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Abstract. The present study aimed to investigate the associa-
tion of the -579 G>T polymorphism in the DNMT3B promoter 
with susceptibility to lung cancer. A total of 174 lung cancer 
patients and 135 healthy controls from the northern part of 
China were enrolled, and were matched for gender and age. All 
subjects were genotyped by polymerase chain reaction-restric-
tion-fragment length polymorphism analysis and confirmed 
by DNA sequencing. Stratification analyses were used to study 
the subgroups of subjects by age and gender, and evaluate 
the association between the -579 G>T polymorphism and 
the genetic susceptibility to lung cancer. The results revealed 
that individuals with the DNMT3B -579 GT genotype had a 
significantly decreased risk of lung cancer [odds ratio (OR), 
0.517; 95% confidence interval (CI), 0.273-0.981] compared 
with those with a -579 TT genotype in the studied population. 
However, the deviation was significant (OR, 0.138, 95% CI, 
0.034-0.549) between the risk of lung cancer and the GT 
and GG genotype, when the smoking factor was considered. 
The data from this study indicate that the DNMT3B genetic 
polymorphism varies among various races, ethnic groups and 
geographical areas. The DNMT3B -579 G>T polymorphism 
may contribute to the genetic susceptibility to lung cancer.

Introduction

In China, lung cancer remains one of the most common types 
of malignancy in males and females. In the past decade, 
the morbidity and mortality of lung cancer have markedly 
increased (1). Numerous studies have shown that genetic factors 
contribute to the risk of lung cancer development (2-4); although 
smoking is also a factor that is involved. Greater abnormal 
DNA methylation was investigated in lung carcinogenesis, 

suggesting that epigenetic factors are crucial in determining an 
individuals' susceptibility to lung cancer (5,6). 

DNA methylation is a major epigenetic modification that 
regulates gene expression and chromosomal stability (7,8). 
Consequently, aberrant DNA methylation is related to various 
tumors (7,9). DNA methylation is mediated by DNA methytrans-
ferases (DNMTs). In humans, three DNMTs are catalytically 
active, including DNMT1, DNMT3A and DNMT3B (10-11). 
DNMT1 is largely responsible for pre-exsiting methylation 
following DNA replication (12). DNMT3A and DNMT3B are 
required for de novo methylation (13). Hypomethylation may 
be related to chromosomal instability, loss of imprinting and 
reactivation of transposable elements. Hypermethylation may 
increase susceptibility to environmental carcinogens (14,15). 
Studies have also indicated that DNMTs are up-regulated in 
various human cancers, which may be associated with aber-
rant methylation (14,16).

Recently, certain candidate single nucleotide polymor-
phisms (SNPs) in the DNMT3B gene have been deposited in 
public databases (http://www.ncbi.nlm.nih.gov/SNP). Previous 
studies have indicated that these variants may modulate the 
susceptibility to cancer by influencing DNMT3B activity 
in DNA methylation  (14,17). -579  G>T is a single SNP in 
the promoter region of the DNMT3B gene, which may 
modify susceptibility to tumors  (18,19). DNMT3Bs are the 
predominant expression forms of DNMT3B in human lung 
cancer and, in part, are involved in the epigenetic silencing of 
RASSF1A (20). DNMT3B proteins were highly expressed in 
a coordinate manner in lung tumors, particularly in smokers, 
and overexpression may result in promoter hypermethylation 
of multiple tumor suppressor genes (TSGs), ultimately leading 
to lung tumorigenesis and poor prognosis (21). Studies have 
revealed that the -579 G>T polymorphism is associated with 
susceptibility to gastric cancer (22), head, neck (23) and colon 
cancer (19). Previously, contradictory conclusions have been 
made regarding the association of the -579 G>T polymorphism 
with lung cancers. The present study investigates the frequency 
of the DNMT3B -579 G>T polymorphism in a Northeastern 
Chinese population, and susceptibility to lung cancer.

Materials and methods

Study population. This case-control study included 174 lung 
cancer patients and 135 healthy controls. Eligible cases included 
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181 patients histopathologically confirmed during surgery at 
Harbin Medical University Cancer Hospital, China, in 2009. 
However, 7 cases were excluded for not having accurate infor-
mation. The controls were randomly selected from healthy 
individuals who visited the same hospital for regular physical 
check-ups during the same period. We defined a healthy subject 
as a person free of disease (including no history of cancer) upon 
the health check-up. The controls and cases were well matched 
for age and gender. All cases and controls were ethnically 
Chinese and resided in Harbin or its surrounding regions. A 
questionnaire regarding smoking was also completed for each 
case and control.

DNA extraction. The collected sera were mixed with ethyl-
enediaminetetraacetic acid (EDTA) and then stored at 4˚C 
in blood vacuum tubes. Genomic DNA was then extracted 
within 1 week of sample collection by proteinase K digestion, 
as previously described (24).

DNMT3B genotyping. DNMT3B -579 G>T polymorphisms 
were determined by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) assay as previ-
ously described (25). PCR was performed in a volume of 25 µl 
containing 100 ng of DNA template, 10X PCR Master Mix 
(Promega, Madison, WI, USA) and 10 pmol/l each of sense 
primer (5'-GAGGTCTCATTATGCCTAGG-3') and antisense 
primer (5'-GGGAGCTCACCTTCTAGAAA-3'). PCR cycle 
conditions consisted of an initial denaturation at 94˚C for 
5 min, followed by 30 cycles at 94˚C for 30 sec, at 57˚C for 
30 sec, at 72˚C for 30 sec and a final extension at 72˚C for 
7 min. The 225-bp fragment was then digested with 5 units of 
PuvⅡ (New England Biolabs, Beverly, MA, USA) overnight at 
37˚C. The digested products were then separated on 2% agarose 
gels. RFLP bands were visualized under ultraviolet (UV) lights 
with ethidium bromide staining. The DNMT3B T/T genotype 
was expected to show 2 DNA bands at the positions of 132 and 
93 bp, respectively, whereas the G/G genotype was expected to 
show a single band (225 bp) and the heterozygote was expected 
to have 3 bands (225, 132 and 93 bp) (Fig. 1). For quality control, 
genotyping analysis was performed blindly with respect to 
case/control status and repeated twice for all subjects.

DNA sequencing analysis. To confirm the genotyping results, 
PCR-amplified DNA samples were selected and examined by 

DNA sequencing. The PCR fragments were recovered from 
the agarose gel followed by purification with the Promega 
DNA Clean-up Kit (Wizard SV Gel and PCR Clean-up 
System, Promega) and DNA sequences of the PCR products 
were determined using the Applied Biosystems Prism DNA 
Sequencer (Model 377; PE Applied Biosystems, Warrington, 
UK). The results obtained from the DNA sequencing analysis 
confirmed the reliability of the genotyping assay.

Statistical analysis. The cases and controls were compared 
using Student's t-test for continuous variables and the Chi-square 
(χ2) test for categorical variables. Hardy-Weinberg equilibrium 
was tested with a goodness-of-fit χ2 test with one degree of 
freedom to compare the observed with the expected genotypic 
frequencies among the subjects. Comparison of the DNMT3B 
genotype and allelotype distribution in the study groups was 
performed by means of two-sided contingency tables using the 
χ2 test or Fisher's exact test. Unconditional logistic regression 
analysis was used to calculate the odds ratio (OR) and 95% 
confidence interval (CI), with adjustment for age and gender 
accordingly. P<0.05 was considered to indicate a statistically 
significant difference.

Results

The -579 G>T polymorphism in the promoter of the DNMT3B 
gene was first investigated in the Northeastern Chinese healthy 
controls and patients with lung cancer by PCR-RFLP. The 
characteristics of the 174 lung cancer patients and 135 control 
subjects are summarized in Table I. The median age of the 
lung cancer patients was comparable to that of the healthy 
controls (P=0.052). The gender distribution in lung cancer 
patients was also similar to that in healthy controls (P=0.050). 
No significant difference was found in median age and gender, 
suggesting that matching based on these 2 variables was 
adequate. The DNMT3B -579 G>T genotypes, TT, GT and GG, 
were detected in the lung cancer and the control groups. The 
genotyping by PCR-RFLP analysis was confirmed by DNA 
sequencing analysis. The distributions of -579 G>T genotypes 
in the Northeastern Chinese population of healthy controls 
and lung cancer patients from the North of China are shown 
in Table II. The G allele frequency of -579 G>T was 6.1% in 
lung cancers and 9.6% in normal individuals, respectively. The 
observed genotypes were in Hardy-Weinberg equilibrium in 

Figure 1. Polymerase chain reaction-restriction fragment length polymor-
phism genotyping of DNMT3B 579 G>T. GG, wild type; GT, heterozygote; 
TT, variants. 

Table I. Distribution of selected variables in lung cancer patients 
and control subjects. 

Variables	 Patients (%) 	 Control (%)	 P-value
	 (n=174)	 (n=135)	

Age (years)			   0.052
  <45	 25 (14.4)	 31 (23.0)	
  ≥45	 149 (85.6)	 104 (11.0)	
Gender			   0.051
  Male	 107 (61.5)	 68 (50.4)	
  Female	 67 (38.5)	 67 (49.6)	
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both the cases (Pearson's χ2=1.00, P=1.00) and the controls 
(Pearson's χ2=1.176, P=0.451). 

The frequency of the G allele of the DNMT3B gene 
promoter -579 G>T was different from previous studies in 
various populations (Table III). The distribution difference 
of the -579 G>T genotype between the controls of various 
populations are summarized in Table III. The frequency of 
the G allele in the Chinese population varied from that in the 
Korean population. No significant difference was found in the 
distribution of the -579 G>T genotype in Chinese populations 
from Northern China and the Jiangsu Province area.

The DNMT3B -579 G>T polymorphism was evaluated in 
relation to the risk of lung cancer in this case-control study. 
Lung cancer risks related to the DNMT3B -579 G>T genotype 
are shown in Table IV. The allele frequency of -579 G among 
lung cancer patients and controls was 6.1 vs. 9.6%, respec-
tively. The distributions of the -579 G>T genotypes in the lung 
cancer group (TT, 88.5%; GT, 10.9%; and GG, 0.6%) were 
significantly different from those among the controls. The OR 
and their 95% CIs were calculated using the more common 

homozygous variant genotype as the reference group (-579 TT 
genotypes). Compared to the reference group, the GT geno-
type had a decreased risk of lung cancer (OR, 0.517; 95% CI, 
0.273‑0.981; P=0.041). When the analyses were stratified by 
the age and gender of the patients, the GT or GT+GG geno-
types had no significant differences associated with the risk 
of lung cancer, as outlined in Table V. Subsequently, in order 
to explore whether this SNP is associated with lung cancer 
patients with smoking history, we analyzed the frequency of 
-579 G>T in the investigated subjects, as shown in Table VI. 
GT genotype individuals had a lower risk of lung cancer (OR, 
0.138; 95% CI, 0.034-0.549; P=0.001). 

Therefore, our data reveal key evidence that the presence of 
579 G>T shows that there is a decreased likelihood of carcino-
genesis occurring in lung cancer patients, at least in the studied 
Chinese population.

Discussion

DNMTs mediate DNA methylation, which has been reported to 
play a significant role in the development and progression of lung 
cancer (26,27). DNMT3A and DNMT3B function as de novo 
methyltransferases, which reportedly methylate unmethylated 
and hemimethylated DNA with equal efficiencies (28). SNPs 
are the most common form of human genetic variation, and 
may contribute to an individuals' susceptibility to cancer. 
Polymorphisms of the DNMT gene may affect DNMT activity 
and modulate susceptibility to cancer (25,29). DNMT3B has 
been shown to play a crucial role in tumorigenesis by incor-
porating de novo hypermethylation of promoter CpG islands, 
a feature that has been identified as a possible mechanism for 

Table II. DNMT3B -579 G>T genotype and allele frequency 
among controls and cases.

	 GG	 GT	 TT	 G allele 
				    frequency (%)

Controls	 0 (0.0)	 26 (19.3)	 109 (80.7)	 9.6
Cases	 1 (0.6)	 20 (11.0)	 160 (88.4)	 6.08

Table III. DNMT3B -579 G>T promoter genotype and allele frequency in various populations.

	 TT	 GT	 GG	 G allele frequency (%)

American (32)	 137 (16.3)	 401 (47.6)	 305 (36.2)	 83.7

Korean (33)	 7 (1.6)	 108 (25.0)	 317 (73.4)	 14.1
Northern Chinese	 0 (0.0)	 43 (16.9)	 212 (83.1)	 8.4a,c

Jiangsu Chinese (22)	 1 (0.5)	 40 (19.0)	 169 (80.5)	 10.0b

aP=0.009, vs. Korean; bP=0.524, vs. Northern Chinese; cP<0.01, vs. American.

Table IV. DNMT3B 579 G>T genotype and allele frequencies and their association with lung cancer.

Genotype	 Lung cancer	 Control subjects	 Crude OR	 P-value
	 (n=174)	 (n=135)	 (95% CI)
	 --------------------------------------	 --------------------------------------
	 No.	 %	 No.	 %

579 G>T						    
TT (ref.)	 154	 88.5	 109	 80.7	 1	
GT	 19	 10.9	 26	 19.3	 0.517 (0.273-0.981)	 0.041
GG	 1	 0.6	 0	 0		
GT+GG	 20	 11.5	 26	 19.3	 0.544 (0.289-1.025)	 0.057
G allele	 -	 6.08		
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TSG inactivation within human cancer cells (30). A number 
of previous studies on DNMT3B gene SNPs and lung cancer 
have implied that polymorphisms of DNMT3B are associated 
with a significantly increased risk of lung cancer (31,32). In 
genes, a promoter region may initiate translation and raise the 
risk of cancer by influencing the expression or activity levels 
of enzymes (18,33). In previous studies, it has been confirmed 
that 579 G>T is located at the promoter region of DNMT3B 
and the T transversion affects the activity of the DNMT3B 
promoter (34). Previously, contradictory conclusions have been 
made regarding the association of the -579 G>T polymorphism 
with various cancers. Previous studies have revealed that 
-579 G>T polymorphisms have no association with esophageal 
cancer and head and neck squamous cell carcinoma (25,35), but 
that they may be an indication of gastric cancer (22). 

In the present study, we focused on the significance of 
-579  G>T of the DNMT3B polymorphism to lung cancer 
in a Northeastern Chinese population. The frequency of 
the G allele in the lung cancer cases was lower than that in 
the controls. There was a significant difference in GT allele 
between the lung cancer patients and the controls. SNPs of the 
DNMT3B promoter -579 G>T may decrease the susceptibility 
of an individual to lung cancer, suggesting that the DNMT3B 
promoter -579 G>T polymorphism may be used as an indicator 
to evaluate susceptibility to lung cancer. Stratified by age and 
gender in the investigated subjects, no significant association 
was found between the -579 G>T polymorphism and the risk 
of lung cancer in this population. However, when stratifying 
the results by smoking, the -579 G>T genotypic frequency 
was significantly different, suggesting that the 579 G>T poly-

Table V. Distribution of -579 G>T DNMT3B genotypes and associated ORs in relation to age and gender in LC cases.

Genotype	 LC 	 Controls	 OR	 P-value

Age (years)				  
  <45				  
   TT	   25 (100)	   26 (83.9)	 1.0	
   GT	     0 (0.0)	     5 (16.1)		
   GG	     0 (0.0)	     0 (0.0)		
  ≥45				  
   TT	 129 (86.5)	   83 (79.8)	 1.0	
   GT	   19 (12.8)	   21 (20.2)	 0.582 (0.295-1.148)	 0.116
   GG	     1 (0.7)	     0 (0.0)		
Gender				  
  Male				  
   TT	   94 (87.9)	   82 (82)	 1.0	
   GT	   13 (12.1)	   18 (18)	 0.533 (0.234-1.218)	 0.132
   GG	     0 (0.0)	     0 ( 0.0)		
  Female				  
   TT	   61 (91.0)	 124 (83.8)	 1.0	
   GT	     5 (7.5)	   24 (16.2)	 0.376 (0.124-1.134)	 0.074
   GG	     1 (1.5)	     0 (0.0)		

OR, odds ratio; LC, lung cancer.

Table VI. Distribution of 579 G>T DNMT3B genotypes and associated OR in relation to smoking history.

Genotype	 LC (%)	 Controls (%)	 OR	 P-value

Smoking 				  
  TT	 48	 16	 1	
  GT	 3	 9	 0.138 (0.034-0.549)	 0.001
  GG	 0	 0		
No smoking				  
  TT	 106	 93	 1	
  GT	 16	 17		
  GG	 1	 0		

OR, odds ratio; LC, lung cancer.
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morphism may be used as a marker for lung cancer diagnosis 
among smokers. The results also revealed that the difference 
was fairly significant between Korean and Northern Chinese 
populations, but that no clear difference was observed between 
populations from Northern China and the Jiangsu Province. 
This may suggest that there are deviations among various 
ethnic groups.

Since it has been noted that individuals with the G allele 
in DNMT3B share an almost consistent rate of lung cancer 
compared with those carrying the T allele, it can be stated 
that the repression of DNMT3B activity does not lead to 
re-expression of all hypermethylated TSGs in lung cancer (36). 
However, when taking smoking factors into consideration, 
the down-regulated DNMT3B results in the re-expression of 
TSGs (37). It has been suggested that an interaction of envi-
ronment and genes contributes to lung cancer susceptibility. 
Moreover, the exact mechanisms of DNMT3B SNPs involved 
in tumorigenesis still require further studies.

In conclusion, the -579G>T polymorphism in the DNMT3B 
gene may be a potential indication for diagnosis in the 
development of lung cancer. Combined with smoking, the poly-
morphism may facilitate the diagnosis of lung cancer. Further 
studies with larger number of samples are required to confirm 
and develop our findings. The role of DNMTs, SNPs and their 
relationships with various cancers require further clarification.
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