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Abstract: Osteoporosis is a skeletal disorder characterized by low bone mineral density (BMD). Several studies have 
been suggested that some of the genetic factors may be contributed to osteoporosis by specific polymorphisms. The 
aim of the present study was to evaluate relationship between the glutathione s-transferase (GSTM1 and GSTT1) 
gene polymorphisms and osteoporosis. To explore this possible association, polymorphisms of GSTM1 and GSTT1 
genes were tested in in 79 osteoporosis patients and 53 healthy control subjects. The distributions of polymor-
phisms of GSTM1 and GSTT1 genes between the osteoporosis group and the control group were similar. The differ-
ence in distributions of polymorphisms of GSTM1 and GSTT1 genes did not show any association with susceptibil-
ity of osteoporosis (GSTM1, OR=0.858, 95% CI=0.403-1.827, p=0.691; GSTT1, OR=1.491, 95% CI=0.706-3.145, 
p=0.395). Our results suggested that GSTM1 and GSTT1 polymorphisms are not associated with susceptibility of 
osteoporosis in Korean population.
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Introduction

Osteoporosis is common bone diseases, which 
is characterized by lowered bone mineral den-
sity and susceptibility to fractures [1]. Bone 
mineral metabolism is a dynamic process of 
balance between bone forming and bone 
resorption [2], and oxidative stress may play a 
role in the process of bone metabolism [3, 4]. 
Osteoblast and osteoclast actions may include 
the production of free radicals [5, 6], and it may 
also involve in the bone remodeling process [6, 
7]. Moreover, osteoporosis is common in post-
menopausal women [4, 8], and estrogen defi-
ciency may lead to increased oxidative damage 
in mesenchymal stem cells in bone tissue [9].

Glutathione-S-Transferases (GSTs) are a family 
of enzymes responsible for detoxification of 
toxic metabolites or xenobiotic substrates. The 
family is composed of many subclass genes 
and they are widespread throughout human 
body organs [10], however, their actions are 
similar, that is, bring the substrate into glutathi-

one (GSH) and activate GSH to induce the pro-
cess of making hydrophilic conjugates [10]. 
However, polymorphic GST genes were report-
ed to be associated with various diseases [11-
18], and also regarding osteoporosis or 
decreased bone mineral density [19-22]. 

These studies suggest that the GST polymor-
phisms may be associated with osteoporosis. 
And because GSTT1 and GSTM1 are known to 
be frequently polymorphic in major population 
[23], therefore we investigated the relationship 
between polymorphisms of GSTT1 and GSTM1 
genes and osteoporosis in a selected Korean 
population consisted of controls and osteopo-
rosis case. 

Materials and methods

Subjects

79 Korean adult patients with osteoporosis 
(61.9 ± 8.6 years in age, mean ± standard devi-
ation) and 53 Korean healthy adult controls 
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TC-3. CYP1A1 was used to obtain internal 
positive control to distinguish the null ge- 
notype obtained PCR products from the 
aborted PCR products. The PCR products 
were loaded onto 1.8% agarose gels and 
electrophoresis was done. Next, the gels 
were stained with ethidium bromide and 
photographed under UV light (Figure 1).

Statistical analysis

Table 1. Demographic and clinical characteristics of 
osteoporosis patients and the control subjects

Osteoporosis Control p
Number of subjects 79 53
Age (mean ± SD) 61.9 ± 8.6 57.8 ± 8.6 0.010
BMD in L1-L4 (g/cm2) 0.677 ± 0.068 1.019 ± 0.803 <0.000
N, number of subjects; BMD, bone mineral density; L, lumbar verte-
brae; SD, standard deviation. The p value between the control group 
and the osteoporosis was calculated using t-test.

(57.8 ± 8.6 years) were recruited for this study 
(Table 1). Osteoporosis was diagnosed by bone 
mineral density in lumbar spine. The bone min-
eral density in each subject was measured 
using dual-energy X-ray absorptiometry (DXA) 
(Lunar Prodigy, GE Healthcare, Madison, WI, 
USA) to assess bone status. The T-score was 
used to diagnose osteoporosis. When the mea-
sured T-score was less than -2.5, it was diag-
nosed as osteoporosis. The control group was 
selected for subjects with a T-score of -1.0 or 
higher. Written informed consent was obtained 
from each patient or the legal guardian. The 
protocol for this study was approved by the eth-
ics review committee of School of Medicine, 
Kyung Hee University, Seoul and School of 
Medicine, Eulji University, Daejeon, Republic of 
Korea.

DNA extraction and genotyping of GSTM1 and 
GSTT1 gene polymorphisms

Subjects DNA were prepared from peripheral 
blood using a genomic DNA isolation reagent 
kit (High Pure PCR template preparation kit, 
Roche, USA). The multiplex polymerase chain 
reaction (PCR) was used for amplification with 
the specific primer pairs for the GSTM1 (215 

The distribution of each genotype in the osteo-
porosis group was compared with that of the 
control group. The logistic regression analysis 
was performed to calculate odds ratio (OR), 
95% confidence interval (CI), and p value. And p 
value was calculated using logistic regression 
and adjusted for age. All data were analyzed 
using the statistical analysis system software 
(SPSS 23.0). For all statistical tests, the signifi-
cant level was set at 0.05.

Results 

Table 1 shows the clinical information of the 
subjects in this study. They were older than 50 
years of age and showed significant differences 
in BMD.

The PCR end-products of GSTM1 (215 bp), 
GSTT1 (480 bp), and CYP1A1 (312 bp) genes 
on 1.8% agarose gel are shown (Figure 1). 
Table 2 shows single analysis of distributions of 
GSTM1 and GSTT1 gene polymorphisms in the 
control group and the osteoporosis group. The 
frequencies of GSTM1 null genotype in control 
group and the osteoporosis group were 54.7% 
(29/53) and 55.7% (44/79), respectively. The 
frequencies of GSTT1 null genotype in control 

Figure 1. Results of electrophoresis.

base pair), GSTT1 (480 bp), 
and CYP1A1 (312 bp) genes 
[24]. The primers used in this 
experiment are as follows: 
GSTM1 primers of (sense)  
5-GAACTCCCTGAAAAGCTAAA- 
GC-3 and (antisense) 5-GTTG- 
GGCTCA A ATATACGGTGG-3, 
GSTT1 primers of (sense) 5-TT- 
CCTTACTGGTCCTCACATCTC-3 
and (antisense) 5-TCACGGGA- 
TCATGGCCAGCA-3, and CYP1- 
A1 (sense) 5-GAACTGCCACTT- 
CAGCTGTCT-3 and (antisense)  
5-CAGCTGCATTTGGAAGTGC- 
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1.729, p=0.390; GSTM1 posi-
tive/GSTT1 null genotype, OR= 
1.388, 95% CI=0.455-4.230, p= 
0.564; GSTM1 null/GSTT1 positi- 
ve genotype, OR=0.980, 95% 
CI=0.321-2.990, p=0.972).

Discussion

The GSTM1 gene is on the chro-
mosomal location of 1p13.3, and 
GSTM1 is deletion of the whole 
GSTM1 gene is a frequent poly-
morphism [23, 25-27]. The GSTT1 
gene is on the chromosomal loca-
tion of 22q11.2, and deletion in 
GSTT1 has also been reported to 
be frequent [23, 25-27]. They 
have been designated as null 
polymorphism or *0 genotype, 
and they were lack of enzyme 
activities.

There have been many studies 
with disagreeing results of GSTT1 
and GSTM1. Mlakar et al. report-
ed that GSTT1 deletion is associ-
ated with higher BMDs in femoral 
neck, lumbar spine, and total hip 
measured by DEXA in Slovenian 

group and osteoporosis group were 52.8% 
(28/53) and 46.8% (37/79), respectively. The 
null genotype distributions of the GSTT1 and 
GSTM1 gene polymorphisms did not show  
any association with osteoporosis (OR=0.858, 
95% CI=0.403-1.827, p=0.691 in GSTM1; OR= 
1.491, 95% CI=0.706-3.145, p=0.395 in GS- 
TT1, Table 2). 

Table 3 shows combination analysis of GSTM1 
and GSTT1 gene polymorphisms between con-
trol and osteoporosis. In combination analysis, 
the distributions of both GSTM1 and GSTT1 null 
genotypes, GSTM1 positive/GSTT1 null geno-
type, and GSTM1 null/GSTT1 positive genotype 
in the control group and the osteoporosis group 
were 35.8% vs. 29.1%, 17.0% vs. 14.7%, and 
18.9% vs. 26.6%, respectively. However, all 
combinations (GSTM1 null/GSTT1 null geno-
type, GSTM1 positive/GSTT1 null genotype, 
and GSTM1 null/GSTT1 positive genotype) did 
not also show any significant association wi- 
th osteoporosis between the control group  
and the osteoporosis group (GSTM1 null/GST- 
T1 null genotype, OR=0.652, 95% CI=0.246-

elderly. And they suggested that GSTM1 dele-
tion may show opposite tendency [22]. Ra- 
malhinho et al. suggested that GSTM1 and 
GSTT1 null genotype alone, or GSTT1 and 
GSTM1 combined, or combined with polymor-
phic GSTP1 alleles, are associated with higher 
susceptibility to breast cancer development 
[28]. Martin et al. suggested that smokers with 
GSTM1 null types may tend to have more coro-
nary heart diseases [29].

However, our observation was diverse from 
them. The genotype frequencies of GSTM1 and 
GSTT1 were not significantly different, and 
none of each of GSTM1 or GSTT1 were signifi-
cantly associated with osteoporosis.

Coughlin et al. reported that results of epide-
miologic studies do not confirm associations 
between GSTM1, GSTT1, and GSTP1 and epi-
thelial ovarian cancer [30]. Kadouri et al. con-
cluded that GSTM1 or GSTT1 deletions were 
not risk effective regardless of BRCA1/2 types 
[31]. And Li et al., performed a meta-analysis of 
GST polymorphism and thyroid cancer risk in 

Table 2. Genotype frequency and single analysis of GSTM1 or 
GSTT1 polymorphisms between control and osteoporosis

Polymorphism Control  
N (%)

Osteoporo-
sis N (%) OR 95% CI p

GSTM1
    Null 29 (54.7) 44 (55.7) 0.858 0.403-1.827 0.691
    Positive 24 (45.3) 35 (44.3) 1
GSTT1
    Null 28 (52.8) 37 (46.8) 1.491 0.706-3.145 0.295
    Positive 25 (47.2) 42 (53.2) 1
OR, odds ratio; CI, confidence interval; N, number; p, p value. The odds ratio 
(OR), 95% confidence interval (CI), and p value was calculated using logistic 
regression and adjusted for age.

Table 3. Genotype frequency and combination analysis of 
GSTM1 and GSTT1 polymorphisms between control and osteo-
porosis
GST genotype Control  

N (%)
Osteopor-
sis N (%) OR 95% CI p

GSTM1 GSTT1
Positive Positive 15 (28.3) 21 (26.6) 1
Null Null 19 (35.8) 23 (29.1) 0.652 0.246-1.729 0.390
Null Positive 10 (18.9) 21 (26.6) 1.388 0.455-4.230 0.564
Positive Null 9 (17.0) 14 (17.7) 0.980 0.321-2.990 0.972
OR, odds ratio; CI, confidence interval; N, number; p, p value. The odds ratio 
(OR), 95% confidence interval (CI), and p value was calculated using logistic 
regression and adjusted for age.
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12 studies of GSTM1 null polymorphism (1569 
cases and 2907 controls), 11 studies concern-
ing GSTT1 null polymorphism (1515 cases  
and 2863 controls), and 8 studies on GSTP1 
Ile105Val, but they concluded no association 
[32]. The results might indicate that GSTM1 
and GSTT1 are not related to the risk of cancer 
development despite their important function.

GST families may be associated with detoxifica-
tion of various substrates and their substrates 
may encompass between different isoforms 
and subclasses [23, 33]. Additionally, there 
was no report of firmly linked gene polymor-
phism with GSTT1 or GSTM1 null polymorphism 
in Korean population. Besides, GSTT1 and 
GSTM1 may be only small part to determine the 
fate of bone cells, because calcium homeosta-
sis hormones are important modulators of 
them [2]. Most of all, number of our study sub-
ject were small. 

In conclusion, our results do not support that 
GSTT1 or GSTM1 null polymorphism may be 
associated with susceptibility to osteoporosis. 
However, this study has a limitation about sam-
ple size and age. It is known that the older the 
age, the higher the prevalence of osteoporosis. 
Therefore, further study is needed to investi-
gate the relationship with GST in the normal 
group without osteoporosis over 70 years of 
age.

Acknowledgements

This study was supported by the Traditional 
Korean Medicine R&D program funded by the 
Ministry of Health & Welfare through the Korean 
Health Industry Development Institute (KHIDI) 
(HI15C0133).

Disclosure of conflict of interest

None.

Address correspondence to: Byung-Cheol Lee, De- 
partment of Internal Medicine, College of Korean 
Medicine, Kyung Hee University, 26 Kyungheedae-
ro, Dongdaemun-gu, Seoul 02447, Republic of 
Korea. Tel: 82-2-958-9151; E-mail: hydrolee@korea.
com 

References

[1] Marcucci G and Brandi ML. Rare causes of os-
teoporosis. Clin Cases Miner Bone Metab 
2015; 12: 151-156.

[2] Manolagas SC. Birth and death of bone cells: 
basic regulatory mechanisms and implications 
for the pathogenesis and treatment of osteo-
porosis. Endocr Rev 2000; 21: 115-137.

[3] Huang CX, Lv B and Wang Y. Protein phospha-
tase 2A mediates oxidative stress induced 
apoptosis in osteoblasts. Mediators Inflamm 
2015; 2015: 804260.

[4] Rachner TD, Khosla S and Hofbauer LC. Osteo-
porosis: now and the future. Lancet 2011; 377: 
1276-1287.

[5] Li J, Zhang FQ, Du ZN, Cai T, Cai PS and Fan L. 
Protective effect of HO-1 transfection against 
ethanol-induced osteoblast damage. J Hua- 
zhong Univ Sci Technolog Med Sci 2015; 35: 
374-377.

[6] Sheweita SA and Khoshhal KI. Calcium metab-
olism and oxidative stress in bone fractures: 
role of antioxidants. Curr Drug Metab 2007; 8: 
519-525.

[7] Seidlitz EP, Sharma MK and Singh G. A by-prod-
uct of glutathione production in cancer cells 
may cause disruption in bone metabolic pro-
cesses. Can J Physiol Pharmacol 2010; 88: 
197-203.

[8] Black DM and Rosen CJ. Clinical practice. Post-
menopausal osteoporosis. N Engl J Med 2016; 
374: 254-262.

[9] Liao L, Su X, Yang X, Hu C, Li B, Lv Y, Shuai Y, 
Jing H, Deng Z and Jin Y. TNF-alpha inhibits 
FoxO1 by upregulating miR-705 to aggravate 
oxidative damage in bone marrow-derived 
mesenchymal stem cells during osteoporosis. 
Stem Cells 2016; 34: 1054-1067.

[10] Eaton DL and Bammler TK. Concise review of 
the glutathione S-transferases and their sig-
nificance to toxicology. Toxicol Sci 1999; 49: 
156-164.

[11] Wu M, Huang S, Liu D, Peng M, Yang F and 
Wang X. Association of the p53 or GSTM1 poly-
morphism with the risk of nasopharyngeal car-
cinoma: A meta-analysis. Mol Clin Oncol 2016; 
4: 221-228.

[12] Zhu B, Yin L and Zhang JY. Glutathione S-trans-
ferase polymorphisms in varicocele patients: a 
meta-analysis. Genet Mol Res 2015; 14: 
18851-18858.

[13] Qi R, Gu Z and Zhou L. The effect of GSTT1, 
GSTM1 and GSTP1 gene polymorphisms on 
the susceptibility of age-related cataract in 
Chinese Han population. Int J Clin Exp Med 
2015; 8: 19448-19453.

[14] Li L, Li JG, Liu CY and Ding YJ. Effect of CYP1A1 
and GSTM1 genetic polymorphisms on bone 
tumor susceptibility. Genet Mol Res 2015; 14: 
16600-16607.

[15] Sun L, Zhang Y and Xiong Y. GSTM1 and GSTT1 
null genotype and diabetic retinopathy: a me-
ta-analysis. Int J Clin Exp Med 2015; 8: 1677-
1683.

mailto:hydrolee@korea.com
mailto:hydrolee@korea.com


GST polymorphism and osteoporosis

6135 Int J Clin Exp Med 2018;11(6):6131-6135

[16] Zhong Y, Zou R, Cao J and Peng M. Glutathione 
S-transferase M1 and glutathione S-transfer-
ase T1 genotype in chronic pancreatitis: a 
meta-analysis. J Int Med Res 2015; 43: 9-16.

[17] Lu L, Wu W, Tu Y, Yang Z, He L and Guo M. As-
sociation of glutathione s-transferase M1/T1 
polymorphisms with susceptibility to vitiligo. 
Gene 2014; 535: 12-16.

[18] Hand PA, Inskip A, Gilford J, Alldersea J, Elexp-
uru-Camiruaga J, Hayes JD, Jones PW, Strange 
RC and Fryer AA. Allelism at the glutathione s-
transferase GSTM3 locus: interactions with 
GSTM1 and GSTT1 as risk factors for astrocy-
toma. Carcinogenesis 1996; 17: 1919-1922.

[19] Ragab SM, Badr EA and Ibrahim AS. Evalua-
tion of glutathione-s-transferase P1 polymor-
phism and its relation to bone mineral density 
in egyptian children and adolescents with be-
ta-thalassemia major. Mediterr J Hematol In-
fect Dis 2016; 8: e2016004.

[20] Moura KF, Haidar M, Bonduki C, Feldner PC Jr, 
Silva I, Soares JM Jr. and Girao MJ. Frequen-
cies of interleukin-6, GST and progesterone 
receptor gene polymorphisms in postmeno-
pausal women with low bone mineral density. 
Sao Paulo Med J 2014; 132: 36-40.

[21] Mlakar SJ, Prezelj J and Marc J. Testing GSTP1 
genotypes and haplotypes interactions in Slo-
venian post-/pre-menopausal women: novel 
involvement of glutathione s-transferases in 
bone remodeling process. Maturitas 2012; 71: 
180-187.

[22] Mlakar SJ, Osredkar J, Prezelj J and Marc J. Op-
posite effects of GSTM1--and GSTT1: gene de-
letion variants on bone mineral density. Dis 
Markers 2011; 31: 279-287.

[23] Hayes JD, Flanagan JU and Jowsey IR. Glutathi-
one transferases. Annu Rev Pharmacol Toxicol 
2005; 45: 51-88.

[24] Kim SJ, Kim MG, Kim KS, Song JS, Yim SV and 
Chung JH. Impact of glutathione s-transferase 
M1 and T1 gene polymorphisms on the smok-
ing-related coronary artery disease. J Korean 
Med Sci 2008; 23: 365-372.

[25] Kim SK, Kang SW, Chung JH, Park HJ, Cho KB 
and Park MS. Genetic polymorphisms of gluta-
thione-related enzymes (GSTM1, GSTT1, and 
GSTP1) and schizophrenia risk: a meta-analy-
sis. Int J Mol Sci 2015; 16: 19602-19611.

[26] Ginsberg G, Smolenski S, Hattis D, Guyton KZ, 
Johns DO and Sonawane B. Genetic polymor-
phism in glutathione transferases (GST): popu-
lation distribution of GSTM1, T1, and P1 conju-
gating activity. J Toxicol Environ Health B Crit 
Rev 2009; 12: 389-439.

[27] Strange RC, Spiteri MA, Ramachandran S and 
Fryer AA. Glutathione-s-transferase family of 
enzymes. Mutat Res 2001; 482: 21-26.

[28] Ramalhinho AC, Fonseca-Moutinho JA and Bre-
itenfeld L. Glutathione s-transferase M1, T1, 
and P1 genotypes and breast cancer risk: a 
study in a portuguese population. Mol Cell Bio-
chem 2011; 355: 265-271.

[29] Martin NJ, Collier AC, Bowen LD, Pritsos KL, 
Goodrich GG, Arger K, Cutter G and Pritsos CA. 
Polymorphisms in the NQO1, GSTT and GSTM 
genes are associated with coronary heart dis-
ease and biomarkers of oxidative stress. Mutat 
Res 2009; 674: 93-100.

[30] Coughlin SS and Hall IJ. Glutathione s-transfer-
ase polymorphisms and risk of ovarian cancer: 
a HuGE review. Genet Med 2002; 4: 250-257.

[31] Kadouri L, Kote-Jarai Z, Hubert A, Baras M, 
Abeliovich D, Hamburger T, Peretz T and Eeles 
RA. Glutathione-s-transferase M1, T1 and P1 
polymorphisms, and breast cancer risk, in 
BRCA1/2 mutation carriers. Br J Cancer 2008; 
98: 2006-2010.

[32] Li J, Long J, Hu Y, Tan A, Guo X and Zhang S. 
Glutathione s-transferase M1, T1, and P1 poly-
morphisms and thyroid cancer risk: a meta-
analysis. Cancer Epidemiol 2012; 36: e333-
340.

[33] Townsend DM and Tew KD. The role of glutathi-
one-s-transferase in anti-cancer drug resis-
tance. Oncogene 2003; 22: 7369-7375.


