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Glutathione S-transferase (GST) M1 null
genotype has been reported playing a
significant role in the diabetes mellitus
(DM) susceptibility in Turkish population.
We investigated whether the GSTM1,
GSTA1, and GSTP1 gene polymorphisms
are associated with posttransplantation
diabetes mellitus (PTDM) in Taiwan. There
were 283 renal transplant recipients (RTRs)
enrolled. Polymerase chain reaction–
restriction fragment length polymorphism
was used for the measurement of GSTA1,
M1, and P1 genetic polymorphisms. PTDM
was diagnosed according to the American
Diabetes Association guidelines. Eight-five
patients (30%) were diagnosed with PTDM.
The averaged posttransplant follow-up
period was 77.9727.2 months. Duration
from transplantat to diagnosis of PTDM

ranged from 0.2 to 103.1 months
(19.2726.3 months). There were signifi-
cantly differences between non-DM and
PTDM groups in age (50.6711.0 vs.
54.679.36 years, P 5 0.005), BMI
(22.473.6 vs. 24.373.8, Po0.001). The
distributions of GSTA1, GSTP1, and
GSTM1 genotypes alleles were not signifi-
cantly different between PTDM and non-
DM group. Patients carrying the different
GSTA1, GSTP1, and GSTM1 genetic and
allelic polymorphisms had no differences
for the development of PTDM. These
overall results suggested a lack of strong
association with GSTA1, GSTP1, and
GSTM1 genetic polymorphisms to the
susceptibility of PTDM in Taiwanese RTRs.
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INTRODUCTION

The incidence of post-transplantation diabetes melli-
tus (PTDM) is continuously increasing, ranging from 2
to 53%, resulting in a significant impact on long-term
patient and graft survival (1). Some risk factors of
PTDM have been reported, including types of immuno-
suppressant therapy, ethnicity, older age, and body
mass index (BMI) (2). Recently, oxidative stress is
suggested to contribute to pathological processes in
many diseases, including diabetes (3,4), and increased
levels of oxidative stress have been identified in diabetes
(5). Glutathione S-transferases (GST) have been sug-
gested to play an important role against the damaging
effects of oxidative stress, but with controversial results

in the association with DM (6). In Turkish population,
GSTM1 null genotype was reported to play a significant
role in the pathogenesis of DM, but no relationship
between GSTM1 and diabetic nephropathy has been
reported in Japanese type 2 DM (7,8).
Recently, Kang et al. demonstrated that multiple single

nucleotide polymorphisms, which included TCF7L2,
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SLC30A8, HHEX, CDKAL1, CDKN2A/B, and
KCNQ1, were associated with the development of PTDM
(9), and patients with variant genotype of GSTM1 and
GSTP1 were at higher risk for rejection and delayed graft
function (10). Because there are controversial roles of
GST for the development of PTDM, the objective of this
study was to evaluate whether the GSTA1, GSTP1, and
GSTM1 gene polymorphisms were associated with the
risk of developing PTDM.

MATERIALS AND METHODS

From April 1987 to January 2008, patients who
received renal transplantation and had regular follow up
were recruited at Chung Shan Medical University
Hospital, Taichung, Taiwan. Those who were diagnosed
with preexisting diabetes mellitus, received cyclosporine-
based immunosuppression and refusing to sign informed
consent were excluded. Two hundred and eighty-three
transplant recipients (145 males and 138 females) were
enrolled. The follow-up period lasted until April 2010.
This study was approved by the institutional review
board of our hospital.
Recipient age, gender, BMI, laboratory, clinical data,

including HBV or HCV infection, and smoke were
recorded. PTDM was diagnosed according to the Amer-
ican Diabetes Association guidelines (11). These criteria
were: fasting blood glucose Z126mg/dl (7.0mmol/l); or
symptoms of diabetes plus plasma glucose concentration
Z200mg/dl (11.1mmol/l) at any time of day; or 2hr
postload glucoseZ200mg/dl (11.1mmol/l) during an oral
glucose tolerance test. The blood samples for determina-
tion of GSTA1, P1, and M1 genotypes were obtained
from the monthly follow-up at our out-patient clinic if
patients agreed to provide informed consents.

Genomic DNA Extraction

Genomic DNA was extracted from whole blood
samples collected from study subjects by use of QIAamp
DNA blood mini kits (Qiagen, Valencia, CA) in
accordance with the manufacturer’s instructions. DNA
was dissolved in TE buffer (10mM Tris, pH 7.8; 1mM
EDTA) and then quantitated by a measurement of
optical density (OD260). The final preparation was
stored at –20% and was used to create templates in the
polymerase chain reaction (PCR).

Polymerase Chain Reaction–Restriction Fragment
Length Polymorphism

The GSTP1, GSTA1, and GSTM1 gene polymorphism
analysis (PCR–restriction fragment length polymorphism
[PCR-RFLP]) and the primers were modified from
previous studies (12). Briefly, PCR was performed in a

10ml reaction containing 100ng DNA template, 1.0ml of
10� PCR buffer (Invitrogen, Carlsbad, CA), 0.25U of
Taq DNA polymerase (Invitrogen), 0.2mM deoxyribo-
nucleotide triphosphates (dNTPs; Promega, Madison,
WI), and 200nM of each primer (MDBio Inc., Taipei,
Taiwan). The PCR cycling started at 94% for 5min,
followed by 35 cycles of 94% for 1min, 60% for 1min,
and 72% for 2min, with a final step at 72% for 20min to
allow a complete extension of all PCR fragments.

Statistical Analysis

The Mann–Whitney U test was used in the compar-
ison of continuous variables and chi-square analysis in
the comparison of proportions. Results were presented
as mean7standard deviation or percentages. The alleles
of GSTA1 and GSTP1 were calculated by directing
counting. Hardy–Weinberg equilibrium (HWE) equili-
brium was assessed using a goodness-of-fit chi-square
test for GSTA1 and GSTP1. Odds ratio (OR) and 95%
confidence interval were calculated to compare the
differences in the distributions for GST A1, P1, and
M1 genotypic frequencies of non-DM and PTDM
groups. A P-value of less than 0.05 was considered
statistically significant. The data were analyzed using
Medcalcs version 11.2 statistical software.

RESULTS

There were 85 patients (30%) diagnosed to have
PTDM in this study. The average posttransplant follow-
up period was 77.9727.2 months and the duration from
transplant to diagnosis of PTDM ranged from 0.2
to 103.1 months (19.2726.3 months). The clinical
characteristics of our patients divided into non-DM
and PTDM groups are shown in Table 1. There were

TABLE 1. Demographic Characteristics Between Non-DM
and PTDM Groups

Variable Non-DM PTDM P

Patient number 198 85

Gender (male, %) 99 (50) 46 (54.1) 0.613

Age (year) 50.6711.0 54.679.36 0.005

Biopsy-proven AR (n, %) 25 (12.6) 14 (16.5) 0.502

Biopsy-proven IF/TA (n, %) 17 (8.6) 9 (10.6) 0.756

Parental DM (n, %) 22 (11.1) 11 (12.9) 0.812

HBV (n, %) 24 (12.1) 13 (15.3) 0.594

HCV (n, %) 16 (8.1) 6 (7.1) 0.958

Smoking (n, %) 58 (29.7) 22 (26.2) 0.647

HLA (n, %)

r3 99 (58.9) 40 (54.8) 0.649

43 69 (41.1) 33 (45.2)

Body mass index (kg/m2) 22.473.6 24.373.8 o0.001

Duration of dialysis (month) 28.4733.3 21.4726.4 0.096

AR, acute rejection; IF/TA, interstitial fibrosis/tubular atrophy; DM,

diabetes mellitus; HLA, human leukocyte antigen.
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significant differences between transplant recipients with
non-DM and PTDM in age (50.6711.0 vs. 54.679.36
years, P5 0.005), BMI (22.473.6 vs. 24.373.8,
Po0.001), but comparable in recipient age, gender,
parental DM, duration receiving dialysis, smoke, HBV,
HCV, biopsy-proven AR, and biopsy-proven IF/TA.
The alleles of GSTA1 and GSTP1 are in agreement

with the HWE (w2 5 0.671, P5 0.412; w2 5 0.415,
P5 0.52, respectively). The distribution of GSTA1
CC, CT, and TT genotype were 79.1, 19.1, and 1.8%.
The distribution of GSTP1 AA, AG, and GG genotype
were 71.7, 26.5, and 1.8%. The distribution of GSTM1
present and null genotype was 37.1 and 62.9%. The
distributions of GSTA1, GSTP1, and GSTM1 geno-
types alleles were not significantly different between
non-DM and PTDM group (Table 2). Additionally, the
OR of non-DM and PTDM recipients carrying the
variant genotype and allele of GSTA1, GSTP1, and
GSTM1 were comparable (Table 3).

DISCUSSION

In this study, RTRs diagnosed with PTDM was older
and had higher BMI, which were similar with the
previous studies (13). PTDM is a well-known complica-
tion following solid organ transplantation with 4–25%
(1,14), the percentage of the development of PTDM in
this study was 30% with the possible reason that we
enrolled only recipients who received tacrolimus-based
immunosuppressive regimen. The risk factors predis-
posed to the development of PTDM included nonmo-
difiable and modifiable ones: the nonmodifiable risk
factors were reported as race, genetic background, aged,
family history of diabetes, and previous glucose intol-
erance; the modifiable included obesity, hepatitis C virus

infection, cytomegalovirus infections, and immunosup-
pressive drugs (9,15).
The GST supergene family of phase II drug metabo-

lizing enzymes comprises at least six families of genes
(mu, pi, theta, alpha, kappa, and zeta) encoding
enzymes involved in the detoxification of a variety of
potentially mutagenic compounds and free radicals with
reduced glutathione (16). Increasing evidences suggested
that enzymes of the GSTA1, GSTP1, and GSTM1 are
important in the protection of cells from the toxic
products of oxidative stress-mediated reactions (17,18).
Oxidative stress and the GST gene polymorphisms had
been supposed to be a relevant pathophysiological
factor for delayed graft function and for renal allograft
rejection development of RTRs (10,19,20).
Studies showed that diminished expression of GSTs

may result in a reduction in the capacity of defense
against the oxidative stress (17,18).) The oxidative stress
had been reported to be associated with hyperglycemia
with a significant decline in blood glutathione content at
the recent onset of diabetes (Po0.0001) (21). Yalin et al.
compared the distribution of GSTM1, GSTT1, and
GSTP1 gene variants in DM and healthy control and
found that GSTM1 alone was associated with the
development of DM (OR 3.7; 95% CI: 2.05–6.7). The
combined analysis of these three GST genotypes showed
higher risk for enhanced susceptibility to DM (OR 5.7,
95% CI: 1.51–31.07) (7).
Although many diseases, including diabetic nephro-

pathy, coronary artery disease risk, and even the
posttransplant allograft outcomes, were associated with

TABLE 2. Distribution of Genotypes and Alleles Between Non-

DM and PTDM Groups

Variable Non-DM PTDM P

GSTA1 (n, %)

CC 157 (79.3) 67 (78.8) 0.886

CT 38 (19.2) 16 (18.8)

TT 3 (1.5) 2 (2.4)

C 352 (88.9) 150 (88.2) 0.936

T 44 (11.1) 20 (11.8)

GSTP1 (n, %)

AA 136 (68.7) 67 (78.8) 0.15

AG 59 (29.8) 16 (18.8)

GG 3 (1.5) 2 (2.4)

A 331 (83.6) 150 (88.2) 0.197

G 65 (16.4) 20 (11.8)

GSTM1 (n, %)

Present 77 (38.9) 28 (32.9) 0.415

Null 121 (61.1) 57 (67.1)

TABLE 3. Risks of GSTA1, GSTP1, GSTM1 Genetic and

Allelic Polymorphisms With Regards to Developing PTDM

95% confidence interval

Variable N (%) P OR Lower Upper

GSTA1

CTa) 16 (18.8) 0.968 0.987 0.515 1.891

TTa) 2 (2.2) 0.629 1.562 0.255 9.564

CT/TTa) 18 (21.2) 0.929 1.029 0.551 1.919

C 150 (88.2) 1

T 20 (11.8) 0.822 1.067 0.608 1.871

GSTP1

AGb) 16 (18.8) 0.061 0.55 0.295 1.029

GGb) 2 (2.4) 0.744 1.353 0.221 8.293

AG/GGb) 18 (21.2) 0.085 0.589 0.323 1.075

A 150 (88.2) 1

G 20 (11.8) 0.158 0.679 0.397 1.162

GSTM1

Present 28 (32.9) 1

Null 57 (67.1) 0.343 1.295 0.759 2.212

PTDM, posttransplantation diabetes mellitus; CI, confidence interval;

GST, glutathione S-transferase; OR, odds ratio.
a)Means compared with GSTA1 CC genotype.
b)Means compared with GSTP1 AA genotype.

434 Tsai et al.

J. Clin. Lab. Anal.



the GST gene variants, the relationship of GST gene
polymorphisms with PTDM had not been examined
previously (4,8,10,19,20). To our knowledge, this is the
first study to investigate the association of GST gene
polymorphisms with the development of PTDM,
although the results lacked association. Additionally,
because of the limited number of patients in this study,
further investigation with larger sample size may allow
us to clarify the effects of GST genetic polymorphism on
the development of PTDM.
In conclusion, the overall results suggested that

GSTA1, GSTP1, and GSTM1 polymorphisms were
not major risk factors for the susceptibility to PTDM in
Taiwan RTRs.
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