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Abstract
Objectives Although the importance of the epigenetic chang-
es in tumors, including oral squamous cell carcinomas
(OSCCs), is now becoming apparent, the mechanisms that
trigger or cause aberrant DNA methylation in cancer are still
unrevealed. DNA methylation is regulated by a family of en-
zymes, DNA methyltransferases (DNMTs). DNMT gene ex-
pression analysis, as well as genetic polymorphisms, has not
been previously evaluated in OSCC.
Materials and methods In 65 OSCC patients, SYBR Green
real-time PCRmethod was assessed for relative quantification
of DNMT1, DNMT3A, and DNMT3B mRNAs, normalized
to TATA-binding protein (TBP)mRNA. The expression levels
of all three genes were dichotomized as high or low, with a
twofold change of normalized mRNA expression used as the
cutoff value. Polymorphisms in DNMT1 (rs2228612) and
DNMT3B (rs406193) were analyzed in 99 OSCCs by
TaqMan SNPs genotyping assays.

Resul ts DNMT1, DNMT3A, and DNMT3B were
overexpressed in 36.9, 26, and 23 % of the OSCC patients,
respectively. DNMT1 overexpression was significantly asso-
ciated with the overall survival, p = 0.029, and relapse-free
survival of OSCC patients, p = 0.003. Patients with DNMT1
overexpression, as an independent prognostic factor, had a
2.385 times higher risk to relapse than those with lower ex-
pression. The DNMT1 A201G gene polymorphism was asso-
ciated with a reduced overall survival in OSCC patients,
p = 0.036.
Conclusions Our results suggest that DNMT1 could play an
important role in modulating OSCC patient survival.
Clinical relevance DNMT gene expression could be a poten-
tial prognostic marker that might lead to an improvement in
diagnosis, prognosis, and prospective use of epigenetic-
targeted therapy of OSCC.

Keywords Oral cancer . DNMT1 . DNMT3A . DNMT3B .

mRNA . Overexpression . Polymorphism . Overall survival .

Relapse-free survival

Introduction

Oral squamous cell carcinoma (OSCC), a subgroup of head
and neck squamous cell carcinoma (HNSCC), is a common
malignant tumor characterized by a high incidence of nodal
metastasis, high recurrence rate, and poor survival [1]. Oral
carcinogenesis develops through a multistage process that re-
sults from the accumulation of both genetic and epigenetic
alterations of tumor-associated genes [1–3]. Epigenetic mod-
ifications are heritable changes that modulate gene expression
without a change in the DNA sequence itself. The key epige-
netic modification in mammalian genome is the DNA meth-
ylation of cytosine located 5′ to guanosine in a CpG
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dinucleotide. Aberrant methylation of CpG islands, CG-rich
regions within the promoter regions, causes transcriptional
silencing of tumor suppressor genes and malignant transfor-
mation [4]. Aberrantly methylated tumor suppressor genes
have been suggested as a potential diagnostic, prognostic,
and/or predictive tool in a variety of tumors, including
OSCC [3, 5–8]. However, due to tissue-type and cell-type
specific signature of aberrant DNA methylation in tumors, it
is difficult to identify a specific methylation panel as diagnos-
tic and/or prognostic biomarkers for each cancer type.

The covalent addition of a methyl group to cytosine
residue of CpGs is catalyzed by a family of enzymes
DNA methyltransferases (DNMTs), in the presence of
cofactor SAM (S-adenosyl methionine), as a methyl
group donor [4]. DNMT1 is mainly involved in the
maintenance of DNA methylation after replication and
catalyzes the transfer of the methyl group to the daugh-
ter DNA strand due to its 10–50-fold higher binding
affinity to hemimethylated DNA [9]. DNA methyltrans-
ferases DNMT3A and DNMT3B interact with transcrip-
tion machinery and mediate de novo methylation [4].
Evidences show that DNMT1 may also exert de novo
CpG island methylation [4, 10] and/or interact with
DNMT3A and DNMT3B in de novo methyltransferase
activity, as well as with histone modifying enzymes, and
methyl-CpG binding proteins [11].

Overexpression of DNMTs has been reported in a variety
of tumors, including breast, gastric, hepatocellular, lung, pan-
creatic, and head and neck carcinomas [12–22]. It has been
suggested that DNMTs may be involved in establishing aber-
rant DNAmethylation patterns in cancer. Due to its ubiquitous
overexpression in a number of epithelial cancers, DNMT
mRNA and/or protein overexpression could potentially be
used as a general tumor molecular marker [13]. In that way,
the necessity to create a specific methylation panel as a diag-
nostic and/or prognostic tool for each cancer type could be
significantly reduced.

The current study is the first one investigating the mRNA
expression of DNMT1, DNMT3A, and DNMT3B in OSCC
and their association with the clinical outcome. While only a
few studies examined DNMT polymorphisms and their
prognostic or risk association in HNSCCs [23–25], in oral
cancer, these polymorphisms have not been investigated.
The pre-specified hypotheses tested in the current study
was that DNMT expression level and polymorphisms could
potentially be markers of overall survival (OS) and/or
relapse-free survival (RFS) in OSCC. Thus, analysis of
DNMT gene expression could lead to an improvement in
diagnosis and prognosis to identify OSCC patients who
would benefit from more aggressive therapy. In addition,
specific epigenetic and gene expression signatures could be
of great value for predicting response to epigenetic therapy
of HNSCC and OSCC.

Materials and methods

Subjects

This study was performed in accordance with the Declaration
of Helsinki, following the Ethics Committee approval given
by the Military Medical Academy, Belgrade. All the partici-
pants in the study were randomly selected Caucasians with the
same ethnicity, diagnosed with OSCC that underwent an op-
eration at the Clinic for Maxillofacial Surgery, Military
Medical Academy, Belgrade, Serbia, between 2005 and
2010. The patients were not given adjuvant chemotherapy or
radiation prior to surgery, and subsequently all patients were
treated with radiotherapy. Histologically confirmed OSCCs of
the tongue and the floor of the mouth were staged according to
the TNM classification system for oral and oropharyngeal
tumors [26]. The basic demographic characteristics (age,
sex, smoking, and alcohol consumption), as well as clinical
characteristics (histological and nuclear grade, stage, tumor
size, nodal status, and recurrences appearance), are summa-
rized in Table 1. The median patient age was 58 years, range
36–80 years, Table 1. Polymorphisms in DNMT1 (A201G,
rs2228612, Ile311Val) and DNMT3B (C501T, rs406193,
intergenic) were analyzed from the genomic DNA isolated
from 99 tumor tissue of OSCC patients, of which 20 were
WHO stage II tumors and 79 were stage III tumors, Table 1.
Based on the quality of RNA, 65 cases were selected for the
expression analysis of DNMT1, DNMT3A, and DNMT3B
genes. Of the 65 tumors, 13 were WHO stage II tumors and
52 were stage III tumors. The recurrence rate was high, 68 %
(44/65), and from a total of 38 patient deaths, 37 were preced-
ed by a tumor recurrence (p = 0.000). Reported recommenda-
tions for tumor marker prognostic studies (REMARK) criteria
were followed throughout this study [27]. All analyses were
performed blinded to the study endpoint.

DNA isolation and DNMT1 and DNMT3B genotyping
DNA was extracted from 99 snap-frozen oral cancer tissue
samples using the TRIZOL Reagent (Invitrogen, France).
The screening for single nucleotide polymorphisms (SNPs)
within the DNMT1 (A201G, rs2228612) and DNMT3B gene
(C501T, rs406193) was carried out by TaqMan SNPs
genotyping assays (Applied Biosystems, UK), according to
the manufacturer’s protocols. The SNP genotyping was per-
formed blinded to patient status and expression analysis.

RNA isolation and real-time PCR RNAwas extracted from
65 fresh-frozen tissue samples, preserved at −80 °C, using
TRIZOL Reagent (Invitrogen, France), according to the man-
ufacturer’s instructions. The cDNA was prepared using
Superscript II RNase H-reverse transcriptase (Invitrogen,
France), following the manufacturer’s instructions. Specific
DNMT1, DNMT3A, and DNMT3B mRNA expression was
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assessed by semi-quantitative real-time PCR with SYBR-
Green master mix on a 7500 real-time PCR system (Applied
Biosystems, UK). The real-time PCR reaction for each sample
was duplicated, and the average value was used in the further
analysis. The specific primer sets for DNMTs were previously
described by Girault et al., where the amplification of contam-
inating genomic DNAwas avoided by placing the one of the
two primers at the junction between two exons, or in the dif-
ferent exons [12]. The samples were normalized to TATA-

binding protein (TBP), a component of the DNA-binding pro-
tein complex transcription factor IID. The TBPwas used as an
endogenous control for normalization, instead of 18S rRNA
or β-actin, to correct for potential variations in the amounts of
RNA as DNMT1 gene expression is proliferation-dependent
and has a role in maintaining DNA methylation patterns dur-
ing replication [12]. The relative target gene expression level
was also normalized to a calibrator, consisting of a pool of
normal oral tissue specimens. Results, expressed as N-fold

Table 1 Association of DNMTmRNA overexpression and gene polymorphisms in DNMT1 (A201G, rs2228612) and DNMT3B (C501T, rs406193),
with clinicopathological features

Variables mRNA expression
(Total N = 65)

DNMT SNPs
(Total N = 99)

DNMT1
expressiona

DNMT3A
expressiona

DNMT3B
expressiona

DNMT1
(A201G)

DNMT3B
(C501T)

Low High Low High Low High wt/het wt/het/mut

Gender Male 31 18 35 14 33 16 60/12 50/19/3

Female 10 6 13 3 7 9 26/1 19/7/1

p* NS NS 0.092 NS NS

Age (≥median) <58 16 10 18 8 19 7 40/6 32/14/0

≥58 25 14 30 9 21 18 46/7 37/12/4

p* NS NS NS NS NS

Smoking Never 8 6 11 3 9 5 21/1 16/5/1

Ever 33 18 37 14 31 10 65/12 53/21/3

p* NS NS NS NS NS

Alcohol use Low 32 17 37 12 31 18 21/1 50/17/4

High 9 7 11 5 9 7 65/12 19/9/0

p* NS NS NS NS NS

Histological grade 1/2 34 15 36 13 32 17 72/10 58/21/3

3 7 9 12 4 8 8 14/3 11/5/1

p* NS 0.012 NS 0.061 0.057

Nuclear grade 1/2 27 13 29 11 28 12 62/5 48/17/2

3 14 11 19 6 12 13 24/8 21/9/2

p* NS 0.039 NS NS 0.087

Stage II 8 5 10 3 11 2 17/3 16/4/0

III 33 19 38 14 29 23 69/10 53/22/4

p* NS NS 0.065 NS NS

Tumor size T1/2 31 16 38 9 31 16 64/11 53/19/3

T3/4 10 8 10 8 9 9 22/2 16/7/1

p* NS NS NS NS NS

Nodal status N− 9 5 10 4 11 3 18/4 17/5/0

N+ 32 19 38 13 29 22 68/9 52/21/4

p* NS NS NS NS NS

Recurrence (local and/or
regional)

− 17 4 15 6 16 6 35/6 30/9/2

+ 24 20 33 11 25 19 51/7 39/17/2

p* 0.055 NS NS NS NS

NS non-significant, wt/het/mut wild-type/heterozygous/mutated genotype
a DNMT overexpression defined as greater than or equal to twofold gene expression of normalized mRNA

*Significant values (p < 0.05) are italicized
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differences in target gene expression relative to the TBP gene
and the calibrator, were determined by the formula
Ntarget = 2(ΔCt calibrator − ΔCt sample), where ΔCt values of the
calibrator and the sample were calculated by subtracting the
average Ct value of the target gene from the Ct value of the
TBP gene [12]. Relative expression ratios were calculated
using the Pfaff mathematical model, based on the PCR effi-
ciencies, as described previously [28].

Statistical analysis Statistical analysis was assessed by SPSS
20.0 software (IBM, USA). Clinical, patho-histological, and
etiological parameters were compared using the χ2 test or
Fisher’s exact test. Spearman’s rank correlation test was used
to evaluate relationships between continuous variables.

To validate the efficacy of DNMT overexpression to dis-
criminate outcomes, we summarized the data in a receiver
operating characteristic (ROC) curve. The ROC curve plotted
the sensibility (true positives) against 1—specificity (false
positives), considering each value as a possible cutoff value.
The area under the curve (AUC) gave an overall measure to
discriminate efficacy of a molecular marker.

The overall survival (OS) and relapse-free survival (RFS)
were estimated by using the Kaplan-Meier survival curves,
and the significance of differences between survival rates
was determined using the log-rank test. The OS was calculat-
ed from the time of surgery until death from any cause or last
follow-up. RFS were calculated from the time of surgery until
the first observation of any recurrence or death due to any
cause. If a patient had no recurrences or died, RFS was cen-
sored at the time of the last follow-up. Hazard ratios (HR) for
OS and RFS were estimated by Cox proportional hazard re-
gression analysis, with 95 % confidence interval (95 % CI).
Variables that were significant or near-significant (p < 0.200)
in univariate analysis were selected to be included in the mul-
tivariate analysis, according to previous studies [8, 22].
Multivariate analysis was used to identify independent prog-
nostic factors of OS and RFS using the Cox proportional haz-
ards model. The Cox model was performed using the forward
stepwise method that removed variables with p < 0.100. All
the analyseswere two-sided, and associations were considered
significant with p values less than 0.05 (p < 0.05).

Results

DNMT1, DNMT3A, and DNMT3B mRNA expression
analysis Relative expression levels of DNMT1, DNMT3A,
and DNMT3B mRNAs were assessed by semi-quantitative
real-time PCR with SYBR Green, normalized to the Ct value
of the reference gene TATA-binding protein, TBP. The prog-
nostic performance of these three studied genes was assessed
using ROC-AUC analysis. In short, if a molecular marker has
a very strong discriminative value, the ROC curve will be

close to the upper left corner and the AUC will be close to
1.0; generally good molecular markers have a value between
0.7 and 0.9, as opposed to the markers with poor discrimina-
tive power, where the ROC curve will lie close to the diagonal
and the AUC will be close to 0.5. DNMT1 emerged as the
most discriminatory marker of poor outcome (death) in the
OSCC (ROC-AUC, 0.763, p = 0.000), compared to other
DNMTs, Table 2, Supplement Fig. 1A. DNMT3A and
DNMT3B mRNA levels were similar between the subgroups
of patients with poor and good outcomes, with ROC-AUC
values close to 0.5 (ROC-AUC, 0.545 and 0.572, respective-
ly), suggesting that overexpression of these genes is not a
major prognostic marker of poor outcome in OSCC.

In the absence of a clinically defined cutoff point for
DNMT overexpression, to minimize confounding bias, we
have examined several options, such as mean, median, arbi-
trary twofold change, and cutoff values assessed by ROC
analysis curve. Initially, the ROC-AUC analysis was used to
validate the optimal cutoff point for DNMT mRNA overex-
pression. An ROC curve demonstrated that for DNMT1,
DNMT3A, and DNMT3B expression, fold change values of
1.742, 1.46, and 1.58, respectively, could be potential cutoff
points. According to the cutoff value for DNMT1 expression
of 1.742, Supplement Fig. 1A, the Cox hazard regression
analysis revealed that patients with DNMT1 expression higher
than 1.742 have a 3.09 times higher risk of poor outcome
compared to patients with lower expression of mRNA,
HR = 3.09 (1.56–6.15, 95 % CI, p = 0.000), Supplement
Fig. 1B. However, as previously indicated, a fold difference
in DNMT1 expression less than at least twofold may result
from the imprecise nature of semi-quantitative RT-PCR [19].
Therefore, after examining several options and ROC and
Kaplan-Meier analysis to determine the prognostic potential
of DNMT1 in oral cancer, the cutpoint for DNMT genes’
overexpression for predicting patient death was defined as
greater than or equal to twofold gene expression change of
normalized mRNA. The defined overexpression was in accor-
dance with the mean values of DNMT1, DNMT3A, and
DNMT3B normalized mRNA levels (1.993, 1.760, and
1.921, respectively), Table 2. Considering this twofold change
as a cutoff point, we reanalyzed the relation between patient
survival and elevated DNMT1 expression and obtained a test
sensitivity of 50 %, specificity of 81.48 %, positive predictive
value of 79.17 %, negative predictive value of 53.66 %, and
accuracy of 82.6%. Of the 65OSCC patients, 24 had DNMT1
mRNA levels above the defined cutoff (36.9 %), DNMT3A
mRNAwas overexpressed in 17 (26 %) and DNMT3B in 15
(23 %) of OSCC patients.

Association of DNMT1, DNMT3A, and DNMT3B mRNA
expression with the clinicopathological data, the overall
survival (OS), and the relapse-free survival (RFS) An as-
sociat ion of DNMT mRNA overexpression with
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clinicopathological features is presented in Table 1. The elevat-
ed mRNA levels of DNMTs were not significantly associated
with gender, age, smoking status, or alcohol use. Higher
DNMT3B mRNA levels were found to be more prevalent in
females than in males, p = 0.092. The elevated mRNA levels of
DNMT1 were more frequent in advanced histological and nu-
clear grade OSCC cases, p = 0.012 and p = 0.039, respectively,
Table 1. The overall prevalence of overexpressed DNMT3B
mRNA was more frequent in advanced stage III compared to
stage II, but this difference did not reach statistical significance,
p = 0.065. In the studied OSCC cohort, as shown in Table 1, the
DNMT1 overexpression showed a tendency toward associa-
tion with relapses, p = 0.055. No significant correlation was
found between the co-expression of DNMTs and clinicopatho-
logical data, neither did the expression of DNAmethyltransfer-
ase genes correlate with each other.

The mean and median follow-up time in studied OSCC
cohort were 33.7 months and 30 months, respectively. There
have been no clinical data of deaths from other causes.
According to the results of the Kaplan-Meier survival analy-
sis, OSCC patients with high DNMT1 mRNA expression had
significantly worse overall survival, p = 0.029, Fig. 1a. The
Cox hazard regression analysis revealed that patients with
DNMT1 overexpression have a 1.99 times higher risk of poor
outcome compared to patients with lower expression of
mRNA, HR = 1.990 (1.051–3.770, 95 % CI, p = 0.035),
Table 3. Variables with univariate significance (p < 0.200)
were included in the multivariate analysis using the Cox pro-
portional hazards model for OS and RFS, Table 3. However,
in multivariate Cox’s regression analysis, contribution of
DNMT1 expression did not persist as an independent prog-
nostic factor, Table 4. Kaplan-Meier survival analysis revealed
that DNMT1 overexpressionwas significantly associatedwith
RFS of OSCC patients (log-rank test, p = 0.003), Fig. 1b.
Moreover, the Cox proportional hazards regression analysis
showed that the DNMT1 mRNA overexpression was an in-
dependent prognostic factor for poor relapse-free survival,
HR = 2.385 (1.310–4.341), p = 0.004, Table 4.

Association of DNMT1 (A201G, rs2228612) and
DNMT3B (C501T, rs406193) gene polymorphisms with
the c l in icopathologica l features and survival
Polymorphisms in DNMT1 (A201G, rs2228612) and
DNMT3B (C501T, rs406193) were analyzed in 99 OSCCs.
Our analyses did not show a statistically significant correlation
between the DNMT1 and DNMT3B SNPs and corresponding
clinical parameters, Table 1. Survival analysis revealed that
OSCC patients with AG genotype of DNMT1 A201G gene
polymorphism (13 out of 99 OSCCs) had the reduced overall
survival, p = 0.036, Fig. 1c. In a subset of 65 OSCC cases, the
simultaneous analysis of genotype and expression data did not
show a statistically significant correlation between studied
DNMT1 and DNMT3B polymorphisms and corresponding
mRNA expression (data not shown).

Discussion

Over the last decade, there has been an increase of potential
clinical implications of DNA methylation-based biomarkers as
potential diagnostic, prognostic, and/or predictive tools in a
variety of tumors, including OSCC [2, 4, 5]. Although the
importance of the epigenetic changes in a variety of human
tumors is now becoming apparent, the mechanisms that trigger
or cause aberrant DNA methylation in cancer are still unre-
vealed. The DNA methyltransferases (DNMTs) are the en-
zymes responsible for the covalent addition of themethyl group
on CpG sites. Although DNMTs were originally classified as
maintenance (DNMT1) or de novo DNMTs (DNMT3A and
DNMT3B), probably all three DNMTs cooperate and possess
both de novo andmaintenance roles in establishing DNAmeth-
ylation [4]. Since DNAmethylation panels can provide a better
information than a single marker, previous studies evaluated a
large number of DNA methylation markers [29, 30]. Although
this multi-marker approach is now widely used, the multiple
methylation marker screening does not represent a cost-
effective and practical approach. It is difficult to identify a

Table 2 The mRNA levels of the
DNMT1, DNMT3A, DNMT3B,
and receiver operating
characteristics (ROC) analysis in
OSCC patients

Gene mRNA
levels

(Total N = 65)

DNMT1 DNMT3A DNMT3B

Mean 1.993 1.760 1.921

Median 1.734 1.335 1.528

SD# 1.485 1.373 1.290

ROC/AUC*
(95 % CI), p

0.763 (0.660–0.886)
p = 0.000

0.545 (0.403–0.687)
p = 0.536

0.572 (0.432–0.712)
p = 0.325

# SD standard deviation

*ROC receiver operating characteristics, AUC area under curve analysis, according to poor outcome (death) in the
total number of 65 OSCC cases
a Significant values (p < 0.05) are italicized
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specific methylation panel, to use it in large-scale cancer studies
or a routine clinical setting, and also challenging to interpret.
Moreover, each tumor type display differences in DNA meth-
ylation patterns, and differences may be tissue-type, cell type-
specific, or even inter-individual [31]. Thus, it has been

suggested that DNMToverexpression could potentially be used
as a general tumor molecular marker, due to its involvement in
establishing aberrant DNA methylation during cancerogenesis
[13] and to its ubiquitous overexpression in various epithelial
cancers [12–15]. In that way, the necessity to create a specific
methylation panel as a diagnostic and/or prognostic tool for
each cancer type could be significantly reduced. However,
DNMT mRNA expression and genetic polymorphisms have
not been previously determined in the OSCC.

Our results indicate, for the first time, that DNMT1 mRNA
overexpression could be a potential predictor of poor clinical
outcome (p= 0.029) and prognosticmolecularmarker of reduced
relapse-free survival (p = 0.003) in OSCC patients. The current
study showed that DNMT1 overexpression is an independent
marker of reduced RFS, and patients with DNMT1 overexpres-
sion had a 2.385 times higher risk to relapse than those with
lower expression. We have also demonstrated that genetic varia-
tion in the DNMT1 gene (A201G, rs2228612) is associated with
reduced overall survival in oral cancer patients (p = 0.036).

Our results are consistent with previous findings of elevated
mRNA levels of DNMT1 shown to be an independent prognos-
tic factor in non-small cell lung carcinomas (NSCLC) [14, 19].
Furthermore, DNMT1mRNAwas overexpressed and correlated
with lymph node metastasis in esophageal carcinomas [32].

A central role in evaluating diagnostic or prognostic ability of
biomarker to discriminate the true state or outcome of patients is
finding of the optimal cutoff values. The use of arbitrary cutoff
points is the least accurate method, since cutoffs may be either
too low (eliminating positive results) or too high (increasing
false-positive results). ROC curve analysis has been used exten-
sively for the assessment of diagnostic or prognostic ability of
markers [33]. In the absence of a clinically defined cutoff point
for DNMToverexpression, we have examined several options to
dichotomize the expression levels of the studied three genes as
high (overexpressed) or low. According to the cutoff value
assessed by ROC analysis curve, the hazard regression analysis
revealed that patients with DNMT1 mRNA expression higher
than 1.742-fold change have a 3.09 times higher risk of poor
outcome compared to patients with lower expression of mRNA
(p = 0.000), Supplement Fig. 1A and B. However, even though
the DNMT1 shows the constitutive low level of mRNA expres-
sion in normal cells, and only modest overexpression in tumors

�Fig. 1 Survival distributions, estimated by the Kaplan-Meier method, for
DNMT1 mRNA expression analysis (a, b) and DNMT1 A201G,
rs2228612 polymorphism (c). a Overall survival (OS) and b relapse-
free survival (RFS) curves stratified by DNMT1 mRNA expression in
65 OSCC patients. DNMT mRNA overexpression is defined as greater
than or equal to twofold gene expression of normalized mRNA. Patients
with OSCCs overexpressing the DNMT1 gene (high expression) had
significantly lower 5-year OS (p = 0.029, a) and RFS (p = 0.003, b)
than those without DNMT1 overexpression (low expression). c Overall
survival curves for DNMT1 A201G, rs2228612 polymorphism in 99
OSCC patients. Patients with the AG genotype (13 out of 99 OSCCs)
had the reduced overall survival (p = 0.036, c)
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and with lower frequency [9, 34], it was previously suggested
that a fold difference in DNMT1 expression less than twofold
may result from the imprecise nature of semi-quantitative RT-
PCR [19]. Furthermore, a previous study, which compared the
mRNA levels between semi-quantitative RT-PCR and quantita-
tive real-time PCR, indicated that the expression levels of
DNMTs measured by semi-quantitative RT-PCR may not be
sufficient for studying an association betweenDNMTexpression

and patient survival at a different cutoff value (1.5-fold, twofold,
threefold) [19]. Therefore, after examining all options to deter-
mine the prognostic potential of DNMT1 mRNA expression in
oral cancer, the cutoff value for DNMT overexpression for
predicting patient poor outcome was defined as greater than or
equal to twofold gene expression change of normalized mRNA.
In addition, the defined twofold change was in accordance with
the mean value of DNMT1 mRNA expression fold change
(1.993). Considering this twofold change as a cutoff point, we
reanalyzed the relation between patient survival and elevated
DNMT1 expression. Nevertheless, we also observed a signifi-
cant association between elevated DNMT1 mRNA levels with
poor clinical outcome (p = 0.029) and reduced relapse-free sur-
vival (p = 0.003) in OSCC patients. Further studies in a large
cohort are needed to understand the biologic significance of a
fold change at a different cutoff value and the effect of a different
threshold of DNMT1 overexpression on patient survival.

Previously, DNMT1 mRNA and protein overexpressions
were associated with poor prognosis in laryngeal carcinomas
[20]. Positive immuno-histochemical staining for DNMT1 in
pharyngeal cancer cells and clinical samples was significantly
associated with a poor response to therapy and shorter patient
survival [21], indicating that DNMT1 may be a significant
clinical predictor in HNSCCs. Furthermore, increased

Table 3 Univariate analysis of
prognostic factors in relation to
overall survival (OS) and relapse-
free survival (RFS), according to
Cox regression analysis, in OSCC
patients

Univariate analysis Overall survival Relapse-free survival

HR (95 % CI) p* HR (95 % CI) p*

Sex 1.345 (0.646–2.801) 0.429 1.045 (0.537–2.032) 0.898

Age (median) 2.158 (1.034–4.504) 0.041 2.186 (1.121–4.265) 0.022

Smoking 1.697 (0.707–4.071) 0.236 1.933 (0.859–4.352) 0.111

Alcohol 1.317 (0.934–1.857) 0.117 1.260 (0.907–1.749) 0.168

Nuclear grade

(3 vs. 1/2)

1.550 (0.903–2.664) 0.112 1.648 (1.017–2.672) 0.043

Hystol. grade

(3 vs. 1/2)

1.400 (0.844–2.324) 0.193 1.324 (0.791–2.217) 0.286

Stage 3.468 (1.062–11.324) 0.039 1.491 (0.664–3.347) 0.333

Tumor size

(T3/4 vs. T1/2)

1.505 (1071–2.109) 0.030 1.184 (0.864–1.622) 0.294

Nodal status

(N+ vs. N−)
3.817 (1.169–12.467) 0.027 1.694 (0.754–3.803) 0.202

Recurrences 6.695 (2.762–16.233) 0.000 – –

Chemotherapy 1.237 (0.884–1.731) 0.215 1.215 (0.888–1.662) 0.223

DNMT1 overexpression# 1.990 (1.051–3.770) 0.035 2.385 (1.310–4.341) 0.004

DNMT3A overexpression# 1.719 (0.840–3.519) 0.138 0.967 (0.488–1.916) 0.924

DNMT3B overexpression# 1.285 (0.634–2.605) 0.486 1.287 (0.677–2.444) 0.441

DNMT1 SNP (A201G, rs2228612) 2.139 (1.023–4.473) 0.043 1.030 (0.663–1.598) 0.897

DNMT3B SNP (C501T, rs406193) 0.967 (0.604–1.550) 0.891 0.782 (0.327–1.872) 0.581

HR hazard ratio, CI confidence interval
# DNMT mRNA overexpression defined as greater than or equal to twofold gene expression of normalized
mRNA

*Significant values, p < 0.05, are italicized

Table 4 Multivariate Cox Proportional Hazards Regression analysis of
prognostic factors in patients with OSCCs

Multivariate analysis HR (95 % CI) p*

Overall survival

Recurrences 6.799 (2.794–16.544) 0.000

Nodal status 3.692 (1.126–12.103) 0.031

DNMT1 overexpression* 2.056 (0.994–4.254) 0.052

Relapse-free survival

DNMT1 overexpression* 2.385 (1.310–4.341) 0.004

DNMTmRNAoverexpression defined as greater than or equal to twofold
gene expression of normalized mRNA

HR indicates a hazard ratio, CI confidence interval

*Significant values, p < 0.05, are italicized
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DNMT1 protein expression correlated with tumor size, histo-
logic differentiation, and tumor stage of OSCC [35].
However, in another study, DNMT1 and DNMT3B protein
expression was not higher in OSCC than in oral leukoplakias
or controls, while DNMT3A was overexpressed in OSCC
compared to controls, but not for oral leukoplakias [36]. A
potent DNA methyltransferase inhibitor, zebularine, signifi-
cantly reduced viability and DNA synthesis of treated head
and neck cancer cells, by induction of cell cycle arrest and
apoptosis [37], and suppressed the 5-fluorouracil-induced ap-
optosis in oral cancer cells [38]. These findings indicate that
DNMT1 overexpression could have a substantial effect on
cancer progression and clinical outcome and might be a po-
tential treatment target in HNSCC and OSCC.

The molecular mechanism of DNMT1 survival modulation
remains to be elucidated. It has been suggested that DNMT1
could play an essential role in cancer cell proliferation and cell
survival [39], in addition to its role in the maintenance of DNA
methylation [9, 14, 18]. DNMT1 interacts with proteins found at
DNA replication forks (PCNA), proteins associated with cell
cycle regulation or response to DNA damage (p21, Rb protein,
p53), and with a number of proteins directly involved in the
epigenetic control of gene expression, including DNMT3A and
DNMT3B, and histone deacethylase (HDAC1, HDAC2) [9].
Antisense oligonucleotides targeting DNMT1 and DNMT3B
had pronounced anti-proliferative effects in esophageal, lung,
and malignant pleural mesothelioma cancer cells [40]. In addi-
tion, transfection of DNMT1 small interfering RNA (siRNA)
decreased DNMT1 protein levels and led to the increase of p21
and suppression of cell proliferation in head and neck cancer cell
line [41]. DNMT1 silencing vector reduced tumor growth, re-
duced invasion, and attenuated treatment resistance in bladder
cancer cells [42]. The treatment of colon cancer cells with inter-
leukin (IL)-6, a major effector cytokine of inflammation, resulted
in an increase in DNMT1 expression and DNA methylation of
tumor-associated genes [43], which indicated that DNMT1 could
also have an important role in inflammation-associated
carcinogenesis.

Our study showed that the variant homozygote genotype of
the DNMT1 polymorphism A201G (rs2228612) reduces the
overall survival in our oral cancer cohort (p = 0.036). The GG
homozygote variant genotype of the studied DNMT1 A201G
polymorphism was previously associated with the increased
breast cancer susceptibility in Han Chinese women [44], while
the opposite finding of breast cancer risk reduction was reported
in female Caucasian patients [45]. The studied DNMT1 A201G
polymorphism (I311V) is located in the N-terminal part of the
gene, encoding the nuclear localization signal (NLS) (1–343
amino acid residues), and a PCNA-interacting region [9, 46].
The N-terminus of a protein often has a substantial influence
on protein stability and accumulation. Although deletion of the
N-terminal 120 amino acids significantly increased the DNMT1
protein stability and subsequent accumulation in breast cancer

cells, deletion of the NLS domain containing the studied
DNMT1 A201G polymorphism did not exert a further effect
onDNMT1protein accumulation [15]. Nevertheless, the variants
in the N-terminal part of DNMT1 could be essential for the
efficient catalytic activity of the enzyme and the preference for
hemimethylated sites, as well as for its interactions with other
proteins [9, 46]. Previously, studied DNMT1 A201G polymor-
phism was related to lower levels of global DNA methylation in
autoimmune thyroid disease [47]. Thus, this non-synonymous
I311V substitution could transform the structure of the NLS do-
main and decrease the DNA-binding ability of the enzyme, con-
sequently reducing the global DNA methylation levels.

In conclusion, the current study is the first one demonstrat-
ing that the DNMT1 mRNA overexpression and genetic var-
iation could be associated with survival in oral cancer patients.
Thus, OSCC patients whowould benefit from aggressive ther-
apy could be identified. Although the sample size in the cur-
rent study is sufficiently large for oral cancer, further studies
are warranted to be conducted in expanded patient cohorts to
verify these associations for different cancer types. In addi-
tion, further studies are needed to assess associations between
DNMT overexpression and DNMT polymorphisms with
DNA methylation. Furthermore, there is a growing interest
in DNA methylation-based therapy due to the reversibility
of epigenetic changes, and various DNMT inhibitors exhibit
promising results in anti-tumor therapy, but have yet to be
explored in OSCC. Different strategies for oral cancer therapy
via knockdown or DNMT inhibition are to be evaluated. Thus,
the analysis of DNMT gene expression could potentially lead
to an improvement in diagnosis, prognosis, and prospective
use of epigenetic-targeted therapy of HNSCC and OSCC.
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