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Abstract As the most important detoxifying enzymes in liv-
er, glutathione S-transferases (GSTs) can protect hepatocytes
against carcinogens. We conducted a large cohort study to
investigate the prognostic value of single nucleotide polymor-
phisms (SNPs) in seven encoding genes of GSTs for hepato-
cellular carcinoma (HCC). Twelve SNPs were genotyped and
correlated with overall survival in 469 HCC patients. The
median follow-up time of all patients was 21 (range 3-60)
months, and the median survival time was 22 months. By
the end of the study, 135 (28.8 %) patients were alive. Only
rs4147581 in GSTPI gene exhibited a significant association
with survival of HCC patients (P=0.006), with its mutant
allele bearing a significantly lower risk of death (hazard ratio,
0.71; 95 % confidence interval 0.53—0.90), compared with the
homozygous wide-type. A longer median survival time in
patients with rs4147581 mutant allele was noticed than those
homozygous wide-type (P=0.03), and there was a marked
adverse effect on survival conferred by smoking exposure in
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these patients. Conclusively, our findings provide supporting
evidence for a contributory role of GSTPI rs4147581 poly-
morphism in predicting the prognosis of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, accounting for up to 500,000 deaths per
year. Nearly half of HCC morbidities and mortalities are
projected to occur in China [1], probably due to the chronic
infection of hepatitis B virus, a common carcinogen to HCC
[2]. Other environmental carcinogens such as aflatoxin or
chemical carcinogens are also established as potential contrib-
utors to hepatic carcinogenesis [3]. It is therefore reasonable to
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assume that the metabolizing enzymes responsible for carcin-
ogen detoxification are logical candidate biomarkers to enrich
our understanding of molecular hepatic carcinogenesis.
Glutathione S-transferases (protein: GSTs; gene: GST5) are
a broadly expressed family of phase II isoenzymes that protect
normal cells against the damages induced by hepatitis B virus
or aflatoxin-related hepatocarcinogens [4]. There is a general
recognition that loss of detoxification function in GSTs can
increase cancer risk [5—7]. In humans, there are several classes
of GSTs, viz. « (GSTA), u (GSTM), t (GSTP), 8 (GSTT),
and w (GSTO) [5, 8]. Recently, growing observations have
indicated that the effectiveness of the detoxifying properties of

GSTs is genetically determined [9] because genetic polymor-
phisms can produce remarkable changes in the metabolic pro-
cess of carcinogens and chemotherapeutic agents [10], in-
crease the risk of HCC and other malignances [9, 11-19],
and affect the survival status of cancer patients [11-13, 17].
The most widely evaluated genetic polymorphisms are har-
bored in the coding genes for GSTM1 and GSTT1. However,
a literature search has not yet revealed any evidence regarding
the association of other GST genes with overall survival of
HCC patients.

To fill the gap in knowledge and generate useful informa-
tion, we previously genotyped several SNPs in GST genes in a

Table 1 Variate analysis of

factors associated with HCC Variables Outcome, 71 (%) CHR (95 % CI)  P-value* AHR (95 % CI)  P-value**
overall survival
Dead Alive

Age (years)

<55 150 (44.9) 85 (63.0) 1 (ref) 1 (ref)

>55 184 (55.1) 50 (37.0) 1.90 (1.52-2.37)  <0.001 2.18 (1.66-2.88)  <0.001
Gender

Male 267 (79.9) 116(85.9) 1 (ref)) 1 (ref)

Female 67 (20.1) 19 (14.1) 1.69 (1.29-2.21)  <0.001 1.56 (1.19-2.06)  0.001
Smoking behaviors

No 213 (63.8) 97 (71.9) 1 (ref) 1 (ref)

Yes 121 36.2) 38(28.1) 1.13 (1.01-1.27)  0.028 1.08 (0.95-1.20)  0.253
HBsAg status

Negative 54 (16.2) 11 (8.1) 1 (ref)) 1 (ref))

Positive 280 (83.8) 124 (91.9) 1.00(0.74-1.34) 0.973 1.03 (0.75-1.61)  0.853
Cirrhosis

Absent 89 (26.6) 44 (32.6) 1 (ref)) 1 (ref))

Present 245 (73.4) 91 (67.4) 0.94 (0.74-1.20)  0.622 0.80 (0.62-1.04)  0.099
Child—Pugh score

A 219 (65.6) 115(85.2) 1 (ref) 1 (ref))

B 115(34.4) 20(14.8) 1.03 (0.82-1.29)  0.829 1.69 (1.25-2.28)  0.001
AFP level (ng/mL)

<200 190 (56.9) 64 (47.4) 1 (ref) 1 (ref)

>200 144 (43.1) 71 (52.6) 0.88 (0.71-1.09)  0.233 1.02 (0.82-1.27)  0.886
Tumor size (cm)

<5 143 (57.2) 66 (48.9) 1 (ref) 1 (ref)

>5 191 (42.8) 69 (51.1) 1.20 (0.97-1.50)  0.093 1.20 (0.97-1.49)  0.093
TNM staging

I+11 143 (42.8) 94 (69.6) 1 (ref)) 1 (ref))

I 191 (57.2) 41304 1.49 (1.34-1.67)  <0.001 1.46 (1.30-1.64)  <0.001
Treatment

Surgical 111 (33.2) 103 (76.3) 1 (ref) 1 (ref))

Non-surgical 223 (66.9) 32 (23.7) 1.73 (1.73-2.18)  <0.001 1.55 (1.23-1.97)  <0.001

Adjusted variables were adopted for their prognostic significance by univariate analysis
CHR crude hazard ratio, AHR adjusted hazard ratio (adjusted by age, gener, Child—Pugh score, TNM stage, and

treatment), C/ confidence interval

*P-value was derived from univariate analysis; **P-value was derived from multivariate analysis using Cox

proportional hazards regression model
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cohort of 214 patients and found that polymorphisms of
GSTO2 and GSTPI might be associated with survival in
HCC [20, 21]. To confirm or refute the results, an enlarged
study was conducted. In the present study, we recruited 469
patients to provide convincing association between genetic
polymorphisms in GST genes and the 5-year survival in HCC.

Materials and methods
Ethics

The ethics committee at the First Affiliated Hospital of Xi’an
Jiaotong University has reviewed and approved this study.
Written informed consent has been obtained from each partic-
ipant at enrollment.

Study subjects

A total of 469 HCC patients of Han descent were enrolled from
the Department of Hepatobiliary Surgery and Department of
Cardiology and Periphery Vascular Medicine at the First
Affiliated Hospital of Xi’an Jiaotong University between
January 2009 and November 2014. Patients were eligible for

the study if they met the following criteria: (1) 18 years or older,
(2) suffered HCC, the diagnosis of which was based on the
National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines in Oncology, and (3) have no previous
history of other types of cancer or cancer-related treatments.

Demographic and clinical data

Demographic data were gathered using a standardized epide-
miological questionnaire. Peripheral blood sample (5 mL) was
drawn from each eligible patient after an interview. Detailed
clinical data were obtained from patients’ medical records and
consultation with physicians, including date of diagnosis,
smoking behavior, history of hepatitis virus infection and liver
cirrhosis, Child-Pugh score, serum alpha-fetoprotein (AFP)
level at diagnosis, venous invasion, and clinical staging.
Clinical staging was determined by the tumor-node—metasta-
sis (TNM) classification system (UICC /AJCC, 2010). During
follow-up, vital status on HCC patients was updated at a 3-
month interval by a trained clinical specialist through an on-
site interview, direct calling, or medical chart review. Each
patient was followed up regularly after therapy until the end
of our follow-up period on 3/31/2015. Demographic and clin-
ical characteristics of all HCC patients are shown in Table S1.

Fig. 1 Kaplan—Meier curves for A B
HCC patients in multiple Age at diagnosis Gender
subgroups. Overall survival of _100 __1oo
HCC patients was categorized by =2 Log Rank P <0.001 = Log Rank P <0.001
a age at diagnosis, b gender, ¢ % 80 E 80
smoking behavior, and d TNM > >
stage = 604 ?.?:2:54?5? = 60 Male
@ a (n=383)
o o
2 404 2 40
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SNP selection

All examined SNPs were selected from the NIEHS (National
Institute of Environmental Health Sciences, http://snpinfo.
niehs.nih.gov/snpinfo/snptag.htm) according to our previous
studies [20, 21]. In total, 12 SNPs were selected from seven
genes: GSTAI (rs6917150), GSTA4 (rs385636), GSTM?2
(rs638820), GSTM3 (rs1109138, rs7483), GSTOI1
(rs2282326, rs17116779), GSTO2 (rs156699, rs7085725,
rs157077), and GSTPI (1s4147581, rs2370141).

Genotyping

Venous blood of each patient was stored in Vacutainer tubes at
4 °C. Genomic DNA was extracted using the E.Z.N.A. Blood
DNA Midi Kit (Omega Bio-Tek, Norcross, GA, USA) accord-
ing to the manufacturer’s instructions. DNA was dissolved in
TE buffer (10 mM Tris at PH 7.8, 1 mM EDTA) and then

quantified by a measurement of OD260. The final preparation
was stored at —20 °C. Genotyping was performed using the
Sequenom iPLEX genotyping system (Sequenom Inc, San
Diego, CA, USA). The laboratory personnel who performed
the genotyping was blinded to the vital status of the patients.

Statistical analysis

All statistical analyses were performed using the SPSS version
21.0 statistical package for Microsoft Windows (SPSS,
Chicago, IL, USA). Survival time of HCC patients was de-
fined as the period from the date of first diagnosis to the date
of death (clinical endpoint) or last follow-up (censored). The
Pearson x” test was used to compare the distributions of de-
mographic and clinical variables by survival status. Hazard
ratio (HR) and its 95 % confidence interval (CI) were estimat-
ed from a multivariate Cox proportional hazards model,
adjusting for age, gender, Child—Pugh score, and TNM stage.

Table 2 Associations between 12 SNPs examined and overall survival in HCC patients
Gene SNP Genotype Outcome, 7 (%) CHR (95 % CI) P-value* AHR (95 % CI) P-value**
Dead Alive
GSTAI 156917150 TT 159 (47.6) 59 (43.7) 1 (ref)) 1 (ref))
TC+CC 175 (52.4) 76 (56.3) 0.96 (0.77-1.19) 0.703 1.09 (0.88-1.36) 0.423
GSTA4 1385636 AA 208 (62.3) 93 (68.9) 1 (ref)) 1 (ref))
AG+GG 126 (37.7) 42 (31.1) 1.21 (0.97-1.52) 0.088 1.03 (0.82-1.30) 0.793
GSTM2 1638820 TT 129 (38.6) 52(38.5) 1 (ref)) 1 (ref))
TC+CC 205 (61.4) 83 (61.5) 1.13 (0.91-1.41) 0.276 1.07 (0.86-1.35) 0.503
GSTM3 rs1109138 GG 250 (74.9) 96 (71.1) 1 (ref)) 1 (ref))
GA+AA 84 (25.1) 39(28.9) 0.90 (0.70-1.15) 0.388 0.97 (0.76-1.25) 0.817
157483 AA 171 (51.2) 66 (48.9) 1 (ref)) 1 (ref))
AG+GG 163 (48.8) 69 (51.1) 0.99 (0.80-1.23) 0.944 1.01 (0.81-1.25) 0.907
GSTO! 152282326 AA 181 (54.2) 62 (45.9) 1 (ref)) 1 (ref)
AC+CC 153 (45.8) 73 (54.1) 0.84 (0.68-1.05) 0.123 0.97 (0.78-1.20) 0.808
117116779 GG 293 (87.7) 124 (91.9) 1 (ref)) 1 (ref))
GA+AA 41 (12.3) 11 (8.1) 1.14 (0.82-1.58) 0.433 1.05 (0.76-1.47) 0.750
GSTO2 15156699 TT 205 (61.4) 88 (65.2) 1 (ref)) 1 (ref))
TC+CC 129 (38.6) 47 (34.8) 1.18 (0.94-1.47) 0.150 1.11 (0.89-1.39) 0.331
157085725 TT 250 (74.9) 120 (88.9) 1 (ref)) 1 (ref))
TC+CC 84 (25.1) 15 (11.1) 1.19 (0.93-1.53) 0.175 0.94 (0.73-1.22) 0.650
5157077 AA 119 (35.6) 54 (40.0) 1 (ref)) 1 (ref))
AG+GG 215 (64.40 81 (60.0) 1.29 (1.03-1.62) 0.026 1.15 (0.91-1.43) 0.248
GSTPI rs4147581 GG 151 (45.2) 52 (38.5) 1 (ref)) 1 (ref))
GC+CC 183 (54.8) 83 (61.5) 0.767 (0.62-0.96) 0.018 0.76 (0.61-0.95) 0.015
152370141 AA 220 (65.9) 89 (65.9) 1 (ref)) 1 (ref)
AG+GG 114 (34.1) 46 (34.1) 0.95 (0.76-1.19) 0.648 0.90 (0.72-1.13) 0.379

Adjusted variables were adopted for their prognostic significance by univariate analysis

CHR crude hazard ratio, AHR adjusted hazard ratio (adjusted by age, gender, Child—Pugh score, TNM stage, and treatment), C/ confidence interval

*P-value was derived from univariate analysis; **P-value was derived from multivariate analysis using Cox proportional hazards regression model
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Kaplan—Meier curve and log-rank test were used to assess
overall survival (OS) differences. Survival tree analysis was
performed to classify HCC patients into distinct risk sub-
groups using the STREE software (http://c2s2.yale.edu/
software/stree/). All statistical tests were two-sided, and a P
value <0.05 was considered to be statistically significant.

Results
Host characteristics

The median age of 469 patients (383 men and 86 women) was
55 years (mean+SD 54.3+14.4; range 2087 years) at the time
of HCC diagnosis. Of all study patients, 86.1 % (n=404) were
HBsAg (surface antigen of the hepatitis B virus) positive, 71.2 %
(n=334) had a Child—Pugh score A, and 33.9 % (n=159) were
(current) smokers. There were 55.4 % (n=260) of patients with
tumor size >5 cm and 45.8 % (n=215) with significantly in-
creased serum AFP (>200 ng/mL). The percentage of patients
with TNM stage I+1I and stage III was 50.5 % (n=237) and
49.5 % (n=232), respectively. The median follow-up time of all
patients was 21 months (range 3—60 months). At the latest fol-
low-up, the median survival time for the entire cohort of patients

was 22 months, and 135 (28.8 %) patients were alive (Table S1).

Prognostic significance

Cox proportional hazards regression model was constructed to
identify the prognostic factors for OS of HCC patients. First,
univariate analysis and Kaplan—Meier analysis showed that
younger age (<55 years) [HR (95 % CI) 0.46 (0.42-0.66);
p<0.001], male gender [0.59 (0.45-0.78); p<0.001], non-
smoking behavior [0.88 (0.79-0.99); p=0.03], and early
TNM stage (I+1I) [0.67 (0.60-0.75); p=0.001] were protec-
tive factors against death in HCC patients (Table 1 and Fig. 1).
HBsAg status, cirrhosis, Child—Pugh score, serum AFP, and
tumor size were not associated with clinical outcome
(P>0.05) (Table 1). Furthermore, multivariate analysis re-
vealed that age (P<0.001), gender (P=0.001), and TNM stage
(P<0.001) were independent prognostic predictors for OS of
HCC patients (Table 1), and low Child—Pugh score [0.59
(0.44-0.80); p=0.001) exhibited an independent association
with longer survival time.

GST polymorphisms and HCC clinical outcomes

Of the 12 SNPs examined, only rs4147581 in GSTP1 was
significantly associated with OS of HCC patients under the
dominant model of inheritance (Table 2). Patients carrying at
least one mutant allele of rs4147581 had a significantly
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Fig. 2 Kaplan-Meier curves for HCC patients with GSTPI rs4147581 different genotypes. Overall survival of HCC patients was evaluated in a all
patients, b male patients, ¢ non-smokers, d patients with AFP <200 ng/mL, and e patients with clinical stage I+1I
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decreased risk of death [HR (95 % CI) 0.76 (0.61-0.95)] when
compared with those homozygous wild type (P=0.02).
Kaplan—Meier analysis showed a significantly longer median
survival time in patients with the mutant allele of rs4147581
than those without (24.1 vs. 20.9 months; log rank P=0.02)

(Fig. 2a).

GSTP1 rs4147581 and OS in low-risk HCC patients

The impact of GSTP rs4147581 on OS of HCC patients who
were stratified by demographic and clinicopathological

Table 3 Stratified analysis on the

characteristics is shown in Table 3. There was a significant
reduction in death risk conferred by rs4147581 in male pa-
tients [HR (95 % CI) 0.74 (0.58-0.94); P=0.02], in non-
smokers [0.74 (0.56-0.97); p=0.03], in patients with AFP
<200 ng/mL [0.65 (0.48-0.88); p=0.01], and in patients with
clinical stage I+1I [0.61 (0.43-0.85); p=0.01]. As indicated
in Fig. 2b—e, log-rank tests further found significant differ-
ences in OS between the mutant allele carriers and the wild-
type homozygous carriers of rs4147581 in male gender, non-
smokers, low AFP (<200 ng/mL), or early stage (TNM I+1I)
(P=0.02, 0.03, 0.02, and <0.001, respectively).

association between GSTPI Variable Dead/alive, n CHR (95 % CI) P-value*  AHR (95 % CI) P-value**
rs4147581 genotype and overall
survival of HCC patients GG GC+CC
Age (years) 203 266
<55 73/31 77/54 0.65 (0.47-0.90)  0.009 0.73 (0.53-1.01)  0.059
>55 78/21 106/29 0.90 (0.67-1.21)  0.480 0.82(0.61-1.10)  0.188
Gender
Male 120/44  147/72 0.76 (0.60-0.97)  0.025 0.74 (0.58-0.94)  0.016
Female 31/8 36/11 0.87(0.54-1.42)  0.585 0.92 (0.56-1.52)  0.742
Smoking behavior
No 89/31 124/66 0.73 (0.56-0.96)  0.026 0.74 (0.56-0.97)  0.030
Yes 62/21 59/17 0.94 (0.66-1.35)  0.736 0.85(0.59-1.22) 0377
HBsAg status
Negative 28/2 26/9 0.57(0.33-0.99)  0.044 0.75 (0.42-1.35) ~ 0.338
Positive 123/50  157/74 0.83 (0.65-1.05)  0.117 0.81 (0.64-1.03)  0.083
Cirrhosis
Absent 41/17 48/27 0.68 (0.44-1.03)  0.069 0.70 (0.46-1.07)  0.101
Present 110/35 135/56 0.81 (0.63-1.04)  0.095 0.84 (0.65-1.09)  0.178
Child—Pugh score
A 99/47 120/68 0.83 (0.63-1.08)  0.159 0.79 (0.60-1.04)  0.090
B 52/5 63/15 0.68 (0.47-0.98)  0.039 0.69 (0.47-1.01)  0.056
AFP level (ng/mL)
<200 80/21 110/43 0.69 (0.51-0.92)  0.012 0.65(0.48-0.88)  0.005
>200 71/31 73/40 0.84 (0.60-1.16)  0.280 091 (0.65-1.27)  0.577
Tumor size (cm)
<5 69/30 74/37 0.83 (0.60-1.16)  0.273 0.76 (0.54-1.06)  0.113
>5 82/23 109/46 0.71 (0.53-0.94)  0.019 0.75 (0.56-1.01)  0.056
TNM staging
I+11 66/30 77/64 0.61 (0.44-0.85)  0.004 0.61 (0.43-0.85)  0.003
m 85/22 106/19 1.01 (0.75-1.34)  0.969 0.93 (0.69-1.23)  0.615
Treatment
Surgical 57/46 54/57 0.70 (0.48-1.02)  0.064 0.74 (0.51-1.07)  0.111
Non-surgical ~ 94/6 129/26 0.75(0.58-0.99)  0.038 0.78 (0.59-1.02)  0.068
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Adjusted variables were adopted for their prognostic significance by univariate analysis

CHR crude hazard ratio, AHR adjusted hazard ratio (adjusted by age, gender, Child—Pugh score, TNM stage, and
treatment), CI confidence interval

*P-value was derived from univariate analysis; **P-value was derived from multivariate analysis using Cox
proportional hazards regression model
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Smoking and OS in rs4147581 mutant allele carriers

As shown in Table S2, there was a significant difference in the
genotype distributions of GSTP/ rs4147581 in patients with vs.
without smoking behavior (P=0.01), as well as in patients clas-
sified by smoking quantity (P=0.02) (Fig. 3a). Patients carrying
the mutant allele of rs4147581 were overrepresented in non-
smokers relative to smokers. To investigate the interactive role
of 154147581 and smoking habit in HCC progression, Kaplan—
Meier curves for patients with the mutant allele across different

Fig. 3 Kaplan—Meier curves for A
HCC patients with different
smoking behaviors. a Genotype

smoking exposures are depicted in Fig. 3. Overall survival of
rs4147581 mutant allele carriers was adversely affected by
smoking exposure (Fig. 3c, e). In contrast, the association be-
tween smoking exposure and clinical outcome was not signif-
icant among patients homozygous for the wild type (Fig. 3b, d).

Survival tree analysis

A survival tree analysis was carried out to explore the poten-
tial prognostic value of rs4147581 (Fig. 4). The top splitting
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Fig. 4 Classification and A
regression tree analysis of GSTP/
rs4147581. a Survival tree
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factor was TNM stage, followed by age and rs4147581,
resulting in four terminal node tree (Fig. 4a). The median
survival time was 16.6 months for terminal node 1 (HCC
patients with stage III) and 19.7 months for terminal node 2
(patients with stage [+1I and age >55 years). In younger HCC
patients (age <55 years) with stage [+1I, rs4147581 mutant
allele carriers had a better clinical outcome with a median
survival time of 29.0 months when compared with those ho-
mozygous wild type (P<0.001; Fig. 4b).

Discussion

In this study, we assessed the impact of 12 well-selected poly-
morphisms within seven promising genes on the S-year sur-
vival of HCC in a large Chinese cohort. The most important
finding is that polymorphism rs4147581 in GSTPI gene was
significantly associated with overall survival of 469 HCC pa-
tients. Moreover, this polymorphism might be an independent
prognostic marker for HCC, especially in the male and non-
smokers, as well as patients with a lower serum AFP level, and
early clinical stage.

GSTP1 is a member of glutathione S-transferase family and
acts as a part of the protective system against a wide range of
potentially harmful cytotoxic compounds. Previous studies
have demonstrated that GSTP/ genetic defects contribute to
an increased risk and poor clinical outcome of various malig-
nancies, such as esophageal cancer [22], colorectal cancer
[11], glioma [13], breast cancer [9, 23], prostate cancer [24],
and ovarian cancer [12, 25]. Loss of GSTPI has been sug-
gested to increase the risk of DNA damage and mutation
and consequently lead to HCC carcinogenesis and progression
[7]. However, little is known to date about the genetic effect of
GSTPI on HCC risk and prognosis. Chen et al. [16] reported
that GSTP! gene polymorphisms might contribute to an in-
creased risk of HCC in Taiwanese, reinforcing the hypothesis
that the GSTP1 gene is a logical candidate for cancer progres-
sion. In our previous study, we have identified a common
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polymorphism rs4147581 in GSTPI as a primary factor to
predict the clinical outcome of HCC patients [20]. The poten-
tial contribution of rs4147581 to OS of HCC was further con-
solidated by an enlarged cohort that was conducted in the
present study.

Although the exact mechanism by which GSTPI
rs4147581 polymorphism exerts its effect on clinical outcome
remains largely unknown, there are several biological hints
from medical literature. According to the public genotyping
(GSE28127) and gene expression (GSE22058) datasets from
National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) database (http://www.ncbi.nlm.
nih.gov/geo/), the wild-type allele of rs4147581 polymor-
phism was observed to be associated with lower GSTP/ ex-
pression [20]. In addition, as reflected by the eQTL (expres-
sion quantitative trait loci) analysis (http://www.sanger.ac.uk/
resources/software/genevar/), the GSTPI expression differs
significantly according to rs4147581 genotypes.
Furthermore, a recent study reported a close relation
between GSTPI rs4147581 polymorphism and smoking-
related DNA methylation [26], which resulted in downregu-
lation of GSTPI in liver cancer cell lines or tumor tissues [7,
27, 28]. On the basis of these observations, we therefore de-
veloped a hypothesis that, if involved, rs4147581 variant
might upregulate GSTP! expression through inhibiting DNA
methylation, which might at least in part explain the marked
survival advantage across its genotypes observed in this co-
hort study.

As a metabolizing enzyme, GSTPI has been extensively
investigated in the activation and detoxification of
procarcinogens in tobacco smoke [14, 29]. As expected, we
observed a close relationship between GSTP/ rs4147581 var-
iant and smoking behavior in HCC patients. Further stratifi-
cation by smoking quantity, our findings supported a protec-
tive role of rs4147581 mutant allele in non-smoking patients.
It is of interest to note that carriers of rs4147581 mutant allele
who had prolonged survival time were more susceptible to
smoking exposure. All these observations indicated that


http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.sanger.ac.uk/resources/software/genevar/
http://www.sanger.ac.uk/resources/software/genevar/

Tumor Biol. (2016) 37:943-952

951

patients who carried the rs4 147581 mutant allele might benefit
from smoking cessation, which may guide those patients to
make a wise decision.

Several possible limitations should be acknowledged. First,
our findings in Han Chinese may not be generalizable to other
ethnic or racial groups. Second, the moderate sample size after
stratification precluded further interaction explorations be-
tween GSTPI genetic alterations and environmental risk fac-
tors. Third, our study presents limited evidence for revealing
the functional mechanism of GSTP! polymorphism, which
needs further investigation in future experimental studies.

In conclusion, we demonstrate the first epidemiological
evidence supporting a contributory role of GSTPI
rs4147581 polymorphism in predicting HCC prognosis in a
large cohort. If validated, this polymorphism may potentially
serve as a simple non-invasive predictive biomarker for clin-
ical outcome of HCC in the future.
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