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ABSTRACT. Epigenetic silencing of the GSTP1 gene by promoter 
methylation has been associated with increased risk and shortened 
survival in patients with hepatocellular carcinoma (HCC). We therefore 
conducted a meta-analysis to obtain a more precise estimate of this 
association. By searching the Cochrane Library, CBM, EMBASE, 
PubMed, and the Web of Science, we tabulated and analyzed parameters 
from each study. Results were summarized by meta-analyses using the 
version 12.0 STATA software. Odds ratios (ORs) and 95% confidence 
intervals (95%CIs) were also calculated in this analysis. A total of 14 
cohort studies (tumor samples = 607, adjacent samples = 356, benign 
samples = 182, normal samples = 133) were included for the following 
statistical analysis. Our meta-analysis results demonstrated that the 
frequency of GSTP1 methylation in cancer tissues was significantly 
higher than those in adjacent tissues, benign tissues, and normal tissues 
(all P < 0.05). Further subgroup analysis by country indicated that the 
frequency of aberrant GSTP1 promoter methylation was correlated 
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to the development of HCC among all the included experimental 
subgroups (all P < 0.05). The results indicate a significant association 
between GSTP1 methylation and poor outcomes in HCC patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most frequent malignancy in men 
(523,000 cases per year, 7.9% of all cancers) and women (226,000 cases per year, 6.5% of all 
cancers) globally (El-Serag, 2012). According to statistics from the American Cancer Society, 
HCC also produces a high mortality rate in both men and women; it was one of the top ten 
causes of cancerous death in the United States in 2013 (Siegel et al., 2013). Furthermore, most 
of the burden of HCC is borne by developing countries, and it is estimated that about half of 
HCC cases and deaths occur in China (Jemal et al., 2011). As a multifunctional disease, HCC 
is thought to be caused by the interaction of genetic and environmental factors (Clifford et al., 
2010; Trichopoulos et al., 2011). The majority of cases of HCC are correlated with chronic 
hepatitis B virus or hepatitis C virus infections, while heavy alcohol consumption, tobacco 
smoking, obesity, cirrhosis, aflatoxins, and fatty liver disease may also contribute to increased 
risk of HCC (Schütte et al., 2009; El-Serag, 2012). In addition to those environmental risk 
factors, there is some evidence that genetic factors are also potentially correlated with the 
progression of HCC (Long et al., 2009; Weng et al., 2010). Recently, several studies have sug-
gested that DNA methylation in the detoxifying genes, including the glutathione S-transferase 
pi 1 gene (GSTP1), may be closely related to increased risk of HCC (Lambert et al., 2011; Jain 
et al., 2012).

Human GSTs are a superfamily of phase II drug-metabolizing enzymes. They feature 
significantly in the protection of cells against xenobiotics and oxidative stress by catalyzing 
the conjugation of electrophilic compounds to glutathione in the detoxification process (Oak-
ley, 2011; Dusinska et al., 2012). In view of their biochemical, immunologic, and structural 
properties, the GST family is categorized into four key classes: A (alpha), M (mu), P (pi), and 
T (theta) (Magno et al., 2009). GSTP is a member of the GST family and is encoded by the hu-
man GSTP1 gene. The locus of the gene is 11q13, it is 3-kilobases (kb) long, and comprises 6 
introns and 7 exons (Strange et al., 2001). The GSTP1 protein plays a critical role in the process 
of detoxification, which can protect normal cells against damage by various carcinogens or 
electrophilic compounds (Masood and Kayani, 2013). Abnormal activity and overexpression of 
GSTP1 have been reported in many neoplasms, while GSTP1 genetic polymorphism and DNA 
hyper-methylation have also been observed in several cancers, including breast, lung, and liver 
cancers (Sakoda et al., 2008; Carlsten et al., 2008; Chen et al., 2010). In addition, epigenetic 
inactivation of GSTP1 may result in the decline or even loss of the detoxification function of 
GSTP1, and carcinogens can lead to hepatocyte damage; thus, GSTP1 may be closely related 
to cancer initiation (Lambert et al., 2011). In addition, abnormal CpG island methylation is one 
of the main molecular mechanisms of GSTP1 inactivation in some types of cancer. In the past 
few decades, studies have shown that promoter hyper-methylation of GSTP1 often occurs in 
human hepatitis B virus-related diseases, and can be detected in early-stage HCC tumor tissues 
(Tischoff and Tannapfe, 2008; Rongrui et al., 2014). In this regard, GSTP1 promoter methyla-
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tion may be involved in the occurrence and development of HCC (Wang et al., 2006; Kiran et 
al., 2009). However, there are also contradictory results concerning the role of GSTP1 promoter 
methylation in the progression of HCC (Hua et al., 2011; Jain et al., 2012). Given the conflict-
ing evidence on this issue, we performed a meta-analysis using all available data to evaluate the 
exact relationship between GSTP1 promoter methylation and increased risk of HCC in order to 
find a potential biomarker for early clinical diagnosis of HCC.

MATERIAL AND METHODS

Literature search and selection criteria

We systemically searched for studies, without language restrictions, in numerous elec-
tronic databases: the Cochrane Library (Issue 12, 2013), CBM (1982-2013), EMBASE (1980-
2013), PubMed (1966-2013), and Web of Science (1945-2013). The searching strategy was 
performed using “Methyltransferases”, “methylation” or “DNA Methylation”, “Glutathione 
S-Transferase pi” and “Carcinoma, Hepatocellular” as the medical subject headings (MeSH), 
and was accompanied by the following free text word searching terms: (“Hypermethylation” 
or “Demethylation” or “methylation”); (“Glutathione S-Transferase pi” or “GST Class-phi” or 
“Glutathione Transferase P1-1” or “GSTP1 Glutathione D-Transferase” or “GSTP1 Glutathi-
one D Transferase” or “GSTP1”); and (“hepatocellular cancer” or “hepatocellular neoplasms” 
or “liver carcinoma” or “liver cancer” or “liver neoplasms” or “HCC” or “liver tumor” or 
“hepatoma carcinoma” or “hepatoma cancer” or “hepato carcinoma” or “Liver Cell Carcino-
ma” or “hepatocellular carcinoma”). Titles and abstracts among the initially identified articles 
were evaluated for appropriateness.

Inclusion criteria used to identify the eligibility of included studies were as follows: 
1) the patients were limited to HCC without restriction of types; 2) methods suitable for the 
methylation detection of the GSTP1 gene were confined to methylation-specific polymerase 
chain reaction (MSP), methylation-sensitive restriction enzymes-quantitative polymerase 
chain reaction (MSRE-qPCR), and MethyLight array; 3) original articles with cohort design; 
4) studies had to be about the correlation between GSTP1 promoter methylation and the risk 
and prognosis of HCC; 5) all patients diagnosed with HCC must have been confirmed by his-
topathologic examinations; 6) sufficient information regarding the comparison of HCC tissues 
with adjacent, benign, and normal tissues must have been provided in the article. In addition, if 
reported in duplicate, the most recent article published in English or the study with the largest 
sample size was included in this study.

Data extraction and methodological assessment

Each included study was reviewed by two observers using a standardized form to sys-
tematically collect relevant data. For all studies, we extracted and recorded the following data 
from original publications: surname and title, first author, year of publication, source of publi-
cation, study type, study design, age, gender, ethnicity, and country of origin. Design of study, 
total number of cases, source of subjects, type of sample, sample size, detection method of 
methylation, and frequency of methylation were also included.

To ensure consistency in reviewing and reporting results, two reviewers independent-
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ly assessed the methodological quality of the included trials using the Newcastle-Ottawa scale 
criteria (Stang, 2010). The three broad perspectives judged were: 1) subject selection (0-4); 2) 
subject comparability (0-2); and 3) clinical outcome (0-3). The Newcastle-Ottawa scale scores 
ranged from 0 to 9; a study was deemed good quality if the score was ≥7.

Statistical analysis

The odds of GSTP1 methylation in HCC tissue versus adjacent, bening, and normal 
tissues are reported as odds ratios (ORs) with their corresponding 95% confidence intervals 
(95%CIs) using the Z-test. Between-study heterogeneity was assessed by the Cochran Q-sta-
tistic and I2 tests (Zintzaras and Ioannidis, 2005). Heterogeneity across the enrolled studies 
was evaluated by the Cochran Q-statistic test (Q-test exhibited a P < 0.05 or the I2 test showed 
>50%). Ultimately, the random-effect model was applied when heterogeneity existed among 
studies, while the fixed-effect model was applied when there was no statistical heterogeneity. 
The subgroup meta-analyses were also conducted by country and method to explore potential 
effect modification. One-way sensitivity analysis was performed to investigate whether results 
were affected significantly by removing single studies one at a time. Potential publication bias 
was investigated using funnel plots and the Egger linear regression test (Peters et al., 2006). 
We used the version 12.0 STATA statistical software to achieve a rigorous statistical meta-
analysis.

RESULTS

Baseline characteristics of studies included

The original search yielded a total of 103 papers related to the searched keywords.
According to the inclusion criteria, 14 cohort studies were included (Zhong et al., 2002; 

Lee et al., 2003; Tada et al., 2005; Wang et al., 2006; Zhang et al., 2006; Su et al., 2007; Harder 
et al., 2008; Chang et al., 2008; Moribe et al., 2009; Kiran et al., 2009; Li et al., 2010; Feng et al., 
2010; Hua et al., 2011; Jain et al., 2012) and 89 articles were excluded. A total of 607 HCC samples 
in 14 cohort studies were included; additionally, 356 adjacent samples, 182 benign samples, and 
133 normal samples were included. The publication year of the studies ranged from 2002 to 2012.

The geographic setting of the studies was heterogeneous: two studies were from the USA, 
seven were from China, three were from Japan, and there was one study each from Germany and 
Korea. The detected samples used for examination of the promoter methylation of GSTP1 were 
extracted from cancer tissues in the included studies. The MSP method used for this meta-analysis 
was adopted in ten studies, and the other four studies were conducted using non-MSP methods, in-
cluding MSRE-qPCR, MethyLight array, and quantitative methylation-specific polymerase chain 
reaction (qMSP) methods. Table 1 summarizes the characteristics and methodological quality of 
the studies enrolled.

Quantitative data synthesis

Fourteen studies were included to assess the potential role of GSTP1 promoter meth-
ylation in the development of HCC in patients. A random-effect model was used where het-
erogeneity existed (P < 0.05). Our findings demonstrate that the frequency of the GSTP1 gene 
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methylation in cancer tissues is significantly higher than in adjacent, benign, and normal tis-
sues (cancer tissue vs adjacent tissue: OR = 8.49, 95%CI = 6.15-11.71, P < 0.001; cancer tissue 
vs benign tissue: OR = 6.54, 95%CI = 4.73-9.04, P < 0.001; cancer tissue vs normal tissue: OR 
= 10.64, 95%CI = 7.67-14.74, P < 0.001) (Figure 1).

First author Year Country Sample                  Number     Gender Age Method NOS
          (M/F) (years)  score

    Tumor Adjacent Benign Normal

Jain S 2012 USA   56   20 20 10   6 11/9   60.2 ± 12.4 MSP 7
Hua D 2011 China 102   47 47   0   8   36/11 55 (27-78) MSRE-qPCR 8
Li B 2010 China 221 115 48 48 10   84/31 50 (27-76) MSP 8
Feng Q 2010 USA   65   40   0   0 25 32/8 53.7 ± 9.3 MethyLight array 6
Moribe T 2009 Japan   48   25 20   0   3   32/13 - qMSP 6
Kiran M 2009 Japan   43   23   0 20   0 - 59 MSP 6
Harder J 2008 Germany   84   34   0 34 16 27/8 59 (40-72) qMSP 7
Chang H 2008 China   36   19   0 17   0 - - MSP 6
Su PF 2007 China 172   58 58 11 45 54/4 56 (29-85) MSP 8
Zhang YC 2006 China 106   53 53   0   0   43/10 57 (29-66) MSP 8
Wang J 2006 China   60   26 26   8   0 - - MSP 7
Tada M 2005 Japan   88   44 44   0   0 40/4   62.3 ± 11.0 MSP 6
Lee S 2003 Korea 114   60   0 34 20   47/13 54 MSP 8
Zhong S 2002 China   83   43 40   0   0 - - MSP 7

M = male; F = female; NOS = Newcastle-Ottawa Scale.

Table 1. Characteristics of included studies focused on methylation ratio of GSTP1.

Figure 1. Flow chart shows study selection procedure. Fourteen cohort studies were included in this meta-analysis.

We also performed subgroup analyses in order to further explore the association between 
GSTP1 methylation and HCC risk across different subgroups. Further subgroup analysis based 
on country showed that the aberrant methylation of GSTP1 in cancer tissue was significantly re-
lated to the development of HCC in patients compared with adjacent, benign, and normal tissues 
among USA, Chinese, Japanese, German, and Korean populations (all P values < 0.05) (Figure 2).
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Figure 2. Distribution of topic-related literature in the electronic database over the last decade.

Furthermore, in the subgroup analysis based on method, we observed an association be-
tween the aberrant methylation of GSTP1 in the cancer tissues and HCC progression compared with 
adjacent, benign, and normal tissues among both the MSP and non-MSP method subgroup members 
(all P values <0.05) (Figure 2). A sensitivity analysis was performed and the analysis results indi-
cated that no individual study significantly affected the overall pooled estimates (Figure 3).

Figure 3. Forest plots for the relationship between GSTP1 promoter methylation and hepatocellular carcinoma.
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The graphical funnel plots of the 14 studies presented no apparent asymmetry, and the 
Egger test showed no publication bias in our current meta-analysis (all P values > 0.05) (Figure 4).

Figure 4. Subgroup analyses for the relationships between GSTP1 promoter methylation and hepatocellular 
carcinoma.
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DISCUSSION

In this meta-analysis, by systematically reviewing all the relevant prospective cohort 
studies we attempted to provide a better understanding of the relationship between the aber-
rant methylation of GSTP1 and the development and progression of HCC. The cumulative 
analyses from the 14 cohorts showed that the aberrant methylation of GSTP1 was observed in 
cancer tissue but rarely in adjacent, benign, and normal tissue, suggesting that GSTP1 hyper-
methylation can be considered a possible candidate for predicting the development of HCC 
in patients. It must be recognized that epigenetic silencing of tumor suppressor genes by pro-
moter methylation plays an important role in regulation of gene expression, control of devel-
opment, and other life activities (Ben Ayed-Guerfali et al., 2011). GSTP1 acts as an important 
tumor suppressor gene, and it is generally accepted that investigation of the hyper-methylation 
of GSTP1 may elucidate the mechanisms of carcinogenesis (Richiardi et al., 2009). Although 
the aberrant methylation of GSTP1 has also been described in a substantial proportion of hepa-
tocarcinogenesis cases (Feng et al., 2010; Lambert et al., 2011), details about the mechanisms 
and significance of DNA hyper-methylation of GSTP1 in HCC are still unknown. The mature 
GSTP1 protein functions as a detoxifying enzyme, which may play a role in carcinogenesis 
(Chang et al., 2008). However, variations in the degree of DNA methylation may influence 
the expression of multiple cancer-related genes, thereby altering cancer progression; hyper-
methylation of the GSTP1 gene may, therefore, have an effect that is equivalent to genetic 
mutations that activate the gene (Kiran et al., 2009; Feng et al., 2010). In general, differential 
CpG island methylation of the GSTP1 gene seems to be the initial event in hepatocarcino-
genesis; it is responsible for the loss of expression and function of GSTP1, and is related to 
transcriptional inactivation (Chang et al., 2008). Therefore, our findings suggest that GSTP1 
promoter methylation is a critical event in relation to the progression of HCC. In addition, 
recent advances have shown that aberrant methylation of GSTP1 may also be regarded as an 
emerging biomarker for diagnosis and surveillance of people at high risk of HCC (Hua et al., 
2011). Moreover, the GSTP1 promoter may also contribute to distinguishing HCC from cir-
rhosis and hepatitis, where the MSP assay would have poor specificity. The existing evidence 
may not only validate our hypothesis that the methylation of GSTP1 affects its specificity as 
a marker for HCC screening, but may also provide an explanation for the differences that 
distinguish HCC tissue from other liver-disease tissues (Jain et al., 2012). In accordance with 
our results, one previous study showed that HCC features a high frequency of CpG island 
hyper-methylation in the promoter regions; the aberrant hyper-methylation of GSTP1 tends 
to accelerate during the multistep process of hepatocarcinogenesis, and might be a possible 
means of predicting the development of HCC, especially in the premalignant stages (Lee et 
al., 2003). Similarly, Li et al. (2010) concluded that CpG island methylation of GSTP1 may 
specifically define a subgroup of patients with unfavorable outcomes in TNM stage I HCC, 
suggesting that the examination of GSTP1 methylation may be useful for stratifying prognosis 
of patients with early-stage HCC and identifying patients who are at higher risk of recurrence.

Considering that myriad factors may potentially influence the prognosis of gastric 
cancer patients, we further performed a stratified analysis based on country. Subgroup analysis 
in this fashion indicated that aberrant methylation of GSTP1 in cancer tissue was significantly 
related to development of HCC compared with adjacent, benign, and normal tissues among 
USA, Chinese, Japanese, German, and Korean populations. One possible interpretation may 
be that hyper-methylation of GSTP1 is related to loss of gene function and is intimately in-



6770Q.F. Li et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (2): 6762-6772 (2015)

volved in the early process of HCC carcinogenesis and tumor progression (Moribe et al., 
2009). In conclusion, our results are partially consistent with the previous hypothesis that the 
aberrant methylation of GSTP1 may be conducive to the progression of HCC, suggesting that 
GSTP1 gene methylation may represent a marker for identifying individuals who are at high 
risk of developing HCC.

Simultaneously, a number of potential limitations have also been taken into account 
in our meta-analysis. First, and most importantly, is the existence of heterogeneity. In the 
current meta-analysis, only a small portion of the heterogeneity could be attributed to the dif-
ferences between different countries and ethnic backgrounds, or differences in the methods 
used. This suggests that other sources of heterogeneity must have been present among the 
included studies. A second limit of this analysis may have been publication and reporting bias. 
We attempted to use several Chinese and English databases that were as complete as possible 
to minimize publication bias. However, we did not take unpublished papers and abstracts into 
account entirely. Third, in some of the included literature, the number of HCC patients was 
relatively small, which may have restricted the outcome of this meta-analysis. In addition, it 
is difficult to establish the cut-off point of hyper-methylation for predicting cancer risk, and 
therefore the sensitivity and specificity of gene methylation with respect to cancer risk was not 
easy to determine.

In conclusion, the findings of our meta-analysis highlight the potential value of GSTP1 
methylation for predicting the pathogenesis and prognosis of HCC in patients. Thus, detec-
tion of GSTP1 methylation may be a beneficial and valuable biomarker for early diagnosis of 
HCC. However, heterogeneity may be an important factor that has an adverse effect on the 
conclusion of this outcome. It is therefore essential to produce a more extensive large-scale 
study in the future.
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