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Abstract

AIM: To investigate the association between single nucleotide
polymorphism (SNP) in promoter of the DNA methyltrans-
ferase 3B (DNMT3B) gene and risk for development and
lymphatic metastasis of gastric cardiac adenocarcinoma (GCA).

METHODS: The hospital based case-control study included
212 GCA patients and 294 control subjects without overt
cancer. The DNMT3B SNP was genotyped by PCR and
restriction fragment length polymorphism (RFLP) analysis.

RESULTS: The C/C genotype was not detected in both
GCA patients and controls. In control subjects, the frequency
of T/T and C/T genotypes was 94.9% and 5.1% respectively,
and that of T and C alleles was 97.4% and 2.6%, respectively.
The genotype and allelotype distribution in the GCA patients
was not significantly different from that in controls (P = 0.34
and 0.33, respectively). When stratified by smoking status
and family history of upper gastrointestinal cancer, significant
difference in the genotype distribution was not observed
between GCA patients and controls. The distribution of
DNMT3B genotypes in GCA patients with or without lymphatic
metastasis did not show significant difference (P = 0.42).

CONCLUSION: The distribution of DNMT3B SNP in North
China is distinct from that in Caucasians. Although this
SNP has been associated with susceptibility to lung, head,
neck and breast cancer, it may not be used as a stratification
marker to predict susceptibility and lymphatic metastasis
of GCA, at least in the population of North China.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Aberrant DNA methylation is one of the most epigenetic
changes in human cancers. Generally, the overall level of
DNA methylation is lower in cancer cells than in normal
cells, while a number of tumor suppressor genes are silenced
by DNA methylation on CpG islands around their promoter
regions in cancer cells[1-5]. DNA methylation is mediated by
a family of  DNA methyltransferases (DNMTs), three active
forms (DNMT1, DNMT3A and DNMT3B) of  DNMT
have been identified in mammalian cells[6-8]. DNMT1 is required
for maintaining methylation whereas DNMT3A and DNMT3B
are responsible for de novo methylation[7,9]. DNMT3B plays
a crucial role in tumorigenesis. Significant overexpression
of  DNMT3B has been observed in tumors while DNMT1
and DNMT3A are only modestly overexpressed with lower
frequency[10]. The DNMT3B gene located on chromosome
20q 11.2, contains a C→T single nucleotide polymorphism
(SNP) in the 149-base pair upstream of the transcription
start site of the promoter region (C46359T, GenBank
accession no. AL035071), which may result in a 30% increase
in promoter activity[11] . Few studies suggested that the DNMT3B
SNP may modify susceptibility to tumors, although conflicting
results are reported in different tumor types. Carriers of
the DNMT3B T allele, particularly of the heterozygous
genotype, have a significant increase in risk of developing
lung, head, and neck cancer[11,12]. However, genotypes with
the C allele are associated with increased risk of breast
cancer[13].

Gastric cardiac adenocarcinoma (GCA), one of the common
tumor types in some areas of North China, has drawn increasing
attention for its incidence elevation in recent years. Several
polymorphic genes have been correlated with modification
of susceptibility to GCA[14-17]. To our knowledge, the association
between the DNMT3B SNP and the risk of development



3624           ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol     June 21, 2005   Volume 11   Number 23

of upper gastrointestinal carcinoma has not been reported.
In addition, the prevalence of DNMT3B SNP in Asian
population has not been documented so far. Since the SNP
may influence the function of DNMT3B, which plays an
important role in carcinogenesis of upper gastrointestinal
carcinoma, we hypothesized that DNMT3B SNP may
modify susceptibility and disease progression of GCA.
Therefore, a hospital-based case-control study was performed
in a population of North China with the aim of testing the
hypothesis.

MATERIALS AND METHODS

Subjects
The study recruited 212 patients with gastric cardiac cancer
and 294 control subjects without overt cancer. The cancer
patients were outpatients for endoscopic examination or
inpatients hospitalized for surgery in the Fourth Affiliated
Hospital of Hebei Medical University between 2001 and
2003. Histological tumor typing was carried out on the basis
of biopsies or resected specimens in the Department of
Pathology of  the same hospital. Gastric cardiac carcinomas
were all adenocarcinomas with their epicenters at the
gastroesophageal junction, i.e., from 1 cm above to 2 cm
below the junction between the end of the tubular esophagus
and the beginning of the saccular stomach[18]. The healthy
subjects having no history of cancerous or genetic diseases,
visited the same hospital for regular physical examination
and volunteered to join the epidemiology survey in the same
period. All the cancer patients and control subjects were
unrelated Han nationality and from Shijiazhuang city or its
surrounding regions. Information on gender, age, smoking
habits and family history was obtained from cancer patients
and healthy controls by two professional interviewers. The
definition of smokers and family history of upper gastroint-
estinal cancer (UGIC) was described previously[17,19].
Informed written consent was obtained from all the recruited
subjects. The study was approved by the Ethics Committee
of Hebei Cancer Institute.

DNA extraction
Five milliliters of venous blood from each subject was drawn
in vacuum tubes containing EDTA and stored at 4 ℃.
Genomic DNA was extracted within one week after sampling
by using proteinase K digestion followed by a salting out
procedure[20].

DNMT 3B genotyping
The transition of C→T of DNMT3B SNP creates an Avr
II restriction site, which could be exploited for genotyping
by PCR and subsequent restriction fragment length
polymorphism (RFLP) analysis. PCR was performed in a
25-µL volume containing 100 ng of DNA template, 2.5 µL
of  10× buffer, 1 U of  Taq-DNA-polymerase (BioDev-Tech.,
Beijing, China), 200 mol/L of dNTPs and 200 nmol/L
of  sense primer (5’-TGCTGTGACAGGCAGAGCAG-3’)
and antisense primer (5’- GGTAGCCGGGAACT-
CCACGG-3’)[11]. For amplification, an initial denaturation
step at 95 ℃ for 5 min was followed by 35 cycles at 95 ℃
for 30 s, at 66 ℃ for 30 s, at 72 ℃ for 1 min, and a final

step at 72 ℃ for 5 min to allow for the complete extension
of all PCR fragments. Subsequently, the PCR products were
digested overnight with 10 units of  Avr II (TakaRa
Biotechnology Co., Ltd, Dalian, Liaoning, China) at 37 ℃
and separated on a 2% agarose gel. RFLP bands were visualized
by ethidium bromide staining under UV light. Depending
upon the existence of the Avr II recognizing site, the
DNMT3B T/T genotype was expected to show two DNA
bands at the positions of 207 and 173 bp, the C/C genotype
was expected to show a single band (380 bp), while the
heterozygote was expected to have three bands (380, 207
and 173 bp). For a negative control, distilled water was used
instead of template DNA in the reaction system in each
panel of  PCR reactions. For 20% of  the samples, the PCR-
RFLP reaction was repeated once for quality control.

DNA sequencing analysis
DNA sequencing analysis was used to confirm the result
of DNMT3B genotyping by PCR-RFLP analysis in 12
randomly selected representative samples. The PCR fragments
were recovered from agarose gel followed by purification
with DNA clean-up Kit (Wizard SV Gel and PCR clean-up
System, Promega). DNA sequences of the PCR products
were determined using the PCR sense primer with applied
biosystems model 377 sequencer (PE Applied Biosystems,
Warrington, UK).

Statistical analyses
Statistical analyses was performed using the SPSS11.5 software
package (SPSS company, Chicago, IL, USA). Hardy-Weingberg
equilibrium assumption was performed to compare the
observed and expected genotype frequencies using 2 test.
Comparison of the DNMT3B genotype and allelotype
distribution in the study groups was performed by means
of two-sided contingency tables using 2 test or Fischer’s
exact test. The odds ratio (OR) and 95% confidence interval
(CI) were calculated using an unconditional logistic regression
model and adjusted by age and gender accordingly. P<0.05
was considered statistically significant.

RESULTS

As shown in Table 1, the mean age of  GCA patients was
comparable to that of healthy controls (P = 0.09). The
gender distribution in GCA patients was also similar to that
in healthy controls (P = 0.10). Information on smoking
status was not obtained from 56 control subjects and 16
GCA patients, and family history of UGIC from 129 control
subjects and 26 GCA patients was unclear or failed to be
recorded. The proportion of smokers in GCA patients
(58.2%) was significantly higher than that in healthy controls
(43.3%) (2 = 9.53, P = 0.002). In addition, the frequency
of individuals with positive family history of UGIC in GCA
patients (30.6%) was significantly higher than that in healthy
controls (5.5%) (2  = 36.34, P <0.0001). Thus, smoking
and family history of UGIC significantly increased the risk
of developing of GCA in this population (the age and gender
adjusted OR = 1.80 and 9.60, 95%CI = 1.17-2.77 and
4.34-21.22, respectively).

All the patients and controls were successfully genotyped
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for the DNMT3B polymorphism (Figure 1). The results of
re-genotyped samples consistently matched the original ones.
The genotyping by PCR-RFLP analysis was completely
confirmed by DNA sequencing analysis (Figure 2). The
genotype distribution in GCA patients and healthy controls
was consistent with that expected by Hardy-Weinberg
equilibrium. In addition, the DNMT3B genotype distribution
did not correlate with gender and age both in patients and
in controls (data not shown). The DNMT3B C/C genotype
was not detected either in GCA patients or in control subjects.
In healthy controls, the frequency of T/T and C/T genotypes
was 94.9% and 5.1%, respectively, and that of T and C
alleles was 97.4% and 2.6%, respectively.

Figure 1  DNMT3B genotyping patterns by PCR-RFLP analysis. Lanes 1 and
8: 100 bp molecular marker; lane 2: negative control for PCR reaction; lane 3:
PCR product; lanes 3 and 4: C/T genotype; lanes 6 and 7: T/T genotype.

The frequency of DNMT3B T/T and C/T genotypes
in GCA patients was 96.7% and 3.3% while that of T and
C alleles was 98.3% and 1.7%, respectively. The genotype
and allelotype distribution in the overall GCA patients was
not significantly different from that in healthy controls
(2 = 0.96 and 0.94, P = 0.33 and 0.33, respectively). When
stratified by smoking status and family history of UGIC,
the genotype distribution in GCA patients and healthy
controls still did not show any significant difference (Table 2).
Compared to T/T, in the study population, the C/T genotype
did not significantly modify the risk of developing of GCA
(the age and gender adjusted OR = 0.66, 95%CI = 0.26-1.67).
The similar trend was observed in stratification analysis
according to the smoking status and family history of UGIC
(Table 2).

To investigate the significance of  DNMT3B genotyping
in the progression of GCA, influence of DNMT3B polym-
orphism on the occurrence of lymphatic metastasis was
analyzed in 131 GCA patients whose clinical information

Table 1  Demographic characteristics of GCA patients and healthy
individuals

Groups Control n  (%) GCA n  (%) P

Sex

    Male     201 (68.4)  159 (75.0)             0.10

    Female       93 (31.6)    53 (25.0)

Mean age in years (SD)    59.1 (10.2) 60.4 (8.4)               0.09

Smoking status

    Ex- or current smoker     103 (43.3)  114 (58.2)           0.0025

    Non-smoker     135 (56.7)    82 (41.8)

Family history of UGIC

    Positive          9 (5.5)    57 (30.6)          <0.0001

    Negative     156 (94.5)  129 (69.4)

Table 2   Influence of DNMT3B SNP on the risk of development and lymphatic metastases of GCA

Group DNMT3B genotype T/T n (%) C/T  aOR (95%CI)    P

Overall

    Control              279 (94.9)   15 (5.1)

    GCA              205 (96.7)     7 (3.3) 0.66 (0.26-1.67) 0.38

Nonsmoker

    Control              130 (96.3)     5 (3.7)

    GCA                 78 (95.1)     4 (4.9) 1.43 (0.37-5.56) 0.61

Smoker

    Control                 98 (95.1)     5 (4.9)

    GCA              111 (97.4)     3 (2.6) 0.61 (0.14-2.69) 0.51

Family history of UGIC in

    GCA patients                 82 (96.5)     3 (3.5) 0.40(0.05–3.14) 0.38

    Positive                 97 (96.0)     4 (4.0) 0.94 (0.35-2.50) 0.91

    Negative

GCA with LM data

    LM- (n = 62)                 58 (93.5)     4 (6.5)

    LM+(n = 69)                 67 (97.1)     2 (2.9) 0.45 (0.08-2.63) 0.38

LM: lymphatic metastasis.

Figure 2  C/T genotype (A) and T/T genotype (B) confirmed by sequencing.
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was available. The distribution of DNMT3B genotype in
GCA patients with or without lymphatic metastasis was not
significantly different (2.9% versus 6.5%, Fisher’s exact test,
P = 0.42). The C/T genotype did not significantly influence
the risk of lymphatic metastasis compared to the T/T
genotype (the age and gender adjusted OR = 0.45, 95%
CI = 0.08-2.63). Thus, the effect of DNMT3B SNP on
lymphatic metastasis of  GCA was not observed in this study.

DISCUSSION

The present study shows a distinct difference in distribution
of DNMT3B SNP between Chinese and Caucasians[11,13].
The C/C genotype in Chinese population is absent or rare,
as demonstrated by the frequency of zero in both the GCA
patients and healthy controls. Additionally, the frequency
of the C/T genotype is very low in Chinese population
(5.1% in the control group) compared to that in Caucasians.
The frequency of T/T, C/T and C/C genotypes has been
reported to be 23.2%, 41.8%, 35% in Americans[11] and
23.3%, 45%, and 31.8% in British population[13] respectively.
The significance of great diversity in DNMT3B SNP
distribution in different ethnic populations remains unknown.
It was reported that the C to T transition induces a 30%
increase in promoter activity of the DNMT3B gene[11,13]. If
the observation could be verified in in vivo studies, the
distinct prevalence of the T/T genotype in Chinese might
imply the high level of DNMT3B activity in this population,
which might result in a different methylation status between
Caucasians and Chinese. In this study, we designed experiments
to assess the association between DNMT3B genotypes and
DNMT3B transcription and expression in resected tumor
tissues and normal epithelia. Unfortunately, we could not
conduct the experiments due to the absence of C/C genotype
and the insufficient number of samples with C/T genotype.
Nevertheless, to understand the significance of the great
diversity in DNMT3B SNP distribution in different populations,
the correlation between genotype and phenotype in different
ethnic groups needs to be comparatively investigated.

The present study demonstrates that the association
between DNMT3B SNP and susceptibility to GCA may
not exist, at least in the study population. In addition, the
DNMT3B SNP appears not to be a stratification marker
for the risk of lymphatic metastasis of GCA. Although the
sample size in the present study may be too small to detect
the minor effects, the very similar distribution of DNMT3B
genotypes in cancer patients and healthy controls suggests
that DNMT3B SNP may not independently modify the risk
of development and lymphatic metastasis of GCA. The
present result, and those from lung and breast cancer which
are the only published data on association between DNMT3B
SNP and cancer development, can show the different possible
roles of DNMT3B in different cell types. In lung cancer,
the combined variant genotypes (CT+TT) of DNMT3B SNP
have been associated with a nearly two-fold increased risk
of cancer development compared to the C/C genotype[11].
In breast cancer, however, the combined genotypes of C/T
and C/C have shown significantly higher risk of developing
lung cancer compared to the T/T genotype[13]. Since the
different splice variants of DNMT3B which may alter
catalytic activity are expressed in a tissue specific manner[9],

and repression of DNMT3B activity does not result in the
re-expression of  all hypermethylated tumor suppressor genes
in some cell system[21,22], it is therefore important to explore
the complex interplay of  DNMTs in different tumor types.
In addition, the absent association between DNMT3B SNP
and GCA may be explained by the infrequency of C allele
in the study population. To clarify the role of  DNMT3B SNP
in the development and progression of GCA, investigations
in other populations need to be performed. Moreover,
discovery of other polymorphisms in DNMT genes may
facilitate further exploration of associations between genetic
alteration and function of  DNMTs.

In conclusion, the distribution of DNMT3B C46359T
polymorphism in North China is distinct from that in
Caucasians, and DNMT3B SNP may not be used as a
stratification marker to predict susceptibility and lymphatic
metastasis of GCA.
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