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Introduction

Hepatocellular carcinoma (HCC) is considered the fifth 
most common cancer worldwide, leading to over 600,000 
deaths each year [1]. There are multiple risk factors, 
including chronic HBV or HCV infection, cirrhosis, 
excessive alcohol consumption, carcinogen exposure, and 
various genetic factors associated with HCC [2-5]. Genetic 
factors are accounted as inherited polymorphisms in the 
genes involved in cell-cycle regulation, DNA repair, and 
apoptosis [6, 7]. Hepatocarcinogenic risk factors could be 
defined by the identification of polymorphism of modifier 
genes. Murine double minute 2 (MDM2) plays a vital 
role not only in the p53 pathway but also in various other 
pathways such as inhibition of retinoblastoma protein (RB) 
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and p73 as well as stabilization of p63 [8-12]. The MDM2 
protein level is positively regulated by p53, while 
MDM2 negatively mediates p53 and activity through 
an auto-regulatory feedback loop [13-15]. In addition, 
MDM2 acts as an oncogene and plays a regulatory role 
by interacting with other tumor-related genes, which are 
inevitable for cell-cycle control. 

The genomic size of the human MDM2 gene is 34 kb 
with two promoters, the p53-responsive intronic promoter 
and the constitutive promoter [16]. Although MDM2 
is rarely mutated, it is highly polymorphic. A naturally 
occurring functional SNP (rs2279744) in the p53-response 
intronic promoter of the MDM2 gene has recently been 
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described by Bond et al. (2004), which is referred to 
as SNP309 or T309G [17]. The exchange of T to G at 
309 position of the p53-responsive intronic promoter 
augments the binding affinity of the Sp1 transcription 
activator, causing the increased level of MDM2, which 
directly inhibits p53 transcriptional activity facilitating 
the transcription of the damaged cells to escape from 
the cell-cycle checkpoint and become carcinogenic 
[17, 18]. The MDM2 polymorphism has been associated 
with almost all forms of cancer. Several studies have 
reported that the MDM2 (T309G) polymorphism is 
associated with susceptibility to various tumors, including 
gastric carcinoma [19], non-small-cell lung cancer [20], 
endometrial cancer [21], sarcoma [17], and bladder 
cancer [22]. Some recent investigations have shown the 
association of MDM2 (T309G) polymorphism with the 
risk of HCC in Chinese [23], Japanese [24], Korean [25], 
and Turkish [26]. On the other hand, contradictory results 
were reported where no association between MDM2 
(T309G) polymorphism and HCC had been shown in 
different populations [27, 28]. 

The study of underlying mechanisms of complex 
diseases such as cancer by identifying SNPs that alter 
the expression and function of genes contributing to 
the predisposition of diseases has become a prominent 
area of investigation. Since the interaction of MDM2 and 
TP53 plays pivotal roles in apoptotic cell death, DNA 
repair, and cell-cycle checkpoint, we hypothesized that 
the genetic polymorphism in MDM2 might contribute 
to the susceptibility to hepatocellular carcinogenesis. 
The MDM2 (T309G) gene polymorphism and its 
relationship with the susceptibility of HCC may vary 
in different populations to different ethnic groups, 
depending on different geographical areas and levels of 
environmental exposures. To the best of our knowledge, 
an association between MDM2 (T309G) polymorphism 
and HCC susceptibility has not yet been studied in the 
Bangladeshi population. The present study aimed to 
determine the effects of MDM2 (T309G) polymorphism 
on the risk of developing hepatocellular carcinoma in 
Bangladeshi people.

Materials and Methods

This study was conducted on 210 subjects, including 
100 patients suffering from hepatocellular carcinoma and 
a total of 110 healthy control subjects (Table 1). We found 
no significant differences in baseline characteristics among 
the study subjects (Table 1). The HCC cancer patients who 
had no history of other chronic diseases were recruited 
from the Department of Hepatology of Bangabandhu 
Sheikh Mujib Medical University, Dhaka. The healthy 
controls subjects who don’t have any history of cancer or 
chronic diseases were assigned in this study during their 
regular health check-up in different hospitals of Dhaka 
city (Table 1). 

The nature of the study was explained among the 
participants, and informed consent from them was obtained. 
A structured questionnaire covering the information of 
age, gender, medical and family history of chronic diseases 

was completed. The ethical review committee (ERC) of 
the Department of Biochemistry and Molecular Biology, 
University of Dhaka, approved the study. In this study, the 
rules and regulations of the declaration of Helsinki and its 
subsequent revisions were followed [29].

Sample collection
All aseptic precautions were taken, and disposable 

syringes were used to draw approximately 3.0 mL of 
venous blood from each individual with the help of 
a trained phlebotomist. EDTA (1.20 mg/mL) containing 
tubes were used to collect the drawn blood and transferred 
immediately into the laboratory in an icebox and stored 
at −20°C until genomic DNA extraction.

Genotyping of MDM2 (T309G) Gene
The MDM2 (T309G) genotypes were determined 

using our previously described PCR-RFLP method [30]. 
Bailes’s method was followed to extract the genomic 
DNA from peripheral leukocytes [31]. Then the genomic 
DNA was amplified by polymerase chain reaction 
(PCR). PCR conditions and primer sequences were used 
according to the method of Walsh et al. (2007) [21]. The Go 
Taq polymerase from Promega Corporation, USA, was 
used to carry out PCR. Approximately 0.5 μg of genomic 
DNA was added to a PCR mix which was composed of 
200 μmol dNTPs, 50 pmol of each primer, 2.5 units Taq 
polymerase, and PCR buffer consisting of 10 mol/mL 
Tris-HCl (pH 8.3), 2.5 mol/mL MgCl2 and 50 mol/mL 
KCl in a volume of 50 μL. 

About 10.0 µL PCR product (352 bp) for T309G 
genotype was digested with MspA1I restriction enzyme 
(New England Biolabs, Ipswich, MA, USA) at 37oC 
for 30-60 min. The T/T, T/G, and G/G genotypes were 
identified as 233/88 bp, 233/187/88 bp, and 187/88 bp, 
respectively, running on the 3% agarose gel electrophoresis 
and the 46 bp of the complete digestion of 233 bp fragment 
could not be resolved (Figure 1).

Statistical Analysis
The Statistical Package for Social Science (SPSS), 

windows version 17.0, was used to perform statistical 
analysis. The odds ratios (ORs) were calculated to assess 
the relative association between cases and controls. As 
a measure of relative risk, ORs at 95% confidence intervals 
(95% CI) were estimated using logistic regression models. 
The results were considered statistically significant when 
the p-value is <0.05.

Results

This study examined the association of MDM2 
(T309G) gene polymorphism as a risk factor for 
developing hepatocellular carcinoma. The baseline 
characteristics showed no significant difference between 
the two groups (Table 1). The age and gender between 
the control and cases have been matched. Moreover, the 
alcohol consumption data and family history showed no 
association with HCC in the Bangladeshi population. 
This is may be due to the law prohibiting alcohol 
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genotypes with HCC was not statistically significant (OR, 
1.8; 95 % CI, 0.91–3.40, p>0.05). In addition, patients 
having either GG or TG genotypes showed higher risk 
for HCC compared to control group (OR = 2.20; 95% CI 
= 1.21–4.14; p< 0.05).

Discussion

Our present study was a molecular epidemiologic 
case-control study where we examined whether the 
MDM2 (T309G) polymorphisms influence the risk of 
HCC in the Bangladeshi population. The T309G SNP 
(rs2279744) is situated in the intronic promoter region of 
the MDM2 gene, and our recent study revealed that T309G 
SNP was associated with the increased risk of HCC in the 
Bangladeshi population. This finding is consistent with 
previous studies where the T309G allele has been reported 
as the risk allele for HCC [23, 24, 32], and also suggests 
that the MDM2 T309G polymorphism may be used as 
one of the biomarkers for genetic susceptibility to HCC.

The association of MDM2 T309G polymorphism 
with hepatocellular carcinoma susceptibility has been 
shown previously [17, 18, 23, 24, 27, 28]. In recent 
studies by Qiu et al. (2016) and Akkiz et al. (2010) have 
shown the association of MDM2 T309G polymorphism 
with HCC susceptibility [25, 26]. Our results were also 
consistent with the results of Japanese [23], Moroccan 
[32], Korean [24], and Chinese populations [27]. On the 
other hand, Leu et al. (2009) found no association between 

consumption in Bangladesh. The genotypic analysis was 
done and presented in Table 2 and Table 3.

Genotypic distribution and analysis of MDM2 (T309G) 
genotypes

Table 2 represents the genotype frequency of the 
MDM2 (T309G) gene in different study groups. The TT 
and GG genotypes were significantly different (p<0.01) 
between the study subjects. The percentages of TT, 
TG, and GG alleles were 37.3%, 46.4%, and 18.3%, 
respectively, in control subjects. On the other hand, the 
percentages of TT, TG, and GG alleles were 21%, 46%, 
and 33%, respectively, in HCC patients.

The risk of developing HCC associated with the 
MDM2 (T309G) genotypes was estimated (Table 3). There 
were four genotyping groups, while the subjects with TT 
genotypes were considered the reference group. Patients 
with GG genotypes were at high risk of developing 
HCC (OR, 3.6; 95 % CI, 1.64–7.80; p<0.01) compared 
to the control. On the other hand, an association of TG 

Healthy Control 
(n=110, %)

HCC Patients
 (n=100, %)

Age 47.5 ± 13 51.3 ± 16
Gender 
     Male 89 (81) 78 (78)
     Female 21 (19) 22 (22)
Alcohol intake
     Yes 02 (1.8) 02 (2)
     No 108 (98.2) 98 (98)
Family history of cancer
     Yes - 15 (15)
     No - 65 (65)
     No comments - 20 (20)

Table 1. Baseline Characteristics

Results are Expressed as Number (percentage) and Mean±SD

Genotypes Controls subjects HCC patients p value
(n=110, %) (n=100, %)

TT 41 (37.3) 21 (21) <0.01
TG 51 (46.4) 46 (46)
GG 18 (16.3) 33 (33)

Table 2. Genotypic Frequencies of MDM2 (T309G) 
Gene in Study Subjects

Results are expressed as number (percentage). Chi-square test was 
performed. p<0.05 was taken as level of significance.

Genotypes Control (N=110) Patients (N=100) p value OR (95%, CI)
TT 41 21 - 1 (Ref.)
TG 51 46 ns 1.8 (0.91 – 3.40)
GG 18 33 <0.01 3.6 (1.64 – 7.80)
GG+TG 69 79 <0.05 2.2 (1.21 – 4.14)

Table 3. Odds Ratios (OR) of HCC for MDM2 (T309G) Genotypes

Results expressed as number. Fisher’s exact test was done to evaluate significance among genotypic groups. 95% CI; 95% confidence interval; 
p< 0.05 was taken as level of significance; ns, not significant.

Figure 1. Banding Pattern of MDM2 (T309G) Gene in 
3% Agarose Gel. Presence of 233/187/88 bd fragments, 
233/88 bp fragments and 187/88 bp fragments illustrated 
the presence of TG, TT and GG genotypes respectively. 
Because of small size, the 46 bp band of complete 
digestion of 233 bp fragment could not be resolved. 
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the MDM2 T309G genotypes and HCC susceptibility 
in the Taiwanese population [28]. The apparent lack of 
association of the study conducted by Leu et al. (2009) 
may result from a low sample size as well as unmatched 
age and gender of the study population [28]. In addition, 
the contribution of genetic polymorphisms to the risk for 
cancer may depend on environmental factors, geographic 
and ethnic differences. 

As MDM2 has been evidenced to interact with several 
key tumor suppressors, including RB [11] and p53 [16], 
MDM2 polymorphism might affect cancer risk in several 
ways. First of all, MDM2 is a vital regulator of the TP53 
pathway that facilitates the degradation of TP53, and 
over expression or augmentation of MDM2 has been 
frequently reported in almost all forms of human cancer 
types [33]. Secondly, the over expression of MDM2 has 
been associated with the susceptibility to carcinogenesis 
in genetically modified animals. Jones et al. (1998) 
showed that the MDM2-transgenic mice produce 
four-fold more MDM2 developed spontaneous tumors 
while transgenic mice with normal MDM2 levels did not 
develop tumors [34]. Thirdly, the binding affinity of Sp1 
to the promoter of MDM2 is augmented by the G allele 
at 309 position ofMDM2 gene, increasing the cellular 
activity of MDM2 that abolished TP53 DNA damage 
response [17]. Therefore, considering the role of MDM2 
in cancer formation, one might assume that individuals 
carrying the G allele may have a high level of MDM2 
over a lifetime and would be at higher risk for developing 
hepatocellular carcinoma and other cancer.

In conclusion, this study provides evidence that 
polymorphism in MDM2 is associated with the risk of 
developing hepatocellular cancer in the Bangladeshi 
population. The G allele of MDM2 T309G could serve 
as an important marker to identify a higher risk of HCC. 
These results support the hypothesis that naturally 
occurring genetic variation in the tumor suppressor 
TP53 pathway may associate with cancer susceptibility. 
However, as this is the first report concerning the MDM2 
polymorphism and the risk of HCC in the Bangladeshi 
population, independent studies with a large sample size 
are needed to validate our findings.
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