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Summary
Background: This study was conducted to evaluate the influ-
ence of glutathione-S-transferase (GST) M1 and T1 polymor-
phisms in 184 patients with different stages of liver fibrosis and
hepatitis C virus infection and 173 healthy control subjects. 
Methods: DNA samples were extracted from whole blood,
and the polymorphisms of GSTM1 and GSTT1 were deter-
mined with PCR using fluorescence-labeled Taq Man probes.
Associations between specific genotypes and progression of
liver fibrosis were examined by use of the logistic regression
analysis to calculate the odds ratio (OR) and 95% confidence
intervals (CI). 
Results: Results show 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 pa tients
and healthy controls, respectively. In addition, there was also
no significant relation between the frequency of GSTM1 or
GSTT1 gene polymorphisms and fibrosis stage as classified by
the METAVIR group. 
Conclusions: The combined GSTM1 and GSTT1 null geno-
types showed an association between GSTM1 [-]/GSTT1 [-
] and progression of liver fibrosis.   

Keywords: glutathione-S-transferase, gene polymorphism,
HCV, liver fibrosis

Kratak sadr`aj
Uvod: Ova studija sprovedena je sa ciljem da se utvrdi uticaj
polimorfizama M1 i T1 glutation-S-transferaze (GST) kod
184 pacijenta sa razli~itim stadijumima fibroze jetre inficira -
nih virusom hepatitisa C i 173 zdravih kontrolnih osoba. 
Metode: Uzorci DNK ekstrahovani su iz pune krvi a polimor-
fizmi GSTM1 i GSTT1 odre|eni su pomo}u PCR uz kori{ -
}enje fluorescentno obele`enih Taq Man sondi. Povezanost
izme|u specifi~nih genotipova i progresije fibroze jetre ispi-
tana je pomo}u logisti~ke regresije da bi se izra~unala ve -
rovatno}a (odnos {ansi) i 95% intervali poverenja. 
Rezultati: Rezultati pokazuju da nisu prona|ene razlike iz me -
|u u~estalosti nultih genotipova GSTM1 (49,8% prema
50,2%) i GSTT1 (52,2% prema 47,8%) kod pacijenata infi-
ciranih virusom hepatitisa C i zdravih kontrolnih subjekata.
Pored toga, nije utvr|ena zna~ajnost odnosa izme|u u~esta -
losti geneti~kih polimorfizama GSTM1 ili GSTT1 i stupnja
fibroze odre|enog na osnovu klasifikacije METAVIR grupe. 
Zaklju~ak: Kombinovani nulti genotipovi gena GSTM1 i
GSTT1 ukazali su na povezanost izme|u GSTM1 [-]/GSTT1
[-] i progresije fibroze jetre. 

Klju~ne re~i: glutation s-transferaza, geneti~ki polimor-
fizam, virus hepatitisa C, fibroza jetre
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Introduction

Hepatitis C is a global health problem that
affects a significant portion of the world’s population.
Hepatitis C virus (HCV) is the primary cause of chron-
ic hepatitis, and is one of the risk factors for de -
velopment of liver cirrhosis and hepatocellular carci-
noma (1–3). Chronic infection with HCV typically
induces injury and inflammation of the liver, which
appear to be responsible for the associated fibrogen-
esis. The mechanism of fibrogenesis is non-specific,
and is characterized by the transformation from a nor-
mal 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 scor-
ing system has better intra- and interobserver repro-
ducibility than the HAI score (6).

Liver fibrosis progression does not always have
a fixed speed or follow a linear pattern; it can occur
at a slow or a rapid rate (7). Fibrogenesis is a complex
dynamic process, and the rate at which fibrosis pro-
gresses varies markedly between patients. Three inde-
pendent factors known to be associated with a faster
fibrosis progression rate are older age at infection,
male gender and long-term excessive alcohol con-
sumption (8). Such host factors seem to play a role in
HCV infection. However, during the last few years,
numerous association studies have indicated that a
number of gene variations influence both the nature
of HCV infection and the progression of hepatic fibro-
sis in patients with chronic disease and hepatitis C
virus (7, 9); thus, genetic factors play a particularly
important role in the pathogenesis. Variations in the
genes involved in the alcohol-metabolizing enzyme
system and inflammatory response system have been
identified, such as CYP2E1 and TNF-alpha gene
(10). Genetic polymorphisms in glutathione-S-trans-
ferase (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 enzymes involved in the biosyn-
thesis 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 carcino-
gens generated by products of oxidative stress, and
prevention of tissue oxidative damage. GSTM1 and
GSTT1 are the main GST genes described as poly-
morphic in humans. They can be categorized in two
classes: the homologous deletion genotype (referred
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 be associated with different GST gene expres-
sion, affecting enzyme activity and increasing suscep-
tibility to cancer (15–21). Therefore, to study the

poly morphism of GSTM1 and GSTT1 genes is impor-
tant for the evaluation of disease progression.

In chronic hepatitis C, oxidative stress can trig-
ger hepatic fibrogenesis (22–24). Thus, genetic poly -
morphisms of antioxidant enzymes could modify the
capacity to alleviate oxidative stress and thereby influ-
ence 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 (25, 26), but so far we have not seen any
reports about that association in the investigation of
the relationship between GST gene polymorphism
and stage of liver fibrosis in HCV-infected patients in
Taiwan, only one report in Spain (27).   

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

Methods

Study subjects and specimen collection

Cases of HCV infection were identified through
the division of Hepato-gastroenterology at Tungs’
Metro Harbor Hospital, Taichung, Taiwan, between
August 2009 and July 2010. After informed consent
was obtained, a total of 184 outpatients (105 males
and 79 females) with HCV infection were enrolled,
and 146 of them were treated by pegylated interfer-
on alfa 2a plus ribavirin. The diagnoses of HCV
infected patients were based on the results of clinical,
biochemical, and viral tests, such as alanine transam-
inase (ALT), aspartate transaminase (AST), Alpha-
fetoprotein (AFP), HBsAg and anti-HCV. All subjects
who had an elevated level of ALT (≧45 IU/mL), AST
(≧40 IU/mL) or AFP (≧20 ng/mL), and positivity for
anti-HCV were included in this study; hepatitis B virus
(HBV) and human immunodeficiency virus (HIV)
infection patients were excluded. The patients had
various liver fibrosis levels as obtained from liver biop-
sy and estimation of fibrosis progression rates based
on the ratio of fibrosis stage by the METAVIR scoring
system. Using standard assessment, liver fibrosis was
classified into five stages on a scale 0–4 (F0, F1, F2,
F3, F4). The 173 control subjects, who visited the
division of family medicine for health examination,
were selected based on no evidence of liver disease
and similar demographic characteristics to the
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 Tungs’ MetroHarbor
Hospital, Taichung, Taiwan. Whole blood specimens,
collected from healthy controls and HCV patients,
were placed in tubes containing EDTA for the extrac-
tion of genomic DNA.



DNA collection and extraction

Venous blood from each subject was collected
into EDTA tubes and immediately centrifuged and
the buffy coats were stored at –70 °C in a freezer.
Genomic DNA was extracted by Genomaker DNA
blood kits (Gene Pure Tech Co., Ltd, Taichung City,
Taiwan) according to the manufacturer’s instructions.
DNA was dissolved in TE buffer (10 mmol/L Tris pH
7.8, 1 mmol/L EDTA) and DNA quality was assessed
by calculating the absor ban ce ratio OD260nm/280nm
(28) using a spectrophoto meter model DU–80°C
(Beckman Coulter). The samples of isolated DNA
were stored at –80 °C and used as templates for
genotyping.

Glutathione-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 micro -
plates 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 in age between
patients and controls, while the relationships between
genetic polymorphisms and liver fibrosis were exam-
ined by logistic regression analysis. Differences less
than 0.05 were regarded as significant.

Results

The distributions of demographical characteris-
tics and gene polymorphisms in normal controls and
HCV-infected patients are shown in Table I. 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 be -
tween the HCV-infected patients and the healthy con-
trols. 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 ca -
tegories, and the observed distribution frequencies of

GSTM1 and GSTT1 genotypes were not significantly
different among the groups (Table II). Additionally,
except for age (P<0.001), liver viral load and weight
were not significantly associated with the develop-
ment of fibrosis in HCV-infected patients (p=0.853
and p=0.631, respectively; Figure 1).

The final multivariate logistic regression model
is shown in Table III. Except for age (P<0.001), the
result revealed that there was a significant association
of liver fibrosis with the GSTM1 and GSTT1 geno-
type. The presence of at least one of the GSTM1 or
GSTT1 genes was associated with a lower risk of
liver fibro sis after adjusting the age and weight. The
group GSTM1[-]/GSTT1[+] has the lowest observed
risk [OR= 0.342; CI 95% (0.124–0.943); p=0.038].
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Table I Odds Ratio and 95% Confidence Intervals (CIs) of
HCV Infected patients and healthy control subjects associat-
ed with genotypic frequencies and demographic characteris-
tics distributions.

Variable Controls 
(n=173) (%)

Patients 
(n=184) (%)

OR 
(95% CI)

GSTT1

Null 75 (47.8%) 82 (52.2%) 1.05 
(0.691–1.596)

Present 98 (49.0%) 102 (51.0%) 1.00
GSTM1

Null 106 (50.2%) 105 (49.8%) 0.84 
(0.55–1.282)

Present 67 (45.9%) 79 (54.1%) 1.00
Gender

Female 67 (45.9%) 79 (54.1%) 1.19 
(0.78–1.817)

Male 106 (50.2%) 105 (49.8%) 1.00
Age (yrs)

Mean±SD 51.9±15.3 56.7±10.7 P = 0.001*

Table II The distribution of gender and genotype frequen-
cies in patients with HCV-related fibrosis stage.

Note: 38 patients without liver biopsy records were excluded
from this analysis.

Variable F1∼F3 
(n=84) (%)

F4 
(n=62) (%)

P value

Gender 0.934

Female 36 (57.1%) 27 (42.9%)

Male 48 (57.8%) 35 (42.2%)

GSTM1 0.673
Null 49 (59%) 34 (41%)

Present 35 (55.6%) 28 (44.4%)

GSTT1 0.252

Null 34 (52.3%) 31 (47.7%)

Present 50 (61.7%) 31 (38.3%)

*Statistically significant effect.



Discussion
Most endogenous and environmental substrates

interact deleteriously with an organism, causing toxic
and sometimes carcinogenic effects (29). The detox-
ification is usually kept by liver enzyme activity with
the scavenging of toxic compounds and carcinogens,
but many enzymes involved in carcinogen metabo-
lism exhibit genetic polymorphisms resulting in vari-
ability in both their level of expression and activity
(30–32). The glutathione-S-transferases have multi-

ple forms distributed among different tissues, which
play a key role in phase II enzymes for the detoxifica-
tion of xenobiotics and prevention of tissue damage
(33). Numerous studies have shown polymorphic
GST alleles to be associated with altered risk or out-
come of various diseases. The GST variants modify
the catalytic function of enzymes. Therefore, the indi-
viduals who produce less specific detoxification
enzymes may be at a higher risk of adverse disease
outcome. 
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Table III Results of multivariate logistic regression analysis of glutathione-S-transferase genotypes in patients with HCV-related
fibrosis.

*Statistically significant effect.
a[-] = null, b[+] = positive, c- reference group

Variable N(F4/F1∼F3) OR (95% CI) P-Value

GSTM1[-]a/GSTT1[-] 34(19/15) 1.00 -c

GSTM1[+]b/GSTT1[-] 31(12/19) 0.588 (0.200–1.726) 0.334

GSTM1[-]/GSTT1[+] 49(15/34) 0.342 (0.124–0.943) 0.038*

GSTM1[+]/GSTT1[+] 32(16/16) 0.947 (0.323–2.773) 0.921

Age 1.095 (1.049–1.143) <0.001*

Weight 1.025 (0.995–1.057) 0.103

Figure 1 The box plot for level of liver viral load, age and weight in HCV-infected patients with different fibrosis staging by
METAVIR system.
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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). Our results are identi-
cal to the previous reports (6, 34, 35). Thus, the find-
ings indicate that two parameters, age and duration
of infection, are potential risk factors and should be
applied to evaluate the rate of progression of fibrosis
in hepatitis C and the progression of liver fibrosis.
Besides, we also found that 42% of HCV patients
aged over 50 years have developed cirrhosis (Table
II). The result was supported again by the previous
studies indicating that the progression of liver fibrosis
begins to accelerate at 50 years of age, regardless of
the duration of infection (6, 34, 35). In addition, we
investigated whether GSTT1 and GSTM1 gene varia-
tions play a role in liver fibrosis caused by hepatitis C
virus and found that individuals with the null variant
of both GSTT1 and GSTM1 have considerably in -
creased risk of advanced fibrosis. This result was in
agreement with a previous study in Spain (27). Mar -
tinez et al. recruited 139 HCV-infected Spanish
patients and 329 healthy controls to estimate the
association between both gene polymorphisms and
chronic phase of HCV-induced liver disease. They
found a significant difference between the frequen-
cies of genotypes and the clinical course of HCV
infection. These observations revealed that the pro-
gression of liver fibrosis in HCV-infected patients was
associated with GST gene polymorphisms in the
Taiwanese and Spaniards, regardless of the racial dif-
ference. In addition, both GSTM1 and GSTT1 null
genotypes are also associated with the occurrence of
cancer or disease, and an association has been
reported between GSTM1 and GSTT1 null genotypes
and cancer of the lung, bladder and colon. Therefore,
patients who are genetically predisposed to produce
less specific enzyme activity might be prone to devel-
op hepatic liver disease with HCV infection. 

It has been reported that high serum levels of
ALT, AST, AFP and a high ratio of AST to ALT are high-
ly associated with the progression of hepatocarcino-
genesis in HCV or HBV-infected and liver cirrhosis
patients (36–39). In this study, we found the clinical
serological markers ALT and AFP were associated with
liver fibrosis in HCV-infected patients (p<0.05 and
p<0.001, respectively), but AST was not associated
(p=0.695). It may be that the serum AST level has
correlated weakly with disease activity and little or not
at all with hepatic fibrosis in 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 poly-
morphism 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 HCV-
infected patients at risk.

Conclusions

In this work, we investigated the risk of progress
of liver fibrosis in a Taiwanese population via genetic
polymorphisms in the GST genes. Both GSTM1 and
GSTT1 null genotypes polymorphisms were associat-
ed with the risk for progression of liver fibrosis among
subjects infected by hepatitis C virus. 

Acknowledgments. This study was supported in
plan by a research grant from Tungs’ MetroHarbor
Hospital, Taichung, Taiwan (TTMHH-98R0002). 

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

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 immunopathogene-
sis of chronic hepatitis C. Antiviral Res 2009; 82: 103–9.

4. The METAVIR Cooperative Group. Inter- and intra-ob -
server variation in the assessment of liver biopsy of chron -
ic 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 pro-
gression 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 chron -
ic 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 polymor-
phisms and the progression of liver fibrosis: a critical
appraisal. Hepatology 2003; 37: 493–503.

J Med Biochem 2014; 33 (3) 263



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 Gastroenterol 2005; 40:
348–53.

13. Ghobadloo SM, Yaghmaei B, Bakayev V, Goudarzi H,
No o rinayer B, Rad FH, et al. GSTP1, GSTM1 and
GSTT1 genetic polymorphisms in patients with crypto-
genic liver cirrhosis. J Gastrointest Surg 2004; 8: 423–7.

14. Reszka E, Wasowicz W, Gromadzinska J. Genetic poly-
morphism of xenobiotic metabolising 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-trans-
ferase 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. Asso cia -
tion of GSTM1, GSTT1, and GSTM3 gene polymorp hisms
and susceptibility to cervical cancer in a North In dian po p -
ulation. Am J Obstet Gynecol 2008; 198: 303 e1–6.

20. Salinas-Sanchez AS, Sanchez-Sanchez F, Donate-Mo -
reno MJ, Rubio-del-Campo A, Gimenez-Bachs JM, Lo -
ren zo-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. Hamad M, Awadallah S, Nasr H. The relationship bet -
ween haptoglobin polymorphism and oxidative stress in
hemodialysis patients. J Med Biochem 2013; 32: 220–6.

24. Bomford A. Genetics of haemochromatosis. Lancet
2002; 360: 1673–81.

25. 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.

26. 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.

27. 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.

28. Sambrook J, Russell DW. Molecular Cloning: A Labo ra -
tory Manual, Third Edition. Cold Spring Harbor Labora -
tory Press, 2001: Appendix 8.20.

29. Ames BN, Profet M, Gold LS. Nature’s chemicals and
synthetic chemicals: comparative toxicology. Proc Natl
Acad Sci USA 1990; 87: 7782–6.

30. Caro AA, Cederbaum AI. Oxidative stress, toxicology,
and pharmacology of CYP2E1. Annu Rev Pharmacol
Toxicol 2004; 44: 27–42.

31. Strange RC, Jones PW, Fryer AA. Glutathione-S-trans-
ferase: genetics and role in toxicology. Toxicol Lett 2000;
112–113: 357–63.

32. Salaspuro V, Salaspuro M. Synergistic effect of alcohol
drinking and smoking on in vivo acetaldehyde concentra-
tion in saliva. Int J Cancer 2004; 111: 480–3.

33. Sheehan D, Meade G, Foley VM, Dowd CA. Structure,
function and evolution of glutathione transferase: implica-
tions for classification of non-mammalian members of an
ancient enzyme superfamily. Biochem J 2001; 360: 1–16.

34. 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: 730–9.

34. De Torres M, Poynard T. Risk factors for liver fibrosis pro-
gression in patients with chronic hepatitis C. Ann Hepatol
2003; 2: 5–11.

36. 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.

37. Changchien CS, Chen CL, Yen YH, Wang JH, Hu TH,
Lee CM, et al. Analysis of 6381 hepatocellular carcino-
ma patients in southern Taiwan: prognostic features,
treatment outcome, and survival. J Gastroenterol 2008;
43: 159–70.

39. Kumar M, Kumar R, Hissar SS, Saraswat MK, Sharma
BC, Sakhuja P, et al. Risk factors analysis for hepatocellu-
lar 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.

39. 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.

264 Sun et al.: Glutathione-S-transferase M1 and T1 gene polymorphisms

Received: January 30, 2013
Accepted: March 11, 2013


