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Abstract: Background: Although a number of studies have been conducted on the association between GSTT1 poly-
morphism and breast cancer in China, this association remains elusive and controversial. To clarify the effects of 
GSTT1 polymorphism on the risk of breast cancer, an updated meta-analysis was performed in the Chinese popula-
tion. Material/methods: Related studies were identified from PubMed, Springer Link, Ovid, Chinese Wanfang Data 
Knowledge Service Platform, Chinese National Knowledge Infrastructure (CNKI), and Chinese Biology Medicine 
(CBM) to up 28th January 2015. Pooled ORs and 95% CIs were used to assess the strength of the associations. 
Results: A total of 13 studies including 3387 breast cancer cases and 5085 controls were involved in this meta-
analysis. Overall, a significant association (OR = 1.31, 95% CI: 1.02-1.67) was found between the null GSTT1 and 
breast cancer risk when all studies in Chinese population pooled into the meta-analysis. In subgroup analyses 
stratified by geographic areas and source of controls, it revealed the significant results in population-based studies 
(OR = 1.42, 95% CI: 1.23-1.65) and South China (OR = 1.47, 95% CI: 1.27-1.70). Conclusions: This meta-analysis 
showed that the null GSTT1 may be potential biomarkers for breast cancer risk in Chinese, and further studies with 
gene-gene and gene-environment interactions are required for definite conclusions.
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Introduction 

Breast cancer is the most frequently diagnosed 
cancer and the leading cause of cancer death 
in females worldwide, accounting for 23% (1.38 
million) of the total new cancer cases and 14% 
(458400) of the total cancer deaths in 2008 
[1]. The age-standardized incidence and mor-
tality rates of breast cancer in China in 2008 
were 31.71 per 100,000 and 6.48 per 100000 
respectively [2]. It also shows a continuously 
increasing trend in morbidity of breast cancer 
in China over recent years [1, 2]. The mecha-
nism of breast carcinogenesis is still not fully 
understood. It has been suggested that low-
penetrance susceptibility genes combining 
with environmental factors may be important in 
the development of cancer [3]. In recent years, 
several common low-penetrant genes have 
been identified as potential breast cancer sus-

ceptibility genes. An important one is glutathi-
one S-transferase (GST), which consists of five 
distinct families, namely alpha (GSTA), sigma 
(GSTS), mu (GSTM), pi (GSTP), and theta (GSTT) 
[4]. Located on the long arm of chromosome 22 
(22q11.23), the GSTT1 plays an important role 
in the xenobiotics’ detoxification. The most 
common genotype of GSTT1 gene is homozy-
gous deletion (null genotype), which has been 
suggested to be associated with the loss of 
enzyme activity, increased vulnerability to cyto-
genetic damage and resulted in the increased 
susceptibility to cancer [5, 6]. An association 
between GSTT1 polymorphism and breast can-
cer was first reported by Bailey and co-workers 
in 1998 in Caucasian and African-American 
women [7], after which many studies analyzed 
the influence of GSTT1 polymorphism on breast 
cancer risk; no clear consensus, however, was 
reached. As previously reviewed [8], the preva-
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GSTT1 polymorphism in pa- 
tients and controls, (4) all par-
ticipants were Chinese. The 
reasons for exclusion of stud-
ies were: (1) duplicate publica-
tions, (2) incomplete data, (3) 
no control, (4) meta-analyses, 
letters, reviews, or editorial 
articles.

Data extraction

Information was carefully extra- 
cted from all eligible publica-
tions independently by two 
authors according to the inclu-
sion criteria. Disagreements 
were resolved through a dis-
cussion between the two 
authors. The title and abstract 
of all potentially relevant arti-
cles were screened to deter-
mine their relevance. Full arti-

lence of GSTT1 null status ranges from 20% in 
Caucasians to 60% among Asians. In order to 
lessen the impact of different genetic back-
ground, we performed this update meta-analy-
sis to assess the relationship of GSTT1 poly-
morphism with risk of breast cancer in only 
Chinese population.

Materials and methods

Search strategy and selection criteria

The studies were searched using PubMed, 
Springer Link, Ovid, Chinese Wanfang Data 
Knowledge Service Platform, Chinese National 
Knowledge Infrastructure (CNKI), and Chinese 
Biology Medicine (CBM) up to 28th January 
2015. The key words used combination of the 
following terms: (1) GSTT1 or GST T1; (2) breast 
cancer or breast neoplasms; (3) polymorphism 
or variant or variation; and (4) Chinese or China 
or Taiwan. The search was performed without 
any restrictions on language and focused on 
studies conducted in humans. Besides, the ref-
erences from retrieved articles were also 
searched. The criteria used to select studies for 
this meta-analysis were as follows: (1) indepen-
dent cohort or case-control studies for human, 
(2) all patients with the diagnosis of breast can-
cer confirmed by pathological or histological 
examinations, (3) provides the distribution of 

cles were also scrutinized if the title and 
abstract were ambiguous. The following data 
were extracted from the identified studies: the 
first author, publication year, source of controls, 
geographic area, sample size, and the number 
of subjects with two GSTT1 genotypes. 

Statistical analysis

Statistical analysis was conducted by using 
STATA statistical package (version 10, STATA, 
College Station, TX). Odds ratios (ORs) with 
95% confidence intervals (CIs) were used to 
determine the strength of association between 
the GSTT1 null genotype and breast cancer 
risk, and the significance of the pooled OR was 
determined by the Z test. Cochran’s Q-statistic 
was used to assess between-study heteroge-
neity, and a significant Q-statistic (P < 0.10) 
indicated heterogeneity across studies. If there 
was heterogeneity, then the random-effects 
model was chosen to pool the ORs with 95% 
CIs, otherwise the fixed-effects model was 
used. Sensitivity analyses were conducted by 
sequential omission of individual studies 
involved in the meta-analysis. Publication bias 
was investigated with the funnel plot, in which 
the Standard Error (SE) of log OR of each study 
was plotted against its OR. Funnel-plot asym-
metry was further assessed by the method of 

Figure 1. Flow diagram of the literature search.
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Table 1. Characteristics of studies included in the meta-analysis

Refence Year Source of 
controls Area Case

number
Control
number

Case Control

Null 
genotype Non-null Null  

genotype Non-null

Ceschi [9] 2005 PB Singapore 256 667 100 156 282 385
Chang [10] 2006 PB Taiwan 189 420 111 78 210 210
Cheng [11] 2005 PB Taiwan 461 736 223 238 336 400
Cui [12] 2010 PB Tianjin 315 360 147 168 78 282
Egan [13] 2004 PB Shanghai 1136 1210 557 579 596 614
Fan [14] 2012 HB Jiangsu 93 89 51 42 30 59
Gago-Dominguez [15] 2004 PB Singapore 180 466 66 114 204 262
Li [16] 2008 PB Sichuan 78 78 35 43 44 34
Luo [17] 2012 PB Shanghai 353 701 186 167 364 337
Ma [18] 2007 HB Tianjin 105 100 49 56 22 78
Wu [19] 2002 HB Taiwan 60 60 27 33 26 34
Li [20] 2007 HB Sichuan 91 128 51 40 56 72
Chang [21] 2008 HB Hebei 70 70 38 32 30 40
HB, hospital-based; PB, population-based.

Egger’s linear regression test. All the P values 
were two sided. P value less than 0.05 was con-
sidered statistically significant. In addition, sub-
group analyses stratified by geographical loca-
tion and source of controls were also 
performed. 

Results

Description of included studies

According to the inclusion criteria, 13 case-con-
trol studies [9-21] were included and 54 arti-
cles were excluded. The publication year of 
involved studies ranged from 2002 to 2012. 
The flow chart of study selection is shown in 
Figure 1. In total, 3387 breast cancer cases 
and 5085 controls were involved in this meta-
analysis, which evaluated the relationship 
between GSTT1 polymorphism and breast can-
cer risk in Chinese. The source of controls was 
mainly based on a healthy population. The 
characteristics of the included studies are sum-
marized in Table 1.

Quantitative data synthesis 

Overall analysis: The random-effects model 
was used in overall analysis due to between-
study heterogeneity in all included studies (χ2 = 
86.78, P = 0.002). The results showed that the 
pooled OR with 95% CI for breast cancer in 

Chinese with null GSTT1 was 1.31 (CI 95%: 
1.02-1.67, z = 2.15, P = 0.031) (Figure 2A). 
Therefore, the GSTT1 polymorphism was signifi-
cantly related to breast cancer risk in Chinese. 
In addition, the finding from cumulative meta-
analysis showed that there was a trend of more 
obvious association between GSTT1 null geno-
type and risk of breast cancer in Chinese as 
data accumulated by publication year (Figure 
2B).

Subgroup analysis: In the subgroup analysis 
based on source of control, the results showed 
that the GSTT1 polymorphism was significantly 
related to breast cancer risk among hospital-
based studies (OR = 1.90, 95% CI: 1.44-2.49), 
whereas not among population-based studies 
(OR = 1.12, 95% CI: 0.85-1.48) (Table 2). In 
addition, we also performed stratified analysis 
based on the geographic areas, it revealed the 
significant results in North China (OR = 2.67, 
95% CI: 1.81-3.94) (Table 2).

Publication bias diagnosis and sensitive analy-
sis: The Begg’s funnel plot and Egger’s test 
were performed to access the publication bias 
of literatures. As showed in Figure 3A, the 
shape of the funnel plots did not reveal obvious 
asymmetry. Similarly, the Egger’s test indicated 
that there was no evidence of obvious publica-
tion bias in the 13 reviewed studies (Figure 3B) 
(t = 1.56, P = 0.147). To estimate the sensitivity 
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of our meta-analysis, a leave-one-out sensitivi-
ty analysis was performed. The results did not 

substantially alter when any single study was 
deleted, suggesting that the results of this 

Figure 2. The forest plots of all selected studies on the association between GSTT1 polymorphism and breast cancer 
risk in Chinese (A: Meta-analysis; B: Cumulative meta-analysis).
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meta-analysis were relatively stable and credi-
ble (Figure 4). 

finding from cumulative meta-analysis showed 
that there was a trend of more obvious associa-

Table 2. Main results in the total and subgroup analysis

Subgroups n
Random-effect  

model
Fixed-effect  

model Heterogeneity

OR (95% CI) OR (95% CI) χ2 P
Total analysis 13 1.31 (1.02-1.67) 1.17 (1.07-1.28) 71.67 0.000
Source of control
    Population-based 8 1.12 (0.85-1.48) 1.08 (0.98-1.18) 52.31 0.000
    Hospital-based 5 1.88 (1.33-2.64) 1.90 (1.44-2.49) 6.06 0.195
Area
    South China 8 1.16 (0.96-1.39) 1.16 (0.96-1.39) 15.46 0.030
    North China 3 2.67 (1.81-3.94) 2.67 (1.81-3.94) 3.42 0.181

Figure 3. Publication bias assessment of GSTT1 polymorphism and breast can-
cer risk in Chinese (A: Begg’s funnel plot, B: Egger’s test).

Discussion

The GSTT1 enzyme is re- 
sponsible for the metabo-
lism of reactive electrophil-
ic intermediates, including 
environmental pollutants 
and other polycyclic aro-
matic hydrocarbons, wh- 
ich are potent carcinogenic 
agents. Thus, impaired GS- 
TT1 function may lead to 
serious DNA damage and 
carcinogenesis. Consideri- 
ng that the GSTT1 null gen-
otype caused a complete 
loss of GSTT1 enzyme ac- 
tivity, it is biologically plau-
sible that the GSTT1 null 
genotype may increase 
risk of cancers, including 
breast cancer. Till date, a 
series of studies in China 
have focused on the rela-
tion between GSTT1 poly-
morphism and breast can-
cer risk. Nevertheless, the 
results were inconclusive 
and inconsistent. Some 
papers have reported that 
a statistically significant 
correlation was found 
between null GSTT1 and 
breast cancer risk. Con- 
versely, the results from 
other studies suggested 
that the null GSTT1 was 
not associated with breast 
cancer risk. Therefore, we 
conducted this update me- 
ta-analysis by critically re- 
viewing 13 individual case-
control studies on GSTT1 
gene polymorphism with 
breast cancer risk in the 
Chinese population. In the 
meta-analysis, we found 
that the GSTT1 null variant 
was significantly associat-
ed with breast cancer risk 
in Chinese (Figure 2A). The 
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ther factors concerned. 
Most of all, small sample 
size for the subgroups 
may have insufficient sta-
tistical power to detect a 
slight effect or may have 
generated a fluctuated 
risk estimate [25]. 

The pathways of carcino-
gen metabolism are com-
plex, mediated by the 
activities of multiple ge- 
nes. The effect of any sin-
gle gene might have a lim-
ited impact on breast can-
cer risk than have so far 
been anticipated. The 
knowledge of environmen-
tal determinants and large 
studies with detailed ex- 
posure information are 

Figure 4. Sensitivity analysis to evaluate the stability of the meta-analysis.

tion between GSTT1 null genotype and risk of 
breast carcinoma in Chinese as data accumu-
lated by publication year (Figure 2B). Therefore, 
GSTT1 null genotype is significantly associated 
with increased risk of breast carcinoma in 
Chinese. The results were inconsistent with 
previously published meta-analyses [13, 
22-24], which indicated the significant associa-
tions in Caucasians, in non-Chinese popula-
tions, or no significant associations. However, 
these previously published meta-analyses 
included a smaller number of studies which 
were conducted in Chinese populations than 
ours did. And they did not calculate pooled ORs 
for all studies in Chinese population.

When stratified by geographical locations and 
source of controls, significant association with 
susceptibility for the development of breast 
cancer was found in North China and hospital-
based studies. There might be some reasons 
could be explained that. First, the relationship 
between genes and breast cancer might be 
susceptible in different ethnicity. And we didn’t 
perform subgroup analysis on nationality and 
other ethnicity history, because of the lack of 
sufficient data. In addition, genetic back-
grounds and the environment they lived in play 
an important role in susceptibility to breast 
cancer. There are different living habits in South 
and North China. Third, gene-gene or gene-
environmental interactions would be the fur-

crucial to evaluate reliably any moderate genet-
ic effects. Many controversial data are present 
in literature. Positive associations were found 
in certain populations and not confirmed in oth-
ers. In addition to an expected interethnic vari-
ability in allele frequencies, variability has also 
been found within an ethnic group, resulting in 
heterogeneity in association studies. Gene-
environment interactions could be a confound-
ing factor in these studies, with controversial 
findings on cancer risk. This study has some 
limitations. First, in the subgroup analyses, the 
number of studies was relatively small, not hav-
ing enough statistical power to explore the real 
association. Second, our results were based on 
unadjusted estimates, while the confounding 
factors might influence the estimates. In spite 
of these limitations, our meta-analysis also had 
some advantages. First, we have followed the 
inclusion and exclusion criteria strictly to 
reduce possible selection bias. Second, a fun-
nel plot and Egger’s linear regression test were 
used to assess publication bias. Third, the sen-
sitivity analysis had been performed to confirm 
the reliability and stability of this meta-analysis. 
Most of the important, impact of different 
genetic background was minimized by including 
the studies performed in Chinese only. 
Therefore, the 13 studies would appear to be 
comparable in all respects relevant to our 
meta-analysis.
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In conclusion, this meta-analysis suggests that 
the GSTT1 null genotype may be associated 
with breast cancer in the Chinese population. 
The null genotype increased susceptibility to 
breast cancer both in North China and hospital-
based studies. Further studies with gene-gene 
and gene-environment interactions are 
required. Such studies taking these factors into 
account may eventually lead to have a better, 
comprehensive understanding of the associa-
tion between the GSTT1 polymorphism and 
breast cancer risk.

Disclosure of conflict of interest

None.

Address correspondence to: Jia-Gen Li, Department 
of Oncological Surgery, Yinzhou Hospital Affiliated to 
Medical School of Ningbo University, Ningbo City 
315100, Zhejiang Province, China. E-mail: Jiagen- 
Li@126.com

References

[1] Jemal A, Bray F, Center MM, Ferlay F, Ward E, 
Forman D. Global cancer statistics. CA Cancer 
J Clin 2011; 61: 69-90.

[2] Chen WQ, Zheng RS, Zeng HM, Zhang SW, Li 
GL, Wu LY, He J. Incidence and mortality of 
breast cancer in China, 2008. Thoracic Cancer 
2013; 4: 59-65.

[3] Lichtenstein P, Holm NV, Verkasalo PK. 
Environmental and heritable factors in the cau-
sation of cancer. N Engl J Med 2000; 343: 78-
85.

[4] Soya SS, Vinod T, Reddy KS, Gopalakrishnan S, 
Adithan C. Genetic polymorphisms of glutathi-
one-S-transferase genes (GSTM1, GSTT1 and 
GSTP1) and upper aerodigestive tract cancer 
risk among smokers, tobacco chewers and al-
coholics in an Indian population. Eur J Cancer 
2007; 43: 2698-2706.

[5] Hayes JD, Flanagan JU, Jowsey IR. Glutathione 
transferases. Annu Rev Pharmacol Toxicol 
2005; 45: 51-88.

[6] McIlwain CC, Townsend DM, Tew KD. 
Glutathione S-transferase polymorphisms: 
cancer incidence and therapy. Oncogene 
2006; 25: 1639-1648.

[7] Bailey LR, Roodi N, Verrier CS, Yee CJ, Dupont 
WD, Parl FF. Breast cancer and CYPIA1, 
GSTM1, and GSTT1 polymorphisms: evidence 
of a lack of association in Caucasians and 
African Americans. Cancer Res 1998; 58: 65-
70.

[8] Dong LM, Potter JD, White E, Ulrich CM, Cardon 
LR, Peters U. Genetic susceptibility to cancer: 

the role of polymorphisms in candidate genes. 
JAMA 2008; 299: 2423-2436.

[9] Ceschi M, Sun CL, Van Den Berg D, Koh WP, Yu 
MC, ProbstHensch N. The effect of cyclin D1 
(CCND1) G870Apolymorphism on breast can-
cer risk is modified by oxidative stress among 
Chinese women in Singapore. Carcinogenesis 
2005; 26: 1457-1464.

[10] Chang TW, Wang SM, Guo YL, Tsai PC, Huang 
CJ, Huang W. Glutathione S-transferase poly-
morphisms associated with risk of breast can-
cer in southern Taiwan. Breast 2006; 15: 754-
761.

[11] Cheng TC, Chen ST, Huang CS, Fu YP, Yu JC, 
Cheng CW, Wu PE, Shen CY. Breast cancer risk 
associated with genotype polymorphism of the 
catechol estrogen-metabolizing genes: a multi-
genic study on cancer susceptibility. Int J 
Cancer 2005; 113: 345-353.

[12] Cui ZH, Qian BY, Chen KX, Zheng F, Ma J. The 
Relationship of CYP1A1, GSTT1 and GSTM1 
with Susceptibility of Breast Cancer Based on 
a Case-Control study. Chin J Prev Control Chron 
Dis 2010; 18: 249-252. 

[13] Egan KM, Cai Q, Shu XO, Jin F, Zhu TL, Dai Q, 
Gao YT, Zheng W. Genetic polymorphisms in 
GSTM1, GSTP1, and GSTT1 and the risk for 
breast cancer: results from the Shanghai 
Breast Cancer Study and meta-analysis. 
Cancer Epidemiol Biomarkers Prev 2004; 13: 
197-204.

[14] Fan B, Tang JH, Wu JZ, Wang ZH, Xue L. A pre-
liminary study on the relationship between ge-
netic polymorphism of Glutathione-S transfer-
ases T1, M1 genes susceptibility of young fe-
male breast cancer in Nanjing area. Prog Mod 
Biomed 2012; 12: 4813-4815.

[15] Gago-Dominguez M, Castelao JE, Sun CL, Van 
Den Berg D, Koh WP, Lee HP, Yu MC. Marine 
n-3 fatty acid intake, glutathione S-transferase 
polymorphisms and breast cancer risk in post-
menopausal Chinese women in Singapore. 
Carcinogenesis 2004; 25: 2143-2147.

[16] Li JY, Long QM, Tao P, Hu R, Li H, Lei FM, Zhou 
WD, Li SF. Using MSR model to analyze the im-
pact of gene-gene interaction with related to 
the genetic polymorphism of metabolism en-
zymes on the risk of breast cancer. Sichuan Da 
Xue Xue Bao Yi Xue Ban 2008; 39: 780-783, 
787. 

[17] Luo J, Gao YT, Chow WH, Shu XO, Li H, Yang G, 
Cai Q, Li G, Rothman N, Cai H, Shrubsole MJ, 
Franke AA, Zheng W, Dai Q. Urinary polyphe-
nols, glutathione S-transferases copy number 
variation, and breast cancer risk: results from 
the Shanghai women’s health study. Mol 
Carcinog 2012; 51: 379-388. 

[18] Ma J, Cui Z, Sun Z, Qian B, Chen K. A case-
control study on the association between poly-

mailto:JiagenLi@126.com
mailto:JiagenLi@126.com


GSTT1 polymorphism and breast cancer

6657 Int J Clin Exp Med 2015;8(5):6650-6657

morphism of GSTT1, GSTM1 and susceptibility 
for breast cancer. Chin J Prev Contr Chron 
2007; 15: 123-126. 

[19] Wu FY, Lee YJ, Chen DR, Kuo HW. Association 
of DNAprotein crosslinks and breast cancer. 
Mutat Res 2002; 501: 69-78.

[20] Li SF. A case-control study on the association 
between polymorphism of GSTM1, GSTT1 and 
susceptibility to breast cancer and lung can-
cer. The Master Thesis of Sichuan University 
2007. 

[21] Chang YL, Li J, Yao SQ, Hu WN, Jiang SF, Guo Z, 
Yang L, Li DD, Li YM, Liu Y. A case-control study 
on serum organochlorines residues, genetic 
polymorphisms of glutathione S-transferase 
T1 and the risks of breast cancer. Zhonghua 
Liu Xing Bing Xue Za Zhi 2008; 29: 763-766. 

[22] Chen XX, Zhao RP, Qiu LX, Yuan H, Mao C, Hu 
XC, Guo XM. Glutathione S-transferase T1 poly-
morphism is associated with breast cancer 
susceptibility. Cytokine 2011; 56: 477-480. 

[23] Sergentanis TN, Economopoulos KP. GSTT1 
and GSTP1 polymorphisms and breast cancer 
risk: a meta-analysis. Breast Cancer Res Treat 
2010; 121: 195-202.

[24] Vogl FD, Taioli E, Maugard C, Zheng W, Pinto LF, 
Ambrosone C, Parl FF, Nedelcheva-Kristensen 
V, Rebbeck TR, Brennan P, Boffetta P. 
Glutathione S-transferases M1, T1, and P1 
and breast cancer: a pooled analysis. Cancer 
Epidemiol Biomarkers Prev 2004; 13: 1473-
1479.

[25] Wacholder S, Chanock S, Garcia-Closas M. 
Assessing the probability that a positive report 
is false: an approach for molecular epidemiol-
ogy studies. J Natl Cancer Inst 2004; 96: 434-
442.


