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Abstract: The methylation and expression of DNA repair system genes has been studied in several tumor types. 
These genes have been associated with resistance to chemotherapy treatments by epigenetic regulation. Studies 
have yet to show the effects of combined therapy using an epigenetic drug (5-aza-2CdR) and cisplatin (CDDP) on 
DNA repair genes in oral squamous cell carcinoma (OSCC). This study proposed to investigate the effects of CDDP 
in combination with 5-aza-2CdR on the methylation of MGMT and MLH1 genes in oral cancer cells. Oral squamous 
cell carcinoma cell lineages (SCC-9, SCC-15, and SCC-25) were submitted to 72 hours of treatment: 0.1 μM CDDP 
(or 4.44 μM SCC-9), 0.1 μM and 0.3 μM 5-aza-2CdR (or 1 μM and 3 μM SCC-9), and the drugs in combination. 
Cell viability was assessed by MTT, DNA methylation of MGMT and MLH1 genes by Methylation Sensitivity High-
Resolution Melting (MS-HRM), and the relative expression of the genes by RT-qPCR. The results show that all treat-
ments reduced cell viability; however, in SCC-15 and SCC-9 (IC50 value), 5-aza-2CdR promotes cell sensitization to 
cytotoxic effect of cisplatin. The MGMT promoter region was 100% demethylated in the SCC-15 and SCC-25 cells 
but partially (50%) methylated in SCC-9 before drug treatment. Treatment with IC50 CDDP value kept the methylation 
status and decreased MGMT expression in SCC-9; MGMT gene in SCC-15 and SCC-25 cells became downregulated 
after treatment with 5-aza-2CdR. MLH1 was demethylated, but the treatments with low-doses and combined drugs 
decreased the expression in SCC-9 and SCC-25; however high doses of 5-aza-2CdR and drug combination with IC50 
value CDDP increased expression of MLH1 in SCC-9. The data presented suggest that epigenetic drugs associated 
with chemotherapy have clinical translational potential as a therapy strategy to avoid or reverse cancer resistance, 
requiring further investigation.
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Introduction

Oral cancer is one of the most frequent types  
of cancer, with a high worldwide mortality rate 
and high incidence in low- and middle-income 
countries [1] and more than 90% of these 
cases represented by oral squamous cell car- 
cinoma (OSCC) [2-4]. OSCC frequently affects 
the anterior two-thirds of the tongue, floor of 
the mouth, retromolar region, gingiva and pal-
ate region [5]. OSCC occurrence is more com-
mon on the tongue and is associated with a 
poor prognosis [6]. Such an association may be 
related to the frequent appearance of OSCC in 
the mobile region of the tongue, a highly vascu-
larized site that can facilitate the appearance 
of tumor metastasis [7].

Oral cancer’s etiology and main risk factors 
include: chemical factors such as tobacco and 
alcohol consumption; biological factors such as 
certain viral infections, including the human 
papilloma virus (HPV), often associated with 
the appearance of tumors in the oropharyngeal 
region [8]; syphilis; and genetic and epigenetic 
factors [9-11].

Cisplatin (CDDP) is an alkylating agent and a 
member of the platinum complex group (carbo-
platin, oxaloplatin), being the first-line drug for 
postoperative chemotherapy in OSCC patients 
with potent and effective antitumor activity 
against various types of solid tumors, includ- 
ing head and neck cancer [12]. Several molecu-
lar mechanisms are associated with its cyto-
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toxic activity such as the induction of oxidative 
stress, action on the p53 protein pathway that 
generates alterations in the cell cycle, blocking 
cell division by formation of adducts in DNA 
that, in general, generate signaling and induc-
tion of cell death by apoptosis [13]. However, 
CDDP therapeutic efficacy is limited and com-
promised by the emergence of intrinsic or 
acquired drug resistance that can result from 
degradation of the copper membrane trans-
porter (CTR1) [14-17], or overexpression of the 
transmembrane protein 205 (TMEM205) [18] 
and ABC type ATPases proteins such as the 
multiple drug resistance protein (MRP) [18-20]. 
Other factors are described in the literature, 
including epigenetic silencing of critical genes 
in DNA repair pathway for response to drugs by 
DNA methylation [21-23].

The DNA mismatch repair (MMR) system that 
correct the DNA mismatches is required to cell 
cycle arrest or apoptosis and participate in the 
DNA damage response after treatment with 
chemotherapeutic agents which forms addu- 
cts resulting in the generation of mismatched 
bases [24, 25]. MMR loss has been related 
with resistance mechanisms [26]. In addition, 
MLH1 gene has also been found to be epige-
netically silenced by promoter hypermethyl-
ation, down-regulating MMR, which may play  
a role in maintaining drug sensitivity [27-29]. 
Another gene involved in DNA repair activity  
is O6-methylguanine-DNA methyltransferase 
(MGMT). The protein encoded by this gene acts 
to protect cells from the toxic and carcinogenic 
effects of alkylating agents, such as nitrosa-
mines present in cigarette smoke [30] and  
also, of chemotherapeutic agents such as cis-
platin [31], removing the adducts from the O6 
position of the guanine. Many studies show 
that hypermethylation in the promoter region of 
this gene is associated with decreased expres-
sion, which is related to the increased risk of 
brain tumor, colon cancer, lung cancer, head 
and neck cancer and other tumors [32-34]. 
However, the action of this gene may also be 
correlated with the resistance mechanism to 
treatment by chemotherapy, an unfavorable 
bias [35-38].

Some strategies, including combination thera-
pies, have been applied in patients to prevent 
chemotherapy resistance [39]. This study aims 
to associate cisplatin with the demethylating 

agent 5-aza-2’-deoxycytidine (5-aza-2CdR or 
decitabine). The possible action to reverse the 
silencing of key genes in the cell cycle, through 
demethylation by the action of demethylating 
drugs, has emerged as a therapeutic strategy 
to be used in severe cases and unresponsive-
ness to conventional therapies [40, 41]. 

In a previous study by our research group, it 
was shown that cells of the SCC-9 tumor lin-
eage present methylation in the MGMT gene  
in at least half of the tumor cell population. 
Moreover, treatment with low concentrations  
of 5-aza-2CdR promoted partial demethylation 
of MGMT and increase its expression [42]. In 
addition, the promoter hypermethylation in 
MLH1 gene has been reversed with the use of 
5-aza-2CdR, allowing gene expression and nor-
mal MMR capability [43, 44]. However, the 
effect of cisplatin in association with 5-aza-
2CdR was not described in OSCC lineages stu- 
died here: SCC-9, SCC-15, and SCC-25.

Numerous studies have shown that the use of 
5-aza-2CdR in combination with chemothera-
peutic agents could represent an interesting 
therapeutic approach, due to the anti-prolifera-
tive and pro-apoptotic effect against tumor 
cells as well as the recovery of sensitivity to 
chemotherapeutic agents, such as cisplatin 
[45-49]. Our objective was to analyze the ef- 
fect of combined therapy between 5-aza-2CdR 
and cisplatin in three OSCC cell lines, with 
MGMT and MLH1 as the main target genes, 
while also assessing the epigenetic profile.

Materials and methods

Cell culture

SCC-9, SCC-15, and SCC-25 cells (ATCC® CRL-
1629™, ATCC® CRL-1623™, ATCC® CRL-1628™) 
were gently provided by Dr. Edgar Graner (Pira- 
cicaba Dental School, University of Campin- 
as, Piracicaba, Brazil). Cells were cultured in 
DMEM/Ham’s F12 medium (Dulbecco’s Modi- 
fied Eagle’s Medium e Ham’s F12) (Sigma,  
USA) supplemented with 400 ng/mL hydrocor-
tisone (Sigma, USA), 10% fetal bovine serum 
(FBS) (Sigma, USA), antibiotic solution (100 U/
mL penicillin and 100 μg/mL streptomycin) 
(Invitrogen, USA) and incubated at 37°C and 
5% CO2 until the pre-confluence.
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Table 1. Methylation-sensitive high-resolution melting (MS-HRM) primer data

Gene Primer 5’-3’ Genome position CpG Amplicon 
size Annealing

MGMT F-GCGTTTCGGATATGTTGGGATAGT
R-CCTACAAAACCACTCGAAACTACCA

chr10:131,155,459-131,155,631 18 173 bp 55

MLH1* F-AGTTTTTAAAAACGAATTAATAGGAAGAG
R-ACTACCCGCTACCTAAAAAAATATAC

chr3:37,034,741-37,034,821 5 81 bp 58°C

*Ref [51].

Combined-treatment with cisplatin and 5-Aza-
2CdR 

Cisplatin (Takara Bio USA, Inc.) was diluted in 
0.9% saline solution and 5-aza-2CdR (Sigma-
Aldrich) in 1 × phosphate-buffered saline solu-
tion (PBS). SCC-9 cells were treated with 0.1 
μM or 4.44 μM (IC50 value) of cisplatin and 0.1 
μM, 0.3 μM, 1 μM or 3 μM 5-aza-2CdR (Sigma-
Aldrich) for 72 h. SCC-15 and SCC-25 cells were 
treated with 0.1 μM cisplatin and 0.1 μM or 0.3 
of 5-aza-2CdR. Cisplatin and 5-Aza-2CdR were 
replaced each 24 h. Control cells were treated 
with same amount of saline solution and PBS. 
The experiments were assayed in triplicate.

MTT assay

Cell viability was assessed by 3-(4,5-dimeth- 
ylthiazolyl-2)-2,5-diphenyltetrazolium bromide 
(MTT, Invitrogen, Carlsband, CA, USA). Briefly, 
cells were seeded in 96-well plates (n=8  
wells/group) at a density of 1 × 104 cells/well, 
allowed to adhere for 24 h and after the experi-
mental period the MTT test was performed. 
Cells were first incubated for 3 h (37°C and  
5% CO2) in culture medium (200 µL/well) con-
taining MTT (0.3 mg/mL). Wells containing  
only the culture medium without cells were 
incubated with MTT in parallel with the experi-
ment samples to normalize the absorbance  
values obtained. Then, solubilization of the 
formazan crystals with 100% ethanol was per-
formed and then the absorbance reading at a 
570 nm wavelength was performed by a micro-
spectrophotometer (ASYS UVM340, Biochrom 
Ltd., Cambridge, England) with the aid of 
ScanPlus software. Results were expressed as 
a percentage of cell viability, considering the 
Control group as 100% that were treated with 
the corresponding volume of serum culture 
medium.

DNA isolation and sodium bisulfite treatment

Total DNA was purified from cells using the 
Quick-DNA Universal kit (Zymo Research, USA) 

following the manufacturer’s protocol. After 
DNA quantification and purity verification us- 
ing Nanodrop 2000 (Thermo Fisher Scientific, 
Wilmington, DE, USA), 800 ng of genomic DNA 
were treated with sodium bisulfite using the 
Epitect® Bisulfite Kit (Qiagen, Germany), follow-
ing the manufacturer’s instructions. The con-
verted DNA was stored at 4°C until Methyla- 
tion-Sensitive High-Resolution Melting (MS- 
HRM) analysis.

MS-HRM analysis

Real-time PCR followed by MS-HRM analysis 
was performed on the Light Cycler 480 II ther-
mal cycler (Roche, Mannheim, Germany). Pri- 
mer sets were designed in accordance with 
guidelines proposed by Wojdacz and Dobrovic 
[50] (Table 1). Reactions ran in duplicate per 
sample and each reaction consisted of: 1 μL 
bisulfite converted DNA, 1x LightCycler®480 
HRM Master Mix+4 mM MgCl2 (Roche, Mann- 
heim, Germany), 250 nM of each primer, in  
one 10 μL volume end. Amplification parame-
ters were: 95°C for 10 minutes (initial DNA 
denaturation), followed by 45 cycles: 95°C  
for 10 seconds (denaturation), 20 seconds at 
55°C (MGMT); 20 seconds at 58°C (MLH1) 
(annealing temperature) and 72°C for 20 sec-
onds (extension). MS-HRM analyses were per-
formed with manufacturer-recommended ra- 
mping temperature and fluorescence acquisi-
tion adjustments: 1 minute at 95°C, main-
tained at 70°C for 1 minute (to allow re-anneal-
ing of all PCR product), acquisition step from 
70°C to 95°C, rising 0.2°C/s with 25 acquisi-
tions per °C. Fully methylated (100%) and fully 
unmethylated (0%) DNA (Qiagen EpiTect PCR 
Control DNA Set) were used as controls to esti-
mate the DNA methylation level of each sam-
ple. From these, an intermediate 1:1 dilution 
(50% methylated) was prepared, resulting in 0, 
50 and 100% methylated DNA standard melt-
ing curves of a serial dilution. To compensate 
for the initial fluorescence variation, MS-HRM 
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Table 2. Reverse transcription real time polymerase chain 
reaction (RT-qPCR) primer sequences

Gene Primer 5’-3’ Amplicon 
size Annealing

MGMT* F-GCTGAATGCCTATTTCCACCA
R-CACAACCTTCAGCAGCTTCCA

124 bp 62°C

MLH1** F-CAACAAGTCTGACCTCGTCTTC
R-CCGGGAATCTGTACGAACCAT

80 bp 60°C

GAPDH*** F-CCACTCCTCCACCTTTGAC
R-ACCCTGTTGCTGTAGCCA

154 pb 60°C

*Ref [52]; **Gene ID: 4292; GenBank NM_001167619; ***Gene ID: 
14433; GenBank NM_008084.2.

data were normalized (Light Cycler 480 II analy-
sis software). The melting curve of the product 
from each sample was compared to the stan-
dard melting curves (0, 50 and 100% methyl-
ated). As a result, the samples were classified 
in methylation ranges 0-50% and 51-100%. 
Assays were run in triplicate.

Quantitative real-time PCR

Reverse transcription followed by qPCR was uti-
lized on the expression of MGMT and MLH1 
genes. The total RNA was purified by Trizol® 
reagent (Invitrogen, Carlsbad, CA, USA); 1 μg of 
total highly purified RNA was treated with 
DNAse (Invitrogen, Carlsbad, CA, USA); 500 ng 
of RNA were used for cDNA synthesis using 
SuperScript III First-Strand Synthesis Systems 
for RT-PCR (Invitrogen, Carlsbad, CA, USA), 
according to manufacturer’s recommendation. 
The sequences of the primers used are in  
Table 2. qPCR was carried out in 10 μL total, 
containing 1 μL cDNA, 5 μL SYBR Green 
(LightCycler® 480, Roche Applied Science), 
250 nM (MGMT); 100 nM (MLH1) each primer, 
3 μL (MGMT); 2 μL (MLH1) of cDNA and nucle-
ase-free H2O. The SYBR Green amplification 
conditions consisted in an initial 10 min dena-
turation at 95°C, followed by 45 cycles of 15 s 
at 95°C (denaturation), 20 s at 62°C (MGMT); 
20 s at 60°C (MLH1) (annealing temperature), 
and 20 s at 72°C (extension). Relative levels  
of gene expression were performed using the 
cycle threshold (Ct) method in reference to 
GAPDH. Assays were run in triplicate. Relative 
gene expression was determined using 2-ΔΔCT 
method [53]. The graphical representation of 
results was created using the R package ver-
sion 3.6.1 (2019).

SCC-9 (IC50 value) and SCC-15 cells reducing 
cell viability by effect of cisplatin, but not in 
SCC-25 cells

MTT assay results showed that different treat-
ments with CDDP and 5-aza-2CdR affected  
the mitochondrial metabolic activity of the 3 
tumor lineages studied - SCC-9, SCC-15 and 
SCC-25 - in different ways (Figure 1). All treat-
ments in both lineages significantly decreased 
the number of viable cells when compared to 
controls. In the SCC-9 lineage (Figure 1A),  
the groups with isolated treatments of cisplat-
in, mainly in the 4.44 µM concentration, 
decreased the number of living cells in 50%. 
Additionally, when combined with the lower 
concentration 5-Aza groups (5-Aza 0.1 and 
5-Aza 0.3) the decreased ratio is maintained. 
However, the combination with the higher con-
centration 5-Aza groups (5-Aza 1 and 5-Aza 3) 
led to additional reduction of about 20% of via-
ble cells when compared to the other groups 
with reference to control, within the same sig-
nificance level. The decrease in the percentage 
of viable cells was proportional among the low 
concentration isolated 5-Aza groups and the 
combined groups in the presence of 0.1 µM  
cisplatin (P<0.05 and P<0.001) in reference to 
control at a dose-response 5-Aza relationship. 

The isolated treatments on SCC-15 cells  
(CDDP 0.1, 5-Aza 0.1 and 5-Aza 0.3, Figure 1B) 
maintained an approximately 20% proportion 
of viability decrease (P<0.001) and on the  
combined groups (CDDP 0.1+5-Aza 0.1 and 
CDDP 0.1+5-Aza 0.3) an additional 10% 
decrease in relation to control occurred. 
However, only the CDDP 0.1+5-Aza 0.1 group 
had the cytotoxic effect of cisplatin potentiated 
more significantly (P<0.001). 

Statistical analysis

Data are displayed as mean ± stan-
dard deviation. Statistical analysis  
of data was performed by one-way 
ANOVA followed by Dunnett’s post-
hoc test. Statistical analysis was per-
formed using the R package version 
3.6.1 (2019) using a 5% level of 
significance.

Results

Low dose 5-aza-2CdR sensitizes 
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Figure 1. The treatments with cisplatin and 5-Aza-2CdR affect the cell viability of the lineages SCC-9, SCC-15, and SCC-25 differently. A. The SCC-9 cells were chal-
lenged with two cisplatin concentrations (0.1 and 4.44 µM) and four 5-Aza-2CdR concentrations (0.1, 0.3, 1 and 3 µM). The six groups combined demonstrate 
the influence of cisplatin concentrations associated with 5-aza-2CdR. B, C. The viability of SCC-15 and SCC-25 cells was assessed only at 0.1 µM concentration of 
cisplatin and two 5-Aza-2CdR concentrations (0.1 and 0.3 µM), with two combinations between the drugs. No treatment cells were used (control). Cellular viability 
was assessed by MTT reduction assay and results were expressed as percentage of cell viability, considering the Control group as 100% and presented as mean ± 
SD of three independent experiments (*P<0.05; ***P<0.001).
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Cisplatin concentration on SCC-25 cells (Figure 
1C) decreased about 35% of the viability and 
when combined with 0.1 µM 5-Aza the same 
results were observed in reference to controls. 
The isolated and combined groups with 5- 
Aza showed a dose-response relationship but 
maintaining viability between 60 and 70%. 
SCC-25 was the cell lineage with the greatest 
decrease in viability relative to cisplatin expo-
sure at 0.1 µM (P<0.001).

Expression and methylation profile of MLH1 
and MGMT genes are differently affected by 
treatment with 5-aza-2CdR

The effect of 5-aza-2CdR on demethylation of 
MGMT and MLH1 genes was evaluated by real-
time PCR followed by HRM analysis in SCC-9, 
SCC-15 and SCC-25 cells (Figure 2). MGMT 
gene was partially methylated (50% methyla-
tion) in SCC-9 cells (Control group, Figure 2A) 
and totally demethylated in SCC-15 and SCC-
25 cells. MLH1 gene is usually demethylated in 
all cells studied (Figure 2A-C). All treatments 
with 5-aza-2CdR alone increased MGMT ex- 
pression in SCC-9 cells besides demethylating 
around 25% in the applied concentrations, 
except for the 3 µM dose that not demethyl-
ated, but increased the expression (Figure  
3A). We observed significant downregulation of 
MLH1 gene when cells were submitted to the 
lowest 5-aza-2CdR concentrations (0.1 µM and 
0.3 µM); however, the 3 µM dose increased 
expression 1.82-fold (P<0.001; Figure 3D). 

MGMT gene expression in SCC-15 cells signifi-
cantly decreased (P<0.05) by approximately 
1.5-fold in all groups with the two concentra-
tions of 5-aza-2CdR (Figure 3B). Regardless of 
treatment, MLH1 gene expression remained 
significantly unchanged, although the fold val-
ues changed (Figure 3E). 

Analyzing SCC-25 cells after treatment, MGMT 
gene was significantly downregulated ≅2.5-fold 
in groups that received only treatment with 
5-aza-2CdR (Figure 3C). MLH1 expression was 
not altered with the isolated treatments (Figure 
3F).

Cisplatin IC50 value ensures methylation profile 
of MGMT in SCC-9 cells decreasing the expres-
sion

As expected, cisplatin does not change MGMT 
methylation status or expression in SCC-9, 

even at the 0.1 µM concentration (Figures 2A, 
3A). However, in the IC50 cisplatin value (4.44 
µM) in these cells even though there was no 
change in the DNA methylation, this concen- 
tration decreased the gene expression. On the 
other hand, the combined groups of 5-aza-
2CdR with 0.1 µM cisplatin partially demethyl-
ates SCC-9 and significantly increased MGMT 
expression, mainly in the CDDP 0.1+5-Aza  
0.3 group (P<0.001). Curiously, the combined 
groups with 4.44 µM cisplatin did not change 
the methylation profile in SCC-9 cells even in 
the presence of different 5-Aza concentrations, 
although the expression remains low. Sur- 
prisingly, the group isolated 5-Aza 3 was unable 
to demethylate the MGMT gene but increased 
its expression. 

Combination of low doses of cisplatin and 
5-aza-2CdR is not useful for cells in relation to 
MLH1 gene expression profile

In SCC-9 cells, MLH1 gene had significantly 
decreased expression when cells were submit-
ted to low 0.1 µM CDDP concentration; howev-
er, expression increased at a 4.44 µM dose 
(Figure 3D). We observed significant MLH1 
upregulation of 1.74-fold and 1.83-fold at high 
concentration 5-Aza combined with 4.44 µM 
cisplatin groups, CDDP 4.44+5-Aza 1 and 
CDDP 4.44+5-Aza 3, respectively, after 72 h 
treatment. 

The combined treatment with 0.1 µM cisplat-
in+0.1 µM 5-Aza-2CdR upregulated the MLH1 
expression at 7.55-fold in SCC-15 cells, but it 
was not significant (Figure 3E).

Curiously, when Cisplatin and 5-aza-2CdR were 
combined in SCC-25 treatment, the expression 
level decreased significantly: 72-fold for CDDP 
0.1+5-Aza 0.1 (P<0.01) and 363.49-fold for 
CDDP 0.1+5-Aza 0.3 (P<0.001) (Figure 3F).

Discussion

The unusual histological composition of the 
tongue (rich lymphatic network and highly mus-
cular structure) contributes to its susceptibility 
to metastatic invasion and tumor recurrence 
[54] and to poor prognoses, also associated 
with late diagnoses [55], resulting in lower 
treatment efficiency for squamous cell car- 
cinoma [56, 57].

Surgery, radiotherapy, and the combination of 
radiotherapy and chemotherapy are among the 
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Figure 2. Methylation pattern of the MGMT and MLH1 genes in SCC-9, SCC-15, and SCC-25 cells. A. MS-HRM analysis showed MGMT gene is partially (50%) methyl-
ated in SCC-9 cells. The effect of 5-Aza-2CdR at 0.1 μM, 0.3 and 1 μM after 72 h of treatment promoted significant demethylation (25%) of the MGMT gene in SCC-9 
(P<0.05). However, no effect of 5-Aza-2CdR at 3 μM concentration. No effect of cisplatin (0.1 and 4.44 μM) and combined groups with cisplatin 0.1 μM in methyla-
tion profile. No effect in methylation pattern also in the association of cisplatin at 4.44 μM with the 5-Aza-2CdR groups. MLH1 gene was demethylated in SCC-9. B, 
C. Both genes (MGMT and MLH1) were originally demethylated in SCC-15 and SCC-25 cells. 
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Figure 3. The box plot showed the effect of cisplatin and 5-aza-2CdR on gene expression. A-C. Effect of isolated and combined of drugs on MGMT expression after 
72 h treatment. D-F. Effect of isolated and combined of drugs on MLH1 expression after 72 h treatment. A, D. SCC-9 cells treated with two cisplatin concentrations 
(0.1 and 4.44 µM), four 5-Aza-2CdR concentrations (0.1, 0.3, 1 and 3 µM) and six groups combined. B, E. SCC-15 cells were treated only at 0.1 µM concentration of 
cisplatin and two 5-Aza-2CdR concentrations (0.1 and 0.3 µM), with two combinations between the drugs concentrations. C, F. SCC-25 cells with five groups treated 
like SCC-15. The relative gene expression was determined using 2-ΔΔCT method. Box plots represent medians and interquartile ranges of relative mRNA expression. 
The statistical analysis (ANOVA/Dunnett’s) considered the following ΔCt values (*P<0.05; **P<0.01; ***P<0.001).
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main treatments [58-60]. Cisplatin is an effec-
tive but highly cytotoxic radiosensitizer chemo-
therapy drug [61]. Given this tumor’s highly het-
erogeneous profile, studies found that patients 
develop some resistance to DNA-damaging an- 
ticancer agents like cisplatin, either intrinsically 
or acquired [21, 62].

In an attempt to bypass the resistance mecha-
nism associated with epigenetic events, stud-
ies have combined chemotherapeutic drugs 
and the demethylating agent 5-aza-2CdR [63-
66] to establish alternative therapy methods to 
many types of solid tumors. 

Numerous studies have related DNA methyla-
tion profile with DNA repair pathways, showing 
that this system is among the most studied 
mechanisms of resistance to chemotherapeu-
tic drugs [67-69]. The nucleotide excision repair 
(NER) pathway and homologous recombination 
(HR) are the systems responsible for the most 
DNA damage [70, 71]. In addition to NER and 
HR, studies have revealed the role of the mis-
match repair (MMR) pathway (MLH1, MLH3, 
MSH2, MSH3, MSH6, PMS1 and PMS2) in sig-
naling apoptosis to cell death and O-6-me- 
thylguanine-DNA methyltransferase (MGMT) 
gene in CDDP resistance by repairs of alkyl 
adducts at the O6-position of guanine, but still 
controversial [37, 70, 72]. In this study, we 
made three novel observations about the drug 
association therapy between cisplatin and the 
demethylating agent 5-aza-2CdR that may  
help develop new OSCC treatments: MLH1 
gene is demethylated in the 3 OSCC lineages 
and low doses of the drugs studied decrease 
the expression profile; MGMT gene is deme- 
thylated in the SCC-15 and SCC-25 lineages 
and treatments with 5-aza-2CdR decrease 
expression; and cisplatin IC50 value ensures the 
partial methylation of MGMT in the SCC-9 cells 
and decrease expression. 

Beyrouthy et al. described that low doses of 
5-aza-2CdR sensitize cell and a pretreatment 
with this demethylating agent increases CDDP 
cytotoxicity in pluripotent embryonal carcino-
mas (ECs) in 3 days [66]. From the results of 
our study, by proposing to associate these 
drugs for 72 hours, we speculate no potentia-
tion action and no cell sensitization to the ac- 
tion of cisplatin occurred. The effect in SCC-9 
that reduces viability is attributed only to  

CDDP at IC50 value. The lineages responded in 
different ways when considering cellular viabili-
ty (Figure 1). While SCC-15 and SCC-25 pre-
sented decreased cell viability to both low  
concentrations of 5-aza-2CdR-0.1 and 0.3 µM, 
the SCC-9 cells only had viability reduction  
in the high concentration of the drug (0.3, 1 
and 3 µM). Thus, for SCC-9, 5-aza-2CdR acts in 
a time dependent manner [42]. These findings 
are supported, since the use of demethylating 
agents in high concentrations is associated 
with immediate cytotoxic effects such as DNA 
damage, apoptosis and cell cycle arrest [73, 
74], whereas low concentrations become more 
specific for tumor cell populations [75]. SCC-15 
and SCC-25 cells are more sensitive to treat-
ment with CDDP at the lowest concentration 
(0.1 µM), whereas SCC-9 are more resistant to 
cisplatin when compared. Even studies show 
that for the SCC-9 strain the IC50 value found 
(4.79 µM) for cisplatin treatment, that is, the 
concentration that reduces cell viability by  
50% is higher than for the other strains (SCC-15 
IC50=3 µM and SCC-25 IC50=2.41 µM) [76, 77], 
which brings our IC50 value found closer for 
SCC-9 cells.

The MGMT gene promoter is often seen to be 
hypermethylated both in normal surrounding 
oral mucosa and in squamous cell oral carci-
noma itself [32]. In the study published by Zuo 
et al., in 94 cases of squamous cell carcinoma 
of the head and neck, about 18% had hyper-
methylation in the promoter of this gene and 
20% had loss of expression [78]. Interestingly, 
we found that this gene is partially methylated 
in SCC-9 (heterogeneous methylation) (Figure 
2A), which means that 50% of the cells were 
hypermethylated and with low expression 
(Figure 3A) in the analyzed region, as already 
described by Amaral et al. [42], and 100% 
demethylated in SCC-15 and 25 (Figure 2B, 
2C), which causes a high expression in these 
cells (Figure 3B, 3C). The fact that the MGMT 
gene is partially or totally demethylated and 
overexpressed, as has been discussed, can 
culminate in increased resistance by removing 
cisplatin (alkylating agent). Our data show that 
the CDDP IC50 value maintains the methylation 
profile and low MGMT expression whether  
combined with 5-aza-2CdR or not in SCC-9 cells 
and all treatments with only 5-aza-2CdR effec-
tively decrease MGMT gene expression in SCC-
15 and 25 cells.
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Both SCC-9, 15 and 25 cells have the MLH1 
gene 100% demethylated, but the combination 
therapy with low concentration to decrease  
the expression is not useful because the low 
levels or inactivation of MLH1 give rise to cis-
platin resistance [27, 79, 80]. The IC50 dose of 
cisplatin, on the other hand, that was present 
potentiated action by 5-aza-CdR 1 and 3 µM to 
increase expression in SCC-9. 

This study has some limitations. The decrease 
in expression does not represent a direct ef- 
fect of 5-aza-2CdR on methylation of MGMT or 
MLH1 genes in SCC-15 and 25 cells, since they 
unmethylated before treatment in those genes. 
Besides that, the study cannot clarify the  
precise causal relationship between MGMT 
demethylation and the increase in gene ex- 
pression as the 5-aza-2CdR is a global demeth-
ylating agent. However, we can infer that non-
target genes are being affected by the action  
of 5-aza-2CdR and possibly, some of these 
genes are modulating the expression of MGMT 
in these cells. Recently, Liu et al. showed that 
the Trps1 gene modulates the expression of 
MGMT in cisplatin-resistant lung cancer cells 
[81].

In conclusion, even though 5-aza-2CdR does 
not sensitize tongue squamous cell carcinoma 
for the treatment with cisplatin DNA methyla-
tion has an important role in the resistance 
mechanism induced by this drug. Further inves-
tigations into the signaling pathway are need-
ed. The prospects are to explore this mecha-
nism and provide new insights about the ch- 
anges in genetics and epigenetics into oral can-
cer research and identify a useful molecular 
target for efficiently treating this disease.
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