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Abstract
Background &Aim. Although most hepatocellular carcinoma (HCC) seems to originate from the accumulation of genetic abnormalities induced by various risk factors, underlying mechanisms of hepatocarcinogenesis remain unclear. This study aimed to clarify the association between Double Murine Minute protein (MDM2) and p53 polymorphisms and risk of HCC development among Egyptians with chronic hepatitis C virus (HCV) infection.

Patients & Methods. A single nucleotide polymorphism (SNP309) of MDM2 gene and p53 genotyping were examined in overall 84 subjects (31 HCC, 25 chronic HCV patients and 28 healthy control subjects) using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).
Results. The proportion of G/G genotype of MDM2 SNP309 in HCC patients was significantly higher (35.5%) than in patients with chronic HCV (21.4%), and healthy subjects (20%). However, the T/T and T/G genotypes were nearly similar among three studied groups.  The distribution of p53 homozygous (Pro/Pro) genotype was significantly higher in HCC patients (29%) compared to HCV patients (14.3%) and control group (8%). No significant differences were reported as regard p53Arg homozygous (Arg/Arg) or heterozygous (Arg/ Pro) among studied groups. 
Conclusions. The MDM2 promoter SNP309 and/or p53 homozygous (Pro/Pro) genotypes may be associated with HCC development among Egyptian population with chronic hepatitis C. The G allele of MDM2 SNP309 could serve as an important marker to identify the subgroup of chronic HCV patients at a higher risk of developing HCC. A large scale study can be done to evaluate the role of those genes in HCC pathogenesis.
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Rezumat

Introducere și scop. Deși majoritatea carcinoamelor hepatocelulare (HCC) par să-și aibă originea în acumularea de anomalii genetice induse de variați factori de risc, mecanismele care stau la baza hepatocarcinogenezei rămân neclare. Acest studiu își propune să clarifice asocierea între proteina MDM2 (Double Murine Minute protein), polimorfismele p53 și riscul de apariție al HCC în rândul pacienților egipteni cu infecție cronică cu virus C (HCV).

Pacienți și metodă. A fost examinat un singur polimorfism nucleotidic (SNP309) al genei MDM2, împreună cu genotiparea p53 la 84 de subiecți (31 cu HCC, 25 cu infecție cronică cu VHC și 28 de subiecți sănătoși), folosind reacția de polimerizare în lanț - polimorfismul lungimii fragmentelor de restricție (PCR-RFLP).
Rezultate. Proporția genotipului G/G al MDM2 SNP309 în rândul pacienților cu HCC a fost semnificativ mai mare (35,5%), decât în rândul pacienților cu infecție cronică cu virus C (21,4%) și al subiecților sănătoși (20%). Totuși, genotipurile T/T și T/G au fost aproape similare în cazul celor trei grupuri de studiu. Distibuția homozigoților pentru p53 (Pro/Pro) a fost semnificativ mai mare în rândul pacienților cu HCC (29%), comparativ cu pacinții cu infecție cronică cu virus C (14,3%) și grupul de control (8%). Nu au fost raportate diferențe semnificative în cazul homozigoților p53Arg (Arg/Arg) sau aal heterozigoților (Arg/ Pro). 
Concluzie. Promotorul SNP309 al MDM2 și/sau starea de homozigot pentru p53 (Pro/Pro) poate fi asociată cu dezvoltarea HCC în rândul pacienților egipteni cu hepatită cronică cu virus C. Alela G a SNP309 MDM2 ar putea servi ca un marker important în identificarea subgrupului de pacienți cu hepatită cronică cu virus C cu risc crescut de apartiție a HCC. Un studiu pe scară largă ar putea să evalueze rolul acestor gene în patogeneza HCC.
Cuvinte cheie: MDM2, HCV, RFLP, HCC, P53, polimorfism.

Introduction
Hepatocellular carcinoma (HCC) occurs mainly in livers that are chronically diseased as a result of hepatitis B or C virus infection. As it is known for other cancers, HCC is also characterized by an obvious multistage process of tumor progression. Histopathological and molecular biological studies have revealed the multistep development of human HCCs(1). Most HCCs seem to be originated from the accumulation of genetic abnormalities induced by various risk factors, but the underlying mechanisms of hepatocarcinogenesis remain unclear.

 Although serum alpha-fetoprotein (AFP) level is a useful marker for the detection and monitoring of HCC, AFP levels may remain normal in up to 30% of the patients with advanced HCC(2). Various HCC markers have been suggested, but the overall performance has been unsatisfactory in terms of sensitivity and specificity. To improve HCC prognosis, it is imperative to find useful markers for early diagnosis and monitoring of recurrence of HCC(3).

The MDM2 proto-oncogene is over expressed in a variety of neoplasms, including acute leukemia(4). Over expression of MDM2 in either transformed normal or neoplastic cells enhances tumorigenic potential and resistance to apoptosis. The major role of MDM2 is to interact directly with the tumor suppressor P53, and block P53 mediated transaction and apoptosis(5). MDM2 contributes to therapy-resistant disease by binding to P53 and abrogating its cell-cycle arrest and apoptotic function. Moreover, MDM2 has additional mechanisms in cell transformation, cell-cycle regulation and apoptosis other than those resulting from P53 interactions(6). Therefore, MDM2 can function through both P53 dependent and P53 independent pathways to induce cell proliferation and to enhance cell survival(7).

MDM2 is an important negative regulator of p53 that forms a negative autoregulatory feedback loop with p53 by binding to its N terminal Trans-activation domain, inhibiting its transcriptional activity(8). Recently, the 309T/G polymorphism [single-nucleotide polymorphism (SNP) 309], located in the promoter region of the MDM2 gene(9). The SNP309 of the MDM2 (MDM2 SNP 309) is associated with the early onset of some malignancies, suggesting that it has a strong effect on tumorigenesis in humans(10, 11). However, the association of SNP309 with HCC is unknown.

The p53 tumor suppressor gene is critical for the regulation of the cell cycle and the maintenance of cell integrity. The increase in MDM2 results in the direct inhibition of p53 transcriptional activity, enabling the damaged cells to escape the cell-cycle checkpoint control and become carcinogenic(12). 
The p53 gene is polymorphic, with 13 described variants(13). The codon 72 polymorphism in exon 4 results in  arginine-to-proline substitution. This polymorphism is located in a proline-rich region of the p53 protein, which is required for growth suppression and apoptosis mediated by p53. The association between p53 Arg72Pro and the risk of cancer has been investigated in many organs, including the lung, esophagus, stomach, breast, nasopharynx, prostate and liver(14-16). However, these studies did not provide consistent results to support the association between the p53 polymorphism and HCC.
We aimed to investigate the association of the MDM2 SNP309 and p53 genotypes with development of hepatocellular carcinoma among Egyptian patients with chronic HCV infection.
Patients and Methods
Fifty nine patients were selected from outpatient clinics and inpatient departments of the National Liver Institute hospital - Menofyia University, and Al Azhar university hospital over the study period which extended from August, 2009 till June 2010. Of them, 31 were proved to be HCC patients, remaining 28 was diagnosed to have chronic hepatitis C.

Twenty five healthy volunteers were selected as a control group. They were negative for serological markers of HBV and HCV.

HCC patients were diagnosed after fulfilling the criteria of HCC diagnosis which based on histological data or the findings of typical radiological features in at least two image modalities or by a single positive imaging technique associated with serum α-fetoprotein (AFP) level >400 ng/ml. The measurement of tumour size was based on the largest dimension of the US or CT scans, all of them were newly diagnosed cases who did not receive prior chemotherapy. Clinical data of HCC patients were collected to determine the tumour characters as tumour site, size, number, vascular invasion, AFP, CTP score and triphasic CT.

The diagnosis of CHC was based on the presence of anti HCV antibodies, detectable HCV RNA, with liver biopsy consistent with chronic hepatitis and significant fibrosis. 

Patients were excluded if they have haematological malignancies or any malignancy, autoimmune diseases, any genetic diseases . also patients with chronic liver disease other than HCV were excluded.

This study complies with the standards of Declaration of Helsinki and current ethical guidelines. After institutional review board approval and written informed consent were obtained, selected patients and controls were subjected to Laboratory routine investigations including serum levels of AST and ALT, albumin, total and direct bilirubin were measured using Integra-400 (Roche-Germany). Prothrombin concentration was done by Fibrintimer (Roche-Germany). Complete blood cell counts were measured by Sysmix K-21 automatic cell counter (Japan). AFP and serum ferritin were measured by an automated chemiluminescences using ACS-180SE (Chiron,Diagnostic-Germany). HCV antibodies were assayed by EIA (COBAS-Amplicore-Germany). HCV-RNA levels were analyzed by reverse transcriptase polymerase chain reaction (RT-PCR) using a commercial kit (Roche Diagnostic, Branchburg, NJ) according to the manufacturer's instructions. In addition; radiological investigations such as abdominal ultrasound was done for all patients and controls but triphasic CT was  done for those patients with focal lesions only. 

DNA extraction from peripheral blood
Genomic DNA was extracted from 200 μL EDTA peripheral blood sample using a QIAamp blood kit (Qiagen, Chatsworth, CA) according to the manufacturer’s instructions(11). Extracted DNA was dissolved in 20 Tris-HCl buffer (10 mmol/L, pH 8.0) containing one mmol/L EDTA and was stored at  - 70°C until use.

MDM2-SNP309 and P53 genotyping
Analysis of MDM2-SNP309 genotyping was conducted by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), as described previously(17). 

 For MDM2 genotyping, DNA was amplified by polymerase chain reaction (PCR) using the following primers(18):
5'-GATTTCGGACGGCTCTCGCGGC-3' (forward) 
and 5'-CATCCGGACCTCCCGCGCTG-3' (reverse).

In the antisense primer, a PstI restriction site was created by introducing a mismatched A in the place of G at a site 2 bp from the polymorphic site. The 121 bp PCR product was then digested overnight with 5 U PstI (New England BioLabs, Beverly, MA). The DNA fragments were separated by electrophoresis on 3% NuSieve agarose gels. The wild-type T allele produced a single 121 bp fragment, and the polymorphic G allele produced fragments of 104 and 17 bp (Figure nr. 1).
The p53 codon 72 was genotyped using the following primers(18):
5'-TTGCCGTCCCAAGCAATGGATGA-3' (forward) 
and 5'-TCTGGGAAGGGACAGAAGATGAC-5' (reverse). 
Each PCR reaction was conducted using 100 ng genomic DNA, 0.2 μmol/L primer, 200 μmol/L dNTP, 1.5 mmol/L MgCl2, 20 mmol/L Tris-HCl (pH 8.4), 50 mmol/L KCl and 1 U Platinum Taq DNA polymerase (Invitrogen, Carlsbad, CA, USA). The thermal cycler conditions were 94°C for 1-5 min; 40 cycles with denaturing at 94°C, annealing at 59°C, and elongation at 72°C for 30 s each; one cycle at 72°C for 10 min. 

Subsequently,10 μL of  the 199 bp PCR product was digested with AccII (New England BioLabs) for 2 hours at 37°C. AccII digestion of the amplified fragment identified two alleles: the Arg allele produced 113 and 86 bp fragments and the Pro allele produced a 199 bp fragment (Figure nr 2).
Statistical analysis
Data are expressed as mean ± SD. The SPSS computer program version 12.0 was used for statistical analysis. Student’s t-test for parametric data and the Kruskal–Wallis multiple comparison Z-value test for nonparametric data were used. Chi square (X²) was used to compare qualitative variables. The Spearman’s test (r) was used to evaluate correlations. All tests were two-tailed and p-values <0.05 were considered significant.

Results
The characteristics of the total 59 patients with chronic HCV infection (with and without HCC) involved in the study are shown in Table 1. The HCC group includes 31 patients (21 males and  10 females) and  chronic HCV patients were 28 (19 males and  9 females). Jaundice was noticed in 45.2% of HCC cases and 28.6% of chronic HCV cases, whereas, ascites was detected in 38.7% of HCC and 32.1% of chronic HCV patients. As regard tumor characters, about 35.5% have tumor size <5 cm, and 158.1% have single tumor. The lymph node involvement of portahepatis was detected in 22.6% and portal vein involvement was occurs in 29%. 
The comparison between, two patient groups was listed in table 2, the levels of GGT, total bilirubin, and AFP levels were significantly higher in patients with HCC than patients without HCC, but serum albumin levels, prothrombin time, and platelet counts were significantly lower. No significant differences were detected as regard age, ALT, AST, or viral load.
The distributions of the MDM2 SNP309 genotypes, alleles are shown in table 3. There was no difference in the distribution pattern of the MDM2 SNP309 (T/T, T/G, and G/G genotypes) among healthy individuals and patients with chronic HCV infection without HCC. However, when the HCV patients were compared with HCC patient group, the genotype frequencies of SNP309 were significantly different between both groups of patients with and without HCC carcinoma. 

The G/G genotype frequency was significantly higher in patients with HCC (35.5%) compared with the patients chronic HCV without HCC (21.4%) and the healthy subjects (20%). Whereas the T/T genotype was more common (25%) among chronic HCV group without HCC than the HCC group (19.4%), but this increase was not statistically significant (p>0.05). The MDM2 SNP309 genotype T/G was nearly similar among HCC (45.2%), chronic HCV (53.6%) and controls (52%). The combined (T/G + G/G) haplotype was detected in 80.6% which is statistically non significant among three groups as shown in table 3.
The genotype frequencies of p53 in HCC and chronic HCV patients are presented in table 4. The distributions of p53Arg homozygous (Arg/Arg), heterozygous (Arg/ Pro) and p53Pro homozygous (Pro/Pro) genotypes were, 32.3%, 38.7%, 29% respectively in HCC cases, 39.3%, 46.4%, 14.3% respectively in patients with chronic HCV and 48%, 44%, 8% respectively in healthy control subjects. The frequency of Pro/Pro genotype was significantly higher in HCC patients (p<0.01) compared to  patients with chronic HCV infection without HCC and controls. In contrast, no significant differences were reported as regard Arg/Arg or Arg/ Pro genotypes among studied groups (p>0.05). 
Table 1. Patient group characteristics
	Variables
	HCC

(N=31)
	Chronic HCV 

(N=28)

	Gender:

(Male/Female)
	21/10
	19/9

	Jaundice:

(No positive %)            
	14 (45.2%)
	8 (28.6%)

	Ascites:

(No positive %)            
	12 (38.7%)
	9  (32.1%)

	Tumor size:

<5 cm

>5 cm
	11 (35.5%)
20 (64.5%)
	-------

	Tumor number:

Single

Multiple 
	18 (58.1%)
13 (41.9%)
	-------

	Lymph node involvement:

              (No positive %)            
	7 (22.6%)
	-------

	Vascular involvement:

(No positive %)            
	9 (29%)
	-------


Table 2 Comparison between HCV patients without HCC and group of HCC
	Variables 
	Chronic HCV

(N=28)
	HCC
(N=31)
	P-value

	Age (years)
	39.3 ±14.3
	45.7 ± 28.6
	>0.05

	ALT (U/L)
	65.7±19.5
	79.2± 27.1
	>0.05

	AST (U/L)
	81.2±20.9
	96.5±40.3
	>0.05

	GGT (U/L)
	34.3 ± 10.2
	54.3 ± 21.4
	<0.01**

	S. bilirubin (mg/dl)
	3.7 ± 1.6
	5.5±1.8
	<0.05*

	S. albumin (g/dl)
	2.9± 0.42
	2.7± 0.55
	<0.01**

	Prothrombin Conc (%)
	78.7±12.6
	66.2± 17.2
	<0.05*

	platelets (X109/L)
	165.4 ± 90.2
	106.5 ± 45.3
	<0.01**

	AFP (ug/L)
	15.3± 7.6
	458 ± 329
	<0.001**

	Viral load (U/L)
	435.3 ± 321.4
	466.8 ± 345.2
	>0.05


P>0.05 is a non significant; *P<0.05 is statistically significant & **P<0.01 is a highly significant
Table 3. The frequency of MDM2 SNP309 polymorphisms in patients and controls
	MDM2

Polymorphisms
	 HCC

(N=31)
	Chronic HCV

 (N=28)
	Controls

(N=25)
	P-value

	G/G
	 11 (35.5%) 
	 6 (21.4%)
	5 (20.0%)
	<0.01**

	T/T
	 6 (19.4%) 
	 7 (25.0%)
	7 (28.0%)
	>0.05

	T/G
	 14 (45.2%) 
	 15 (53.6%)
	13 (52.0%)
	>0.05

	Combined (T/G + G/G)
	25 (80.6%) 
	 21 (75%)
	18 (72%)
	>0.05


P>0.05 is a non significant & **P<0.01 is a highly significant
Table 4. The frequency of P53 genotypes in patients and controls
	P53 genotypes
	 HCC

(N=31)
	Chronic HCV (N=28)
	Controls

(N=25)
	P-value

	Arg/Arg 
	 10 (32.3%) 
	 11 (39.3%)
	 12 (48%)
	>0.05

	Arg/ Pro 
	 12 (38.7%) 
	 13 (46.4%)
	11 (44%)
	>0.05

	Pro/Pro 
	 9 (29%) 
	 4 (14.3%)
	2 (8%)
	<0.01*


P>0.05 is a non significant & **P<0.01 is a highly significant
               [image: image1.png]



Figure nr. 1. Shows RFLP genotyping of MDM2 SNP309. The 121 bp PCR product is digested with PstI MDM2 SNP309 introduces a new restriction enzyme site, allowing for discrimination between genotypes. Lane one is a ladder lane, lanes 2, 4 represent wild undigested bands. One upper band represents the TT genotype (lane 6), two bands represent the TG genotype (lanes 3, 5), and one lower band represents the GG genotype (lane 7)
[image: image2.png]



Figure nr. 2. P53 genotyping by PCR-RFLP of p53 codon 72 (p53 codon 72 polymorphism, the Pro allele was not cleaved by AccII and had a single band with a fragment of 199 bp. The Arg allele was cleaved by AccII and yielded two small fragments (113 and 86 bp). The heterozygote had three bands.
Discussion
MDM2 is an E3 ubiquitin ligase that suppresses the activity of p53 through both ubiquitinization and direct protein binding(17). MDM2 SNP 309, which is T to G substitution at position 309 in the first intron of the MDM2 gene, results in higher levels of MDM2 messenger RNA and protein(19). Increased MDM2 levels inhibit p53, which enables damaged cells to escape the cell-cycle checkpoint and become carcinogenic(12). Dharel et al.(11) reported that MDM2 SNP 309 was associated with HCC in patients with chronic hepatitis C infection, but their results lack to find a link between this polymorphism and p53 genotypes. 

This study evaluated the association of MDM2 SNP309 polymorphisms and p53 genotypes with the risk of HCC development compared with HCV-infected patients without HCC and healthy population. We examined the SNP309, located in the promoter region (intron 1) of the MDM2 gene, in all 84 subjects (31 HCC, 28 chronic HCV patients and 25 healthy individuals) using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method for MDM2 SNP309 and p53 genotyping. 
In the current study. the G/G genotype frequency was significantly higher in patients with HCC (35.5%) compared with chronic HCV patients without HCC (21.4%) and the healthy subjects (20%). Whereas the T/T genotype was more common (25%) among the chronic HCV group without HCC than the HCC group (19.4%), but this increase was not statistically significant (p>0.05). The MDM2 SNP309 genotype T/G was nearly similar among HCC (45.2%), chronic HCV (53.6%) and controls (52%).
The G/G genotype was more frequent in HCC patients than in non-HCC patients, which is consistent with the results of a previous report by  Bond et al.(10), who found the  G/G genotype in Caucasians population is 12%. Yoon et al.(20) found that, the frequency of the G/G genotype was 34.0% in Korean patients, which was much higher than that observed in Caucasians population (12%), Japanese (27%) and Chinese (25%) subjects in previous studies(11, 21). 
Also, Dharel et al.(11) reported that, the G/G genotype was more frequent in HCC patients than in non-HCC patients, his report examined a larger study population and demonstrated a clear association between MDM2 SNP 309 and both HBV infection and the early onset of HCC.
In an Egyptian study by Abeer Bahnassi  et al. (22) revealed that, The expression level of studied Genes in HCC was p53 (56.25%) and MDM2 (59.4%), however there was a strong positive correlation between MDM2 and presence of cirrhosis. In another recent study by Dhrale et al.(11), the proportion of G/G genotype of the SNP309 in patients with HCC (33%) was significantly higher than that in patients with chronic HCV without HCC (23%). Reports from Chinese populations by Hu et al.(21) study, also show a higher frequency of the G/G genotypes, much closer to Dhrale et al.(11) findings. These differences in genotype frequency may be due to a racial difference of the study population.
Dhrale et al.(11) showed that, the MDM2 genotype frequencies in patients with cirrhosis but without HCC were similar to those in patients without cirrhosis and HCC, suggesting that this  polymorphism is not as strongly associated with the presence of cirrhosis.

Bond et al.(10) showed that SNP309 associates with at least 9 years earlier onset of tumors in both hereditary and sporadic cancer. Bougeard et al.(9) MDM2 SNP309 can accelerate HCC development in HCV-infected patients. 

The SNP309 lies in the Sp1-binding site in the promoter region of MDM2 gene. The  T to G substitution in this region increases the binding affinity of the transcriptional activator Sp1, which results in high levels of MDM2 RNA and protein(10, 23). MDM2 is a key negative regulator of p53, the most important tumor suppressor(24, 25), which targets p53 for proteosomal degradation(25, 26, 27). A high MDM2 level (as is seen in the SNP309 G/G genotype) leads to the attenuation of the p53 DNA damage response that allows increased cell proliferation and inhibition of apoptosis, providing advantageous signals for tumor cell survival(23, 26, 28). These studies, together with numerous accounts of MDM2 overexpression or amplification in a variety of human cancers, support the idea that heightened levels of MDM2, as seen in SNP309 G/G genotype, could positively affect tumor formation.

The association between p53 Arg72Pro and the risk of cancer has been investigated in many organs, including the lung, oesophagus, stomach, breast, nasopharynx, prostate and liver(16, 29, 30). However, these studies did not provide consistent results to support the association between the p53 polymorphism and HCC.

 Furthermore, the present study revealed that, the frequency of p53Pro homozygous (Pro/Pro) genotype was significantly higher in HCC patients (29%) compared to  patients with chronic HCV infection without HCC (14.3%) and controls (8%). There was a strong relationship between MDM2 SNP309 genotype G/G and the presence P53 genotype Pro/Pro and degree of liver fibrosis.
Because of the loss of p53 function plays a critical role in multistage hepatocarcinogenesis, the p53 gene is a good candidate for modulating HCC risk(31). 
It is important to realize that levels of p53 are subjected to an antiregulatory feedback loop by MDM2, as p53 upregulates MDM-2 gene expression and MDM2 protein in turn binds to p53. MDM2 is an E3 ubiquitin ligase and transports p53 to the cytoplasm where it promotes p53 ubiquitination and degradation by the proteasome(32). 

Persistence of the viral infection in hepatic cells is strongly associated with the HCC development(33, 34). In a recent report, Arva et al.(28) showed that the SNP309 G allele results into MDM2-p53 complex that is transcriptionally inactive. In a related but different study, we have found that although a strong p53 expression suppresses replication of the HCV in vitro, the viral replication is significantly enhanced when p53 gene expression is suppressed(31). Inactivating gene mutations of p53 are common in patients with HCC, but are not as frequent as in other malignancies, such as ovarian, oesophageal, or colon cancers(35). A high prevalence of G alleles of the SNP309 in the HCC patients, on the other hand, implies that the p53 functions in the HCV patients could have been indirectly suppressed by the heightened MDM2 levels, making them more vulnerable to cancer development. Together, these data support a model whereby SNP309 enhances the affinity of the transcriptional activator Sp1 to the promoter of the MDM2 gene, resulting in heightened transcription. Heightened levels of MDM2 lead to the direct inhibition of p53 transcriptional activity, which, in patients with chronic hepatitis C, could lead to an unrestricted replication and proliferation of the HCV inside hepatic cells, ultimately leading to tumor development(11). The previous results suggest that (i.e., one G allele increases the risk of having HCC and two G alleles further increase the risk).

On the contrary, Zhu et al.(30) reported that p53 Arg72Pro was not correlated with HCC risk in patients with chronic HBV infection. However, this study demonstrated that p53 Arg72Pro is associated with a risk of HCC in HBV-infected patients; in particular, homozygosity for the Pro allele of p53 was associated with an elevated risk of HCC.
We can conclude that, there is an association of MDM2 SNP 309 and/or p53 homozygous genotypes with the risk of developing HCC among Egyptian patients with chronic HCV infection. The G allele of MDM2 SNP309 could serve as an important marker to identify the subgroup of chronic HCV patients at a higher risk of HCC. In the future, a larger sample size will be expected to further confirm the effect of MDM2 SNP309 on HCC among Egyptian population.
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