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Association between polymorphisms in glutathione
S-transferase Mu3 and IgG titer levels in serum
against Helicobacter pylori

Masayuki Tatemichi1,2, Motoki Iwasaki2, Shizuka Sasazuki2 and Shoichiro Tsugane2

This study investigated the association between glutathione S-transferases (GST) polymorphisms and immunoglobin G (IgG)

titer levels in serum against Helicobacter pylori (H. pylori). Out of a total 300 healthy subjects seropositive for H. pylori,

we analyzed the relationship between 15 single-nucleotide polymorphisms (SNPs), namely two in GST-mu2 (GST-M2), five

in GST-mu3 (GST-M3), four in GST-pi1 (GST-P1) and four in GST-theta2 (GST-T2), and IgG antibody titer levels in serum

against cytotoxin-associated gene A (CagA) and the surface antigen of H. pylori (Hp), as well as the levels of pepsinogen I (PGI).

Titer levels were classified by tertile. The age-sex adjusted odds ratios (ORs) and 95% confidence intervals (CIs) in the middle

and low titer groups were calculated using a polytomous logistic regression model, with the high titer group considered as

control. Results for GST-M3 showed a significant association between SNPs, CagA and Hp titers. In addition, the AA genotype

(high enzyme activity) from SNP rs7483 (Val224Ile) in GST-M3 showed a significantly low risk for being in the low titer

group (OR: 0.48, 95% CI: 0.27–0.86 and OR: 0.46, 95% CI: 0.26–0.83 for CagA and Hp, respectively). Furthermore,

the AA genotype from the rs7483 SNP showed significantly (Po0.05) higher PGI levels than did the genotypes harboring

a G allele (mean (s.d.)¼66.9 (32.0) and 59.1 (30.7) lgml�1 for AA and AG+GG, respectively). Our results suggest that

GST-M3 polymorphisms are associated with levels of IgG titer in serum against H. pylori. GST-M3 activity is possibly involved

in protection against mucosal atrophy caused by H. pylori as the levels of IgG titer and PGI are linked to mucosal status.
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INTRODUCTION

Helicobacter pylori (H. pylori) causes chronic inflammation of the
gastric mucosa, resulting in mucosal pathogenesis and atrophy.1,2

H. pylori causes the release of a number of oxidant radicals produced
by inflammatory cells, leading to mucosal damage.3 The antioxidant
activity of cellular enzymes therefore has an important role in the
prevention of mucosal damage progression.
Human glutathione S-transferases (GSTs) compose a superfamily of

enzymes involved in phase II of detoxification.4 GSTs protect cells against
toxic chemical insults by detoxifying a variety of active metabolites.4

Further, earlier studies have shown an association between GST poly-
morphisms and risk of gastric cancer.5 In addition to detoxification,
GSTs have a crucial role in cellular protection against oxidative stress by
eliminating free radicals.6 Variations in expression and activity of these
enzymes in individuals owing to genomic polymorphisms in GSTs may
therefore affect the outcomeofH. pylori infection, namelymucosal atrophy.
Helicobacter pylori serological test is performed to detect H. pylori

infection and to determine the status of the gastric mucosa.7,8 It was

shown earlier that the eradication of H. pylori significantly and
promptly reduced the level of immunoglobin G (IgG) titer against
the surface antigen of H. pylori (Hp).9 These findings suggest the
use of this IgG titer as a marker of H. pylori density, with high and
low H. pylori densities associated with inflammation and mucosal
atrophy, respectively. In addition to Hp, an IgG titer against cytotoxin-
associated gene A (CagA) is a useful marker used to detect high-risk
populations for gastric cancer.10–12 The majority ofH. pylori infections
in the Japanese population are CagA-positive, and low titer levels
against CagA and surface antigen of H. pylori are linked to progression
of mucosal atrophy and risk of gastric cancer.12

These observations and our earlier finding13 indicate that IgG
antibody titers are biomarkers that may prove useful in the manage-
ment of H. pylori infection and prevention of gastric cancer. Regarding
the association with gastric atrophy by infection of H. pylori, a lot
of gene polymorphisms have been reported. They include pro-
inflammatory cytokines, immunoresponse related and mediator
genes: interleukin (IL)-1B, IL-2, IL-4, IL-13, PTPN11, RANTES and
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tumor necrosis factor-a (reviewed by Hamajima et al.14). To date,
however, no studies have investigated the association between poly-
morphisms in GSTs and the serology of H. pylori. Here, we have first
reported a possible association between polymorphisms in GST-mu3
(GST-M3) and levels of IgG antibody titer against H. pylori.

MATERIALS AND METHODS
Study population and design are described in detail in an earlier study.15 Data

from control subjects in a hospital-based case–control study were used. Briefly,

subjects were selected among patients having visited two hospitals for medical

check-ups, including for endoscopy and X-ray of the upper gastrointestinal

tract, fecal occult blood testing and abdominal ultrasound. Initial screening was

followed by a detailed check-up, and the selected subjects were confirmed to be

free of cancer.

Subjects were then asked to complete a self-administered questionnaire that

included questions on age, sex, occupation, personal medical history and family

history of disease, as well as on lifestyle, namely smoking and drinking habits.

Of the 508 initial subjects, 300 were selected on the basis of CagA sero-

positivity (X10Uml�1). As CagA is a better biomarker than Hp in the detection

of H. pylori infection because of the dominance of the CagA-positive strain

in the H. pylori-infecting Japanese patients and because of its longer presence

in serum.12

Genomic DNA was extracted from peripheral blood using a DNA Extractor

WB kit (Wako, Osaka, Japan) according to the manufacturer’s protocol.

Genotyping was performed using the MassARRAY system (Sequenom, San

Diego, CA, USA) for the following 15 GST single-nucleotide polymorphisms

(SNPs): GST-mu2 (GST-M2; rs655315 and rs428434), GST-mu3 (GST-M3;

rs1332018, rs1537324, rs1571858, rs7483 (Val224Ile) and rs1537236), GST-pi1

(GST-P1; rs1871042, rs762803, rs947894 (Ile105Val) and rs4891) and GST-

theta2 (GST-T2; rs140186, rs2267047, rs1622002 (Met139Ile) and rs2719).

Immunoglobin G antibody titer levels of Hp and CagAwere measured using

direct ELISA kits, namely the E Plate ‘Eiken’ Hp antibody (Eiken Kagaku,

Tokyo, Japan) and CagA kits (IgG EIA; Sceti, Rome, Italy), respectively.

IgG titer levels were then determined by measuring the optical density, which

was compared with a standard curve. Serum levels of pepsinogen (PG) I and

PGII were measured by two-step enzyme immunoassay using commercial kits

(E Plate ‘Eiken’ PG I and PG II, Eiken Kagaku).

Statistical analysis
Subjects were classified into three equal groups on the basis of the percentile (33

and 67%) value of the IgG titer level and described as low, middle and high

groups. The threshold values of the titer groups were 29.9 and 103.5Uml�1 for

CagA and 29.9 and 68.6Uml�1 for Hp, respectively. The differences in the

characteristics of subjects among all three groups were determined using one-

way analysis of variance, w2-test or Kruskal–Wallis test. Each polymorphismwas

assessed in all subjects to ensure a fit with the Hardy–Weinberg equilibrium.

The age-sex adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of

the major allele in the middle and low titer groups were calculated using a

polytomous logistic regression model, with the high titer group considered as

control. The difference in the PGI mean levels between genotypes was

determined using Student’s t-test. All statistical analysis was performed using

SAS, version 9.1 (SAS Institute, Cary, NC, USA). Results were considered

statistically significant at Po0.05.

RESULTS

A detailed description of the study subjects is shown in Table 1. No
significant differences in age or body mass index were observed among

Table 1 Characteristics of subjects

CagA seropositive

CagA Hp

CagA seronegative Total Low titer Middle titer High titer Low titer Middle titer High titer

n¼208 (n¼300) (n¼100) (n¼100) (n¼100) P-value (n¼100) (n¼100) (n¼100) P-value

Age

Mean (s.d.) 56.6 (9.7) 59.5 (8.7) 59.8 (8.4) 60.2 (8.5) 58.3 (9.1) 0.270a 58.4 (9.7) 60.0 (8.8) 59.9 (7.3) 0.330a

Sex

Man/woman 141/67 203/97 73/27 73/27 57/43 0.020b 65/35 71/29 67/33 0.653b

BMI

Mean (s.d.) 23.7 (2.9) 23.7 (2.7) 23.9 (2.7) 23.1 (2.6) 23.9 (2.8) 0.059a 23.6 (2.9) 23.6 (2.7) 23.8 (2.6) 0.782a

Smoking status

Current 62 60 24 25 11 23 25 12

Ex- 44 77 27 28 22 28 24 25

Never 102 162 49 46 67 48 51 63

Unknown 0 1 0 1 0 0.020b 1 0 0 0.109b

CagA titer

Median (IQR) 4.1 (4.3) 58.4 (122.5) 15.2 (9.1) 58.1 (28.2) 181.1 (74.8) o0.0001c 18.3 (25.4) 63.1 (104.8) 142.9 (133.5) o0.0001c

Hp titer

Median (IQR) 0.9 (4.4) 48.6 (58.4) 15.7 (36.5) 45.7 (44.4) 76.2 (68.3) o0.0001c 12.2 (18.7) 48.5 (14.6) 104.0 (71.0) o0.0001c

Pepsinogen1

Mean (s.d.) 56.4 (23.4) 63.7 (31.7) 53.7 (26.1) 62.8 (28.7) 74.6 (36.0) o0.0001a 52.8 (28.8) 64.4 (27.1) 74.1 (35.0) o0.0001a

Abbreviations: Hp, IgG antibody against the surface antigen of Helicobacter pylori; IQR, intraquartile range.
aOne-way analysis of variance among low titer, middle and high titer.
bw2test among low titer, middle and high titer.
cKruskal–Wallis test among low titer, middle and high titer.
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CagA seropositive cases. A significant difference was observed for sex
and smoking status, with the highest number of women and never-
smokers found in the high CagA titer group.
Table 2 shows the minor allele frequencies of each polymorphism,

as well as the results from the Hardy–Weinberg equilibrium test.
Except for SNP rs428434, the P-value calculated using the w2-test
exceeded 0.05, indicating that other SNPs were compatible with the
Hardy–Weinberg equilibrium.
Tables 3 and 4 show allele frequencies of each SNP based on the IgG

titer levels, as well as the ORs and 95% CIs for CagA and Hp,
respectively. Although no significant associations were observed
between CagA or Hp titers and GST-P1, GST-T2 and GST-M2
SNPs, significant associations were found between GST-M3 SNPs
and both CagA and Hp titer levels, in particular for the rs7483
(Val224Ile) SNP based on the w2-test. In addition, the subjects with
AA genotype showed a significantly low risk for being in the low titer
group (OR: 0.48, 95% CI: 0.27–0.86 and OR: 0.46, 95% CI: 0.26–0.83
for CagA and Hp, respectively). Further, ORs adjusted for smoking
status were 0.47 (95% CI: 0.26–0.86) for both CagA and Hp.
Haplotype analysis showed no differences in OR between the AA
genotype with both rs7483 and rs1332018 SNPs and with the rs7483
SNP alone (OR: 0.50 (95% CI: 0.28–0.90) and OR: 0.49 (95% CI:
0.28–0.88) for the low titer group of CagA and Hp, respectively).
Evaluation of GST-M3 alleles containing polymorphisms rs7483

and rs1571858 revealed significantly higher PG1 levels than did
genotypes harboring a G allele (mean (s.d.) for rs7483: 66.9 (32.0)
and 59.1 (30.7) mgml�1 (P¼0.036), rs1571858: 67.4 (32.1) and 58.8
(30.5) mgml�1 (P¼0.020) for AA and AG+GG alleles, respectively),
despite no significant difference in the PG1/PG2 ratios between
genotypes (data not shown). High (X70mgml�1) and low

(o70mgml�1) PGI levels indicate normal and atrophied mucosa
(o30mgml�1 severe atrophy), respectively. The association between
GST-M3 genotypes and serum PGI levels is shown in Table 5. Results
show an association between the rs1571858 SNP and PGI levels with
a borderline significance.
Table 6 shows the linkages among GSTM3 SNPs. A close association

was found between genotypes and five SNPs (Po0.0001). Of the 176
major samples with AA alleles in SNP rs7483, 176 (TT), 170 (AA), 174
(AA) and 176 (AA) samples contained SNP rs1537234, rs1571858,
rs1332018 and rs1537236, respectively. Of the 106 samples with the
AG genotype in SNP rs7483, 17 (TT) and 86 (GT) (three missing
samples) contained SNP rs1537234; 106 (AG) rs1571858; 19 (AA)
rs1332018; and 17 (AA) and 87 (AC) (one missing sample) rs1537236.
Of the 18 minor samples with GG alleles in SNP rs7483, 1 (TT), 7
(GT) and 10 (GG) contained SNP rs1537234; 18 (GG) rs1571858; 1
(AA), 8 (AC) and 9 (CC) rs1332018; and 1 (AA), 7 (AG) and 10 (GG)
rs1537236.

DISCUSSION

This study considers statistical multiplicity based on the repetition of
statistical tests. Results show a close association among five SNPs in
GST-M3, with similar results for CagA and Hp, which suggests,
without coincidental significance, that GST-M3 SNPs are associated
with IgG titer levels in serum against H. pylori.
The SNP rs7483 in GST-M3 is responsible for a conservative

amino-acid substitution, which alters GST-M3 enzyme activity. At
codon 224, the A and G alleles code for isoleucine (Ile) and valine
(Val), respectively.16 A study shows that the presence of the Ile residue
in GST-M3 results in increased enzymatic activity.17 Furthermore, a
report shows that the rs1332018 SNP significantly affects promoter
activity.18 In contrast, GST-M3 expression is shown to be lower in
individuals with the C allele than the A allele.18 Although these
findings suggest that the AA genotype with both the rs7483 and
rs1332018 SNPs causes higher enzyme activity, haplotype analysis in
this study did not reveal more prominent associations. Regarding this
point, we consider that the GST-M3 SNPs studied in this study were
closely linked and that the haplotype construction of GST-M3 was not
informative.
Two possible biological mechanisms are suggested for the low

IgG titer levels against H. pylori: (1) prolonged H. pylori infection
leading to the progression of mucosal atrophy, and (2) low initial
immunoresponse to H. pylori. These mechanisms were investigated by
measuring the levels of PGI, a practical biomarker in the determina-
tion of the status of the gastric mucosa.19 An earlier report showed
that low PGI values indicate progression of mucosal atrophy.20 In this
study, the level of PGI was significantly higher in the AA genotype
than in the AG+GG genotype, suggesting that genotypes causing
higher GST-M3 activity are involved in protection from mucosal
atrophy progression. In this study, no significant differences in
PG1/PG2 ratios were observed among the GST-M3 genotypes.
We reported earlier the close association between IgG titer levels
and serum PG2 but not PG1 levels.8,13 A histological study also
showed that inflammation in the gastric mucosa elevated serum
PG2 but not PG1 levels, leading to a decrease in PG1/PG2 ratios;
nevertheless, mucosal atrophy was not histologically observed.21 Given
that the accuracy of the PG1/PG2 ratio as a biomarker for gastric
mucosal atrophy depends on the IgG titer levels and mucosal
inflammation grades, the PG1/PG2 ratio was not considered a suitable
marker in this study.
This study also observed an association between female never-

smokers and high CagA titer. We reported earlier a relationship between

Table 2 Frequencies for the minor alleles and results from the Hardy–

Weinberg test

Amino-acid Allele Hardy–Weinberg

SNP no. change frequency P-valuea

GST-P1

rs947894 Ile105Val 0.18 0.57

rs4891 Ser185Ser 0.17 0.45

rs1871042 Intron 0.17 0.61

rs762803 Intron 0.17 0.98

GST-T2

rs1622002 Met139Ile 0.19 0.66

rs2719 Untranslated 0.28 0.94

rs2267047 Intron 0.33 0.16

rs140186 Untranslated 0.47 0.95

GST-M2

rs655315 Intron 0.26 0.62

rs428434 Intron 0.23 0.00

GST-M3

rs1537234 Intron 0.19 0.78

rs7483 Val224Ile 0.24 0.70

rs1571858 Intron 0.25 0.94

rs1332018 Untranslated 0.19 0.48

rs1537236 Untranslated 0.19 0.69

Abbreviations: GST, glutathione S-transferases; SNP, single-nucleotide polymorphism.
aw2-test.
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smoking status and reduced IgG titer levels.8 On the basis of this
finding, two possible mechanisms for decreased IgG titer levels are
suggested: (1) smoking reduces immunological reactions because of the
hampering H. pylori survival, leading to a decreased number infected
and an inhibition of IgG titer increase, and (2) the proinflammatory
and toxic effects of smoking enhance mucosal destruction, resulting in
rapid mucosal atrophy, and hampered H. pylori survival.
The brain is known to show high oxygen metabolism and sensitivity

to oxidative stress. Recent studies report that polymorphisms in GST-
M3, a key enzyme in the protection of tissue from oxidative species,
are associated with a risk of Alzheimer’s disease.16,22 Pathogenic
changes of the gastric mucosa, which was shown to be sensitive to
oxidative radicals, are also caused by oxidative stress mediated by
H. pylori infection.23 These findings suggest the crucial role of GST-M3
in the pathogenesis of gastric mucosa.
The mu class of GST isoforms is most abundant in the liver, muscle

and brain,24–26 whereas GST-a, GST-T1and GST-P1 are commonly
expressed in the gastrointestinal tract.27 Although a number of earlier
studies investigated the association between the risk of gastric cancer
and deletion mutations in GST-T1 and GST-M1, the results were
inconclusive.28 You et al.29 reported that there was no significant

association of the precancerous gastric lesions with null genotype of
GST-P1, M1 or T1 in a large-scale Chinese population. A recent meta-
analysis study, however, reported a minor increase in the risk of gastric
cancer in GST-T1-null genotypes.5 The association between GST-M3
polymorphisms and risk of cancer was studied in the prostate,30

esophagus,31 larynx,32 colorectal,33 bladder,34 breast35 and basal cell
carcinomas.36 A study on a Polish population, however, reported
insufficient evidence of an association between GST-M3 polymorph-
isms and gastric cancer.37 Our recent study also indicates no signifi-
cant association between GST-M3 polymorphisms and gastric
cancer.15 Although necessary to induce mucosal atrophy, H. pylori
infection is not a sufficient causal factor of gastric cancer, which is a
multifactorial disease.2 Furthermore, additional combinations of poly-
morphic GST enzymes may possibly affect the risk of cancer. Clar-
ification of the association between GST-M3 polymorphisms and
gastric cancer risk is therefore required through analysis of gene–
gene and gene–environment interactions.
Results from our earlier study,8 as well as pathological findings,38,39

show low levels of IgG titer and PGI in currently smoking individuals,
suggesting that smoking promotes mucosal atrophy in subjects
infected by H. pylori. This finding is consistent with results in this

Table 3 Association of GST polymorphisms with CagA titer levels

CagA titer

High
Middle Low

Gene SNP ID Genotype Total no. No. No. OR a 95% CIa No. OR a 95% CI a P-value b

GST-P1 rs947894 AG+GG 98 39 32 1 Reference 27 1 Reference

AA 200 61 68 1.35 0.75, 2.43 71 1.67 0.91, 3.05 0.224

rs4891 TC+CC 96 39 31 1 Reference 26 1 Reference

TT 204 61 69 1.40 0.77, 2.53 74 1.78 0.97, 3.28 0.139

rs1871042 CT+TT 92 38 28 1 Reference 26 1 Reference

CC 206 62 70 1.52 0.83, 2.79 74 1.73 0.94, 3.18 0.154

rs762803 CA+AA 94 37 29 1 Reference 28 1 Reference

CC 203 62 70 1.43 0.78, 2.61 71 1.50 0.82, 2.75 0.321

GST-T2 rs1622002 AG+AA 102 31 32 1 Reference 39 1 Reference

GG 198 69 68 0.92 0.50, 1.69 61 0.67 0.37, 1.22 0.429

rs2719 TG+TT 143 47 51 1 Reference 45 1 Reference

GG 153 53 48 0.91 0.52, 1.60 52 1.11 0.63, 1.97 0.734

rs2267047 TC+TT 169 58 59 1 Reference 52 1 Reference

CC 128 42 41 0.92 0.52, 1.62 45 1.15 0.65, 2.03 0.720

rs140186 GA+AA 216 67 73 1 Reference 76 1 Reference

GG 84 33 27 0.77 0.41, 1.43 24 0.65 0.35, 1.22 0.353

GST-M2 rs655315 AG+AA 133 42 47 1 Reference 44 1 Reference

GG 162 55 52 0.86 0.48, 1.52 55 0.96 0.54, 1.71 0.831

rs428434 CG 135 42 48 1 Reference 45 1 Reference

GG 164 58 51 0.78 0.44, 1.37 55 0.89 0.51, 1.57 0.655

GST-M3 rs1537234 TG+GG 103 27 32 1 Reference 44 1 Reference

TT 194 73 66 0.77 0.41, 1.43 55 0.46 0.25, 0.84 0.031

rs7483 GA+GG 124 32 42 1 Reference 50 1 Reference

AA 176 68 58 0.68 0.38, 1.22 50 0.48 0.27, 0.86 0.035

rs1571858 AG+GG 130 33 44 1 Reference 53 1 Reference

AA 170 67 56 0.64 0.36, 1.15 47 0.44 0.25, 0.79 0.017

rs1332018 CA+CC 105 27 34 1 Reference 44 1 Reference

AA 194 73 65 0.70 0.38, 1.30 56 0.46 0.25, 0.85 0.041

rs1537236 GA+GG 105 26 34 1 Reference 45 1 Reference

AA 194 73 66 0.70 0.37, 1.29 55 0.43 0.24, 0.79 0.021

Abbreviations: CI, confidence interval; GST, glutathione S-transferases; OR, odds ratio; SNP, single-nucleotide polymorphism.
aAge-sex adjusted OR was calculated using a polytomous logistic regression model, with the high titer level considered as control.
bw2-test.
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Table 4 Association of GST polymorphisms with Hp titer levels

Hp titer

High
Middle Low

Gene SNP ID Genotype Total no. No. No. OR a 95% CI a No. OR a 95% CI a P-value b

GST-P1 rs947894 AG+GG 98 39 30 1 Reference 29 1 Reference

AA 200 61 69 1.46 0.81, 2.63 70 1.54 0.85, 2.79 0.276

rs4891 TC+CC 96 39 29 1 Reference 28 1 Reference

TT 204 61 71 1.55 0.86, 2.80 72 1.65 0.91, 2.99 0.183

rs1871042 CT+TT 92 37 27 1 Reference 28 1 Reference

CC 206 63 73 1.58 0.86, 2.88 70 1.46 0.80, 2.66 0.259

rs762803 CA+AA 94 38 26 1 Reference 30 1 Reference

CC 203 62 73 1.71 0.94, 3.13 68 1.39 0.77, 2.50 0.198

GST-T2 rs1622002 AG+AA 102 35 30 1 Reference 37 1 Reference

GG 198 65 70 1.25 0.69, 2.26 63 0.90 0.50, 1.62 0.560

rs2719 TG+TT 143 54 46 1 Reference 43 1 Reference

GG 153 46 52 1.35 0.77, 2.37 55 1.47 0.84, 2.59 0.343

rs2267047 TC+TT 169 56 62 1 Reference 51 1 Reference

CC 128 44 37 0.75 0.43, 1.33 47 1.19 0.68, 2.09 0.317

rs140186 GA+AA 216 75 69 1 Reference 72 1 Reference

GG 84 25 31 1.35 0.72, 2.52 28 1.13 0.60, 2.12 0.640

GST-M2 rs655315 AG+AA 133 38 54 1 Reference 41 1 Reference

GG 162 60 45 0.53 0.30 0.93 57 0.88 0.50, 1.56 0.062

rs428434 CG 135 38 54 1 Reference 43 1 Reference

GG 164 62 45 0.51 0.29, 0.90 57 0.81 0.46, 1.43 0.056

GST-M3 rs1537234 TG+GG 103 27 33 1 Reference 43 1 Reference

TT 194 71 66 0.76 0.41, 1.40 57 0.49 0.27, 0.89 0.070

rs7483 GA+GG 124 32 43 1 Reference 49 1 Reference

AA 176 68 57 0.62 0.35, 1.12 51 0.46 0.26, 0.83 0.047

rs1571858 AG+GG 130 35 44 1 Reference 51 1 Reference

AA 170 65 56 0.69 0.39, 1.22 49 0.49 0.28, 0.88 0.073

rs1332018 CA+CC 105 29 34 1 Reference 42 1 Reference

AA 194 70 66 0.80 0.44, 1.47 58 0.56 0.31, 1.01 0.165

rs1537236 GA+GG 105 28 34 1 Reference 43 1 Reference

AA 194 71 66 0.77 0.42, 1.40 57 0.51 0.28, 0.92 0.090

Abbreviations: CI, confidence interval; GST, glutathione S-transferases; Hp, IgG antibody against the surface antigen of Helicobacter pylori; OR, odds ratio; SNP, single-nucleotide polymorphism.
aAge-sex adjusted OR was calculated using a polytomous logistic regression model, with the high titer level considered as control.
bw2-test.

Table 5 Association of GST-M3 genotypes with serum pepsinogen 1 levels

Pepsinogen 1(mgml�1)

X70 70–30 o30

Gene SNP ID Genotype Total no. No. No. OR b 95% CI b No. OR b 95% CI b P-value

GST-M3 rs1537234 TG+GG 100 28 60 1 Reference 12 1 Reference

TT 190 70 99 0.64 0.37, 1.10 21 0.76 0.33, 1.77 0.315

rs7483 GA+GG 118 33 67 1 Reference 18 1 Reference

AA 175 66 92 0.66 0.39, 1.12 17 0.51 0.23, 1.13 0.134

rs1571858 AG+GG 124 34 70 1 Reference 20 1 Reference

AA 169 65 89 0.64 0.38, 1.09 15 0.42 0.19, 0.92 0.052

rs1332018 CA+CC 102 28 60 1 Reference 14 1 Reference

AA 190 71 98 0.63 0.36, 1.08 21 0.62 0.28, 1.40 0.227

rs1537236 GA+GG 102 29 59 1 Reference 14 1 Reference

AA 190 70 99 0.67 0.39, 1.16 21 0.66 0.29, 1.50 0.336

Abbreviations: CI, confidence interval; GST, glutathione S-transferases; OR, odds ratio; SNP, single-nucleotide polymorphism.
aw2-test.
bAge-sex adjusted OR was calculated using a polytomous logistic regression model, with the group X70mg ml�1 considered as control.
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study (unpublished data). GST-M3 is a phase II enzyme that has a key
role in the detoxification of chemical agents from smoking, whereas
there was no interaction effect of GST-M3 polymorphisms and IgG
titer levels in this study (unpublished data). These results suggest that
cigarette smoking could promote the progression of mucosal atrophy
and affect gastric mucosa infected by H. pylori. In addition to chemical
toxicity, other causal factors may be involved in mucosal atrophy
because of smoking, such as impairment of mucosal microcirculation,
modulation of acid secretion, and increase in bile-to-stomach reflex.40

In summary, this study is the first to suggest an association between
GST-M3 polymorphisms and IgG titer levels in serum againstH. pylori.
Further, the high activity of GST-M3 may be involved in protection
against mucosal atrophy caused by H. pylori. Given these findings, the
presence of GST-M3 polymorphisms should be considered in assess-
ments using titers against H. pylori.
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