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Genetic polymorphic forms of glutathione-S-transferase (GST) were found to be associated with risk for 
various malignancies. The present study was undertaken to evaluate the risks-associated with GSTT1 and 
GSTM1 gene polymorphisms and hepatitis virus-related hepatocellular carcinoma (HCC) in an Egyptian 
population. Sixty patients diagnosed with HCC were subdivided into 3 groups: group I, 31 patients with HCC 
and HCV-related cirrhosis; group II, 19 patients with HCC and HBV- related cirrhosis and group III, 10 patients 
with HCC and cirrhosis of non-viral aetiology. Fifty cirrhotic patients without HCC were also included as a 
control group. Patients and controls were subjected to thorough history taking and clinical examination, liver 
function tests, hepatitis viral markers, anti-Bilharzial antibodies and serum alpha fetoprotein levels. Rectal 
snip for the diagnosis of active Bilharziasis, abdominal ultra-sonography and CT abdomen were performed 
for patients as well as liver biopsy when indicated. GSTM1 and GSTT1 were tested in peripheral blood 
mononuclear cells by PCR. GSTM1 gene deletion (null genotype) was observed in 56.7% of HCC patients and 
in 38% of the control group (P<0.05). The GSTT1 null genotype was detected in 41.7% of the HCC patients 
compared to 22% of control patients (P<0.05). The double genes null of GSTM1 and GSTT1 was detected in 
10% of all HCC patients and in 2% of the control cases (P<0.05). Comparison between the subgroups of HCC 
revealed that the GSTM1 null genotype was detected in 67.7% of group I, 47.4% of group II and 40% of group 
III cases, with a significant increase in group I compared to other HCC subgroups (P<0.001). In addition, the 
GSTT1 null gene was observed in 35.5% of group I, 57.9% of group II, and 30% of group III, with a significant 
increase in group II (P<0.01). In conclusion, our findings suggest that GSTM1 and GSTT1 polymorphisms 
appear to be associated with a modest increase in the risk of HCC in Egyptian patients. Studies with a larger 
sample size are still required to confirm the results and to explore the association with risk factors other than 
HCV and HBV in this population. 

epatocellular carcinoma (HCC) 

represents the fifth most frequent 

malignancy in the world and the third 

cause of cancer related death (Giannelli et al., 

2006). In Egypt, HCC was reported to account 

for about 4.7% of chronic liver disease (CLD) 

patients (El-Zayadi et al., 2005). Chronic 

hepatitis B and C viruses (HBV and HCV) 

infections with and without schistosomiasis, 

dietary aflatoxin B, chemical carcinogen 

exposures, cigarette smoking and low 

consumption of vegetables are the main risk 

factors found to be associated with HCC 

development (Moustafa et al., 2005). An 

increasing body of evidence points to a 

combination of environmental factors and 

genetic susceptibility as a major determinant 

for the development of several forms of 

cancer. In this context, impairment of 

detoxifying enzymes seems to be a relevant 

genetic factor (Chen et al., 2002).  

Glutathione S-transferases (GSTs) 

constitute an enzymatic superfamily of phase 

II isoenzymes that protect against endogenous 

oxidative stress, as well as exogenous 

potential toxins. GSTs detoxify a variety of 

electrophilic compounds, including oxidized 

lipid and DNA products generated by reactive 

oxygen species damage to intracellular 

molecules. The two isoforms that are most 

extensively studied are GST Mu 1 (GSTM1) 

gene and GST Theta 1 (GSTT1) gene since 

H
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their activity is modulated by genetic 

polymorphisms. The GSTM1 and the GSTT1 

genes frequently have a partial deletion that 

causes absence of enzymatic function. Both 

polymorphic traits are inherited 

independently. Homozygotes for the mutated 

inactive alleles of each gene are devoid of any 

specific enzymatic activity in all tissues (null 

genotypes) (Xu et al., 1998). 

Available evidence indicates that GST 

isozymes, including the M1 and T1 isoforms, 

are involved in the metabolism of a wide 

range of carcinogens (Chen et al., 2002). This 

provides a biological basis for a putative role 

of GST polymorphisms in the risk of 

developing cancers related to these substances 

Indeed, GSTM1 and GSTT1 polymorphisms 

have been considered as risk factors for 

developing tumors such as lung cancer (Sreeja 

et al., 2008) and hepatocellular carcinoma 

(Gelatti et al., 2005; Chen et al., 2005; Long 

et al., 2006) but such data may be 

controversial (Ladero et al., 2006).  

To investigate further the association of 

GST polymorphisms and the risk of 

developing HCC, we determined the 

distribution of GSTM1 and GSTT1 

polymorphisms in Egyptian patients with 

HCC and chronic hepatitis C, chronic 

hepatitis B, or non-viral cirrhosis and in 

patients with liver cirrhosis due to other 

factors than HCC.  

Subjects and Methods 

Study Population 

The present study was conducted at the National Liver 

Institute, Menoufiya University. Sixty patients with 

HCC were selected and enrolled in this study. An 

informed consent was taken from all contributors and 

the study respected the local official ethical rules. All 

patients were subjected to thorough history taking and 

complete physical examination. Abdominal 

ultrasonography, CT-scan and/or MRI and rectal snip 

for the diagnosis of active Bilharziasis were performed. 

The diagnosis of HCC was established according to 

the demonstration of arterial hypervascular focal 

lesions with rapid wash out by a single imaging 

modality (triphasic spiral CT-scan, Magnetic resonance 

imaging) or 2 imaging modalities demonstrating the 

aforementioned feature for lesion < 2 cm (Bruix & 

Sherman, 2005). All patients were newly diagnosed 

with hepatocellular carcinoma and did not receive prior 

chemotherapy. Exclusion criteria in patient enrolment 

were a previous history of any malignancy.  

Fifty cirrhotic patients with matched age and sex 

and without HCC were also included in this study as 

controls.  

Laboratory Investigations 

Seven ml blood was aseptically drawn from all 

enrollees. Serum (five ml blood) was obtained to 

perform liver function tests, hepatitis markers and alpha 

fetoproteins. Two ml blood was added on Ficoll tube to 

separate mononuclear cells to identify GSTM1 and 

GSTT1 by polymerase chain reaction (PCR).  

Liver function tests included serum bilirubin, 

aminotransferases (AST, ALT & ALT/AST ratio), 

gamma glutamyltranspeptidase, alkaline phosphatase, 

serum albumin that were done using the automated 

COBAS Integra-400 analyzer (Roche- Germany) 

according to manufacturer’s instructions. Prothrombin 

time and concentration were performed by Behring 

Thrombrel- S kit (human thromboplastin containing 

calcium) from Dade Behring Diagnostic Inc. using 

Dade Behring fibrintimer (Germany).  

Serum HBs antigen (Ag), HBe Ag, HBc antibody 

(Ab) were done using ELISA kits provided by 

Diasorine Biomedica Co. (Diasorin SR, Italy). HCV 

Abs were detected using a third-generation enzyme-

linked immunosorbent assay (ELISA) kit from 

Biochem. Immunosystem Inc. It qualitatively 

determined the presence of serum Abs to four 

recombinant HCV proteins. HCV infection was 

confirmed by the detection of circulating HCV-RNA 

using a qualitative reverse transcription -polymerase 

chain reaction technique (PCR) by Amplicor hepatitis 

C virus (HCV) from Roche (Germany). It is a direct 

DNA probe test that utilizes a nucleic acid 

amplification technology called polymerase chain 

reaction (PCR) and nucleic acid hybridization for the 

detection of HCV-RNA in human serum and plasma 

(Young et al., 1993).  

Serum alpha-fetoprotein (AFP) was done using 

Elecsys 2010 autoanalyzer (Roche-Germany). The 

method used is a two-step, solid phase enzyme 

immunoassay based on the sandwich principle. In the 

first incubation, samples are incubated with 

biotinylated monoclonal AFP specific Ab and 

monoclonal AFP specific Ab labeled with a ruthenium 

complex react to form a sandwich complex. In the 
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second incubation, addition of streptavidin-coated 

microparticles occurs. The reaction mixture is aspirated 

into the measuring cell where the microparticles are 

magnetically captured onto the surface of the electrode. 

Unbound substances are then removed with Procell. 

Application of a voltage to the electrode induces 

chemiluminescent emission which is measured by 

photomultiplier. Intensity of the resulting light is 

proportional to the amount of AFP in the specimen. 

The cutoff level of AFP is 5.4 ng/ml above which the 

test is considered positive (Guder et al., 1996).  

• Detection of GSTM1 and GSTT1 Polymorphism 

DNA extraction and amplification: Mononuclear cells 

(MNCs) were separated from the peripheral blood by 

Ficoll
 
density centrifugation at 400 g for 20 min. Cells 

were then washed twice with phosphate-buffered saline 

(PBS) at 400 g and stored at -80°C until use. DNA was 

extracted using Gentra Pure gene genomic DNA 

purification kit (Minneapolis, USA) following 

manufacturer’s recommendations (Glasel, 1995). 

Samples were incubated for 1 hr at 56
o
C with the lysis 

buffer and proteinase K, followed by protein 

precipitation. The protein was pelleted by 

centrifugation and the DNA was precipitated from the 

clear supernatant using isopropanol. Genomic DNA 

pellets were washed with 70% ethanol, left to air dry 

and re-suspended in a 50 µl DNA hydration solution. 

A multiplex polymerase chain reaction (PCR) 

technique that detects
 
homozygous deletions of GSTM1 

and GSTT1 was used, including primers
 

for the 

housekeeping gene BCL2 as an internal control. Since 

BCL2 has no known polymorphisms, it will yield an 

amplification
 

product, therefore it was used as an 

internal control to monitor each PCR
 
reaction to test the 

integrity of the DNA. All three sets of primers were 

included in the same PCR. Genomic DNA was 

subjected to multiplex PCR amplification according to 

Voso et al., (2002). PCR reaction was carried out in a 

single tube containing 5 µl of sample DNA and 1X 

PCR buffer containing 1.5 mM MgCl2, 300 nM dNTPs, 

5 IU of Taq DNA polymerase (Genecraft, Germany), 

and 25 pmol of each of the three primer sets. 

The following sequence of oligonucleotide primers for target gene were used:  

Target gene Oligonucleotide primer sets 

GSTT1 5’-TTCCTTACTGGTCCTCACATCTC-3’, Forward primer 

5’-TCACCGGATCATGGCCAGCA-3’ Reverse primer 

GSTM1 5’-GAACTCCCTGAAAAGCTAAAGC-3’, Forward primer 

 5’-GTTGGGCTCAAATATACGGTGG-3’ Reverse primer 

BCL2 5’-GCAATTCCGCATTTAATTCATGG-3’, Forward primer 

 5’-GAAACAGGCCACGTAAAGCAAC-3’ Reverse primer  

 

Amplification consisted of 35 cycles of denaturation at 

94°C for 1 min, annealing at 62°C for 1 min, and 

extension at 72°C for 1 min, using Perkin Elmer/Cetus 

9600 thermal cycler. This resulted in a fragment of 480 

bp for GSTT1, 219 bp for GSTM1 and 154 bp for 

BCL2. A positive control and a negative control, 

containing water instead of DNA, were included in all 

PCRs. PCR products and a molecular weight marker 

100-1000 base pairs were resolved in a 2% agarose gel, 

stained with ethidium
 
bromide, visualized by ultraviolet 

source and photographed. 

Statistical Analysis 

 Statistical analysis was done using SPSS software 

(version 15). Statistical tests used were Chi-square test 

to compare qualitative variables; ANOVA test for 

comparisons of more than two groups and Spearman 

correlation coefficient to test the relationship between 

various variables. A significant difference was 

considered when P value was <0.05. 

Results 

Patients were divided into three groups. 

Group I included 31 patients (21 males and 10 

females) with HCC and HCV-related 

cirrhosis, with a mean age of 47.29±12.22 

years (age range from 46 to 62 years). Of 

these, 11 patients suffered from combined 

HCV and Bilharziasis. Group II included 19 

patients with HCC and HBV-related cirrhosis 

(13 males and 6 females) with a mean age of 

49.33±10.51 years (age range from 39 to 60 

years). Group III included 10 cirrhotic 

patients with HCC and negative viral markers 

(7 males and 3 females) with a mean age of 

57.15±13.11 years (age range from 44 to 71 

years)  
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The mean age of all HCC cases was 

47.21±9.85 years, males were 41(68.3%). The 

control group included fifty patients with a 

mean age of 44.37±11.62 years, 38(76%) of 

them were males. Regarding risk factors for 

HCC, smoking habit was recorded in 18.3% 

of the cases; HCV infection was detected in 

51.6%; HBV infection in 31.6%; mixed HCV 

and Bilharzial infection was detected in 

18.3% and 16.7% of non–viral aetiology 

(Table 1). 

 

Table 1. Demographic data and associated risk-factors study patients and control group. 

 
HCC patients 

n=60 

Control group 

n=50 

Demographic data:   

Gender, number of male (%) 

Age (mean±SD)  

41 (68.3%) 

(47.21 ±9.85) 

38 (76%) 

44.37 ±11.62 

Risk factors:   

Smoking 

Chronic HCV infection 

Chronic HBV infection 

HCV infection & Bilharziasis 

Non-viral aetiology 

11 (18.3%) 

31 (51.6%) 

19 (31.6%) 

11 (18.3 %) 

10 (16.7%) 

10 (20%) 

11 (22%) 

3 (6%) 

4 (8%) 

9 (18%) 

 

 

 

Figure (1) shows the different patterns of 

GSTT1 and GSTM1 polymorphism. GSTM1 

deletion, GTT1 null genotype and double null 

of GSTM1 and GSTT1 were significantly 

more observed in HCC patients than the 

control group. GSTM1 deletion was observed 

significantly more (P<0.05) in HCC patients 

as compared to control group (56.7% vs. 38%, 

respectively). GSTT1 null genotype was 

detected significantly more (P<0.05) in HCC 

patients (and in 11 controls (41.7% vs. 22%, 

respectively), while the double null of GSTM1 

and GSTT1 was detected mainly in HCC 

patients than in the controls (Table 2).  

Comparison between subgroups of HCC 

patients showed that GSTM1 null was 

significantly higher in group I than group II 

and III (P<0.001). The GSTT1 null gene was 

observed significantly more (P<0.01) in group 

II than in group I or III (Table 3). 

Analysis of HCC cases revealed a 

significant positive correlation between the 

absence of GSMT1 gene and HCV infection 

or mixed infection with HCV and bilharziasis. 

A significant positive correlation was also 

detected between GSTT1 null gene and HBV 

infection. Other variables such as age at 

diagnosis, tobacco use, and the absence of any 

known cause of chronic liver disease did not 

influence the distribution of the studied 

genotypes (Table 4). 
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Figure 1. Gel electrophoresis of multiplex PCR for the detection of GSTT1 – GSTM1 – BCL2, shows the different 
patterns of polymorphism of GSTT1 and GSTM1 where lanes 1, 11, 12 and 15 showed GSTT1 and GSTM1 double 
null genes, samples 2 and 14 showed GSTT1 null gene, samples 3 and 13 were GSTM1 null, the other samples 4, 5, 
6, 7, 8, 9, 10 and 16 showed no deletions. All samples showed a band for BCL2 which served as an internal control 
for the samples indicating that all samples yielded an amplification product. PC= positive control, NC= negative 
control, bp = base pair  

 

 

Table 2. The frequency of GST polymorphisms in HCC cases and control group  

 
HCC patients 

n=60 

Control group 

n=50 
P-value 

GSTM1 n (%):    

Null 

Present 

34 (56.7%) 

26 (43.3%) 

19 (38%) 

31 (62%) 
<0.05 

GSTT1 n (%):     

Null 

Present 

25 (41.7%) 

35 (58.3%) 

11 (22%) 

39 (78%) 
<0.05 

GSTM1 & GSTT1 n (%)     

Double null  6 (10%) 1 (2%) <0.05 

P<0.05 is statistically significant on comparing GSTM1, GSTT1 null and double null in HCC and control group.  

 

480 bp 

480 bp GSTT1 

219 bp GSTM1  

 

154  bp  BCL2 

100    1     2     3     4    5     6    7   PC   NC 

 bp 

          8     9     10   11   12   13  14   15   16   

ladder 
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Table 3. The frequency of GSTM1 and GSTT1 polymorphism among the different HCC patient groups 

 

HCC cases (N=60) 

P-value Group I 

n=31 

Group II 

n=19 

Group III 

n=10 

GSTM1 n (%)      

Null 

Present 

21 (67.7%) 

10 (32.3%) 

9 (47.4%) 

10 (52.6%) 

4 (40%) 

6 (60%) 
<0.001 

GSTT1 n (%)       

Null 

Present 

11 (35.5%) 

19 (64.5%) 

11 (57.9%) 

8 (42.1%) 

3 (30%) 

7 (70%) 
<0.01 

P<0.05 is statistically significant on comparing GSTM1 and GSTT1 null among HCC patient groups.  

Table 4. Correlation between the presence of GST polymorphisms and some risk factors in HCC patients 

 
GSTM1 (Null) GSTT1 (Null) 

r Significance r Significance 

Age 

Gender 

Smoking 

HCV infection 

HBV infection 

HCV & Bilharziasis 

Non-viral causes 

0.312 

0.251 

0.344 

0.578 

0.262 

0.583 

0.391 

NS 

NS 

NS 

S 

NS 

S 

NS 

0.143 

0.067 

0.257 

0.402 

0.631 

0.243 

0.256 

NS 

NS 

NS 

NS 

S 

NS 

NS 

P>0.05 is not significant (NS) 

 

 

 

Discussion 

The results of the current study suggest that 

the GSTM1 null genotype and, to a lesser 

degree, the GSTT1 null genotype and the 

combined double-null haplotype more likely 

increase the risk of hepatocellular carcinoma. 

This study corroborates the overall results 

observed in a meta-analysis suggesting a 

small excess risk of HCC with GSTT1 and 

possibly GSTM1 null genotypes in Asian and 

African populations with high HCC incidence 

rates (White et al., 2007). On the other hand, 

two European studies, reported that 

polymorphisms in GSTM1 and GSTT1 genes 

were not related to the incidence of HCC in 

high-risk Spanish or Italian populations 

(Ladero et al., 2006; Gelatti et al., 2005).  

Thus it can be hypothesized that 

individuals with this impaired detoxifying 

enzyme are at greater risk of developing HCC 

if they are exposed to carcinogenic 

substances, but since these factors vary 

greatly between different populations, the 

observations of the above-mentioned studies 

differed. Studies carried out in West and 

Central Sudan by Omer et al. (2002) revealed 

a four-fold increased risk of HCC among 
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subjects with a high daily consumption of 

peanut butter which is supposed to contain 

significant amounts of aflatoxin. This 

association was essentially limited to subjects 

with the GSTM1 null genotype.  

These variant GST genes were studied in 

patients with chronic hepatitis B to detect if 

the presence of GST polymorphism was 

related to the development of HCC. The 

presence of both GSTM1 and GSTT1 null 

genotypes was found that it might increase the 

risk of HCC in chronic Hbs antigen carriers if 

they were simultaneously exposed to aflatoxin 

B (Chen et al., 1996). Subsequently in another 

study, GSTT1 null genotype was shown that it 

may be related to the risk of HCC in chronic 

hepatitis B virus (HBV) carriers, especially if 

they were exposed to aflatoxin (Sun et al., 

2001). In the present study, we also noted that 

GSTT1 null genotype was related to the risk 

of HCC in chronic hepatitis B (group II). 

Actually, Deng et al., (2005) and Long et al. 

(2005), observed that in Chinese patients with 

chronic hepatitis B, both GSTM1 and GSTT1 

null genotypes, rather than GSTT1 alone, had 

an additive interaction in the occurrence of 

HCC, moreover, their combination in an 

individual substantially increased the risk of 

HCC twice. Worth noting is the variation in 

the genotypes of hepatitis B in China and 

Egypt may explain the difference in the 

influence of GSTT1 alone in our studied 

hepatitis B patients without the concurrent 

effect of GSTM1 null genotype or aflatoxin 

exposure. 

On the other hand, studies performed in 

Italy and Spain, as previously mentioned, 

failed to show any relationship between GST 

polymorphism and the occurrence of HCC. 

The aetiology of HCC in Western countries is 

completely different from that found in 

Eastern Asia and sub-Saharan Africa. 

Aflatoxin exposure is negligible and the role 

of chronic HBV infection is relatively small. 

In contrast, the majority of patients in 

Western countries suffer from cirrhosis due to 

alcohol abuse followed by chronic hepatitis C. 

Covolo et al. (2005) studied patients with 

alcoholic cirrhosis and concluded that there 

was no association of the putative risk 

genotypes, GSTM1 null and GSTT1 null with 

HCC. Peters et al. (2006) demonstrated that 

the combination of consuming 10 to 20 

alcohol drinks weekly and smoking more than 

45 packs-year was associated with a 13-fold 

increase in the risk of squamous cell 

carcinoma among subjects with deleted 

GSTM1 as compared with a 4-fold risk 

among individuals with GSTM1. It is possible 

that carriers of the GSTM1 and/or GSTT1 null 

genotypes may have a reduced ability to 

inactivate electrophilic compounds and 

organic hydroperoxides in the liver and, more 

specifically, polycyclic aromatic 

hydrocarbons present in tobacco (Ladero et 

al., 2006); however the synergistic effect of 

alcohol is mandatory, as noted by Peters et al. 

(2006). 

Smoking per se did not modify the HCC risk 

among patients with GST polymorphisms in 

this study and elsewhere (Munaka et al., 

2003). The association of GSTT1 and GSTM1 

null genotypes polymorphisms with hepatitis 

C virus-related HCC risk was not subjected to 

extensive studying. Only one study reported 

that GST variants share a positive association 

with viral-related HCC risk in Indian 

population (Kiran et al., 2008). However the 

issue of GST polymorphisms facilitating the 

chronicity of hepatitis C has been proposed in 

several studies. Oxidative stress is suggested 

to be an important pathogenic factor in liver 

damage in hepatitis C infection (White et al., 

2007). GSTT1 null genotype might induce a 

subtle but functionally significant deficit in 

the hepatic antioxidant and reactive oxygen 

species (ROS)–inactivating mechanisms. This 

deficit might be reinforced by the 

simultaneous lack of GSTM1 enzymatic 

function and as a consequence, more ROS and 

electrophilic compounds generated during the 

HCV infection would be available in 
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individuals devoid of both GST enzymes. The 

resulting deficit of antioxidant mechanisms 

might help to amplify and perpetuate the 

inflammatory reaction that leads to the 

chronic phase of hepatitis C (Sherratt et al., 

1997; Boya et al., 1999; Koike & Miyoshi, 

2006; Martinez et al., 2007).  

GSTs are involved in the metabolism of 

endogenously generated, cancer-causing 

reactive oxygen species continuously 

produced through hepatitis C-induced 

inflammatory disease (White et al., 2007). 

Subsequently oxidative stress may increase 

the rate of telomere shortening of tumour cells 

by the site-specific DNA damage in the 

telomere sequence (Liu et al., 2003). Deletion 

of the GSTT1 gene is associated with 

enhanced endogenous mutagenic processes 

and is implicated in susceptibility to other 

inflammation related cancers, such as 

pancreatic cancer, for which pancreatitis is a 

risk factor (Duell et al., 2002). Possibly this 

would apply for HCV-related HCC. However, 

it is worth noting that in the current study, 

GSTM1 gene, rather than GSTT1 shared the 

significant association with hepatitis C- 

related HCC. The difference reported in these 

studies compared to our results can be 

explained on the basis that hepatitis C in our 

patients was of a different genotype or that the 

sample size was limited.  

In conclusion, our results suggest that 

polymorphisms of both glutathione S-

transferase GSTT1 and GSTM1 genes may be 

related to the risk of hepatocellular carcinoma 

in an Egyptian population, and in particular 

among viral-related HCC. However, given our 

limited total sample size and small observed 

effects, performance of additional larger 

genetic association studies is needed to 

confirm our preliminary suggestive findings 

for the common deletion polymorphisms for 

GSTT1 and GSTM1. Further exploration of 

potential interactions between GST 

polymorphisms and other genetic and 

environmental risk factors for HCC might be 

of value.  
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