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Introduction

MDM2 (mouse double minute 2 homolog) is the 
major negative regulator of p53, the key tumor suppressor 
involved in the tumorigenesis of the majority of most 
human cancer. MDM2 is proposed to regulate p53 at 
post-translational level by enhancing of p53 degradation 
through E3 ligase activity (Haupt, et al., 1997, Honda et 
al., 1997; Kubbutat, et al., 1997). Moreover, MDM2 is 
also able to inhibit the function of pRB and subsequently 
increase the level of free E2F1 (Xiao et al., 1995). In 
addition, MDM2 also bind directly to E2F1 and enhance 
its activity as a transcription factor (Martin, et al., 1995). 
According to these cellular functions, MDM2 behaves 
as an oncoprotein, which has been supported by both in 
in vitro and clinical studies. Increased levels of MDM2 
have been detected in several human cancers. Four 
mechanisms underlying the overexpression of MDM2 
have been proposed. The two major mechanisms are gene 
amplification (Oliner et al., 1992; Momand et al., 1998) 
and enhanced translation (Sheikh, et al., 1993; Landers 
et al., 1997; Trotta et al., 2003) both of which have been 
shown in several cancers with wild-type TP53. The third 
mechanism is due to the altered MDM2 degradation which 
is induced by Casein phosphorylation with subsequently 

1Department of Surgery, 2Family Medicine and Community Medicine, 3Pathological Unit, Institute of Medicine, 5Parasite Research 
Unit and Institute of Science, Suranaree University of Technology, 6Faculty of Public Health, Vongchawalitkul University, 4Suranaree 
University of Technology Hospital, Nakhon Rachasima, Thailand  *For correspondence: taweesak.t@sut.ac.th

Abstract

 Background: Helicobacter pylori plays an important role in gastric cancer, which has a relatively low inciduence 
in Thailand. MDM2 is a major negative regulator of p53, the key tumor suppressor involved in tumorigenesis of 
the majority of human cancers. Whether its expression might explain the relative lack of gastric cancer in Thailand 
was assessed here. Materials and Methods: This single-center study was conducted in the northeast region of 
Thailand. Gastric mucosa from 100 patients with Helicobacter pylori associated gastritis was analyzed for MDM2 
SNP309 using real-time PCR hybridization (light-cycler) probes. Results: In the total 100 Helicobacter pylori 
associated gastritis cases the incidence of SNP 309 T/T homozygous was 78 % with SNP309 G/T heterozygous 
found in 19% and SNP309 G/G homozygous in 3%. The result show SNP 309 T/T and SNP 309 G/T to be rather 
common in the Thai population. Conclusions: Our study indicates that the MDM2 SNP309 G/G homozygous 
genotype might be a risk factor for gastric cancer in Thailand and the fact that it is infrequent could explain to 
some extent the low incidence of gastric cancer in the Thai population. 
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SCFβ-TRCP ubiquitin ligase (Inuzuka et al., 2010). 
This scenario is supported by the finding that β-TCRP 
deletions are found in several cancers (Momand et al., 
2000; Rayburn et al., 2005; Inuzuka, et al., 2010). The 
forth mechanism of MDM2 hyperactivity is proposed to be 
due to the genetic polymorphism at MDM2 promoter area 
located in intron 1 (intronic promoter) (Bond et al., 2004). 
There are two types of single nucleotide polymorphism 
(SNPs), which is attributable to MDM2 gene expression 
level. The MDM2 SNP309 and MDM2 SNP285 are 
located at position 309 and 285 bp downstream of MDM2 
exon 1.These two areas of SNPs are the positions where 
Sp1 interact with the intronic promoters albeit with 
different binding activities. SNP309 is shown to enhance 
Sp1 binding therefore promoting the MDM2 expression. 
On the other hand, SNP285 decrease the binding of Sp1 
to the promoter region (Knappskog et al., 2011). For this 
reason, MDM2 SNP309 is proposed to increase cancer 
risk (Bond et al., 2006; Hu et al., 2007; Economopoulos 
et al., 2010; Post et al., 2010). This hypothesis has been 
supported by several clinical studies in various human 
cancers, whereas MDM2 SNP285 has been found to 
provide the protective effect on human cancers (Hu et al., 
2007; Knappskog et al., 2011). 

The clinical data concerning the role of MDM2 
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SNP309 in gastric cancer development is limited. The 
case-control study among the Iranian gastric cancer 
population showed that MDM2 SNP309 is the risk factor 
for this cancer with Odds ratio= 2.08 (95% Confident 
interval=1.37-4.34) (Moradi et al., 2014). 

The similar study in Chinese gastric cancer population 
also showed the same trend (Wang et al., 2009). We 
are interested in pursuing the clinical study in Thai 
population to evaluate the possible association between 
MDM2 SNP309 and gastric cancer risk. As inflammatory 
processed is also influenced by p53, we also evaluate the 
possible association between this SNP and the degree 
of chronic gastritis associated with Helicobacter pylori, 
which is the precursor lesion for gastric cancer.

Materials and Methods

Patients
A total of 100 gastric tissues from the patients 

diagnosed with Helicobacter pylori associated gastritis 
proved by positive histology that participated in this study 
from November 2014 through June 2015. The study was 
performed in accordance with good clinical practice and 
the guidelines of the Declaration of Helsinki. All patients 
provided written informed consent and the study protocol 
was approved by the Ethics Committee for Research 
Involving Human Subjects, Suranaree University of 
Technology (EC-57-34).

Histological analysis
Gastric tissue specimens for histological analysis 

were sent to the pathologist. The hematoxylin and eosin 
stain and Giemsa stain were used for identification of 
Helicobacter pylori. The pathological analysis was made 
by 5 pathologists at Bangkok Pathological Laboratory 
outside of Suranaree University of Technology.

DNA isolation method
The DNA of Helicobacter pylori was extracted from 

frozen gastric tissue biopsy specimens which were stored 
at a temperature of less than –20°C using the QIAamp 
DNA FFPE tissue kit (Qiagen, USA). The DNA extraction 
was performed according to the manufacturer protocol. 
Briefly, ten tissue sections of 5 µM thick were collected in 
1.5 ml micro centrifuge tubes. The tissue specimens were 
placed in a microcentrifuge tube, and buffer ATL (180 
μL) and proteinase K (20 μL) were added. The samples 
were mixed by vortexing and incubated at 56°C until the 
tissues were completely lysed. Buffer AL (200 μL) was 
added to the samples, which were subsequently incubated 
at 70°C for 10 minutes. Next, 240 μL of 100% ethanol was 
added to the samples, which were mixed by vortexing for 
15 seconds. Each sample was placed in a QIAamp spin 
column and centrifuged at 8000 rpm for 1 minute. The 
columns were washed with AW1 buffer (500 μL), and 
samples were centrifuged at 8000 rpm for 1 minute. AW2 
buffer (500 μL) was added to the column, and samples 
were centrifuged at 14,000 rpm for 3 minutes. Buffer AE 
(200 μL) was added to each sample, and samples were 
incubated for 1 minute prior to centrifugation at 8000 rpm 
for 1 minute. Finally, DNA was extracted from the tissue.

Polymorphism analysis
MDM2 SNP309 genotypes were analyzed using 

real-time PCR. The hybridization probes (light-cycler 
probe) were utilized for this analysis. The real-time PCR 
procedure was accomplished by using LightCycler® 
480 instrument (Roche diagnostics, Neuilly sur Seine, 
France). The identifications of target PCR products were 
accomplished by melting curve analyses. The target PCR 
products were amplified by using the primers as previously 
reported in the previous literature. The hybridization 
probes include the one that is in the SNP309 (the sensor 
probe). This sensor probe is labeled by LC-red 640 
at 5’ and phosphorylated at 3’. The anchor probe will 
hybridized to the PCR product at the site 3 bp upstream 
to the sensor probe. 3 µl DNA templates were subjected 
to PCR reaction in the final volume of 20 µl. The reaction 
mixture consists of MgCl2 (25 mM), forward and reverse 
primers (20 M each), sensor and anchor probes (20 M 
each), and 2 µl of FastStart DNA Master Hybridization 
Probes (Roche Diagnostics). PCR amplification comprised 
an initial denaturation cycle at 95°C for 10 min, followed 
by 50 amplification cycles (with a temperature transition 
rate of 20°C/s) consisting of 95°C for 0 s, annealing 
at 60°C for 10 s, and extension at 72°C for 17 s. After 
amplification a melting step was performed, consisting of 
95°C for 0 s, cooling to 45°C for 30 s (with a temperature 
transition rate of 20°C/s), and finally a slow rise in the 
temperature to 85°C at a rate of 0.1°C/s with continuous 
acquisition of fluorescence decline. The genotype of each 
patient can be categorized into three genotypes SNP309 
G/G homozygous, T/T homozygous and G/T heterozygous 
based on the different melting curve.

Statistical analysis
SPSS for Windows (version 16.0; SPSS, Chicago, 

IL, USA) was used for the statistical analysis; baseline 
demographic data of the infected patients were analyzed. 
The patterns of genetic polymorphism were analyzed by 
using LightCycler® 480 instrument (Roche diagnostics, 
Neuilly sur Seine, France).

Results 

A total of 100 gastric tissues from Helicobacter pylori 
associated gastritis patients enrolled into the study. The 
patients’ demographic data are summarized in Table 1 and 
pattern of MDM2 SNIP309 polymorphism are summarized 
in Figure 1. The incidence of SNP 309 T/T homozygous 
was 79 % (79/100), SNP309 G/T heterozygous 18 % 
(18/100) and SNP309 G/G homozygous 3% (3/100).

Table 1. The Patient Demographic Data
Demographics n =100

Male/female (n) 24/76
Mean age  (years) 48.2
Peptic ulcer disease (GU/DU) 15%
Gastric cancer 1%
Non ulcer gastritis/duodinitis 84%
SNP 309 T/T 78%
SNP309 G/T 19%
MDM2 SNP309 G/G 3%
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Discussion

Genetic polymorphism is obviously the one of 
underlying mechanism, which is attributable to the ethnic 
difference in cancer predisposition. Single nucleotide 
polymorphism (SNP) of genomic DNA has been 
shown to be associated with the risk of various diseases 
including human cancers. This association obtained 
from epidemiological data is further supported by in 
vitro functional analysis and animal model. It becomes 
clear that some of these SNPs influence the biological 
function of the cells through various direct or indirect 
mechanism including gene expression control, at both 
RNA and protein level, protein structural modification. 
Therefore, the SNPs genotyping becomes the hot topic for 
researchers, which hope to identify the individual genetic 
background applicable to disease prevention, optimized 
medical treatment and surveillance. 

Gastric cancer is the fifth most common human cancers 
worldwide. Intriguingly, marked variation in the gastric 
cancer incidence is observed. The highest incidence of 
gastric cancer is found in Korea (41.8/100,000) whereas 
the lowest incidence is found in Africa and Northern 
America. In Thailand the incidence of gastric cancer 
is 3.5/100,000. As the chronic gastritis is the major 
predisposing condition to gastric cancer, the association 
study between these conditions has become the area 
of interest. However, in Thailand where gastric cancer 
in incidence falls into the low-risk country group, the 
prevalence of Helicobacter pylori associated gastritis is 
intriguingly high. 

This study aims to investigation the prevalence and 
patterns of genetic polymorphism of MDM2 gene (MDM2 
SNP309) in Thai population. Our data indicate that the 
incidence of SNP 309 T/T homozygous and SNP309 G/T 
heterozygous is rather high. According to previous data, 
these genotypes confer the protective effect for certain 
human cancers including gastric cancer and may be answer 
of Thailand enigma.

In conclusion, results of our study indicated that 
frequency of MDM2 SNP309 G/G is very low, that can 
explain to some extent the low incidence of gastric cancer 
in Thai population. According to literature review, this 
study is the first attempt to evaluate the possible impact 
of genetic background, MDM2 SNP309 on the gastric 
cancer in patients with Helicobacter pylori associated 

gastritis in Thai population.
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