methylation and the severity of the
disease and metastasis [81-83].

Methylation of DAPK promoter correlates with advanced stage
and presence of metastases [28,34]. Sanchez-Cespedes et al.
found in their study that MGMT and DAP-kinase gene
promoters were the most frequently methylated in tumors of
the oropharynx, DAP-kinase was associated with advanced
staging and lymph node metastasis, namely 15 patients (93%)
with gene methylation had lymph node involvement at the time
of diagnosis, representing an important role in tumor
dissemination.
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The relationship between methylation of hMLH1 and clinical
stages has not been identified yet. However, Tzao et al.
described the relationship between methylation and
suppression of hMLH1 expression in early stages of esophageal
cancer, suggesting that loss of hMLH1 protein methylation
occurs at early stages of carcinogenesis [84]. Likewise,
Ramirez in his study reaffirms that the methylation of the
hMLH1 promoter is an early event that occurs in oral cancer,
specifically and ratifies it in a case-control study, in 50
Mexican population patients and 200 control samples. of
healthy individuals, found that the methylation promoter of
hMLH1 was methylated in 38 (76%) patients with COC; the
study showed a high frequency of methylation cases with
negative expression for the hMLH1 protein corresponding to
an early COCE clinic [85]. Epigenetic silencing of p16 and p15
plays an important role in the early development of head and
neck cancer and correlates with poor prognosis [86,87].

We can use p16 as a low biomarker survival and metastasis
biomarker [21,88].

Silencing of gene RASSF1A is associated with aggressive
tumors and poor survival [66].

Methylation of MGMT is high in cases of mucosa dysplasia,
which occurs in the early stages of carcinogenesis [57]. Kordi
et al. and Taioli et al. showed that MGMT methylation could be
considered as a marker of poor survival of head and neck
cancer [59,89,90].

Sanchez-Cespedes et al. and Ha et al. demonstrated that
proteins that control apoptosis such as DAPK and E-cadherin
may increase the likelihood of metastasis, as well as an
important role in cancer prognosis [14,34], methylation of E-
cadherin has its main action on cancer prognosis [22,55,65].
Interestingly, for head and neck cancer, a correlation has been
reported between methylation of DAPK and the presence of
metastatic lymph nodes [34].

The epigenetic silencing of the MGMT, p16INK4A and DAPK
genes involves alterations in the DNA repair process, the cell
cycle and the processes related to metastasis, respectively [14].

Table 1. Summary studies analyzing epigenetic alterations in P16 and MGMT.

Gene Reference Number of
cases Methylation (%) Gene Reference Number of

cases Methylation (%)

p16

Merlo et al. [91] ND ND

MGMT

Sánchez-Cespedes et al.
[34] 95 33%

Naggar et al. [92] ND ND Rosas et al. [58] 30 23%

Sánchez-Cespedes et
al. [34] 95 27% Viswanathan et al. [24] 99 41%

Nakahara et al. [27] 32 50%

Hibi et al. [93] 31 23% Maruya et al. [29] 32 37%

Esteller et al. [94] ND ND Kulkarni et al. [25] 60 52%

Rosas et al. [58] 30 47%  Zuo et al. [95] 94 18.10%

Huang et al. [26] 48 42% Ishida et al. [32] 49 12%

Ogi et al. [28] 96 29%
Puri et al. [96] 62 30%

Hasegawa et al. [65] 80 32%

Lopez et al. [97] ND 44%
Kato et al. [30] 55 56%

Viswanathan et al. [24] 99 23%

Ai L et al. [98] 100 27% Worsham et al. [99] ND 20%

Kulkarni et al. [25] 60 67% Righini et al. [39] 90 29%

Maruya et al. [29] 32 33%
Sengupto et al. [40] 99 41%

Sawhney et al. [57] 107 52%

Ishida et al. [32] 49 35%

Lee et al. [70] 69 NDTran et al. [100] 27 63%

Puri et al. [96] 62 36%

Righini et al. [39] 90 29% Kordi-Tamandani et al.
[59] 76 74%

Calmon et al. [35] 43 63%

State of methylation and epigenome studies in some types of head and neck cancer

Biomed Res 2018 Volume 29 Issue 14 2948



Sengupta et al. [40] 99 23%

Shaw et al. [90] 79 28%

Ohta et al. [101] 44 64%

De Shutter et al. [82] 46 5%

Taioli et al. [89] 80 11.50%

Supic et al. [102] 77 58%

Pierini et al. [103] 97 47.40%

Gene Reference Number of
cases Methylation (%) Gene Reference Number of

cases Methylation (%)

DAPK

Sanchez-Cespedes et
al. [34] 92 18%

RASSF-1

Hasegawa et al. [65] 80 7.50%

Rosas et al. [58] 30 33%
Maruya et al. [29] 32 16%

Wong et al. [67] 41 5%

Hasegawa et al. [65]
80 24%

Worsham et al. [99] ND 84%96 7%

Ogi et al. [28]   

Maruya et al. [29] 32 25%

Lee et al. [70] 69 35%Kulkarni et al. [25] 60 68%

Wong et al. [67] 41 42%

Worsham et al. [99] ND 76% De Shutter et al. [82] 46 2.40%

Huang et al. [68] 482 22.40%

Calmon et al. [35] 43 81.30%

Righini et al. [39] 69 27%

De shutter et al. [82]
46 11.40%

77 36.80%

Supic et al. [102]   

Radhakrishnan et al.
[104] ND ND

Gene Reference Number of
cases Methylation (%) Gene Reference Number of

cases Methylation (%)

RARB2

Youssef et al. [69] 53 66%

HLM1

Ogi et al. [28] 96 0%

Maruya et al. [29] 32 53% Liu et al. [105] 13 92%

Shaw et al. [49] 79 73% Viswanathan et al. [24] 99 8%

Worsham [99] ND 80% Liu et al. [106] 8 88%

Lee et al. [70] 69 46% Puri et al. [96] 51 23%

Radhakrishann et al.
[104] ND ND Gonzalez-Ramirez et al.

[61] 38 76%

   Demokan et al. [107] 116 47%

   Pierini et al. [103] 97 46.40%

ND: No Data.
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Gene Reference Number of
cases

Methylation (%) Gene Reference Number of
cases

Methylation (%)

DAPK Sanchez-Cespedes et al. [34] 92 18% RASSF-1 Hasegawa et al. [65] 80 7.50%

Rosas et al. [58] 30 33% Maruya et al. [29] 32 16%

Wong et al. [67] 41 5%

Hasegawa et al. [65] 80 24% Worsham et al. [99] ND 84%

Ogi et al. [28] 96 7%

Maruya et al. [29] 32 25% Lee et al. [70] 69 35%

Kulkarni et al. [25] 60 68%

Wong et al. [67] 41 42%

Worsham et al. [99] ND 76% De Shutter et al. [82] 46 2.40%

Huang et al. [68] 482 22.40%Calmon et al. [35] 43 81.30%

Righini et al. [39] 69 27%

De shutter et al. [82] 46 11.40%

Supic et al. [102] 77 36.80%

Radhakrishnan et al. [104] ND ND

ND: No Data.

Table 3. Summary studies analyzing epigenetic alterations in RARB2 and HLM1.

Gene Reference Number of
cases

Methylation (%) Gene Reference Number of
cases

Methylation (%)

RARB2 Youssef et al. [69] 53 66% HLM1 Ogi et al. [28] 96 0%

Maruya et al. [29] 32 53% Liu et al. [105] 13 92%

Shaw et al. [49] 79 73% Viswanathan et al. [24] 99 8%

Worsham [99] ND 80% Liu et al. [106] 8 88%

Lee et al. [70] 69 46% Puri et al. [96] 51 23%

Radhakrishann et al.
[104]

ND ND González-Ramirez et al. [61] 38 76%

Demokan et al. [107] 116 47%

Pierini et al. [103] 97 46.40%

ND: No Data.

Conclusions
Advances in epigenetics have a key role in diagnosing,
choosing the treatment, obtaining good prognosis and detecting
head and neck carcinomas in primary stages and determining
the degree of aggressiveness and predict their evolution. That
is why we need a panel of well-established methylation
promoters for optimal treatment of these patients and mainly to
identify early-stage carcinomas. This review aims to highlight
the genes that are methylated most frequently and are
associated with poor prognosis and the frequency of
metastasis, so we believe that more quantitative studies of the
methylation degree of genes MGMT, DAPK, hMLH1 are
necessary. Long-term studies in patients with head and neck

cancer are necessary, to analyse the methylation percentages
once they are cured of the disease, thus obtaining more realistic
figures in terms of prognosis, survival of these genes and the
production of methylation panels with a higher reliability.
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