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ABSTRACT. We aimed to explore the association between aberrant 
DNA methylation of the O(6)-methylguanine-DNA methyltransferase 
(MGMT) and human mutL homolog 1 (hMLH1) genes with gastric 
cancer. A total of 283 gastric cancer patients who were confirmed by 
pathological diagnosis were included in our study. Aberrant DNA 
methylation of MGMT and hMLH1 were detected. The proportions 
of DNA hypermethylation in MGMT and hMLH1 in cancer tissues 
were significantly higher than those in remote normal-appearing 
tissues. The DNA hypermethylation of MGMT was correlated with 
the tumor-necrosis-metastasis stage in gastric cancer tissues. Results 
showed that individuals with gastric cancer in the N1 and M1 stages 
had a significantly higher risk of DNA hypermethylation of MGMT in 
cancer tissues [odds ratio (OR) = 1.97, 95% confidence interval (CI) 
= 1.15-3.37 for the N1 stage; OR (95%CI) = 5.39 (2.08-14.98) for the 
M1 stage]. In conclusion, we found that aberrant hypermethylation of 
MGMT could be a predictive biomarker for detecting gastric cancer.
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INTRODUCTION

Gastric cancer is one of the most common cancers in the world (IARC, 2008). Al-
most two-thirds of gastric cancer cases occur in less developed regions (IARC, 2008). Infec-
tion with Helicobacter pylori is a well-established cause of gastric cancer. However, poly-
morphisms in various genes may also influence the susceptibility to gastric cancer (IARC, 
1994). DNA methylation is an important epigenetic feature of DNA, which plays important 
roles in eukaryotes including gene regulation, cellular differentiation mechanisms, X chro-
mosome inactivation, aging, and carcinogenesis (Sharp et al., 2011). Alterations of DNA 
methylation patterns in the genome are found in various cancers and induce the over-ex-
pression of oncogenes and the silencing of tumor suppressor genes in the process of carci-
nogenesis. However, few studies have been conducted on the aberrant hypermethylation of 
cancer-related genes, such as the O(6)-methylguanine-DNA methyltransferase (MGMT) and 
human mutL homolog 1 (hMLH1) genes. Therefore, we aimed to explore the association 
between the aberrant DNA methylation of MGMT and hMLH1 and gastric cancer.

MATERIAL AND METHODS

Subjects

This study recruited gastric cancer patients who were confirmed by pathological 
diagnosis at the Central South Hospital (Wuhan, China) between March 2009 and Decem-
ber 2011. Patients with cardiac adenocarcinoma, secondary or recurrent tumors, a history of 
other malignant neoplasms, and previous eradication therapy for H. pylori were excluded 
from our study. 

All patients received surgery, and cancer lesions and remote normal-appearing tis-
sues were excised and stored at -70°C. Twenty normal gastric tissue samples were also 
obtained from surgery and stored.

DNA extraction and quantification

Five milliliters venous blood were drawn from each case and control subject. The 
blood was kept at -20°C, and 1.5-2.2 mg/mL ethylenediaminetetraacetic acid was used as 
the anticoagulant. Total DNA was extracted from the buffy coat layer using a TIANamp 
blood DNA kit (Tiangen Biotech; Beijing, China) and centrifuged for 3 min at 13,400 g 
(12,000 rpm). The methylation status of MGMT and hMLH1 was determined by the meth-
ylation-specific polymerase chain reaction (PCR) method after sodium bisulfate modifica-
tion of DNA (Wang et al., 2008). The pairs of primers used were designed with the Assay 
Design 3.1 software (Sequenom; San Diego, CA, USA; Table 1). Samples of 1.5 to 2.0 μg 
genomic DNA were dissolved in H2O and incubated in 5.5 μL NaOH for 10 min at 37°C, 
and then treated with hydroquinone and NaHSO3. After these procedures, the unmethyl-
ated cytosine would be converted to uracil and determined as thymine by Taq polymerase 
during the PCR process according to manufacturer instructions. The PCR amplification 
consisted of 40 cycles of 95°C for 5 s and 60°C for 30 s after an initial denaturation step 
of 95°C for 10 s.



4142

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (2): 4140-4145 (2014)

J. Jin and Y.F. Zhou

Statistical analysis

All statistical analyses were performed using the SPSS version 11.0 software (SPSS 
Inc.; Chicago, IL, USA) for Windows. Continuous variables are reported as means ± SD 
and were analyzed using the independent sample Student t-test. Categorical variables are 
presented as percentage of subjects and were analyzed using the χ2 test. Odds ratios (ORs) 
and their corresponding 95% confidence intervals (CIs) were used to assess the influence of 
MTHFR and hMLH1 hypermethylation on the risk of gastric cancer. All comparisons were 
two-sided, and P < 0.05 was regarded as statistically significant.

RESULTS

A total of 311 gastric cancer patients were included in our study, and 283 patients 
were involved in the final analysis (participation rate: 91%; 152 males and 131 females). 
The average age of the 283 patients was 53.7 ± 10.3 years. The DNA hypermethylation 
status of MGMT and hMLH1 in cancer tissues and in paracancerous normal tissues is 
shown in Table 2. The proportions of DNA hypermethylation in MGMT and hMLH1 in 
gastric cancer tissues were 31.8% (90/283) and 5.7% (16/283), respectively. Of the remote 
normal-appearing tissues, 17.3% (49/283) showed hypermethylation in the MGMT gene, 
whereas no hypermethylation was found in the hMLH1 gene. The proportions of DNA 
hypermethylation in MGMT and hMLH1 in cancer tissues were significantly higher than 
those in remote normal-appearing tissues. We did not find any significant association of 
DNA hypermethylation with gender or tumor sites either in gastric cancer tissues or in 
remote normal-appearing tissues.

The hypermethylation of MGMT was significantly correlated with the different 
clinical characteristics (Table 2). We found a significantly higher proportion of DNA hy-
permethylation of MGMT in the N1 and M1 tumor-necrosis-metastasis (TNM) stages (P 
< 0.05).

The association of the DNA hypermethylation of MGMT and hMLH1 with clini-
cal characteristics of gastric cancer is shown in Table 3. Individuals with gastric cancer at 
the N1 and M1 stages had a significantly higher risk of DNA hypermethylation of MGMT 
in cancer tissues: OR (95%CI) = 1.97 (1.15-3.37) for the N1 stage; OR (95%CI) = 5.39 
(2.08-14.98) for the M1 stage.

Gene	 Primer	 	 Sequence (5'→3')	 Product size (bp)	 Annealing temperature (°C)

MGMT	 M	 F 	 GCGTTTCGACGTTCGTAGGT	   83	 65
		  B 	 CACTCTTCCGAAAACGAAACG
	 U	 F 	 TTTGTGTTTTGATGTTTGTAGGTTTT	   93	 59
		  B 	 AACTCCACACTCTTCCAAAAACAAA
hMLH1	 M	 F 	 CGTTATATATCGTTCGTAGTATTCGTGTTT	   87	 53
		  B 	 CTATCGCCGCCTCATCGT
	 U	 F 	 TTTTGATGTAGATGTTTTATTAGGGTTGT	 124	 60
		  B 	 ACCACCTCATCATAACTACCCACA

M = methylated; U = unmethylated; F = forward; B = backward.

Table 1. Primers in the PCR process.
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DISCUSSION

Changes in the activity of folate metabolic enzymes induced by genetic polymor-
phisms may affect the methylation status of these genes and induce carcinogenesis (Chen et 
al., 2012; Gao et al., 2013). A relationship between the DNA methylation of the MGMT and 

Variables	 N = 283		  Cancer tissue		  %	              Remote normal-appearing tissues	 %

	 	 MGMT	 %	 hMLH1		  MGMT	 %	 hMLH1

Mean age (years)	 53.7 ± 10.3								      
Gender									       
   Male	 152	 49	 32.24	   8	   5.26	 23	 15.13	 0	 0
   Female	 131	 41	 31.29	   8	   6.11	 26	 19.84	 0	 0
P value		  0.87		  0.8		    0.35		  1	
Site									       
   Upper	   53	 17	 32.30	   4	   7.60	   9	 17.10	 0	 0
   Middle	 134	 39	 29.01	   7	   5.21	 22	 16.37	 0	 0
   Low	   96	 34	 35.44	   5	   5.21	 18	 18.76	 0	 0
P value		  0.82		    0.81		  0.9		  1	
TNM stage									       
   T									       
      T1	   39	 11	 28.17	   2	   5.12	   7	 17.92	 0	 0
      T2	   83	 23	 27.64	   4	   4.81	 14	 16.83	 0	 0
      T3	   87	 24	 27.62	   4	   4.60	 15	 17.26	 0	 0
      T4	   74	 32	 43.32	   6	   8.12	 13	 17.60	 0	 0
P value		  0.11		    0.77		    0.98		  1	
   N									       
      N0	 158	 40	 25.28	   6	   3.79	 22	 13.91	 0	 0
      N1	 125	 50	 40.06	 10	   8.01	 27	 21.63	 0	 0
P value		    0.01*		    0.19		    0.14		  1	
   M									       
      M0	 258	 73	 28.25	 13	   5.03	 42	 16.26	 0	 0
      M1	   25	 17	 69.05	   3	 12.18	   7	 28.43	 0	 0
P value		      0.001*		    0.16		    0.16		  1

*P value was <0.05.

Table 2. Association of DNA hypermethylation with demographic and clinical characteristics of gastric cancer.

Variables		                                                        OR (95%CI)

	                                                    Cancer tissue		                                           Remote normal-appearing tissues

	 MGMT	 hMLH1	 MGMT	 hMLH1

Gender		  -		  -
   Male	 1.0 (Ref.)	 1.0 (Ref.)	 -1.0 (Ref.)	 -
   Female	 0.86 (0.56-1.63)	 1.17 (0.37-3.69)	 1.42 (0.73-2.76)	 -
TNM stage				  
   T				  
      T1	 1.0 (Ref.)	 1.0 (Ref.)	  1.0 (Ref.)	 -
      T2	 0.98 (0.39-2.54)	 0.94 (0.13-10.8)	 0.93 (0.31-2.99)	 -
      T3	 0.97 (0.39-2.51)	 0.89 (0.12-10.3)	 0.95 (0.33-3.04)	 -
      T4	 1.94 (0.78-4.97)	   1.63 (0.27-17.25)	 0.97 (0.32-3.19)	 -
   N				  
      N0	 1.0 (Ref.)	 1.0 (Ref.)	  1.0 (Ref.)	 -
      N1	   1.97 (1.15-3.37)*	 2.20 (0.67-7.58)	 1.70 (0.88-3.33)	 -
   M				    -
      M0	 1.0 (Ref.)	 1.0 (Ref.)	  1.0 (Ref.)	 -
      M1	     5.39 (2.08-14.98)*	   2.57 (0.43-10.35)	   2.0 (0.66-5.40)	 -

*P value was <0.05.

Table 3. Association of DNA hypermethylation with clinical characteristics of gastric cancer.
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hMLH1 genes and cancer risk has been demonstrated in several studies (Chen et al., 2012; 
Gomes et al., 2012; Cheng et al., 2012; de Cássia Carvalho Barbosa et al., 2012). However, 
few studies have evaluated their association with gastric cancer risk. The findings from the 
present study indicated increased hypermethylation of MGMT and hMLH1 in gastric cancer 
tissues than in remote-normal-appearing gastric tissues. Hypermethylation of MGMT was re-
lated to the TNM stage of gastric cancer tissues.

Aberrant methylation, global hypomethylation in genomic DNA, and hypermethyl-
ation in specific gene promoters commonly occurs in cancers (Momparler and Bovenzi, 2000). 
The lack of global DNA methylation may cause instability of the gene, and thus promote can-
cer development (Sato and Meltzer, 2006), whereas promoter hypermethylation might induce 
inactivity of gene transcription (Sato and Meltzer, 2006). Previous studies indicated that DNA 
methylation primarily influences the cytosine of symmetrical dinucleotide CpG islands in hu-
mans (Issa et al., 2004), and that the subsequent pattern of DNA methylation is transmitted 
through mitosis and maintained after DNA replication (Gius et al., 2005); thereby, aberrant 
CpG island methylation could promote carcinogenesis. It was previously reported that the 
COX2, MGMT, hMSH2, and hMLH1 genes are more frequently found in cancer tissues than in 
remote normal-appearing tissues, and hypermethylation of these genes is not found in normal 
tissues (Wang et al., 2008; Chen et al., 2012; Gao et al., 2013). The present study indicated 
that individuals with methylation of MGMT might have an increased risk of gastric cancer, 
which suggests that DNA methylation might play a role in the development of gastric cancer.

Consistent with other studies, no methylation of MGMT and hMLH1 was detected 
in normal tissues in the present study. By contrast, methylation of MGMT and hMLH1 was 
detected in approximately 35.7% of gastric cancer patients (101 patients). The overall findings 
suggest that methylation of MGMT and hMLH1 occurs frequently and may be associated with 
gastric cancer. Furthermore, the highest prevalence of methylation of MGMT and hMLH1 was 
observed in cancer tissues. This indicates that methylation of particular genes may preferen-
tially occur in particular types of cells, and that promoter hypermethylation might also be a 
cell type-specific event. Therefore, great precaution should be taken when selecting methyl-
ated DNA markers for cancer detection.

In conclusion, we found that the aberrant hypermethylation of cancer-related genes, 
such as MGMT and hMLH1, could be predictive biomarkers for detecting gastric cancer. The 
aberrant hypermethylation of MGMT was associated with the N1 and M1 stages. Further 
large-scale studies are required to confirm the association between MGMT and hMLH1 and 
the risk of gastric cancer. 

REFERENCES

Chen J, Huang ZJ, Duan YQ, Xiao XR, et al. (2012). Aberrant DNA methylation of P16, MGMT, and hMLH1 genes in 
combination with MTHFR C677T genetic polymorphism and folate intake in esophageal squamous cell carcinoma. 
Asian Pac. J. Cancer Prev. 13: 5303-5306.

Cheng H, Lu M, Mao LJ, Wang JQ, et al. (2012). Relationships among MTHFR a1298c gene polymorphisms and 
methylation status of Dact1 gene in transitional cell carcinomas. Asian Pac. J. Cancer Prev. 13: 5069-5074.

de Cássia Carvalho Barbosa R, da Costa DM, Cordeiro DE, Vieira AP, et al. (2012). Interaction of MTHFR C677T 
and A1298C, and MTR A2756G gene polymorphisms in breast cancer risk in a population in Northeast Brazil. 
Anticancer Res. 32: 4805-4811.

Gao S, Ding LH, Wang JW, Li CB, et al. (2013). Diet folate, DNA methylation and polymorphisms in 
methylenetetrahydrofolate reductase in association with the susceptibility to gastric cancer. Asian Pac. J. Cancer 
Prev. 14: 299-302.



4145

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (2): 4140-4145 (2014)

MGMT and hMLH1 and gastric cancer

Gius D, Bradbury CM, Sun L, Awwad RT, et al. (2005). The epigenome as a molecular marker and target. Cancer 104: 
1789-1793.

Gomes MV, Toffoli LV, Arruda DW, Soldera LM, et al. (2012). Age-related changes in the global DNA methylation 
profile of leukocytes are linked to nutrition but are not associated with the MTHFR C677T genotype or to functional 
capacities. PLoS One 7: e52570.

IARC (International Agency for Research on Cancer) (1994). IARC Working Group on the Evaluation of Carcinogenic 
Risks to Humans, Schistosomes, Liver Flukes, Helicobacter pylori. IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans. IARC, Lyon, 1-241.

IARC (International Agency for Research on Cancer) (2008). Globocan 2008: Stomach Cancer Incidence, Mortality and 
Prevalence Worldwide in 2008. IARC, Lyon.

Issa JP, Garcia-Manero G, Giles FJ, Mannari R, et al. (2004). Phase 1 study of low-dose prolonged exposure schedules 
of the hypomethylating agent 5-aza-2'-deoxycytidine (decitabine) in hematopoietic malignancies. Blood 103: 1635-
1640.

Momparler RL and Bovenzi V (2000). DNA methylation and cancer. J. Cell Physiol. 183: 145-154.
Sato F and Meltzer SJ (2006). CpG island hypermethylation in progression of esophageal and gastric cancer. Cancer 106: 

483-493.
Sharp AJ, Stathaki E, Migliavacca E, Brahmachary M, et al. (2011). DNA methylation profiles of human active and 

inactive X chromosomes. Genome Res. 21: 1592-1600.
Wang J, Sasco AJ, Fu C, Xue H, et al. (2008). Aberrant DNA methylation of P16, MGMT, and hMLH1 genes in combination 

with MTHFR C677T genetic polymorphism in esophageal squamous cell carcinoma. Cancer Epidemiol. Biomarkers 
Prev. 17: 118-125.


