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Abstract
AIM: To investigate the correlation between C/T single 
nucleotide polymorphism (SNP) in the promoter of the 
DNA methyltransferase 3B (DNMT3B) gene and risk for 
development and progression of primary hepatocellular 
carcinoma (HCC).

METHODS: One hundred case subjects were selected 
consecutively from Tongji Hospital (Wuhan, China). 
from March to November 2006. They did not receive 
radiotherapy or chemotherapy for newly diagnosed and 
histopathologically confirmed HCC. One hundred and 
forty control subjects having no history of cancerous 
or genetic diseases were healthy volunteers to Wuhan 
Blood Center in the same period. Frequency was 
matched for sex, age, alcohol consumption and cigarette 
smoking status of the case subjects. C/T polymorphism 
of the DNMT3B promoter was analyzed using polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) and sequencing analysis. The association 
between genotypes of DNMT3B and clinicopathological 
parameters among cases was also studied.

RESULTS: The CC genotype was not detected in both 
HCC patients and controls. In control subjects, the 
frequency of TT and CT genotypes was 99.3% and 0.7% 
respectively, and that of T and C alleles was 99.6% 
and 0.4% respectively. The frequency of CT genotype 
was higher in HCC (3.0%). The frequency of T and C 
alleles was 98.5% and 1.5% respectively. However, the 
genotype and allelotype distribution in HCC patients was 
not significantly different from that in controls.

CONCLUSION: C/T polymorphism is not associated 
with the increased risk of HCC. DNMT3B  genetic 
polymorphism is variable in different races, ethnic groups 
or geographic areas. Further study is needed to clarify 
the role of DNMT3B SNP in the development of HCC 

among other populations.
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INTRODUCTION
Primary hepatocellular carcinoma (HCC) occurs frequently 
in Southeast Asia, especially in China. It ranks second and 
approximately accounts for 42.5% of  all malignancies 
worldwide[1].

Although hepatitis B virus (HBV) is the major cause 
of  HCC, only a fraction of  patients with chronic HBV 
infection develop HCC during their lifetime, suggesting 
that genetic and epigenetic factors are important in 
determining individuals’ susceptibility to HCC.  

DNA methylation plays an important role in chromatin 
structure stability, genome integrity, modulation of  tissue-
specific gene expression, embryonic development, genomic 
imprinting, X-chromosome inactivation and is essential 
for the development of  mammals[2,3]. DNA methylation 
is mediated by DNA methyltransferases (DNMTs), of  
which three active forms have been identified: DNMT1, 
DNMT3A and DNMT3B. DNMT1 is thought to 
be primarily responsible for maintaining pre-existing 
methylation patterns after DNA replication because of  
its preference to hemimethylated DNA substrates and 
targeting replication foci. DNMT3A and DNMT3B have 
an equal preference to hemimethylated and unmethylated 
DNA substrates, and therefore they are believed to be 
principally required for de novo methylation[4-6]. Recent 
studies have shown that three different mechanisms play a 
role in the effect of  methylation: global hypomethylation, 
hypermethylation of  individual gene segments and 
deregulated expression of  DNA methyltransferases. 
Changes in the methylation pattern correlate with the 
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development of  cancer. De novo hypermethylation in 
promoter CpG islands has been identified as a possible 
mechanism for tumor suppressor gene and DNA repair 
gene inactivation of  in human cancer cells[7-12]. DNMT3B, 
regarded as a de novo DNA methyltransferase, is thought 
to play an important role in the generation of  aberrant 
methylation in carcinogenesis[13,14].

DNMT genes are up-regulated in various human 
cancers, including HCC[15-20]. Significant over-expression 
of  DNMT3B is obser ved in tumor t i ssues whi le 
over-expression of  DNMT1 and DNMT3A is more 
modest[15,18,20].

A C-to-T transit ion polymorphism (C46359T, 
GenBank accession no. AL035071) in the promoter 
region of  the DNMT3B gene, -149 base pairs from the 
transcription start site, is reported to greatly increase 
promoter activity. Many reports have shown that the C/T 
polymorphism is associated with an increased risk for 
lung cancer and decreased postsurgical survival in patients 
with small cell carcinoma of  the head and neck. Carriers 
of  T allele, particularly heterozygotes, have a significantly 
increased risk for such cancers[21-24].

Several polymorphic genes are repor ted to be 
correlated with modification of  susceptibility to HCC. 
To our knowledge, the association between DNMT3B 
polymorphism and development of  HCC has not been 
reported. Since the DNMT3B promoter polymorphism 
that is responsible for regulating genomic methylation is 
possibly associated with an increased risk for cancers, we 
evaluated the relationship between DNMT3B C46359T 
polymorphism and risk of  HCC in a hospitalization-based 
case-control study in a Chinese Han nationality population.

MATERIALS AND METHODS
Subjects
One hundred case subjects were selected consecutively 
from Tongji Hospital (Wuhan, China) from March to 
November 2006. They did not receive radiotherapy or 
chemotherapy for newly diagnosed and histopathologically 
confirmed HCC. One hundred and forty control subjects 
having no history of  cancerous or genetic diseases were 
healthy volunteers to Wuhan Blood Center in the same 
period. Frequency was matched for sex, age, alcohol 
consumption and cigarette smoking status of  the case 
subjects. All the cancer patients and control subjects were 
unrelated Han nationality individuals from Wuhan or from 
its surrounding regions. Blood was taken from all recruits 
who consented to the epidemiology survey. Each subject 
was scheduled for an interview after informed consent 
was obtained, and a structured questionnaire was used to 
collect information on demographic data and risk factors, 
such as hepatitis B infection history and family history of  
any cancers. 

DNMT3B genotyping
Genomic DNA was extracted from peripheral blood 
lymphocytes by proteinase K digestion and phenol-
chloroform extraction. DNMT3B C/T polymorphism was 
determined by PCR-RFLP. The primers of  5'-TGCTGT
GACAGGCAGAGCAG-3' (nt 46151-46170) and 5'-GG
TAGCCGGGAACTCCACGG-3' (nt 46530-46511) were 

synthesized as previously described[21]. This 380-bp target 
DNA fragment contains the upstream region and the first 
exon of  the DNMT3B gene. Amplification reaction was 
carried out in a 25 µL PCR mixture containing 50-200 ng 
of  genomic DNA, 12.5 pmol of  each primer (Shanghai 
Sangon Company), 0.1 mmol/L each deoxynucleotide 
triphosphate, 1 × PCR buffer (50 mmol/L KCl, 10 mmol/L 
Tris-HCl, and 0.1% Triton X-100), 2.0 mmol/L MgCl2, and 
1.25 U Taq polymerase (Beijing Sbsbio Company). The 
PCR profile consisted of  an initial denaturation at 95℃ for 
5 min, 35 cycles of  denaturation at 95℃ for 30 s, annealing 
at 65℃ for 30 s and extension at 72℃ for 30 s and a 
final extension at 72℃ for 10 min. The 380-bp product 
was then digested with BlnⅠ (TaKaRa Biotechnology 
Company) for 12-16 h in 37℃ bath water. The digested 
product was separated by vertical electrophoresis at 200V 
of  constant voltage for 1.5 h through 8% polyacrylamide 
gel (29:1) and silver staining, and then determined under 
ultraviolet irradiation. The variant T allele has a BlnⅠ 
restriction site that results in two bands (207 bp and 173 bp), 
and the wild-type C allele lacks the BlnⅠ restriction site, 
thus producing a single 380-bp band (Figure 1). More than 
10% of  the samples were randomly selected for repeated 
assays, and the results were 100% concordant. Restriction 
fragment length polymorphism (RFLP) analysis was 
confirmed by PCR-based sequencing with an Applied 
Biosystem automated sequencer (Figure 2).

Statistical analysis
Data were presented as mean ± SD. A database was 
developed by Epi Info 6.0 and the analysis of  data was 
accomplished using SPSS 10.0 software. The difference 
in frequency distributions of  genotypes and allelotypes 
between the two groups was detected by chi-square test. 
P values of  less than 0.05 were considered statistically 
significant.

RESULTS
The characteristics of  100 HCC case patients and 140 
control subjects are summarized in Table 1. In the case 
group, the age ranged 18-70 years, the mean age was (55.86 
± 10.12) years, and the gender ratio was 4:1 while the mean 
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Figure 1  PCR-RFLP-polyacrylamide gel electrophoresis for genotyping of 
DNMT3B promoter C46359T. Lanes 1 and 2: CT heterozygote; lanes 3 and 4: TT 
genotype; lane 5: 100 bp molecular marker; lane 6: PCR product.



BA

time of  alcohol consumption and cigarette smoking was 
(10.01 ± 5.21) years and (11.26 ± 6.25) years, respectively. 
In the control group, the age ranged was 15-68 years, the 
mean age was (57.12 ± 10.01) years, and the gender ratio 
was 4.4:1 while the mean time of  alcohol consumption 
and cigarette smoking was (13.58 ± 5.09) years and (14.89 
± 7.56) years, respectively. The two groups had a similar 
frequency of  distribution in age, sex, alcohol consumption 
and cigarette smoking status. In addition, 95% of  the case 
patients had a chronic infection with HBV but others had 
no infection with any hepatitis virus.

The DNMT3B T allele frequency and genotype 
distributions in the case patients and control subjects are 
summarized in Table 2. Only one genotype of  CT was 
found in 140 control subjects (0.7%) and three in 100 case 
subjects (3.0%), respectively. The variant C allele frequency 
was 1.5% for the case patients and 0.4% for the control 
subjects. The CC genotype was not detected in both HCC 
patients and controls. Although the frequency of  CT 
genotype and C allele was higher in HCC patients than in 
control subjects, but there was no significant difference 
(P > 0.05). 

DISCUSSION
Alterations in DNA methylation can cause changes in 
gene transcription patterns and also promote mutational 
events leading to malignant tumors. Recent studies 

have shown that several mechanisms, including DNA 
hypomethylation on pericentromeric satellite regions, 
DNA hypermethylation on CpG islands of  genes such 
as p16 , E-cadherin , and HIC-1 (hypermethylated-in-
cancer), over-expression of  DNA methyltransferases, 
and reduced expression of  methyl-CpG-binding proteins 
play a role in hepatocarcinogenesis[25-27]. It was reported 
that genetic disruption of  both DNMT1 and DNMT3B 
in human cancer cells results in global and gene-specific 
demethylation, and abrogation of  silencing of  tumor 
suppressor genes. Both the wild type and catalytically 
inactive DNMT3B mutant can suppress rDNA promoter 
irrespective of  its methylation status[28,29], suggesting that 
altered activities of  DNMTs contribute to the generation 
of  aberrant methylation in cancer.

Single nucleotide polymorphisms (SNPs) are the most 
common form of  human genetic variation. SNPs in the 
promoter region of  genes may affect either the expression 
or the act iv i ty of  enzymes and therefore may be 
mechanistically associated with cancer risk. The DNMT3B 
gene contains a C-to-T transition polymorphism (C46359T) 
in a novel promoter region, -149 bp from the transcription 
start site, which in in vitro assays confers a 30% increase in 
promoter activity[23]. It was postulated that the T variant 
might up-regulate DNMT3B expression, resulting in a 
predisposition towards aberrant de novo methylation of  
CpG islands in tumor suppressor and DNA repair genes. 
These findings encouraged us to examine the relationship 
between a novel polymorphism in the human DNMT3B 
promoter and risk of  HCC. 

To select China as a research field to analyze the 
relationship between DNMT3B genetic polymorphisms 
and HCC is a new attempt. In this study, the DNMT3B 
genetic polymorphism was not susceptible to HCC. The 
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Figure 2  CT genotype (A) and TT genotype 
(B) Sequencing-confirmed. 

Table 1  Frequency distributions of selected variables in HCC 
patients and control subjects, n  (%)

Variable Case (n  = 100) Control (n  = 140)
Sex
   Male     80 (80)     114 (81.4)
   Female     20 (20)       26 (18.6)
Age (yr)     55.86 ± 10.12     57.12 ± 10.01
Smoking status
   Current smoker     60 (60.0)     92 (65.7)
   Former smoker     21 (21.0)     26 (18.6)
   Non smoker     19 (19.0)     22 (15.7)
Pack/year     11.26 ± 6.25     14.89 ± 7.56
Alcohol consumption
   Current drinker     55 (55.0)     70 (50.0)
   Former drinker     19 (19.0)     29 (20.7)
   Non drinker     26 (26.0)     41 (29.3)
Alcohol/year     10.01 ± 5.21     13.58 ± 5.09

Table 2  DNMT3B  genotype and allele frequencies in case 
patients and control subjects and their association with HCC, 
n  (%)

Genotypes Case patients (n  = 100) Control subjects (n  = 140)

CT             3 (3)                1 (0.7)
TT          97 (97)            139 (99.3)
C allele            3 (1.5)                1 (0.4)
T allele        197 (98.5)            279 (99.6)

χ2 = 1.86, P = 0.17 (genotype); χ2 = 1.84, P = 0.17 (allele).
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HCC. The C/T SNP (C46359T) in the promoter of  the 
DNMT3B gene may not be associated with up-regulation 
of  DNMT3B and an increased risk of  HCC as observed 
in this study, but probably there are other polymorphisms 
in DNMT3B which are susceptible to HCC.

In the present study, the DNMT3B gene was not 
negligible in the study of  hepatocarcinogenesis in different 
areas. Whether DNMT3B SNPs are associated with 
different tumor types needs to be further studied in China. 
To clarify the role of  DNMT3B SNP in the development 
of  HCC, investigations in other populations need to be 
performed as well. The potential usefulness of  DNMT3B 
genotyping needs further studies on a larger scale.

Saito[32] has found that over-expression of  a splice 
variant of  DNMT3B, DNMT3B4, which may lack DNA 
methyltransferase activity and compete with DNMT3B3 
for targeting pericentromeric satellite regions, results 
in DNA hypomethylation on these regions, even at 
precancerous stages, and plays a critical role in the 
development of  human HCC because of  chromosomal 
instability and aberrant expression of  cancer-related genes. 
Further investigation on the mechanism of  aberrant 
expression of  DNMT3B in tumors, including HCC, 
should be performed. 
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 COMMENTS
Background
Genetic and epigenetic factors are important in determining individuals' 
susceptibility to hepatocellular carcinoma (HCC). Alterations in DNA methylation 
can cause changes in gene transcription patterns and also promote mutational 
events leading to malignant tumors. DNA methylation is mediated by DNA 
methyltransferases (DNMTs), of which three active forms have been identified: 
DNMT1, DNMT3A and DNMT3B. DNMT3B, regarded as a de novo DNA 
methyltransferase, is thought to play an important role in the generation of aberrant 
methylation in carcinogenesis.

Research frontiers
Studies have shown that significant over-expression of DNMT3B is observed in 
tumor tissues while over-expression of DNMT1 and DNMT3A is more modest. A 
C-to-T transition polymorphism (C46359T) in the promoter region of the DNMT3B 
gene, -149 base pairs from the transcription start site, greatly increases promoter 
activity and is associated with an increased risk of cancers, such as cancer of the 
lung, head and neck. Carriers of the T allele, particularly heterozygotes, have a 
significantly increased risk foe such cancers.

Innovations and breakthroughs
Since the DNMT3B promoter polymorphism that is responsible for regulating 
genomic methylation is possibly associated with an increased risk for cancer, we 
evaluated the relationship between DNMT3B C46359T polymorphism and risk of 
HCC using PCR-RFLP and sequencing analysis.The PCR product was digested 
with BlnⅠfor 12-16 h to complete the reaction of restriction enzyme. Since the 
sensibility of electrophoresis through polyacrylamide gel is much higher than that 
of electrophoresis through agarose gel, we chose the former to separate the DNA 
fragments.

CC genotype was not detectable in both HCC patients and 
controls, while the T allele was predominant. In control 
subjects, the frequency of  TT and CT genotypes was 
99.3% and 0.7% respectively, while that of  T and C alleles 
was 99.6% and 0.4% respectively. The frequency of  CT 
genotype was higher in HCC (3.0%), while that of  T and 
C alleles was 98.5% and 1.5%. Although the frequency of  
CT genotype and C allele was higher in HCC patients than 
in control subjects, but there was no significant difference.

The frequency of  DNMT3B genotypes is much 
different from the reported frequency in Caucasians[21]. In 
the control group, the frequency of  TT, CT and CC was 
23.2%, 41.8% and 35.0% respectively, while the T allele 
frequency was 44.1%. C allele was very common. The 
frequency of  TT, CT and CC in lung cancer patients was 
21.0%, 56.7% and 22.3% respectively, indicating that a 
different race has a different genetic composition.

The DNMT3B allele frequency of  people in North 
China is s l ightly different from that of  people in 
other areas of  China[30]. In the present study, the CC 
genotype was also not detectable. In control subjects, 
the frequency of  TT and CT genotypes was 94.9% and 
5.1% respectively, while that of  T and C alleles was 
97.4% and 2.6% respectively, suggesting that DNMT3B 
genetic polymorphism is variable in the same race living 
in different geographic areas. Only the TT genotype was 
detectable in all control subjects as compared with other 
ethnic groups such as Japanese[31], also suggesting that a 
different ethnic group has a different genetic composition.

The PCR product was digested with BlnⅠfor 12-16 h 
to complete the reaction of  restriction enzyme. Since the 
sensibility of  electrophoresis through polyacrylamide gel is 
much higher than that of  electrophoresis through agarose 
gel, we chose the former to separate the DNA fragments.

In our study, only one of  the case subjects with CT 
genotype had a family history of  HCC, but HBsAg, 
HBeAb and HBcAb in the other case subjects remained 
positive for a period of  over 10 years without any 
treatment. Although we designed experiments to assess the 
correlation of  the distribution of  DNMT3B genotypes to 
the transcription and expression of  DNMT3B and HBV 
infection status in selected tumor and normal hepatic 
tissues, we could not carry out the experiments due to the 
insufficient number of  samples with CT genotype in our 
study. 

The very similar distribution of  DNMT3B genotypes 
in HCC patients and healthy controls suggested that 
the C/T polymorphism of  DNMT3B gene might not 
independently affect the risk for HCC. A study in North 
China showed that DNMT3B SNPs are not associated 
with the susceptibility to gastric cardiac adenocarcinoma[30], 
although this polymorphism has been demonstrated to be 
associated with the susceptibility to cancers of  the lung, 
head, neck and breast.

Recently, several candidate SNPs in the DNMT3B gene 
have been deposited in public databases (http://www.
ncbi.nlm.nih.gov/SNP). Although the functional effects 
of  these polymorphisms have not been elucidated, we 
hypothesize that some of  these variants, particularly their 
haplotypes, may influence DNMT3B activity on DNA 
methylation, thereby modulating the susceptibility to 
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Applications
C/T polymorphism of the DNMT3B gene may not independently affect the risk 
for HCC and probably there are other polymorphisms in DNMT3B which are 
susceptible to HCC. Whether DNMT3B SNPs are associated with different tumor 
types and different races needs to be further studied. The potential usefulness of 
DNMT3B genotyping needs further studies in a large scale.

Terminology
Single nucleotide polymorphisms (SNPs) represent a natural genetic variability at a 
high density in the human genome. A synonymous expression is “biallelic marker” 
corresponding to the two alleles that may differ in a given nucleotide position of 
diploid cells. A single SNP represents an alternative nucleotide in a given and 
defined genetic location at a frequency exceeding 1% in a given population. 
This definition does not include other types of genetic variability like insertions 
and deletions, and variability in copy number of repeated sequences. SNPs are 
considered the major genetic source to phenotypic variability that differentiates 
individuals from one another within a given species. Restriction fragment length 
polymorphism (RFLP) is a technique by which organisms may be differentiated by 
analysis of patterns derived from cleavage of their DNA. If two organisms differ in 
the distance between sites of cleavage of a particular restriction endonuclease, 
the length of fragments produced differs when DNA is digested with a restriction 
enzyme. The similarity of patterns generated can be used to differentiate species 
(and even strains) from one another.

Peer review
Dr. Wu and co-investigators looked at C/T SNP in the promoter region of DNMT3B. 
They could not demonstrate a significant difference in C/T polymorphism between 
HCC patients and normal Chinese population. However, DNMT3B gene is not 
negligible in study of HCC in different races, ethnic groups or geographic areas as 
well as in study of different tumor types.
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