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mon form of glaucoma. POAG is a complex chronic-

degenerative disease having a multifactorial aetiology
including mechanical damage due to increased intraocular
pressure (IOP), increased glutamate levels, mutations in
specific genes, toxic effects and oxidative damage caused by
reactive oxygen species (ROS). The pathogenic role of ROS in
glaucoma is supported by various experimental findings. ROS-
mediated oxidative DNA damage has also been shown to be
significantly increased in the trabecular meshwork of patients
with glaucoma compared with controls. Oxidative stress also
seems to be involved in the neuronal cell death affecting the
optic nerve in POAG."™

Glutathione S transferases (GSTs) represent an important
family of phase II drug metabolising enzymes. Besides
detoxifying exogenous electrophilic xenobiotics, these trans-
ferases inactivate endogenous end products formed as second-
ary metabolites during oxidative stress.”™®

The GST isoenzymes expressed in human tissues comprise
the alpha, mu, pi, theta, kappa, sigma, zeta and omega gene
families.” As many GST genes are polymorphic, there has been
considerable interest in determining whether particular allelic
variants are associated with altered risk (or outcome) of a
variety of pathologies including cancers, cardiovascular diseases
and respiratory diseases.”

Of these classes of GSTs, five (GSTMI1, GSTM3, GSTTI,
GSTP1 and GSTZ1) have been shown to be polymorphically
distributed." Five mu-class genes (GSTM1-GSTMS5) are situ-
ated on chromosome 1."" Polymorphisms identified in GSTM1
are GSTM1*0, GSTM1*A and GSTM1*B. GSTM1*0 is deleted,
and homozygotes (GSTM1 null genotype) express no protein.
GSTM1*A and GSTMI1*B differ by a single base, and the
catalytic effectiveness of the enzymes encoded by these alleles is
similar. There are two theta-class genes, GSTT1 and GSTT2,
located on chromosome 22.° GSTT1 is represented by two
alleles: a functional or wild allele (GSTT1*1), and a non-
functional or null allele (GSTT1*0). Studies have shown that
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Background: Genetic factors and oxidative damage have been shown to have a role in the development of
primary open angle glaucoma (POAG).

Aim: To determine the effects of genetic polymorphisms of glutathione S transferase (GST)IM1 and GSTT1 on
the risk of POAG in a Turkish population.

Methods: Using a multiplex polymerase chain reaction (PCR), GSTM1 and GSTT1 gene polymorphisms were
analysed in 144 patients with POAG and in 121 otherwise healthy controls of similar age.

Results: The GSTM1 positive genotype and the GSTT1 null genotype had an increased risk of developing
POAG (p<0.001, OR 2.93, 95% Cl 1.66 to 5.20 and OR 4.25, 95% Cl 2.30 to 7.80, respectively). The risk
of glaucoma also increased significantly in subjects with a combination of GSTM1 positive and GSTT1 null
genotypes (p<0.001, OR 3.46, 95% Cl 1.64 to 7.38).

Conclusion: The GSTM1 positive genotype and GSTT1 null genotype or the combination of both may be
associated with the increased risk of development of POAG in the Turkish population.

the GSTT1*0 allele corresponds to a total or partial deletion of
the gene, causing a deficiency in enzymatic activity."”

In the current study, we investigated the distribution of the
GSTM1 and GSTT1 polymorphisms in patients with POAG and
controls to explore the possible association between different
GST variants and the incidence of POAG.

MATERIALS AND METHODS

Patients and controls

This case—control study comprised 144 patients with POAG and
121 disease-free controls. All were from Turkey. All subjects
selected were non-smokers and did not have diabetes mellitus
or other systemic diseases. Informed consent was obtained
from all subjects after explanation of the nature of the study.

Each subject underwent a complete ophthalmological exam-
ination. Patients with POAG were defined by the presence of an
open angle, pathological cupping of the optic disc, a glaucoma
hemifield test (GHT) outside normal limits with reproducible
visual field defects at the same location on two consecutive
visits, and an IOP >21 mm Hg without anti-glaucoma drugs.
The mean IOP level was 23.9 (1.2) mm Hg (range 22-29 mm
Hg) at the time of diagnosis. Cup-to-disc ratios were between
0.4 and 0.9. Patients with a history of eye surgery before the
diagnosis of glaucoma, or with evidence of secondary glau-
coma, such as exfoliation, pigment dispersion or uveitis, were
excluded. The patients with POAG who met the inclusion
criteria were selected consecutively at the Istanbul University
Cerrahpasa Medical Faculty Ophthalmology Department. The
mean age of patients in the glaucoma group was 61.3
(6.9) years (range 48-79 years), and 70 (49%) of them were
men.

Age-matched healthy volunteers presenting to our outpatient
department with non-specific ocular complaints, such as
Abbreviations: GHT, glaucoma hemifield test; GST, glutathione S
transferase; IOP, intraocular pressure; PCR, polymerase chain reaction;
POAG, primary open-angle glaucoma; ROS, reactive oxygen species
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Figure 1 Polymerase chain reaction (PCR) analysis of glutathione S
transferase (GST) gene polymorphism. The line with 480 bp stands for
GSTT1, 268 bp for B globin and 215 bp for GSTM1. Column M represents
a PCR weight marker, columns 1 and 7 GSTT1 positive/GSTM1 positive,
columns 2 and 5 GSTT1 positive/GSTM1 null, columns 3 and 6 GSTT1
null/GSTM1 positive and column 4 GSTT1 null/GSTM1 null.

conjunctivitis, blepharitis, burning, itching or presbyopia were
selected randomly as a control group. They had clinically
healthy appearing optic discs as shown by indirect ophthalmo-
scopy, with a cup-to-disc ratio of <0.3 and GHT within normal
limits. They also lived in the same city and had no family or
personal history of glaucoma. The mean IOP level of the
controls was 14.3 (2.3) mm Hg (range 8-20 mmHg). The mean
age of subjects in the control group was 59.1 (5.8) years (range
51-75 years), and 66 (55%) of them were men.

Blood samples and DNA isolation

Venous blood samples were obtained and collected into sterile
siliconised EDTA 5-ml vacutainer tubes. Immediately after
collection, whole blood was stored in aliquots at —20°C until
use. Genomic DNA was extracted from whole blood using a
NucleoSpin DNA purification kit (Macherey-Nagel GmbH,
Duren, Germany) according to the manufacturer’s instructions.

Analysis of GSTM1 and GSTT1 polymorphisms
The GSTM1 and GSTT1 genetic polymorphisms were evaluated
using the multiplex polymerase chain reaction (PCR) technique
as described previously.” Primers for GSTM1 were 5'-GAACT-
CCCTGAAAAGCTAAAGC-3" and 5'-GTTGGGCTCAAATATAC-
GGTGG-3’, and those for GSTT1 were 5’'-TTCCTTACTGGTCC-
TCACATCTC-3" and 5'-TCACCGGATCATGGCCAGCA-3'. The
B-globin locus was used as an internal control to avoid false
negative readings. Primers for p-globin were 5'-CAACTTCAT-
CCACGTTCACC-3" and 5'-GAAGAGCCAAGGACAGGTAC-3'.
PCR was carried out in a total volume of 25 pl containing
10 pmol/l of each primer, 2.5 mmol/l of magnesium chloride,
0.2 mmol/l of each deoxynucleotide triphosphate, 1 U of Taq
polymerase and 100 ng of genomic DNA. Amplification was
performed with initial denaturation at 94°C for 5 min, followed
by 30 cycles at 94°C for 1 min, 64°C for 1 min and 72°C for
1 min, and a final extension at 72°C for 7 min.
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The amplified products were identified by electrophoresis in a
1.5% agarose gel and stained with 0.5 pg/ml ethidium bromide.
The product lengths were 215, 480, and 268 bp for GSTM]I,
GSTT1 and B-globin, respectively (fig 1). The absence of PCR
product for GSTM1 or GSTTI in the presence of the B-globin
band was indicative of a null genotype for GSTM1 or GSTTI1.
Individuals with one or two copies of the relevant gene were
classified as a “present” genotype and those with homozygous
deletions as a “‘null” genotype.

Statistical analysis

The ages of the patient and control groups were compared using
Student’s t test. The y? test was applied to compare differences
in sex and GSTM1 and GSTTI polymorphisms between patients
and controls. Significance was set at p<<0.05. Odd ratios (OR)
and 95% confidence intervals (CI) were used to analyse the
occurrence of frequencies of the GSTMI1 and GSTT1 genotypes
in patients with glaucoma compared with the controls group.
All analyses were performed using SPSS V.11.5 statistical
analysis software.

RESULTS
Table 1 shows the demographic data of the patients. The groups
were not significantly different with respect to age and sex
(p>0.05).

Table 2 shows the genotypes for each gene. The frequency of
the GSTM1 positive genotype was significantly higher in
patients with glaucoma (78.5%) than in controls (55%). The
GSTM1 positive genotype had an increased risk of developing
POAG (p<<0.001, OR 2.93, 95% CI 1.66 to 5.20).

The frequency of the GSTT1 null genotype was significantly
higher in patients with glaucoma (48.7%) than in controls
(18.2%). The GSTT1 null genotype also had an increased risk of
developing POAG (p<0.001, OR 4.25, 95% CI 2.30 to 7.80).

Table 3 shows the association between GST genotype profile
and the development of POAG. The risk of glaucoma also
increased statistically significantly in patients with a combina-
tion of GSTM1 positive and GSTT1 null genotypes (p<0.005,
OR 3.46, 95% CI 1.64 to 7.38).

DISCUSSION

Most genetic polymorphisms do not cause a recognisable
change in the organism in which they occur. However, some
either cause a disease or alter disease susceptibility." A large
number of studies has attempted to show links between disease
susceptibility and GST polymorphic variants. In addition, some
studies have focused on the risk of association between the GST
polymorphisms and ocular diseases including cataract,"”**
senile macular degeneration" and glaucoma.’ '***** In this
study, we determined the effects of genetic polymorphisms of
GSTM1 and GSTTl on the risk of POAG in a Turkish
population.

Table 1 Demographic data of the study patients
Glaucoma group Control group
(n=144) (n=121)
Number of patients 144 121
Sex
Male, n (%) 70 (49) 66 (55)
Female, n (%) 74 (51) 55 (45)
Age (years)
Mean (SD) 61.3(6.9) 59.1 (5.8)
Range 48-79 51-75
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Table 2 Glutathione S transferase genotypes and the risk
of developing primary open-angle glaucoma
Patients with
glaucoma Controls
(n=144) (n=121) OR
Genotype n (%) n (%) (95% CI)
GSTM1
Present 113 (78.5) 67 (55) 1.00 (Reference)
Null 31 (21.5) 54 (45) 2.93 (1.66 fo
5.20)
GSTT1
- 74(51.3) 99 (81.8) 1.00
(Reference*)
Null 70 (48.7) 22(18.2) 425 (2.33 1o
7.81)
GST, glutathione S transferase.
*Carriers of at least one intact allele.

As the pathogenic role of ROS in glaucoma has been
suggested by many studies, cellular defence mechanisms
alleviating the toxic manifestations of oxidative insult must
have an important role in protection against the development of
glaucoma. As GST enzymes are one of the important families of
enzymes against oxidative stress, their genetic polymorphisms
may alter the critical function of the enzymes in protecting
against electrophiles and the products of oxidative stress in
glaucoma.

Izzotti et al’ reported that POAG was associated with the
GSTMI1 null genotype in an Italian population. In addition, in a
recent study, the GSTM1 null genotype has been found to be
associated with an increased incidence of POAG in a Turkish
population.”* In contrast, another study by Jansson et al*
reported that there was no evidence of association between
GSTM1 polymorphism and glaucoma in the Swedish popula-
tion.

In this study, we found that the GSTMI1 positive genotype
was a risk factor for developing POAG. Juronen ef al,'” who were
the first to examine the possible association between the
polymorphic GST genotypes and adult-onset POAG, also found
a similar relationship between the GSTMI1 genotype and the
incidence of POAG. They found that the frequency of GSTM1
positive individuals was significantly higher in the glaucoma
group compared with the control group. They suggested that
the GSTM1 positive phenotype might be a genetic risk factor for
the development of POAG. Our results also show a correlation
between the GSTMI1 positive genotype and the incidence of
POAG.

We believe that several factors might explain the association
between the GSTMI1 positive genotype and POAG. Although
GST enzymes catalyse detoxification reactions, they also take
part in reactions that result in toxic products, which may cause
structural changes in the proteins present in the trabecular
meshwork and aqueous humor. This can lead to aggregation or
modification of the proteins in the trabecular meshwork and
promote the development of POAG." In addition, subjects with
the GSTM1 null genotype have been shown to express fewer
GST mu-class enzymes than subjects with the GSTM1 positive
genotype.” ** This may selectively cause stimulation of other
non-toxic end products producing biotransformation enzyme
systems to detoxify the substrates that were originally
detoxified by the GST enzymes.

Further evidence for involvement of GSTM in glaucoma
comes from studies on autoimmunity. Yang ef al showed that
GST antigen was found in 52% of cases with glaucoma and in
20% of controls (p<<0.05). The patients had significantly higher
titres of anti-GST antibody compared with controls.

Table 3 Association between glutathione S transferase
genotype profile and the development of primary open
angle-glaucoma

Patients with

glaucoma  Controls
GSTM1 GSTT1  n (%) n (%) OR (95% Cl)
Present Present 59 (40.9%) 53 (43.8%) 1 (Reference)*
Present Null 54 (37.5%) 14 (11.5%)  3.46 (1.64 to 7.38)
Null Present  15(10.5%) 46 (38.0%)  0.29 (0.13 to 0.61)
Null Null 16 (11.1%) 8 (6.7%) 0.55 (0.20 to 1.52)

GST, glutathione S transferase.
*Reference group; individuals with two putative low-risk genotypes (the
presence of GSTM1 (non-deleted) and GSTT1 (non-deleted)).

Furthermore, the related retinal antigen belonged to the GST
mu class.” Thus, it may be hypothesised that people who
express GSTMI are at increased risk of developing autoanti-
bodies against this protein, which is connected to an increased
risk of developing glaucoma. Interestingly, in this study, we
also found that although the frequency of the GSTM1 positive
genotype in the control group was similar to the other
Caucasian populations of Europe,'”*** it was significantly
higher in subjects with glaucoma.

The GSTTI null genotype was also reported in some studies
to be associated with an increased tendency for some diseases
including cancers and precancerous lesions.” *” ** Our study is
the first to report a significant association between the GSTT1
null genotype and POAG. Previous studies on the association
between the GSTT1 genotype and POAG did not find a
significant relationship. As discussed earlier, as well as
detoxifying exogenous electrophilic xenobiotics, GST enzymes
including GSTTI inactivate endogenous end products formed as
secondary metabolites during oxidative stress. They are
protective against many toxicants, and it may be important to
reach a proper balance between the detrimental and beneficial
effects of the enzyme. Altered GST activity due to genetic
mutations has been shown to modulate an individual's
susceptibility to environmental factor-induced diseases, includ-
ing cancers.” >’

The present study suggests that the GSTM1 positive genotype
and GSTT1 null genotype may be genetic risk factors for
development of POAG. Any combination of these two
genotypes further increases the risk of POAG. It has already
been suggested that the combination of the GST polymorph-
isms rather than individual polymorphisms makes humans
more susceptible to genotoxic insults.*® **

Many factors might account for the difference in results
between similar studies. Firstly, it may reflect the differences in
the ethnic, genetic and environmental background of the
populations studied. For instance, GSTT1 deficiency is less
frequent than GSTMI deficiency, but in both cases the
frequency in the population varies between different ethnic
groups.” There may be differences even in the same population
because of genetic and environmental factors. Studies on the
Turkish population showed that the percentage of GSTM1 null
genotype ranged from 16% to 51.9%, and that of GSTT1 null
genotype between 17.3% and 20%.** This may be one of the
factors responsible for the different results in the study by
Yildirim ef al*' reporting that the GSTM1 null genotype was
associated with an increased incidence of POAG in Turkish
population. Whereas their study population lived in a small and
closed city in the south of Turkey, our patients and controls
were from a crowded and cosmopolitan city, which has a high
number of migrants from other cities of Turkey. Thus, the
subjects in our study may reflect more accurately the genetic
status of the whole Turkish population.
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Secondly, the differences in the number of subjects studied in
genetic researches may also lead to different outcomes. Thirdly,
methodological issues should also be considered. For example,
Jansson ef al,>* who reported that there was no evidence of
association between GSTMI1 and glaucoma in the Swedish
population, used two methods for genotyping: multiplex PCR
and pyrosequencing. In contrast, Juronen et a/ performed their
analysis using only ELISA." The GST genes are located in
complex genomic regions that could be affected by copy
number variation and rearrangements, so different genotyping
methods could give different results.

In conclusion, this study is only one in a series of case—
control studies on the possible association between glaucoma
and GST. Some found evidence of GST positive genotypes being
predisposed to glaucoma, and others that GST positive
genotypes are protected from glaucoma. These results imply
that further studies of the precise mechanisms by which genetic
polymorphisms of metabolising enzymes influence the nature
and history of glaucoma development are merited.
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