Glutathione-S Transferase M1 and T1 Gene Polymorphisms and susceptibility to the Progression of liver fibrosis in HCV-infected Patients in Taiwan
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Summary
This study was conducted to evaluate the influence of glutathione S-transferase (GST) M1 and T1 polymorphisms in 184 patients with different stage liver fibrosis of hepatitis C virus infections and 173 healthy control subjects. DNA samples were extracted from whole blood, and the polymorphisms of GSTM1 and GSTT1 were determined with PCR using fluorescence-labeled Taq Man probes. Associations between specific genotypes and progress of liver fibrosis were examined by use of the logistic regression analysis to calculate odds ratio (OR) and 95% confidence intervals (CI). Results showed that no differences were found between the frequencies of GSTM1 (49.8% versus 50.2%) and GSTT1 (52.2% versus 47.8%) null genotypes in HCV-infected patients and healthy controls, respectively. In addition, the frequency also was not significantly relation between GSTM1 or GSTT1 gene polymorphism and fibrosis stage classified by the METAVIR group. The combined GSTM1 and GSTT1 gene null genotype was shown association between GSTM1 [-]/GSTT1 [-] and progression of liver fibrosis.   
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Introduction

Hepatitis C is a global health problem that affects a significant proportion of the world’s population. Hepatitis C virus (HCV) is a primary cause of chronic hepatitis, and is one of risk factors for development of liver cirrhosis and hepatocellular carcinoma (1-3). Chronic infection with HCV typically induces injury and inflammation of the liver, which appear to be responsible for the associated fibrogenesis. The mechanism of fibrogenesis is non-specific, and is characterized by the transformation from normal extracellular matrix into a reticulated and dense matrix. Hepatic fibrosis assessment is based on liver biopsy. The histology activity index (HAI) and the METAVIR scoring systems are frequently used for assessment of liver fibrosis (4-5). The METAVIR scoring system has better intra- and interobserver reproducibility than HAI score (6). .

Liver fibrosis progression dose not always have a fixed speed or follow a linear pattern, it can be accompanied by slow or rapid rate (7). Fibrogenesis is a complex dynamic process, the rate at which fibrosis progresses varies markedly between patients. Three independent factors known to be associated with a faster fibrosis progression rate are older age at infection, male gender and long term excessive alcohol consumption (8). Although such host factor that seem to play a role in HCV infection. However, during the last few years, numerous association studies indicate that a number of gene variations influence both the nature of HCV infection and the progression of hepatic fibrosis in patients with chronic disease with hepatitis C virus (7, 9), thus, genetic factor play a particular important role in pathogenesis. The variations in genes involved in the alcohol-metabolizing enzyme system, and inflammatory response system have been identified, such as CYP2E1 and TNF-alpha gene (10). Genetic polymorphism in glutathione-S transferase (GST) isoenzymes, could also be potential risk factors in liver and various cancer diseases (11-14). 

The Glutathione S-transferases (GSTs) are an important family of enzyme involved in the biosynthesis and metabolism of many substances. They comprise four classes of enzymes: Alpha (GSTA), Mu (GSTM), Pi (GSTP), Theta (GSTT), responsible for detoxification of xenobiotic compounds and carcinogen generated by products of oxidative stress, and prevention of tissue oxidative damage. GSTM1 and GSTT1 are main GST genes that described as polymorphic in human. They can be categorized in two classes: the homologous deletion genotype (refered to as null genotype) and one or two undeleted alleles (refered to as non-null or present genotype). The sequence variation of the GSTM1 and GSTT1 genes may associate with the different GST gene expression, to affect enzyme activity for increase the susceptibility to cancer (15-21). Thus, to study the polymorphism of GSTM1 and GSTT1 gene is important for evaluation of disease progression.
In chronic hepatitis C, oxidative stress can trigger hepatic fibrogenesis (22-23). Thus, genetics polymorphism of antioxidant enzymes could modify the capacity to alleviate oxidative stress and thereby influence the progression of liver damage. However, there have been few studies on the effects of GST gene polymorphism on the disease progression of HBV infection (24-25), but we have not seen any reports that about association in investigation of relationship between GST gene polymorphism and stage of liver fibrosis in HCV-infected patients in Taiwan, so far, only one report in Spain (26).   

In the current study, we first analyzed the genetic polymorphisms of GSTT1 and GSTM1 gene in a group of patients with hepatitis C virus infected compared to control subjects in Taiwan.

Methods

Study subjects and Specimen Collection

 Cases of HCV infected were identified through the division of Hepato-gastroenterology at Tung’s MetroHabor hospital, Taichung, Taiwan, between August 2009 and July 2010. After informed consent was obtained, a total of 184 out-patients (105 males and 79 females) of HCV infection were enrolled, and 146 of them were treated by pegylated interferon alfa 2a plus ribavirin. The HCV infected patients who diagnosis were based on the results of clinical, biochemical, and viral test, such as alanine transaminase (ALT), aspartate transaminase (AST), Alpha-fetoprotein (AFP), HBsAg and anti-HCV. Any subjects who had an elevated level of ALT (≧45 IU/ml), AST (≧40 IU/ml) or AFP (≧20 ng/ml), positivity for anti-HCV were included in this study; hepatitis B virus (HBV) and human immunodeficiency virus (HIV) infection were excluded from this study. The patients with various liver fibrosis levels that obtained from liver biopsy and estimation of fibrosis progressions rate based on the ratio of fibrosis stage by the METAVIR scoring system, the standard assessment classified liver fibrosis into five stages on a scale 0-4 (F0, F1, F2, F3, F4). The 173 control subjects, who visited the division family medicine for health examination, were selected based on no evidence of liver disease and had to be demographically similar to patients in the experimental group. All study subjects gave informed consent to participate in this research under a protocol approved by the committee for studies on human subjects at Tung’s MetroHabor hospital, Taichung, Taiwan. The whole blood specimens, collected from healthy controls and HCV patients, were placed in tubes containing EDTA for the extraction of genomic DNA.
DNA collection and extraction

Venous blood from each subject was collected into EDTA tubes and immediately centrifuged and buffy coat stored at -70℃ freezer. Genomic DNA was extracted by Genomaker DNA blood kits (GenePure Tech Co., Ltd, Taichung City, Taiwan) according to the manufacture’s instructions. DNA was dissolved in TE buffer (10mM Tris pH 7.8, 1mM EDTA) and DNA quality was assessed by calculating the absorbance ratio OD260nm/280nm (27) using spectrophotometer model DU-800 (Beckman Coulter). The sample of isolated DNA were stored at -80℃ freezer and used as templates for genotyping.
Glutathion S-Transferase M1 and T1 Genotyping 

The genotypes of the patients were determined with the ABI TaqMan SNP genotyping assays (Applied Biosystems, Foster City, CA, ABI assay C_8717770_20 for GSTT1 and C_26020680_10 for GSTM1). The PCR reactions were performed in 96 well microplates with ABI Step One plus real-time PCR (Applied Biosystems) and allele discrimination was achieved by the detection of fluorescence with Step One software V2.0.  

Statistical Analysis

The SPSS-17.0 for windows statistical package was used for all statistical comparisons. The Chi-square statistic was calculated to test the distribution trend of index by genotype. The t-test was used to evaluate the distribution difference of age between patients and controls, the relationships between genetic polymorphism and liver fibrosis were examined by logistic regression analysis. Significant differences less than 0.05 were regarded as significant.
Results

  The distributions of demographical characteristics and gene polymorphisms in normal controls and HCV infected patients are shown in Table 1. This study included 184 (105 male and 79 female) cases and 173 (106 male and 67 female) controls. The mean age of HCV infected patients and controls was 56.7±10.7 years and 51.9±15.3 years, respectively. Except for age (p<0.001), The GSTT1 and GSTM1 gene deletions were not significantly different between the HCV-infected patients and the health controls. The p values of the GSTT1 and GSTM1 gene deletions are 0.818 and 0.419, respectively. 

Furthermore, we divided the necroinflammatory global score (items F1, F2, and F3 of METAVIR) and the fibrosis score (item F4 of METAVIR) in two categories, the observed distribution frequencies of GSTM1 and GSTT1 genotypes were not significantly difference among groups (Table 2). Additionally, except for age (P<0.001), liver viral load and weight were not significantly associated with the development of fibrosis in HCV infected patients (p=0.853 and p=0.631, respectively; Fig 1).

  The final multivariate logistic regression model is shown in Table 3. Except for age (P<0.001), the result revealed that there was a significant association of liver fibrosis with GSTM1 and GSTT1 genotype. The presence of at least one of GSTM1 or GSTT1 gene was associated with lower risk of liver fibrosis after adjusting the age and weight. The group of GSTM1[-]/GSTT1[+] has the lowest observed [OR=0.342; CI 95% (0.124-0.943); p=0.038].
Discussion

Most endogenous and environmental substrates interact deleteriously with an organism, causing toxic and sometimes carcinogenic effect (28). The detoxification is usually kept by liver enzyme activity with scavenging toxic compounds and carcinogens, but many of enzymes involved in carcinogens metabolism exhibit genetic polymorphisms resulting in variability in both their level of expression and activity (29-31). The glutathione S-transferases have multiple forms that distribution between different tissues, which play a key role in phase II enzymes of the detoxification of xenobiotics and prevention of tissue from damage (32). Numerous studies have shown polymorphic GST alleles to be associated with altered risk or outcome of various diseases. The GST variants modify the catalytic function of enzymes. Therefore, the individuals who produce less specific detoxification enzymes activity may be at a higher risk of disease outcome. 

In this study, we found the age was significantly associated with the susceptibility to progression of liver fibrosis in HCV infected patients after adjusting for other variables (p<0.001). Above results showed by us are identical to the previous reports (6, 33-34). Thus, those findings indicated that two parameters, age and duration of infection, have applied to be a potential risk factor to evaluate the rate of progression of fibrosis in hepatitis C and the progression of liver fibrosis patient. Besides, in our results, we also found that 42% of HCV patients with the age over 50 years have been developed to cirrhosis (Table 2). The result was supported again by the previous studies that the progression of liver fibrosis begins to accelerate at 50 years of age, regardless of the duration of infection time (6, 33-34). In addition, we were investigated whether GSTT1 and GSTM1 gene variation played a role in liver fibrosis caused by hepatitis C virus and we found that individuals have both of the null variant GSTT1 and GSTM1 considerably increase the risk of advanced fibrosis. This result was in agreement with other previous study in Spain (26). Martinez C et al. recruited 139 Spanish patients with HCV-infected and 329 healthy controls to estimate the association between both gene polymorphisms and chronic phase of HCV-induced liver disease risk. They found significant difference between the frequencies of genotypes and the clinical course of HCV infection. These observations revealed that the progression of liver fibrosis in HCV-infected patients were associated with GST gene polymorphisms between Taiwanese and Spaniard, regardless of the racial difference. In addition, both of GSTM1 and GSTT1 null genotypes are also associated with occurrence of the cancer or disease, it have been reported that association between GSTM1 and GSTT1 null genotypes and cancer of lung, bladder and colon. Therefore, patients who are genetically predisposed to produce a less specific enzyme activity might be prone to develop hepatic liver disease with HCV-infected. 

It has been reported that high serum levels of ALT, AST AFP and high ratio of AST to ALT are highly associated with the progression of hepatocarcinogenesis in HCV or HBV infected and liver cirrhosis patients (35-38). In this study, we found the clinical serological marker ALT and AFP were associated with liver fibrosis in HCV-infected patients (p<0.05 and p<0.001, respectively), but the AST was not associated (p=0.695). It may be that serum AST level has correlated weakly with disease activity and little or not at all with hepatic fibrosis by cross-sectional studies (6).

To our knowledge, this is the first genetic study of HCV-related liver fibrosis in the Taiwan population; we found that either GSTM1 or GSTT1 gene polymorphism was significantly associated with HCV-infected liver fibrosis and showed that the null alleles of GSTT1 and GSTM1 are predisposing risk factors for HCV-infected liver fibrosis. Despite the limited number of patient samples, the results of this study may be of particular relevance to clinical practice and can be used as a screening tool for finding risk patients with HCV-infected.
Conclusions

In this work, we were investigated the risk of progress of liver fibrosis in Taiwan population by genetic polymorphisms in the GST genes. Both of GSTM1 and GSTT1 null genotypes polymorphism were associated with the risk for progress of liver fibrosis among subjects infected by hepatitis C virus. 

Acknowledgments

This study was supported in plan by research grant from Tung’s MetroHabor hospital, Taichung, Taiwan (TTMHH-98R0002). 
References

1. Chen SL, Morgan TR. The natural history of hepatitis C virus (HCV) infection. Int J Med Sci 2006; 3: 47-52.

2. Czepiel L, Biesiada G, Mach T. Viral hepatitis C. Pol Arch Med Wewn 2008; 118: 734-40.

3. Diepolder HM. New insights into the immunopathogenesis of chronic hepatitis C. Antiviral Res 2009; 82: 103-9
4. The METAVIR Cooperative Group. Inter- and intra-observer variation in the assessment of liver biopsy of chronic hepatitis C. Hepatology 1994; 20: 15-20.
5. Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis C, The METAVIR Cooperative Study Group. Hepatology 1996; 24: 289-93.

6. Marcellin P, Asselah T, Boyer N. Fibrosis and disease progression in hepatitis C. Hepatology 2002; 36: S47-56.
7. Gutierrez-Reyes G., Gutierrez-Ruiz MC, Kershenobich D. Liver fibrosis and chronic viral hepatitis. Arch Med Res 2007; 38: 644-51.
8. McCaughan GW, George J. Fibrosis progression in chronic hepatitis C virus infection. Gut 2004; 53: 318-21.
9. Powell EE, Edwards-Smith CJ, Hay JL, Clouston AD, Crawford DH, Shorthouse C, et al. Host genetic factors influence disease progression in chronic hepatitis C. Hepatology 2000; 31: 828-33.
10. Bataller R, North KE, Brenner DA. Genetic polymorphisms and the progression of liver fibrosis: a critical appraisal. Hepatology 2003; 37: 493-503.
11. Burim RV, Canalle R, Martinelli Ade L, Takahashi CS. Polymorphisms in glutathione S-transferases GSTM1, GSTT1 and GSTP1 and cytochromes P450 CYP2E1 and CYP1A1 and susceptibility to cirrhosis or pancreatitis in alcoholics. Mutagenesis 2004; 19: 291-8.
12. Ladero JM, Martinez C, Garcia-Martin E, Fernandez-Arquero M, Lopez-Alonso G, de la Concha EG, et al. Polymorphisms of the glutathione S-transferases mu-1(GSTM1) and theta-1(GSTT1) and the risk of advanced alcoholic liver disease. Scand J Gestroenterol 2005; 40: 348-53.
13. Ghobadloo SM, Yaghmaei B, Bakayev V, Goudarzi H, Noorinayer B, Rad FH, et al. GSTP1, GSTM1 and GSTT1 genetic polymorphisms in patients with cryptogenic liver cirrhosis. J Gastrointest Surg 2004; 8: 423-7.
14. Reszka E, Wasowicz W, Gromadzinska J. Genetic polymorphism of xenobiotic metabilising enzymes, diet and cancer susceptibility. Br J Nutr 2006; 96: 609-19.
15. Leme CV, Raposo LS, Ruiz MT, Biselli JM, Galbiatti AL, Maniglia JV, et al. GSTM1 and GSTT1 genes analysis in head and neck cancer patients. Rev Assoc Med Bras 2010; 56: 299-303.
16. Zheng T, Holford TR, Zahm SH, Owens PH, Boyle P, Zhang Y, et al. Cigarette smoking, glutathione S-transferase M1 and T1 genetic polymorphisms, and breast cancer risk (United States). Cancer Causes Control 2002; 13: 637-45.
17. Amtha R, Ching CS, Zain R, Razak IA, Basuki B, Roeslan BO, et al. GSTM1, GSTT1 and CYP1A1 polymorphisms and risk of oral cancer: a case-control study in Jakarta, Indonesia. Asian Pac J Cancer Prev 2009; 10: 21-6.
18. Zhuo X, Cai L, Xiang Z, Li Q, Zhang X. GSTM1 and GSTT1 polymorphisms and nasopharyngeal cancer risk: an evidence-based meta-analysis. J Exp Clin Cancer Res 2009; 28: 46.
19. Singh H, Sachan R, Devi S, Pandey SN, Mittal B. Association of GSTM1, GSTT1, and GSTM3 gene polymorphisms and susceptibility to cervical cancer in a North Indian population. Am J Obstet Gynecol 2008; 198: 303 e1-6.
20. Salinas-Sanchez AS, Sanchez-Sanchez F, Donate-Moreno MJ, Rubio-del-Campo A, Gimenez-Bachs JM, Lorenzo-Romero JG, et al. Polymorphic deletion of the GSTT1 and GSTM1 genes and susceptibility to bladder cancer. BJU Int 2011; 107: 1823-32.
21. Schneider J, Bernges U, Philipp M, Woitowitz HJ. GSTM1, GSTT1, and GSTP1 polymorphism and lung cancer risk in relation to tobacco smoking. Cancer Lett 2004; 208: 65-74.
22. Parola M, Robino G. Oxidative stress-related molecules and liver fibrosis. J Hepatol 2001; 35: 297-306.
23. Bomford A. Genetics of haemochromatosis. Lancet 2002; 360: 1673-81.
24. Mohammadzadeh Ghobadloo S, Yaghmaei B, Allameh A, Hassani P, Noorinayer B, Zali MR. Polymorphisms of glutathione S-transferase M1, T1, and P1 in patients with HBV-related liver cirrhosis, chronic hepatitis, and normal carriers. Clin Biochem 2006; 39:46-9
25. Kandemir O, Tamer L, Tasdelen B. Effects of GSTT1, GSTM1 and GSTP1 gene polymorphism on the course of hepatitis B virus infection. Hepatogastroenterology 2008; 55: 1729-33.
26. Martinez C, Garcia-Martin E, Ladero JM, Herraez O, Ortega L, Taxonera C, et al. GSTT1 and GSTM1 null genotypes may facilitate hepatitis C virus infection becoming chronic. J Infect Dis 2007; 195: 1320-3.
27. Sambrook J, Russell DW. Molecular Cloning: A Laboratory Manual, Third Edition. Cold Spring Harbor Laboratory Press, 2001: Appendix 8.20
28. Ames BN, Profet M, Gold LS. Nature’s chemicals and synthetic chemicals: comparative toxicology. Proc Natl Acad Sci USA 1990; 87: 7782-6.
29. Caro AA, Cederbaum AI. Oxidative stress, toxicology, and pharmacology of CYP2E1. Annu Rev Pharmacol Toxicol 2004; 44: 27-42.
30. Strange RC, Jones PW, Fryer AA. Glutathione S-transferase: genetics and role in toxicology. Toxicol Lett 2000; 112-113: 357-63.
31. Salaspuro V, Salaspuro M. Synergistic effect of alcohol drinking and smoking on in vivo acetaldehyde concentration in saliva. Int J Cancer 2004; 111: 480-3.
32. Sheehan D, Meade G, Foley VM, Dowd CA. Structure, function and evolution of glutathione transferase: implications for classification of non-mammalian members of an ancient enzyme superfamilt. Biochem J 2001; 360: 1-16.
33. Poynard T, Ratziu V, Charlotte V, Goodman Z, Mchutchison J, Albrecht J. Rate and risk factors of liver fibrosis progression in patients with chronic hepatitis C. J Hepatol 2001; 34:730-739.
34. de Torres M, Poynard T. Risk factors for liver fibrosis progression in patients with chronic hepatitis C. Ann Hepatol 2003; 2: 5-11.
35. Shariff MI, Cox IJ, Gomaa AI, Khan SA, Gedroyc W, Taylor-Robinson SD. Hepatocellular carcinoma: current trends in worldwide epidemiology, risk factors, diagnosis and therapeutics. Expert Rev Gastroenterol Hepatol 2009; 3: 353-67.
36. Changchien CS, Chen CL, Yen YH, Wang JH, Hu TH, Lee CM, et al. Analysis of 6381 hepatocellular carcinoma patients in southern Taiwan: prognostic features, treatment outcome, and survival. J Gastroenterol 2008; 43: 159-170.
37. Kumar M, Kumar R, Hissar SS, Saraswat MK, Sharma BC, Sakhuja P, et al. Risk factors analysis for hepatocellular carcinoma in patients with and without cirrhosis: a case-control study of 213 hepatocellular carcinoma patients from India. J Gastroenterol hepatol 2007; 22: 1104-11.
38. Yano Y, Yamashita F, Kuwaki K, Fukumori K, Kato O, Yamamoto H, et al. Clinical features of hepatitis C virus-related hepatocellular carcinoma and their association with alpha-fetoprotein and protein induced by vitamin K absence of antagonist-II. Liver Int 2006; 26: 789-95.
PAGE  
1

