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Abstract 

Background: Glutathione-S-transferase P1 (GSTP1) is an important phase II enzyme that can 
protect cells from oxidative stress in various human cancers. However, few clinical studies were 
undertaken on the relationship between GSTP1 and oxidative stress in hepatocellular carcinoma 
(HCC). The present study was therefore aimed to evaluate the potential associations between 
GSTP1 and oxidative stress in HCC patients.  
Methods: The GSTP1 expression in peripheral blood mononuclear cells (PBMCs) was deter-
mined by flow cytometry from 38 HCC patients and 38 chronic hepatitis B (CHB) patients. The 
GSTP1 mRNA level in PBMCs was determined by real-time quantitative polymerase chain reac-
tion. Enzyme-linked-immunosorbent-assay (ELISA) was performed to measure the oxidative stress 
status, including plasma levels of malondialdehyde (MDA), xanthine oxidase (XOD), reduced 
glutathione hormone (GSH) and glutathione-S-transferases (GST).  
Results: Significantly decreased GSTP1 protein expression was found in HCC patients than in 
CHB patients (P<0.05). The GSTP1 mRNA expression of HCC patients was also decreased 
compared with CHB patients (P<0.05). MDA and XOD levels were significantly higher in HCC 
patients than in CHB patients, while plasma GSH and GST levels were statistically lower in HCC 
patients than in CHB patients. GSTP1 expression level was correlated with plasma levels of MDA 
(P<0.01), XOD (P = 0.01) and GSH (P< 0.01), GST (P< 0.01).  
Conclusion: We demonstrated that the reduced GSTP1 expression might contribute to oxida-
tive stress in the development of HCC from CHB. 

Key words: Glutathione S transferases; flow cytometry; oxidative stress; hepatocellular carcinoma; 
chronic hepatitis B. 

Introduction 
As a global epidemic disease, about 400 million 

people are chronically infected with hepatitis B virus 
(HBV) [1]. This chronic infection could result in 
hepatocellular carcinoma (HCC), which accounts for 
320 000 deaths each year worldwide [2]. HCC ranks 
the third in the leading causes of cancer-related death 

around the world, due to the poor prognosis [3]. 
Therefore, HCC becomes one of the major health 
threats. However, the mechanism of HCC develop-
ment is not well understood. To our knowledge, both 
the immune response to HBV and oxidative stress are 
involved in the pathogenesis of HCC [4, 5]. 
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Previous studies have reported that oxidative 
stress takes part in pathogenesis of both HCC and 
CHB [5, 6]. Bolukbas et al reported that increased ox-
idative stress was involved in various forms of HBV 
infection [7]. Another recent study demonstrated that 
oxidative stress could enhance the malignant poten-
tial of HCC through the telomerase activation [8]. 
However, few investigations have focused on the 
difference of oxidative stress status between HCC and 
CHB patients, while the difference of antioxidants 
such as reduced glutathione hormone (GSH) and 
glutathione-S-transferases (GST), is also obscure be-
tween the two groups. 

GST is a family of phase II enzymes that can 
conjugate GSH with various environmental etiologi-
cal factors, and it is ubiquitously expressed in normal 
and malignant tissues [9]. The family is composed of 
eight isoforms: alpha (GSTA), mu (GSTM), pi (GSTP), 
theta (GSTT), tau (GSTZ), sigma (GSTS), omicron 
(GSTO) and kappa (GSTK) [10]. With respect to can-
cers, the most studied member among them is GSTP1, 
who can protect cells from cytotoxic and carcinogenic 
agents. It has been reported that GSTP1 Ile105Val 
polymorphism of GSTP1 was associated with risk of 
various cancers, such as colorectal cancer and esoph-
ageal cancer [11, 12]. In another clinical research, 
Chen, et al, demonstrated that GSTP1 gene poly-
morphisms could increase age-related susceptibility 
to HCC [13]. Moreover, other researchers found that 
GSTP1 genetic polymorphisms could affect GSTP1 
mRNA expression, but the protein expression level of 
GSTP1 was not studied [14].  

GSTP1 promoter methylation was also thor-
oughly investigated in HCC. For instance, a study on 
primary HCC patients reported that GSTP1 promoter 
methylation was more frequent in HCC patients than 
in cirrhosis patients [15]. An in vitro study revealed 
that GSTP1 expression was significantly reduced in 
HepG2.2.15 cells due to the promoter methylation, in 
which western blot was used to detect GSTP1 expres-
sion [16]. To our knowledge, there are few studies 
aimed to assay GSTP1 protein expression with flow 
cytometry in HCC patients. Along with technical ad-
vance in intracellular staining and antibody produc-
tion, flow cytometry becomes a useful measurement 
of intracellular protein, which is a quick and efficient 
way [17]. Therefore, we employed flow cytometry for 
the first time to detect GSTP1 protein in patients with 
HCC and CHB in the current study. 

Based on this background, we aimed to test the 
feasibility of detecting GSTP1 expression with flow 
cytometry and investigate oxidative stress status of 
HCC patients compared with CHB patients in the 
present research. 

Materials and Methods 
General characteristics  

A total of consecutive 38 HCC patients, 38 CHB 
patients and 10 normal controls were enrolled in the 
present study from December 2009 to February 2012. 
The subjects were from the Department of Hepatolo-
gy, Qilu Hospital of Shandong University. CHB di-
agnosis was based on HBsAg and HBV-DNA positive 
for at least 6 months. No sign of cirrhosis was found 
among CHB patients according to B ultrasound, 
computer tomography or liver biopsy. HCC was di-
agnosed with histopathology or typical HCC imaging 
patterns (angiography, computed tomography 
and/or magnetic resonance imaging), combined with 
serum alpha fetoprotein (AFP) level, who had CHB 
history for more than one year [18]. All of the above 
patients and their samples were collected before any 
therapy including medicine and operation. History of 
coronary artery disease, cancer, systemic or local in-
fection, pregnancy, and concomitant chronic hepatitis 
C or hepatitis D, as well as other known liver diseases 
such as alcoholic hepatitis, metabolic or autoimmune 
disorders were considered as exclusion criteria. Gen-
eral characteristics and clinical parameters such as 
ALT, AST, TBIL and PTA were obtained from hospital 
records on the day after admission. Ten ml peripheral 
blood was collected from each patient. The study was 
performed with approval of the Qilu Hospital ethical 
committee of Shandong University, and written con-
sent was signed by each subject. 

Intracellular GSTP1 protein expression analy-
sis by flow cytometry 

Protein expression level of intracellular GSTP1 in 
peripheral mononuclear cells (PBMCs) was analyzed 
by flow cytometry. In detail, 100μl heparinized pe-
ripheral whole blood was fixed with 100μl IC Fixation 
Buffer (eBioscience, Inc. San Diego, CA, USA). Then, 2 
ml H-Lyse Buffer (R&D Systems Inc. Minneapolis, 
Minnesota, USA) was added to each tube to lyse 
erythrocytes. After 10 minutes, the mixture was cen-
trifuged and resuspended in Permeabilization Buffer 
(eBioscience, Inc. San Diego, CA, USA). After cen-
trifugalization, samples were incubated with GSTP1 
antibody (Epitomics, Inc. Burlingame, CA, USA) for 
20 minutes, while nothing was added to tubes of 
negative control. Then they were washed once with 
Permeabilization Buffer and incubated with 
FITC-labeled goat anti-rabbit IgG antibody (KPL, 
Gaithersburg, MD, USA) for 20 minutes. After cen-
trifugalization, they were resuspended in 200 μl 
phosphate buffer saline (PBS). Stained cells were an-
alyzed on a FACSCalibur cytometer (BD Biosciences, 
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San Jose, CA). WinMDI 2.9 was employed to analyze 
positive percentage and mean fluorescence intensity 
(MFI), while regions were gated with lymphocytes. 

RNA extraction and cDNA Synthesis  
RNA was isolated using Trizol (Invitrogen Life 

Science, Carlsbad, California) from PBMCs of HCC 
patients and CHB patients. Then, RNA was converted 
into cDNA by PrimerScript TM RT Reagent Kit (Per-
fect Real Time; Takara, Japan) according to the man-
ufacturer’s instruction. 

Detection of GSTP1 mRNA by quantitative 
reverse transcription polymerase chain reac-
tion (QRT-PCR) 

GSTP1 cDNA sequences were amplified by 
QRT-PCR, following a recent study [16]. In detail, it 
was performed in a total volume of 20 μl containing 
0.5 mmol/L (mM) of each primer (Forward primer, 
ATGACTATGTGAAGGCACTG; Reverse primer, 
AGGTTCACGTACTCAGGGGA), 10 × SYBR Green 
(Toyobo Co., Ltd, Tokyo, Japan), 0.5 mM of cDNA, 
following 40 cycles composed of denaturation at 94℃ 
for 30 seconds, annealing at 60℃ for 45 seconds, and 
extension at 72℃ for minutes, and a final 7 minutes 
extension at 72℃. β-actin was used as an internal ref-
erence gene and GSTP1 mRNA expression level was 
calculated as GSTP1/β-actin in subjects. 

Detection of plasma MDA, XOD, GSH and 
GST levels with En-
zyme-linked-immunosorbent-assay (ELISA) 

Oxidant and antioxidant levels in HCC patients 
and CHB patients were evaluated by plasma levels of 
MDA, XOD, GSH and GST. Human OXISelectTM 
MDA Adduct ELISA kit (Cell Biolabs, INC, USA), 
XOD ELISA kit (Uscn Life Science Inc., Wuhan, Chi-
na), GSH ELISA kit (Uscn Life Science Inc., Wuhan, 
China), and GST ELISA kit (Uscn Life Science Inc., 
Wuhan, China) were employed to detect their plasma 
levels, respectively. Standard protocols provided by 
the manufacturers were exactly followed. 

Statistical analysis 
SPSS 13.0 statistical software (SPSS Inc., Chicago, 

IL) was used to analyze data. GSTP1 positive per-
centage and MFI differences between HCC patients 
and CHB patients were assayed by Independ-
ent-Samples t Test. Mann-Whitney U-test was em-
ployed to compare GSTP1 mRNA expression levels 
between the two groups, while laboratory parameters 
difference were analyzed with Independent-Samples t 
Test. Bivariate correlation was used to analyze the 
relation between GSTP1 level and laboratory param-

eters of HCC and CHB patients. All statistical anal-
yses were two-sided, and P value <0.05 was consid-
ered to be statistically significant. 

Results 
Analysis of general characteristics 

There was no statistical difference in gender 
between HCC patients and CHB patients (χ2=1.49, 
P=0.33), while HCC patients were significantly older 
than CHB patients evaluated by Mann-Whitney U test 
(P<0.01). No statistical difference in ALT, AST, TBIL 
and PTA was found between the two groups (Table 
1). 

 

Table 1. Characteristics of HCC patients and CHB pa-
tients. 

Characteristics  CHB patients HCC patients P value 
Age(years)   < 0.05 
<40 20 1  
40-60 15 13  
>60 3 24  
Gender   0.33 
Female 15 10  
Male 23 28  
HBeAg(+) 24 20 0.49 
HBeAg(-) 14 18  
HBV-DNA(copies/ml)   0.36 
<1×105 copies/ml 17 22  
>1×105 copies/ml 21 16  
ALT(IU/dL) 187.6(243.19) 116.18(120.03) 0.10 
AST(IU/dL) 122.66(166.03) 120.39(146.88) 0.59 
TBIL(μmol/L) 68.81(110.36) 70.73(138.17) 0.98 
PTA(%) 99.13(8.87) 75.42(19.55) 0.47 
Values shown as mean(SD). 

 

Difference of GSTP1 protein and mRNA ex-
pression levels between HCC patients and 
CHB patients  

 No significant difference of GSTP1 protein ex-
pression was found between normal controls and 
CHB patients (3.04±0.65% vs 2.72±1.06%, P>0.05). As 
shown in Fig. 1, protein expression level of GSTP1 in 
HCC patients was significantly decreased in compar-
ison with CHB patients. The positive percentage and 
MFI of GSTP1 in HCC patients were statistically lower 
than in CHB patients (1.13±0.55% vs 2.72±1.06%, 
P=0.005; 2.63±1.02 vs 5.63±2.33, P=0.002). The results 
were illustrated in Fig. 1. 

GSTP1 mRNA expression in HCC patients was 
significantly lower than in CHB patients (median, 
0.04; range, 0.005–0.33 vs. median, 0.06; range, 
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0.02–1.05; P=0.01) analyzed by the Mann-Whitney 
U-test (Fig. 1).  

Oxidant and antioxidant levels in HCC pa-
tients and CHB patients  

MDA and XOD levels were significantly higher 
in HCC patients than CHB patients (19.13±2.01 
pmol/mg vs 12.99±3.55 pmol/mg, P=0.006; 
183.23±78.09 mIU/ml vs 53.96±29.28 mIU/ml, 

P<0.01). In contrast, GSH and GST levels were signif-
icantly lower in HCC patients than CHB patients 
(2.81±1.40 ng/ml vs 5.79±3.03 ng/ml, P<0.01; 
0.26±0.12 μg/ml vs 1.10±0.56 μg/ml, P<0.01), which 
meant that HCC patients were under much more 
severer imbalance of oxidative stress and antioxidant 
defense in contrast to CHB patients (Fig. 2).  

 
Fig 1. (A) Typical results of intracellular flow cytometry for GSTP1 in HCC and CHB patients. (a) Negative control with only FITC-conjugated affinity 
purified antibody fluorescein labeled goat anti-rabbit IgG (H+L); (b) a representative result of intracellular flow cytometry for HCC patients. (c) a rep-
resentative result of intracellular flow cytometry for CHB patients. (B) Results of GSTP1 mRNA expression in CHB and HCC patients. 

 
Fig 2. Results of oxidant and antioxidant levels in CHB and HCC patients. (A) Difference of MDA level in plasma of CHB and HCC patients. (B) Difference 
of XOD level in plasma of CHB and HCC patients. (C) Difference of GSH level in plasma of CHB and HCC patients. (D) Difference of GST level in plasma 
of CHB and HCC patients. 
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Fig 3. (A) Correlation between GSTP1 expression level indicated by mean fluorescence intensity (MFI) and prothrombin activity (PTA) in HCC and CHB 
patients. (B) Correlation between GSTP1 expression level and malondialdehyde (MDA). (C) Correlation between GSTP1 expression level and xanthine 
oxidase (XOD). (D) Correlation between GSTP1 expression level and reduced glutathione hormone (GSH). (E) Correlation between GSTP1 expression 
level and glutathione-S-transferases (GST). 

 
Correlation between GSTP1 level and labor-
atory parameters 

Pearson correlation analyze showed that GSTP1 
expression level indicated by MFI did not correlate 
with ALT, AST, TBIL, except for PTA (Pearson corre-
lation: 0.29, P=0.01, Fig. 3). GSTP1 protein expression 
level was correlated with MDA (Pearson correlation: 
-0.42, P<0.01), XOD (Pearson correlation: -0.40, 
P=0.01), GSH (Pearson correlation: 0.42, P<0.01) and 
GST (Pearson correlation: 0.65, P<0.01), which is 
demonstrated in Fig. 3. 

Discussion 
 Flow cytometry has been used in clinical study 

more and more widely, for it can assess cell surface 
markers and intracellular markers at single-cell level, 
especially in blood diseases [19-21]. As referring to 

liver diseases, researchers employed flow cytometry 
to study the intrahepatic immunological environment 
of chronic viral hepatitis [22]. Most of the studies paid 
attention to immune-related cells, inflammatory fac-
tors and their receptors, such as Th17 cells, IL-10 and 
IL-6 receptor [23, 24]. In the present study, flow cy-
tometry was used to assay GSTP1 protein in periph-
eral blood of HCC patients and CHB patients. Our 
study implies that flow cytometry is a feasible way to 
detect GSTP1 protein at single-cell level. We found 
that GSTP1 protein expression in HCC patients was 
significantly decreased than in CHB patients. Moreo-
ver, we also demonstrated that GSTP1 mRNA ex-
pression in HCC patients was statistically lower 
compared to CHB patients. As well-known, GST fam-
ily is involved in the detoxification of carcinogens. 
Therefore, our result suggests that decreased GSTP1 
expression takes part in the development of HCC 
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from CHB, which is the most studied member of GST 
family. 

In agreement with our results, other researchers 
also found decreased GSTP1 expression in various 
cancers, such as prostate cancer and breast cancer 
[25,26]. Furthermore, a recent study on patients with 
HCC also demonstrated that GSTP1 mRNA expres-
sion was reduced due to the promoter methylation of 
GSTP1 [27]. Several studies have found that GSTP1 
change could be a clue to detect prostate cancer 
[28-30]. As referring to HCC, previous studies re-
vealed that silencing of GSTP1 expression caused by 
promoter methylation was involved in hepatocarcin-
ogenesis and early stage of HCC [31, 32]. In addition, 
decreased GSTP1 expression could facilitate high lev-
el of alfatoxin B1-DNA adducts, which is an im-
portant dietary carcinogen of HCC [33]. Combined 
with the above findings, we conclude that reduced 
GSTP1 expression is associated with high risk of HCC 
development form CHB, which is worth further in-
vestigation. GSTP1 expression change may be a char-
acterization in the development of HCC from CHB. 
Detection of GSTP1 expression by flow cytometry is 
feasible and it directs more targeted therapy for HCC 
patients with lower GSTP1 expression levels.  

Considering that GSTP1 plays an important role 
in antioxidant defenses, we further assayed levels of 
other oxidants and antioxidants in patients with HCC 
and CHB. Significantly higher MDA and XOD plasma 
levels were found in HCC patients than in CHB pa-
tients. In contrast, statistically lower GSH and GST 
levels were detected in HCC patients compared with 
CHB patients. Our results indicate that HCC patients 
are under much more severer imbalance of oxidants 
and antioxidants CHB patients. The imbalance attrib-
utes to increased oxidants and decreased antioxidants 
such as GSH and GSTP1. Other isoforms of GST fam-
ily may also contribute to the imbalance, such as 
GSTA1, the predominant isoforms, which needs fur-
ther studies [34]. 

In accordance with our findings, a previous 
study reported that severe oxidative stress existed not 
only in patients with CHB but also in CHC patients, 
and it could lead to hepatic oxidative DNA damage 
[35]. Our study provides more evidence for the theory 
that oxidative stress is capable of damaging DNA and 
promoting the malignancy in development of HCC 
[36]. The mechanism involved may be that series 
transcription factors including NF-κB, AP-1, p53, 
HIF-1α, PPAR-γ could be activated by oxidative stress 
[34]. Those factors can induce over 500 genes’ expres-
sion, some of which could contribute to carcinogene-
sis from chronic inflammation [34]. In fact, continuous 
inflammatory and regenerative stimuli during the 

long progression of HBV infection is also involve in 
the carcinogenesis of HCC. HBV protein X (HBx) has 
been documented to inhibit the production of certain 
anti-oncogenes such as p53 [37]. On the other hand, 
inflammatory cells activated by HBV infection can 
secrete reactive oxygen and nitrogen species, and 
eventually result in oxidative stress. Oxidative stress 
can damage hepatic DNA primarily by hydroxyl rad-
icals [38]. Moreover, other oxidants such as superox-
ide radicals and hydrogen peroxides can enhance 
intracellular DNA damage and modify cell prolifera-
tion, apoptosis and cell motility in the development of 
HCC [39]. Based on the above findings, we conclude 
that oxidative stress and chronic inflammation take 
part in HCC initiation (an early event of HCC car-
cinogenesis may be integration of hepatitis B virus 
genome and hepatic inflammation induced by HBsAg 
favors this process), promotion (hepatic DNA could 
be damaged by oxidative stress along with inflamma-
tion), and progression ( malignant cells becomes more 
aggressive ). The above model of cancer development 
has been verified in mouse recently [40-43]. Therefore, 
it is reasonable to speculate that supplement of anti-
oxidants such as GSH could be useful in the treatment 
of HCC patients and reduce the incidence of HCC 
development from CHB.  

Our study also reveals that decreased GSTP1 
expression is involved in the imbalance of oxidant 
and anti-oxidant, as it is correlated with MDA, XOD, 
GSH and GST analyzed by Pearson correlation. 
However, it should be noted that this study only ex-
amined 38 Chinese HCC patients, further investiga-
tions on more patients and other ethnicities should be 
carried out to verify our findings. Moreover, other 
members of GST family such as GSTM1 and GSTT1 
have also been investigated in HCC. A meta analysis 
showed that GSTM1 and GSTT1 null genotype might 
increase the risk of HCC [44]. However, the clinical 
demographic characteristics of these protein from 
large population of HCC patients have not been 
studied yet, which will be detected in our further 
studies.  

In summary, detection of GSTP1 protein by flow 
cytometry is feasible in clinical research. Reduced 
GSTP1 expression might contribute to the oxi-
dant/antioxidant imbalance in HCC patients com-
pared with CHB patients. 
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