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Abstract
Background & Aims: Glutathione S-transferase (GST) plays a key role in detoxification of xenobiotics and consequently polymorphisms 
of GST gene may determine susceptibility to several types of metabolic disorders and endue free radicals elimination. There is still no 
clear evidence of GSTM1 and GSTT1 genes association with gastroesophageal reflux disease (GERD) complication by diabetes mellitus 
type 2 (DM2). Therefore, the aim of the study is to establish the difference in null GSTM1 and GSTT1 genes polymorphisms between 
GERD patients with and without diabetes in Northern Bukovina (Western Ukraine).
Methods: The GSTM1 and GSTT1 genes’ polymorphisms were analyzed using a multiplex polymerase chain reaction (PCR) in 33 
patients with GERD and DM2 and 17 controls with GERD without DM2. 
Results: It was found that there is no significant difference (p>0.05) in GSTM1/GSTT1 haplotypes distribution between observed 
groups. Neither GSTM1 null mutation, nor GSTT1 null mutation increase the risk of GERD and DM2 incidence, depending on types 
and severity of esophagitis (OR=0.48-2.03, 95% CI=0.06-8.66, p>0.05). Almost half (48.0%) of patients with GERD have mutation in the 
studied GST genes promoters areas. Every third patient (36.0%) is the carrier of a mutant 0/0-genotype of GSTM1 gene in haplotype, 
while the combination of homozygous GSTT1 gene mutations observed 2.6 times less often (14.0%). Linked mutation is absent in 
52.0% of patients. No statistically significant associations were observed between the haplotypes of GSTM1 and GSTT1 genes and 
GERD/DM2 presence, depending on smoking, age, gender, and type of esophagitis. 
Conclusion: Presence of homozygous deletion in the promoters’ areas of GSTT1 and/or GSTM1 genes in haplotype does not 
significantly increase the risk of DM2 in GERD patients.
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Introduction

Gastroesophageal reflux disease (GERD) is an important 
common disease in with multi-factorial etiology, involving 
complex interactions between genetic and environmental factors, 
and individual susceptibility to environmental risk factors. This 
difference in susceptibility may result from inherited polymorphisms 
in various genes controlling enzymatic metabolism, detoxification 
processes, repair of DNA damage and cell cycle.1-3 The glutathione 
S-transferases (GSTs) are genes of phase II metabolic enzymes 
superfamily that play the general function in conjugating 
glutathione with electrophilic substances capable of generating 
free radicals.4 Also, they can be involved in the development of 

cardio-vascular diseases and diabetic mellitus complications,5,6 
alcoholic liver cirrhosis,7 non-alcoholic fatty liver disease,8 with 
conflicting data about their role in initiation of carcinogenesis,9-11 
determining peroxidase activity and inflammatory responses in 
patients with Rheumatoid Arthritis, etc.12 GSTs genes mutations 
are associated with reduced activity of GSTs and are of great 
interest for determining the disease susceptibility.13 The GSTs’ 
isoenzymes are divided into at least five major classes (α, μ, π, θ, 
ζ).14 Clinically significant polymorphisms have been detected in 
the genes encoding for GSTA1 (α class) GSTM1 (μ class), GSTP1 
(π class), GSTT1 (θ class) and GSTZ1 (ζ class). Among them, the 
GSTM1, GSTP1 and GSTT1 genotypes have been extensively 
studied during recent years for their potential modulating role in 
individual susceptibility to environmentally-induced diseases. The 
GSTM1 gene in chromosome 1p13, GSTT1 gene in chromosome 
22q11.2 – according to three alleles, can be grouped into two 
classes: GSTM1-null, GSTT1-null homozygote for the null allele 
(GSTM1-0, GSTT1-0) – nonfunctional class and GSTM1-1, 
with at least one of the GSTM1a, or GSTM1b alleles, or GSTT1-
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1 – functional class.15 Polymorphic deletion variants in the 
GSTM1 and GSTT1 genes produce a functional enzyme (non-
deletion alleles or heterozygous deletion, GSTM1-1 and GSTT1-
1) or result in the complete absence of the enzyme (homozygous 
deletion alleles, GSTM1-null and GSTT1-null).16 GSTM1-null 
and GSTT1-null variants in some studies were associated with 
increased susceptibility to inflammatory processes, male infertility, 
and increased risk of cancers or pre-malignant conditions.15,17-21 
However, these studies have yielded contradictory results. We did 
not find reliable data of GSTM1 and GSTT1 genes association 
with GERD. 

Therefore, we performed an investigation of deletion (null) 
polymorphism of GSTM1 and GSTT1 genes’ alleles, genotypes 
and haplotypes frequency in GERD patients with diabetes 
mellitus type 2 (DM2). The aim of our study was to establish 
the difference in null GSTM1 and GSTT1 genes polymorphisms 
between GERD patients with and without diabetes in Northern 
Bukovina (Western Ukraine).

Patients and methods

Study was performed in compliance with the Council of 
Europe Convention on Human Rights and Biomedicine and 
recommendations of the Committee on Bioethics of the Ministry 
of Health of Ukraine. Patients’ Examination Cards and Patients’ 
Informed Consent Forms were approved by the Biomedical Ethics 
Commission of Bukovina State Medical University, Ministry of 
Health of Ukraine (Chernivtsi, Ukraine). All enrolled patients were 
treated in the Gastroenterology Department, Regional Clinical 
Hospital (Chernivtsi, Ukraine) during January-December, 2012. 
Genetic bench study performed in the laboratory of Medical 
Biology and Genetics Department of Bukovina State Medical 
University. After screening (matching inclusion/exclusion criteria) 
50 GERD patients were selected for further examination.

Inclusion criteria
Patients with GERD typical symptoms for 6 months (heartburn 
and/or acid regurgitation minimum twice weekly); atypical 
symptoms (epigastric pain, nausea, belching, halitosis, pseudo-
angina pain); or with erosive GERD discovered during 
endoscopic examination (reflux esophagitis); or at the stage of 
GERD complications (peptic stenosis of the esophagus, digestive 
hemorrhage).22-24 Patients with GERD and only with type 2 
diabetes mellitus (DM2) were included.

Exclusion criteria
We excluded patients from the study treated surgically for GERD 
or presenting symptoms of GERD once a week or less frequently; 
or presenting undercurrent factors that can cause disorders like 
bulimia or anorexia; professionals exposure to toxic agents (acid 
fumes and aerosols used in industry); pregnant women or in 
lactation period; subjects with psychological disorders; patients 
with DM1.

Diagnosis of GERD
15 patients of the study and control groups were newly diagnosed  
patients observed at the Gastroenterology Department, Regional 

Hospital; 35 patients – with chronic GERD. Gastro-esophageal 
reflux disease was diagnosed by esophagogastroduodenoscopy 
and esophageal pH-metry according to Montreal Consensus.22 All 
enrolled patients underwent endoscopy.

Genomic DNA was extracted from peripheral blood leukocytes 
using the “DNA-sorb-B” test system, with primers specific to the 
genes’ alleles.25 Detection of GSTM1 and GSTT1 genes deletions 
was performed by the multiplex polymerase chain reaction (PCR) 
according to the manufacturer’s protocol. Allele-specific primers 
were used in the PCR (Table 1). The PCR was performed in a 
total volume of 25 µL containing: 200 ng of isolated DNA, 65 
mM Tris-HCl pH=8.9, 0.05% Tween20; 16 mМ (NH

4
)

2
SO

4
, 

3.5 mМ MgCl
2
), 0.8×SYBR Red, 0.2 mМ of each dNTPs (dATP, 

dTTP, dGTP and dCTP), 0.3 μМ of each primer for GSTM1 
and albumin, 0.3 μМ of each primer for GSTT1 and 0.5 of 
thermostable Taq polymerase (Applied Biosystems, USA). The 
amplification conditions were subjected to initial denaturation at 
94 °C for 10 min; 35 cycles consisting of denaturation at 94 °C for 
1 min, primer annealing at 60 °C for 30 s and DNA elongation 
at 72 °C for 45 s; the final DNA elongation was at 72 °C for 10 
min. The multiplex PCR products (GSTM1-219 bp, GSTT1-
459 bp and albumine-350 bp) were separated by horizontal 
electrophoresis on 3% agarose gels, containing 4 μL of ethidium-
bromide and visualized by in the presence of molecular mass 
ladder (100-1000 bp) using a UV transilluminatior (Nyxtechnic, 
USA). Both GSTM1 and GSTT1 products were categorized as 
having either a non-null or null (homozygous deletion) genotype 
(Fig. 1). 

Statistical analysis
Statistical analysis was performed using Statistica 7.0 (StatSoft Inc, 
USA) software. p value and odds ratio (OR), with 95% confidence 
interval (CI) using a chi-square test were determined for the 
calculated frequencies of each allele, genotype and haplotypes. 
Risk ratios (RR) were estimated by OR. Adjusted OR and 95% 
CI were estimated for the association between the severe erosive 
esophagitis of II-III stages, DM2 and genetic polymorphism. p 
values ≤0.05 were considered statistically significant.

Results

The prospective study included 50 patients with GERD: study 
group – 33 patients with GERD + compensated DM2, among 
them – 16 patients with GERD and erosive esophagitis of I-III 
severity stages + compensated DM2 and 17 patients with GERD, 
non-erosive esophagitis + compensated DM2; control group – 17 
patients with GERD without DM2, among them – 7 patients with 
GERD and erosive esophagitis of I-III severity stages, 10 subjects 
– GERD and non-erosive esophagitis. Duration of GERD varied 
from 1 to 8 years (mean 5.69±1.03 years).

Detection of GSTM1 deletion and GSTT1 deletion was 
performed in 33 patients with GERD and DM2 (study group) 
and 17 patients with GERD and without DM2 as control group. 
Deletion of the GSTM1 gene was detected in 12 (36.4%) study 
group patients and in 6 controls (35.3%) (p>0.05), while the 
GSTT1 gene deletion polymorphism was detected in 5 study 
group patients (15.2%) and in 2 controls (11.8%) (p>0.05). 
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The overall frequency of GSTM1 null genotype was 1.75 times 
lower in study group compared with non-null GSTM1 (c2=4.91, 
р=0.027). There was no significant difference within the control 
group (c2=2.94, р>0,05). 

The number of study group patients with non-null GSTT1 
was 5,6 times higher than with null GSTT1 (c2=32.1, р<0.0001). 
Similarly, non-null GSTT1 prevailed (7.5 times) in control group 
(c2=19.9, p<0.0001). 

Both deletions were present only in 1 study group patient 
(3.0%) and was not found in control (Table 2).

Thus, almost half (48.0%) of patients with GERD have a 
mutation in the promoter area of ​​the studied GST genes. Every 
third patient (36.0%) is the carrier of a mutant 0/0-genotype of 
GSTM1 gene in haplotype, while the combination of homozygous 
GSTT1 gene mutations observed  2.6 times less (14.0%). Linked 
mutation is absent in 52.0% of patients.

No significant differences were found in distribution of 
GSTM1 and GSTT1 haplotypes between both groups. Neither 
GSTM1 null mutation, nor GSTT1 null mutation increase the 
risk of GERD and DM2 incidence, independently on types 
and severity of esophagitis (OR=0.48-2.03, 95% CI=0.06-8.66, 
p>0.05).

The frequency of GERD and non-erosive esophagitis did not 
depend on the haplotypes and concomitant DM2, whereas non-
erosive esophagitis was the most frequent pathology among the 
patients: 17 (34.0%) in study group and 10 (20.0%) in control. 
Combination of functional (1) alleles of both genes in haplotypes 
associated with more often presence of GERD and non-severe 
erosive esophagitis I stage (26.9%). The presence of GSTM1 
0/0 mutant homozygote in haplotypes (GSTT1+/GSTM1–) is 
accompanied by an increase the number of patients with GERD, 
DM and erosive esophagitis II stage (23.5%) versus GSTM1+/
GSTT1 0/0 carriers (16.7%, c2=5.48, p=0.041).

No statistically significant associations between the haplotypes 
of GSTM1 and GSTT1 genes and GERD/DM2 presence were 
observed, depending on smoking. Similarly, age, gender, smoking 
habits, and type of esophagitis did not associate with the risk of 

Figure 1. Electrophoregramm of human DNA PCR products amplification 
of glutathione-S-transferase classes T1 (GSTT1) and M1 (GSTM1) genes 
polymorphism. M – Marker GeneRulerTM – DNA Ladder (1000-100 bp); lines 1, 
3, 6, 8 – homozygous deletion (0/0) in GSTM1 gene (null genotype); lines 2, 7, 
11 – positive (non-null) gemotype in both genes GSTT1 and GSTM1 (presence 
of functional 1 alelle); lines 5, 9, 10 – homozygous deletion (0/0) in GSTT1 
gene (null genotype); line 4 – positive PCR control.

 M        1        2        3       4        5        6      7       8       9     10     11

459 bP
350 bP
219 bP

500 bP
400 bP
300 bP
200 bP
100 bP

GERD/DM2 (Table 3). 
Presence of homozygous deletion in the promoter areas of 

GSTT1 and GSTM1 haplotypes did not significantly increase the 
risk of comorbid condition DM2 in GERD patients.

Discussion

GERD and DM2 are heterogeneous disorders, with various 
genetic and environmental factors like diet and changes of 
microbiota26 contributing to the reflux of stomach contents 
causing troublesome symptoms and/or complications (erosive 
esophagitis, etc) and disorders in glucose/insulin homeostasis. In 
our study, we analyzed two different genes (GSTM1 and GSTT1) 
in GERD patients with and without DM2. 

Deletions of GSTM1 and GSTT1 genes cause an imbalance 
of pro-oxidants and antioxidants in esophageal sphincter tissue, 
influence glucose metabolism, insulin-resistance that could play 
a role in the etiology of both GERD and DM2. Inter-individual 
variability in GST enzymatic activity can influence the increased 
susceptibility to DM2, especially in those with environmental 
determinants, pernicious habits, obesity, etc.4,8,14,27,28  

The variability in the distribution of the null genotypes 
of GSTM1 and GSTT1, due to total or partial gene deletion 
resulting in the lack of the active enzyme, has been reported 
in different populations.27-31 Kala Z et al.32 hypothesized that 
polymorphisms in genes for detoxifying enzymes (GSTM1, 
GSTT1 and GSTP1) could influence susceptibility to reflux 
esophagitis (RE) and Barrett’s esophagus (BE) (the most common 
esophageal complications of GERD). The GSTM1 and GSTT1 
genes did not show any relationship with reflux disease, but the 
GSTP1 gene might be one of the risk factors associated with 
susceptibility to RE, especially to BE. Liu B et al.33 performed case-
control study (109 patients with RE, 97 patients with nonerosive 
reflux disease (NERD) and 97 normal controls) and proved 
that the subjects with GSTT1 and GSTM1 polymorphisms did 
not show any correlation with high risk for RE or NERD. No 
significant interactions were identified between the variant GSTs 
and cigarette smoking, or alcohol drinking and subtype of RE. In 
our study similarly GSTM1 and GSTT1 genes did not associated 
to GERD with or without DM2, regardless smoking. The 
association of GSTM1 and GSTT1 genetic polymorphism with 
GERD, erosive esophagitis and DM2 in west-Ukrainian patients 
was studied for the first time. 

DNA damage and mutation in detoxification enzymes, 
including the GST, is a well-established risk factor for tobacco-
related diseases. In the current study, we evaluated interaction 
between GSTM1/GSTT1 genotype and smoking in GERD+DM2 
cases and control, it was found that smoking does not significantly 
associate with the risk of GERD and DM2 either in GSTM1 / 
GSTT1-positive or null genotype. Otherwise, Casson AG et al.34 
reported that cigarette smoking is an independent risk factor for 
esophageal adenocarcinoma (EADC), especially when cigarette 
exposure was greater than 30 pack-years (OR=6.11, 95% CI=2.2-
17.32; p=0.001). The strong association between smoking and 
EADC was seen preferentially in patients with the active allele 
of either GSTM1 (OR=7.9, 95% CI=1.14-54.76; p=0.003) or 
GSTT1 (OR=3.2, 95% CI=1.23-8.35; p=0.004). Kim SJ et al.35 
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found that smokers with GSTM1-positive genotype in cases of 
coronary artery disease (CAD) were at approximately 1.21-fold 
higher risk of CAD and it was slightly higher with GSTM1/
T1-null genotype compared to non-smokers with GSTM1/T1-
positive genotype. 

Many studies assessed the associations between GSTM1/
GSTT1 null genotypes and DM risk but reported dissimilar 
results in populations, races, or ethic’s groups.36-39 Zhang J et 
al.28 performed meta-analysis of GSTM1/GSTT1 null genotypes 
associations with DM risk (11 publications, a total of 2577 cases 
and 4572 controls). Meta-analyses indicated that null genotypes 
of GSTM1/GSTT1 and dual null genotype of GSTM1/GSTT1 
were associated with increased risk of DM (GSTM1: OR 
random-effects=1.60, 95% CI=1.10-2.34, POR=0.014; GSTT1: 
OR random-effects=1.47, 95% CI=1.12-1.92, POR=0.005; 
GSTM1-GSTT1: OR fixed-effects=1.83, 95% CI=1.30-2.59, 
POR=0.001). This meta-analysis suggests null genotypes of 
GSTM1/GSTT1 and dual null genotype of GSTM1/GSTT1 are 
potential biomarkers of DM. However, exact mechanism of how 
presence of the null genotype increases risk of DM is not clear, yet. 
Similarly, it is not clear how null genotype influences pathogenesis 
of GERD and it complications. 

The GSTM1 null genotype frequencies vary from 38% to 67% 
in European populations, from 33% to 63% in Asians and from 

22% to 35% in Africans and African-Americans.29,40 In Brazilian 
urban populations, the GSTM1 null phenotype frequency varies 
from 46% to 49%, but in Brazilian Amerindian population – 
from 0 to 43%.27,41 Significant differences in GSTT1 null allele 
frequencies were observed between Caucasian, Asian, African 
and African American populations.42 Korean population showed 
higher frequency of  GSTT1 null allele (45.3%) compared with 
the white Americans (20.4%), African Americans (21.8%), 
Mexican-Americans (9.7%) and Turkish populations (10.8%-
28.3%).42-44. The GSTT1 null genotype frequencies vary 
0-19.8% in European populations, 3%-39% in Asians.30,41,42,44 
The prevalence of GSTM1 and GSTT1 null allele in the present 
study ranges from 35.3 to 36.4% for GSTM1 and from 11.8% 
to 15.2% for GSTT1, which is almost similar to the frequencies 
reported in Caucasians.

In conclusion, our finding may be an important contribution 
towards the identification of the role of genetic polymorphism 
of GST interactions for GERD+DM2 risk. Our results suggest 
that GSTM1 and GSTT1 null genotype has no association with 
the risk of DM2 in West-Ukrainian GERD patients’ regardless 
their smoking status. Further studies including examination of 
other genotypes and genes involved either in metabolic process 
or detoxification are anticipated to improve our ability to find 
genetic factors contributing to DM or/and GERD susceptibility.  

Table 1. Primer sequences for GSTM1 and GSTT1 genes SNPs

SNP locus Primers Primer sequences (5’-3’) Size of fragments, bp
GSTM1 Forward 5’GGTCААGGАCАTCАTАGАCGАGАА3’ 219

Reverse 5’CTCАGGАGАААCTGААGCCААА3’
GSTT1 Forward 5’GCTАGTTGCTGААGTCCTGCTTА3’ 459

Reverse 5’CTTGGCCTTCАGААTGАCCT3’
ALB Forward 5’TGGGTGCTАGАGGTАTААTCG3’ 350

Reverse 5’TTАGАGGААGCTGGGTААGАG3’

ALB, Part of the albumin gene, as an internal amplification control; SNP, single-nucleotide polymorphism.

Table 2. Distribution of GSTM1 and GSTT1 genotypes in observed subjects

Combination of GSTМ1 та GSTТ1 genotypes Study group, n=33 (%) Control group, n=17 (%) OR 95% CI  p-value
GSTM1+/GSTT1+, n=26 17 (51.5) 9 (52.9) 0.97 0.36-2.64 >0,05
GSTM1+/GSTT1 –, n=6 4 (12.1) 2 (11.8) 1.03 0.17-6.20 >0,05
GSTT1+/GSTM1–, n=17 11 (33.3) 6 (35.3) 0.94 0.30-2.99 >0,05
GSTT1–/GSTM1 – n=1 1 (3.0) N/A – – –

“+”, presence of functional allele (wild type) of GSTM1, GSTT1 genes; “–”, null (0/0) genotype (mutant type); n (%), number (percentage); N/A, not available..

Table 3. Association between haplotypes of GSTM1 and GSTT1 genes and GERD / DM2 present depending on age, gender and smoking status
No. Potential risk factors Case, n=33 (%) Control, n=17 (%) OR (95%СІ) p-value
1 Age, years <60 28 (84.8) 14 (82.4) 0.83 (0.17-3.99) >0.05

≥60 5 (15.2) 3 (17.6)
2 Gender Male 15 (45.5) 6 (35.3) 1.53 (0.46-5.11) >0.05

Female 18 (54.5) 11 (64.7)
3 Smoking Yes 10 (30.3) 6 (35.3) 0.80 (0.23-2.76) >0.05

No 23 (69.7) 11 (64.7)
4 Esophagitis Erosive 16 (48.5) 7 (41.2) 1.34 (0.41-4.39) >0.05

Non-erosive 17 (51.5) 10 (58.8)
OR, odds ratio; OR (95%CІ), OR confidence interval.
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Limitations of the study

The present study was limited by a number of enrolled subjects; 
absence of individuals without GERD; patients were not all at 
the same stage of GERD; GSTP1 gene polymorphisms were not 
evaluated.

Conflicts of interest

The authors declared no conflicts of interest.

References 
1.	 Kaidashev IP. Sirtuins – Universal regulators of cell function. Biopolymers and Cell 2012; 

28(2):93-102. 
2.	 Sydorchuk LP, Gaborets IY, Sydorchuk AR, et al. Combined effects of ACE (I/D) and 

eNOS (894T>G) genes polymorphism in patients with arterial hypertension in the 
realization of molecular mechanisms of left ventricular hypertrophy. New Armen Med 
J 2013; 7(2):44-54.

3.	 Sydorchuk LP, Gaborets IY, Sydorchuk AR, et al. Value of angiotensin-converting enzyme 
and monoxide nitrogen in pathogenesis of  myocardium remodeling depending on genes’ 
polymorphism of АСЕ (I/D) and eNOS (894T>G) in patients with arterial hypertension. 
Int J of Collabor Res on Intern Med &Public Health 2013; 5(3):168-78.

4.	 Pérez-Cadahía B, Laffon B, Valdiglesias V, et al. Cytogenetic effects induced by Prestige oil 
on human populations: the role of polymorphisms in genes involved in metabolism and 
DNA repair. Mutat Res 2008; 653(1-2):117-23.

5.	 Manfredi S, Calvi D, del Fiandra M, et al. Glutathione S-transferase T1- and M1-null 
genotypes and coronary artery disease risk in patients with Type 2 diabetes mellitus. 
Pharmacogenomics 2009; 10(1):29-34.

6.	 Sydorchuk LP, Amosova KM. Influence of pharmacogenetically determined treatment 
on parameters of peripheral hemodynamics in patients with arterial hypertension. New 
Armen Med J 2011; 5(2):35-43.

7.	 Khan AJ, Choudhuri G, Husain Q, et al. Polymorphismin glutathione-S-transferases: a 
risk factor in alcoholic liver cirrhosis. Drug Alcohol Depend 2009; 101(3):183-90.

8.	 Hori M, Oniki K, Nakagawa T, et al. Association between combinations of glutathione-
S-transferase M1, T1 and P1 genotypes and non-alcoholic fatty liver disease. Liver Int 
2009; 29(2):164-8.

9.	 Rouissi K, Ouerhani S, Marrakchi R, et al. Combine deffect of smoking and inherited 
polymorphisms in arylamine N-acetyl transferase 2, glutathione S-transferases M1 and T1 
on bladder cancer in a Tunisian population. Cancer Genet Cytogenet 2009; 190(2):101-
7. 

10.	 Pongtheerat T, Treetrisool M, Purisa W. Glutathione s-transferase polymorphisms in 
breast cancers of Thai patients. Asian Pac J Cancer Prev 2009; 10(1):127-32. 

11.	 Maggie Ramzy M, Mohei El-Din Solliman M, Hany Abdel-Hafiz A, et al. Genetic 
polymorphism of GSTM1 and GSTP1 in lung cancer in Egypt. Int J of Collabor Res on 
Intern Med &Public Health 2011; 3(1):41-51.

12.	 Grabar Bohanec P, Logar D, Tomsic M, et al. Genetic polymorphisms of glutathione 
S-transferases and disease activity of rheumatoid arthritis. Clin Exp Rheumatol 2009; 
27(2):229-36. 

13.	 Minelli C, Granell R, Newson R, et al. Glutathione-S-transferase genes and asthma 
phenotypes: a Human Genome Epidemiology (HuGE) systematic review and meta-
analysis including unpublished data. Int J Epidemiol 2010; 39(2):539-62.

14.	 Wang J, Zou L, Huang S, Lu F, et al. Genetic polymorphisms of glutathione S-transferase 
genes GSTM1, GSTT1 and risk of coronary heart disease. Mutagenesis 2010; 25(4):365-
9.

15.	 Economopoulos KP, Sergentanis TN. GSTM1, GSTT1, GSTP1, GSTA1 and colorectal 
cancer risk: a comprehensive meta-analysis. Eur J Cancer 2010; 46(9):1617-31. 

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

17.	 Martínez C, Martín F, Fernández JM, et al. Glutathione S-transferases mu 1, theta 1, pi 1, 
alpha 1 and mu 3 genetic polymorphisms and the risk of colorectal and gastric cancers in 
humans. Pharmacogenomics 2006; 7(5):711-8. 

18.	 Parl FF. Glutathione S-transferase genotypes and cancer risk. Cancer Lett 2005; 221:123-
9. 

19.	 Bolt HM, Their R. Relevance of the deletion polymorphisms of the glutathione-S-
transferases GSTT1 and GSTM1 in pharmacology and toxicology. Curr Drug Metab 

2006; 7:613-28. 
20.	 Dordevic V, Nikolic A, Ljujic M, et al. Combine defect of GSTM1 gene deletion, GSTT1 

gene deletion and MTHFR C677T mutation in male infertility. Arch Biol Sci 2010; 
62(3):531-40. 

21.	 Tahara T, Shibata T, Nakamura M, et al. Association between genetic polymorphisms 
related to DNA repair or xenobiotic pathways and gastric premalignant conditions. 
Anticancer Res 2011; 31(4):1459-65.

22.	 Vakil N, van Zanten SV, Kahrilas P, et al. Global Consensus Group. The Montreal 
definition and classification of gastroesophageal reflux disease: a global evidence-based 
consensus. Am J Gastroenterol 2006; 101(8):1900-20. 

23.	 Sherman PM, Hassall E, Fagundes-Neto U, et al. A global, evidence-based consensus 
on the definition of gastroesophageal reflux disease in the pediatric population. Am J 
Gastroenterol 2009; 104(5):1278-95. 

24.	 Standards of Practice Committee, Lichtenstein DR, Cash BD, et al. Role of endoscopy in 
the management of GERD. Guideline. Gastrointest Endosc 2007; 66(2):219-24.

25.	 Entrez Gene. Sequence analysis. National Center for Biotechnology Information. http://
www.ncbi.nlm.nih.gov

26.	 Sidorchuk II, Sydorchuk RI, Moscalyuk LP, et al. The present role of staphylococci in 
development of surgical hospital infection. Wiadomosci Lekarskie 1997; 50(Suppl 1 Pt 
2):257-8.

27.	 Gattas GJF, Kato M, Soares-Vieira JA, et al. Ethnicity and glutathione S-transferase 
(GSTM1/GSTT1) polymorphisms in a Brazilian population. Braz J Med Biol Res 2004; 
37 (4):451-8. 

28.	 Zhang J, Liu H, Yan H, et al. Null genotypes of GSTM1 and GSTT1 contribute to 
increased risk of diabetes mellitus: a meta-analysis. Gene 2013; 518(2):405-11.

29.	 Garte S, Gaspari L, Alexandrie AK, et al. Metabolic gene polymorphism frequencies in 
control populations. Cancer Epidemiol Biomark and Prevent 2001; 10:1239-48. 

30.	 Roy B, Majumder PP, Dey B, et al. Ethnic differences in distributions of GSTM1 and 
GSTT1 homozygous “null” genotypes in India. Human Biol 2001; 73:443-50. 

31.	 Gonlugur U, Pinarbasi H, Gonlugur TE, et al. The association between polymorphisms 
in glutathione S-transferase (GSTM1 and GSTT1) and lung cancer outcome. Cancer 
Invest 2006; 24:497-501.

32.	 Kala Z, Dolina J, Marek F, et al. Polymorphisms of glutathione S-transferase M1, T1 
and P1 in patients with reflux esophagitis and Barrett's esophagus. J Hum Genet 2007; 
52(6):527-34.

33.	 Liu B, Fan YJ, Wang ML, et al. Genetic polymorphisms in glutathione S-transferases T1, 
M1 and P1 and susceptibility to reflux esophagitis. Dis Esophagus 2006; 19(6):477-81.

34.	 Casson AG, Zheng Z, Porter GA, et al. Genetic polymorphisms of microsomal epoxide 
hydroxylase and glutathione S-transferases M1, T1 and P1, interactions with smoking, 
and risk for esophageal (Barrett) adenocarcinoma. Cancer Detect Prev 2006; 30(5):423-
31.

35.	 Kim SJ, Kim MG, Kim KS, et al. Impact of glutathione S-transferase M1 and T1 gene 
polymorphisms on the smoking-related coronary artery disease. J Korean Med Sci 2008; 
23(3):365-72.

36.	 Moasser E, Kazemi-Nezhad SR, Saadat M, et al. Study of the association between 
glutathione S-transferase (GSTM1, GSTT1, GSTP1) polymorphisms with type II 
diabetes mellitus in southern of Iran. Mol Biol Rep 2012; 39(12):10187-92.

37.	 Kariž S, Nikolajević Starčević J, Petrovič D. Association of manganese superoxide 
dismutase and glutathione S-transferases genotypes with myocardial infarction in patients 
with type 2 diabetes mellitus. Diabetes Res Clin Pract 2012; 98(1):144-50. 

38.	 Bid HK, Konwar R, Saxena M, et al. Association of glutathione S-transferase (GSTM1, 
T1 and P1) gene polymorphisms with type 2 diabetes mellitus in north Indian population. 
J Postgrad Med 2010; 56(3):176-81. 

39.	 Gönül N, Kadioglu E, Kocabaş NA, et al. The role of GSTM1, GSTT1, GSTP1, and 
OGG1 polymorphisms in type 2 diabetes mellitus risk: a case-control study in a Turkish 
population. Gene 2012; 505(1):121-7.

40.	 Rebbeck TR. Molecular epidemiology of the human glutathione S-transferase genotypes 
GSTM1 and GSTT1 in cancer susceptibility. Cancer Epidemiol Biomarkers Prev 1997; 
6:733-43.  

41.	 Klautau-Guimaraes MN, Hiragi CO, D'Ascenção RF, et al. Distribution of glutathione 
S-transferase GSTM1 and GSTT1 null phenotypes in Brazilian Amerindians. Genet Mol 
Biol 2005; 28(1):32-5. 

42.	 Lee MY, Mukherjee N, Pakstis AJ, et al. Global Patterns of Variation in Allele and 
Haplotype Frequencies and Linkage Disequilibrium across the CYP2E1 Gene. 
Pharmacogenomics J 2008; 8(5):349-56.

43.	 Hoglund J, Gustafsson K, Ljungstrom BL, et al. Anthelmintic resistance in Swedish sheep 
flocks based on a comparison of the results from the faecal egg count reduction test and 
resistant allele frequencies of the beta-tubulin gene. Vet Parasitol 2009; 161(1-2):60-8.

44.	 Oke B, Akbas F, Aydin M, et al. GSTT1 null genotype frequency in a Turkish population. 
Arch Toxicol 1998; 72(7):454-5.


