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ABSTRACT Purpose: To evaluate the distribution of GSTM1, GSTP1, and
GSTT1 gene polymorphisms in exfoliation syndrome (XFS) and the possible
associations between the presence of exfoliation syndrome and glutathione S-
transferase (GST) gene polymorphisms. Methods: Using a real-time polymerase
chain reaction, GSTM1, GSTP1, and GSTT1 gene polymorphisms were de-
tected in 60 patients with exfoliation syndrome, among which 71.7% had exfo-
liative glaucoma (43 patients), 16.7% had XFS with elevated intraocular pres-
sure (IOP) (10 patients), and 11.7% had XFS only (7 cases), and in 65 otherwise
healthy control group of similar age. Results: Although the exfoliation syndrome
group presented a higher prevalence of the GSTM1 null and GSTP1 Ile/Val
genotypes than the control group, this increase was not statistically significant.
GSTT1 null and GSTP1 Val/Val polymorphisms were also not different among
groups. The risk of exfoliation syndrome was not increased as the number of
putative high-risk genotypes increase (p = 0.73). Conclusions: GSTM1, GSTP1,
and GSTT1 gene polymorphisms were not different among exfoliation syn-
drome patients, with or without glaucoma, and the controls therefore GSTM1,
GSTP1, and GSTT1 gene polymorphisms did not seem to be associated with
the risk of development of exfoliation syndrome.
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INTRODUCTION
Exfoliation syndrome (XFS) is characterized by the production and accumu-

lation of a fibrillar extracellular material both throughout the anterior segment
of the eye and in skin and visceral organs in elderly individuals.1,2 It is often
associated with glaucoma, cataract,3,4 and systemic disorders.5,6 Its prevalence
increases up to 35–40% of people more than 80 years of age in different pop-
ulations throughout the world. XFS is associated with open-angle glaucoma in
all populations, although the prevalence varies considerably. In Scandinavian
countries, for example, exfoliation glaucoma accounts for more than 50% of
cases of open-angle glaucoma and is seen in 0.07–1.33% of people in different
populations.7−9 Despite its prevalence and potential for ophthalmic morbidity,
the etiology and pathogenesis of XFS is not precisely known. Genetic and envi-
ronmental factors have been suggested to be among the possible causes for the
development of XFS.10
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Today, the role of free radicals and antioxidant en-
zymes in aging is accepted without debate.11,12 Age-
related ocular diseases such as age-related macular de-
generation, cataract, and glaucoma are thought to result
by a series of molecular changes related to oxidative
damage.12−15 Also, there are studies indicating a role
for free-radical-induced oxidative damage in the patho-
biology of XFS.16,17 There are many defensive mecha-
nisms against this oxidative damage, including catalase,
superoxide dismutase, glutathione peroxidase, and glu-
tathione S-transferase (GST) in the eye for protection.15

GSTs are a multigene family of enzymes that play
an important role in the detoxification and elimi-
nation of xenobiotics, including carcinogens (mono-
halomethanes, ethylene oxide, dichloromethane, and
the polycyclic aromatic hydrocarbons), toxins, and
drugs in the form of mercapturic acids.18,19 Cer-
tain GSTs function as glutathione peroxidases and
have importance for protection against oxidative stress
by detoxifying reactive oxygen species and lipid
peroxidation.20 Six distinct families of cytosolic GSTs
have been identified: alpha, mu, pi, sigma, theta, and
zeta, which have characteristic patterns of expression
in various tissues and differences in substrate-specific
classes in human populations.21Among these classes of
GST, GSTM1, GSTM3, GSTT1, GSTP1, and GSTZ1
have been shown to be polymorphically distributed.19

The GSTM1 gene is located in region 1p13.3
and is represented by a nonfunctional null allele,
GSTM1*0, and by two other active alleles, GSTM1*A
and GSTM1*B, which differ by a single base pair in
exon 7.22 The proportion of homozygous GSTM1 0/0
individuals is quite variable in different racial groups,
ranging from 20% to 60%.23 Approximately 50% of the
Caucasian population is homozygous null individuals
of GSTM1. GSTM1 is involved in the detoxification of
polycyclic aromatic hydrocarbons and other mutagens,
and cells from GSTM1 null individuals are more suscep-
tible to DNA damage caused by these agents.24 GSTM3
is located in chromosome 1p13.3, and it has a mutant
allele GSTM3*B with a 3-bp deletion in intron 6. This
polymorphism has been shown to have a frequency of
16% in the Caucasian population.25 The GSTP1 gene
is located on chromosome 11q13. Four GSTP1 alleles
have been described: the wild-type GSTP1*A allele and
three other variant alleles called GSTP1*B, GSTP1*C,
and GSTP1*D. These different alleles result from the
combination of two single nucleotide polymorphisms
within the GSTP1 gene, one of which resulting in a

change at codon 105 (Ile/Val) and the other at codon
114 (Ala/Val). GSTP1*A is the most common haplotype
and has Ile at codon 105 and Ala at codon 114. The sec-
ond, GSTP1*B, has Val at codons 105 and Ala at codon
114. GSTP1*C has Val at both, codons 105 and 114.
Finally, GSTP1*D is a rare allele that contains the wild-
type codon 105 sequence (Ile) and Val at codon 114.26

In humans, GSTT1, located in 22q11.2, is represented
by two alleles: a functional or wild-allele (GSTT1*1) and
a nonfunctional or null allele (GSTT1*0). Studies have
demonstrated that the GSTT1*0 allele corresponds to a
total or partial deletion of the gene, causing a deficiency
in enzymatic activity. This polymorphism causes vari-
ations in GST-catalyzed metabolism of halomethanes
by human erythrocytes.27 The frequency of the GSTT1
null genotype in Caucasian populations is approxi-
mately 20%, while this frequency is different in other
ethnic groups: 64.4% in Chinese, 60.2% in Koreans and
20–24% in African Americans.27,28 Particular genetic
polymorphisms of GSTs have been shown to influence
individual susceptibility against various pathologies in-
cluding inflammatory pathologies, cancer, and cardio-
vascular and respiratory diseases.18,29,30

These enzymes are involved in the detoxification of a
wide variety of potentially toxic and carcinogenic sub-
stances, therefore numerous molecular epidemiology
studies have examined the association between combi-
nations of GST polymorphisms and increased risk for
disease.19 For the eye, there are studies reporting that
GST gene polymorphism may be involved in the patho-
genesis of glaucoma,31−33 as well as the ones reporting
no evidence of association between GST gene polymor-
phism and glaucoma development.34

In the current study, we investigated the distribution
of GSTM1, GSTP1, and GSTT1 gene polymorphisms
in XFS, one of the most common causes of secondary
open-angle glaucoma, and the possible association be-
tween the presence of XFS and GST polymorphisms.

MATERIALS AND METHODS
Sixty consecutive patients who were diagnosed to

have XFS during their routine ophthalmologic exami-
nation at Mersin University, Faculty of Medicine, Oph-
thalmology Department, and a control group of 65
cases, unrelated to the patient group, chosen from the
volunteers living in the same region, without having any
type of glaucoma or ocular hypertension, were accepted
to this prospective study. All volunteers underwent full
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eye examinations to rule out XFS and glaucoma. XFS
was excluded by slit-lamp examination after pupillas
were dilated by pharmacological agents, and glaucoma
was excluded by measurement of the intraocular pres-
sures and ophthalmoscopy of the optic disks. The diag-
nosis in all patients and volunteers were made by one
investigator (A.Y.). The ones who had any type of ma-
lignancies or autoimmune diseases were not included
in the study in the patient or in the control groups.
Additionally, control subjects included healthy people
with no history of cardiovascular disease, chronic de-
generative neurological disease, chronic obstructive pul-
monary disease, hepatitis, allergies in general, or alcohol
abuse and smoking habits.

During their routine ophthalmologic examinations,
visual acuities and intraocular pressures of the patients
were measured, and anterior and posterior segments
were evaluated by slit-lamp biomicroscopy. XFS di-
agnosis was made when fibrillogranular pseudoexfoli-
ation material was seen on the anterior lens capsule
by slit-lamp examination after pupillas were dilated
by pharmacological agents. If glaucoma and cataracts
were present they were noted. Forty-three of the cases
(71.7%) had exfoliative glaucoma (they had patho-
logical cupping of the optic disk with an intraocu-
lar pressure higher than 21 mmHg), 10 of the cases
(16.7%) had XFS with elevated IOP (intraocular pres-
sures were higher than 21 mmHg without a patho-
logical optic disk cupping), and 7 of them (11.7%)
had XFS only (pathological cupping of the optic disk
was not observed, and their intraocular pressures were
normal).

Study population was informed about the objectives
of the study, and consent was received for their partici-
pation. At the time of blood donation, each individual
completed a questionnaire outlining his or her personal
history including smoking habits.

TABLE 1 Polymerase Chain Reaction (PCR) Primer Sequences and Hybridization Probes for Glutathione S-Transferase (GST) M1, T1,
and P1

Gene PCR primers Hybridization probes

GSTM1 5′-GAACTCCCTGAAAAGCTAAAGC-3′

5′-GTTGGGCTCAAATATACGGTGG-3′
5′-LCR640-ATGGCCGCTTCCCAGAAACTCTG-3′

5′-TCACTCCTCCTTTACCTTGTTTCCTGCAAA-FL-3′

GSTT1 5- TTCCTTACTGGTCCTCACATCTC-3′

5′-TCCAGGTCAACCGGATCAT-3′
5′-LCR640-TCDAAGGCCGACCCAAGCTGGC-3′

5′-CCGTGGGTGCTGGCTGCCAAGT-FL-3′

GSTP1 5′-ACCCCAGGGCTCTATGGGAA-3′

5′-TGAGGGCACAAGAAGCCCCT-3′
5′LCR640-TGTGAGCATCTGCACCAAGGGTTGGGG-3′

5′-TGCAAATACATCTCCCTCATCTACACAAC-FL-3′

β-globin 5′-CAACTTCATCCACGTTCACC-3′

5′-GAAGAGCCAAGGACAGGTAC-3′

Blood Samples and DNA Isolation
Venous blood was collected by venapuncture into

sterile siliconized EDTA 2-ml vacutainer tubes. Imme-
diately after collection, whole blood was stored at +4◦C
until it was used. Genomic DNA was extracted from
whole blood using High Pure PCR Template Prepa-
ration kits (Roche Diagnostics, GmbH, Mannheim,
Germany).

Analysis of GSTM1, GSTT1,
and GSTP1 Polymorphisms

GSTT1, GSTM1, and GSTP1 gene polymorphisms
were detected by using real-time PCR (Roche Diagnos-
tics, GmbH, Mannheim, Germany).

Appropriate fragment of the GST gene for GSTT1,
GSTP1, and GSTM1 was amplified with specific
primers from human genomic DNA. The PCR primers
were synthesized according to Ko.35 The sequences and
the hybridization probes are shown in Table 1.

To test GSTM1 and GSTT1 false-negative subjects,
a simple polymerase chain reaction (PCR) was used to
identify nulled subjects. The PCR was performed in a
Techne thermal cycler (Progene, Pocklington, England).
β-globin gene was co-amplified as an internal positive
control in the individual PCR reactions. Both the PCR
primers and hybridization probes were synthesized by
TIB MOLBIOL (Berlin, Germany).

The PCR conditions used were arranged due to
the descriptions of Ko et al.35 4 mmol/L MgCl2,
0.2 µmol/L of each hybridization probe, 10 pmol of
each PCR primer, and 2 µl of the Light Cycler DNA
Master Hybridization Mix (Roche Diagnostics, GmbH,
Mannheim, Germany) and 50 ng of genomic DNA were
mixed in a final volume of 20 µl. These conditions were
the same for the amplification of all three mutations.
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The fluorescence signal was plotted against tem-
perature to give melting curves for each sample. The
nature of mutations was gene deletions for GSTT1 and
GSTM1, and single nucleotide substitution (A→G) at
position 313 for GSTP1 gene. Peaks were obtained at
59◦C for the Val 105 Val and at 63◦C for the Ile 105 Ile
and double peak for the Ile 105 Val for GSTP1 geno-
type. The quantification program of the Light Cycler
instrument evaluated the presence of both GSTT1 and
GSTM1.

Statistical Analysis
Ages of the patient and the control groups were com-

pared with Student’s t-test. All values were represented
as mean and standard deviation (SD). p values of <0.05
were considered as statistically significant. The associa-
tion between GSTM1, GSTT1, and GSTP1 polymor-
phisms and XFS was modelled through multivariate
logistic regression analysis. The GST assays place in-
dividuals into distinct categories: those with present or
null genotypes for GSTM1 and GSTT1 and those with
homozygous Ile/Ile or heterozygous or homozygous
Val/Val genotypes for GSTP1. Odds ratio and confi-
dence intervals were used to analyze the occurrence fre-
quencies of GSTM1, GSTT1, and GSTP1 genotypes
in patients with XFS compared with the control group.
Gene-gene interactions were evaluated by the likelihood
ratio test for XFS. The reference group consisted of in-
dividuals with three putative low-risk genotypes; that
is, the presence of GSTM1 (nondeleted), GSTT1 (non-
deleted), and GSTP1 (homozygous Ile-104) functional
alleles. Significance testing was done by χ2 test for com-
paring two independent proportions.

RESULTS
In the XFS group, 27 of the cases (45%) were fe-

males and 33 of them (55%) were males; in the control
group, 30 of the cases (46.2%) were females and 35 of
them (53.8%) were males. Mean ages of the XFS and
the control groups were 68.97 ± 7.9 years (range, 47–
86 years) and 68.46 ± 2.54 years (range, 60–75 years),
respectively. There was no statistically significant differ-
ence among groups regarding age and sex distribution
(p > 0.05). Smoking habit was present in only three of
XFS cases (0.05%); so the patient group was considered
as nonsmoker.

XFS group presented a higher prevalence of the
GSTM1 null genotype (53.3%) than the control

TABLE 2 GST Genotypes and the Risk of Developing XFS

XFS Control
(60 cases) (65 cases)

Variable n (%) n (%) OR 95% CI

GSTM1a

Present
Null

28 (46.7)
32 (53.3)

35 (53.8)
30 (46.2)

1 (reference)
1.27

—
0.61–2.64

GSTT1a

Present
Null

49 (81.7)
11 (18.3)

47 (72.3)
18 (27.7)

1 (reference)
0.56

—
0.23–1.36

GSTP1
Ile/Ile
Ile/Val
Val/Val

30 (50)
24 (40)

6 (10)

30 (46.2)
21 (32.3)
14 (21.5)

1 (reference)
1.17
0.39

—
0.53–2.57
0.13–1.19

OR, odds ratio; CI, confidence interval, from conditional logistic
regression.

aCarriers of at least one intact allele are used as reference.

group (46.2%), but this increased prevalence was not
statistically significant (OR = 1.27, 95% CI: 0.61–2.64),
and the prevalence of GSTP1 Ile/Val genotype was also
insignificantly higher in the XFS group when compared
with the controls (OR = 1.17, 95% CI: 0.53–2.57).
GSTT1 null genotype and GSTP1 Val/Val genotype did
not differ significantly among groups (OR = 0.56, 95%
CI: 0.23–1.36; OR = 0.39, 95% CI: 0.13–1.19, respec-
tively) (Table 2). The frequency of Val-105 allele was
0.38 for controls and 0.30 for XFS group. There was no
difference between XFS and control groups in the fre-
quency of Ile-105 and Val-105 alleles (p = 0.2), (Table 3).

To investigate whether the profiles of GST genotypes
were associated with the risk of XFS or not, we examined
the combinations of genotypes in XFS patients. Table 4
displays the risk of XFS associated with each combina-
tion of genotypes as well as the trend in risk associated
with one, two, or three putative high-risk genotypes.
The risk of XFS was not increased as the number of
putative high-risk genotypes increased (p = 0.73).

When glaucomatous and nonglaucomatous XFS pa-
tients were separately analyzed in comparison to con-
trols, no significant association between prevalence of

TABLE 3 Allele’s Frequencies Among Cases and Controls for
GSTP1 Gene

Frequency

XFS (60 cases) Control (65 cases)
n (%) n (%)

GSTP1 alleles 84 (70) 81 (62.3)
Ile 36 (30) 49 (37.7)
Val p = 0.2
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TABLE 4 Association Between GST Genotype Profile and the
Development of XFS

Control; p
GSTM1 GSTT1 GSTP1 XFS; n (%) n (%) value

Present Present Ile/Ile 11 (18.3) 10 (15.4)
Null Present Ile/Ile 12 (20) 13 (20)
Present Null Ile/Ile 4 (6.7) 5 (7.7)
Present Present Ile/Val or 10 (16.7) 12 (18.5)

Val/Val
Null Null Ile/Ile 3 (5) 2 (3.1) 0.73
Null Present Ile/Val or 16 (26.7) 12 (18.5)

Val/Val
Present Null Ile/Val or 3 (5) 8 (12.5)

Val/Val
Null Null Ile/Val or 1 (1.7) 3 (4.6)

Val/Val

GST gene polymorphisms and developing exfoliative
glaucoma was found (Table 5).

DISCUSSION
GSTs are dimeric, cytosolic enzymes that protect

cells against oxidative stress by catalyzing the conju-
gation of toxic species with reduced glutathione. This
process involves conjugation of glutathione with elec-
trophilic metabolites, which can adduct protein or
DNA and generate reactive oxygen species (ROS) and
extrusion of the conjugate out of the cell for further
metabolism. The GST pathway is a major mechanism
of neutralizing generated ROS in stressed cells.36 ROS
are activated in glaucoma.37 Due to this important role
in cellular defense against oxidative stress, GSTs have
been considered as candidates for association studies
with many diseases, as well as glaucoma.

TABLE 5 Association Between GST Genotype Profile and the
Development of Exfoliative Glaucoma

XFS XFS
(glaucomatous) (nonglaucomatous) Control

(53 cases) (7 cases) (65 cases) p
Variable n (%) n (%) n (%) values

GSTM1a

Present
Null

26 (49.1)
27 (50.9)

2 (28.6)
5 (71.4)

35 (53.8)
30 (46.2) 0.43

GSTT1a

Present
Null

44 (83)
9 (17)

5 (71.4)
2 (28.6)

47 (72.3)
18 (27.7) 0.36

GSTP1
Ile/Ile
Ile/Val
Val/Val

27 (50.9)
22 (41.5)

4 (7.5)

3 (42.9)
2 (28.6)
2 (28.6)

30 (46.2)
21 (32.3)
14 (21.5) 0.25

aCarriers of at least one intact allele are used as reference.

Juronen et al.31 have investigated the distribution of
the GSTM1, GSTM3, GSTT1, and GSTP1 polymor-
phisms in 250 patients of adult-onset primary open-
angle glaucoma (POAG) to explore the possible associ-
ation between different GST variants and the incidence
of POAG among Estonians. They have found that the
frequency of the GSTM1 positive individuals was signif-
icantly higher in the glaucoma group (60.0%) as com-
pared to the control group (45.0%) with an approxi-
mately twofold increased risk of POAG when having
this phenotype (OR = 1.83). They have also found
an association of POAG with the GSTM3 gene with
a lower level of significance. They have suggested that
GSTM1 positive phenotype might be a genetic risk fac-
tor for the development of POAG.

Jansson et al.34 have genotyped 200 POAG and 188
exfoliative glaucoma patients using multiplex PCR and
pyrosequencing method. In this study, 44% of both
POAG and exfoliative glaucoma patients and 44.5%
of the matched controls were GSTM1 positive. They
concluded that they have found no evidence of asso-
ciation between GSTM1 and glaucoma in the Swedish
population.

Izzotti et al.32 have evaluated oxidative deoxyri-
bonucleic acid (DNA) damage in terms of 8-hydroxy-
2′-deoxyguanosine (8-OH-dG) and have genotyped
GSTM1 and GSTT1 in eyes of 42 glaucoma patients.
Levels of 8-OH-dG were significantly higher in glau-
coma patients than in controls, indicating an oxidative
stress in the pathogenesis of glaucoma. GSTT1 was sim-
ilar in the two groups; GSTM1-null genotype was sig-
nificantly more common in patients with POAG than
in controls, besides, 8-OH-dG levels were significantly
higher in GSTM1-null than in GSTM1-positive sub-
jects. They reported that absence of GSTM1 was associ-
ated with POAG and had increased the oxidative DNA
damage in trabecular meshwork cells and concluded
that the use of antioxidants might be worth studying
for the prevention and treatment of POAG and XFS.

Our study did not demonstrate a correlation between
gene polymorphisms of GSTM1, GSTT1, GSTP1, and
XFS with or without glaucoma. Although the presence
of GSTM1-null genotype has been found to demon-
strate 1.27 times greater risk, and GSTP1 Ile/Val geno-
type has been found to demonstrate 1.17 times greater
risk, in developing XFS when compared with the con-
trol group, this was not found to be statistically signif-
icant. In this study, we could only search for a certain
number of XFS cases throughout a certain time at a
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certain place, so it will not be appropriate to generalize
these results for the whole Turkish population. Further
investigations with larger patient and control groups
may change these results.

In conclusion, it can obviously be seen that various
studies have reached different findings and results about
the association of GST gene polymorphisms with glau-
coma, either with XFS or not, and they do not seem to
meet at a common point. Different techniques used in
genetic analysis are not thought to influence these re-
sults, as all of these methods should be reliable. Perhaps
possible reasons for these variations can be expressed as,
first, POAG and XFS have differences in etiopathogene-
sis and genetics, so it is not surprising to find differences
in gene polymorphisms in these two situations. Second,
there may be genetic differences among different popu-
lations. Third, GST gene polymorphisms may not play
a role in developing XFS with or without glaucoma,
though some of the previous studies have show asso-
ciation with POAG. Finally, the only thing to be sure
of is that there are still many unknown mechanisms in
the pathogenesis of XFS as well as glaucoma. Further
studies in larger groups are needed to become informed
and satisfied about the subject.
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