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ABSTRACT. The aim of this study was to determine the prevalence 
of polymorphisms in the glutathione S-transferase genes GSTM1 
and GSTT1 in patients with lens opacity (cataract). Peripheral blood 
samples were obtained from male and female patients (N = 23) with 
cataract. The GSTM1 and GSTT1 polymorphic regions were amplified 
by polymerase chain reaction, and the amplification products were 
electrophoresed on a 2% agarose gel. The obtained bands were visualized 
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by staining with ethidium bromide. The results were compared by a 
chi-square test using the BioEstat software (v.5.0). The frequencies of 
the GSTM1- and GSTT1-null genotypes were higher than those of the 
GSTM1- and GSTT1-present genotypes. The frequency of GSTT1-null 
genotypes was approximately 1.7 times higher than that of GSTM1, 
which was a statistically significant difference (P = 0.0019). Although 
a consensus remains to be reached on the correlation between genetic 
polymorphisms in GSTs and cataract susceptibility, the observations 
from most scientific studies are similar to those reported in this study. 
Thus, we conclude that the absence of these genes, particularly GSTT1, 
is correlated with the development of lens opacity.
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INTRODUCTION

The term cataract is used to designate any clouding of the lens that can lead to blindness 
(Snellingen et al., 2002). An estimated 17 million people worldwide are believed to have lost 
their sight because of this anomaly (Kara-José and Temporini, 2002). Approximately 600,000 
Brazilians were reportedly blinded by this disease in 1998; the cataract was surgically removed 
in approximately 95% of these cases, according to the Brazilian Council of Ophthalmology 
(CBO) (Gomes et al., 2008). Developing countries such as Brazil have reduced access to 
eye care leading to a decrease in individuals’ health and quality of life and making them 
susceptible to eye diseases (Kara-José Junior and Cursino, 2004; Gomes et al., 2008).

Cataract can be classified as a genetic, congenital, or acquired disease; cataract can 
also be categorized as an early- or late-onset (including age-related onset) disease (Snellingen 
et al., 2002). Cataract can be induced by several risk factors, including metabolic diseases such 
as diabetes, galactosemy, hypocalcemia, and hyperthyroidism, kidney disease, steroid usage, 
toxicity induced by cigarette usage or alcohol consumption, trauma, radiation, eye disease, 
pregnancy-related infections such as toxoplasmosis or rubella, or malnutrition (Congdon, 
2001). Individuals with chromosomal abnormalities such as those in Down syndrome, Patau 
syndrome, or Edward syndrome may also develop this disease, but with different signs and 
symptoms (Rojas et al., 2005). Traumatic cataract is the major cause of unilateral blindness in 
the youth (Couto Junior and Moura, 2004); however, the causative trauma need not necessarily 
be blunt or penetrating (Pereira et al., 2012).

The major risk factors for congenital cataract include metabolic disorders, intrauterine 
infections, and genetic syndromes (Wirth et al., 2002); childhood cataract is another type 
of congenital cataract, as these same factors are responsible for the genesis of crystalline 
opacities that appear at birth or during early childhood (early onset of the disease) (Cruz et al., 
2005). Its infectious origin often makes it impossible to perform early surgery, as it can induce 
systemic and ocular anomalies (Kara-José Junior and Cursino, 2004).

Lens opacity damages the light diffractive ability of the lens; therefore, it is a primary 
cause of impaired vision in the elderly. Cloudy vision, decreased visual acuity, increased 
light sensitivity, color vision disturbance, decreased depth perception, and frequent change in 
refraction are some of the frequent complaints of the elderly (Camelo et al., 2009).

Oxidative stress and antioxidant systems are extremely important for ocular tissues. 
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Ocular tissues regenerate slowly, allowing accumulation of toxins that cause tissue damage 
to the ocular tissue; this, in turn, could lead to molecular changes that contribute to the 
development of glaucoma, cataract, and age-related diseases (Yildirim et al., 2005). One such 
toxic factor is the reactive oxygen species (ROS); however, its toxicity can be mitigated by 
the action of ROS-specific enzymes, which convert ROS to hydrophilic compounds, thereby 
facilitating their elimination from the body (Silva, 2012).

Glutathione S transferases (GSTs) are fundamental components of the cellular 
detoxification system, and play a major role in ROS accumulation-induced oxidative stress 
(Yildirim et al., 2005). Cellular oxidative stress is a biological condition that results in an 
imbalance between the production of ROS and their detoxification by biological processes 
(that remove or repair the damage they cause) (Schafer and Buettner, 2001).

GSTs are currently divided into six classes: α, µ, π, θ, Ω, and Ζ (Ferreira and Rocha, 
2005). Genes coding for the µ (GSTM1) and θ (GSTT1) classes of GSTs are associated with 
several diseases. GSTM1 and GSTT1 are polymorphic in humans, and the homozygous forms 
of both genes are absent or deleted in 40-50% (GSTM1) or 16-24% (GSTT1) of various ethnic 
populations (Silva, 2012). Previous epidemiological studies have demonstrated the correlation 
of these polymorphisms with eye diseases (Yildirim et al., 2005).

GSTM1 is located on chromosome 1 at p13.1, and consists of two functional alleles: 
GSTM-1A and GSTM-1B, which differ by the substitution of a single base pair (Cotton et al., 
2000); an additional allele of this gene with null activity is obtained by deletion of a base pair 
(GSTM1*0). The encoded proteins GSTM1-A and GSTM1-B, by the genes with functional 
alleles, present lysine and asparagine at position 172, respectively. However, both proteins 
have the same detoxification efficacy.

GSTT1 is located on chromosome 22 at position q11.13; this gene contains two alleles, 
allele A present (GSTT1*1) and a zero allele (GSTT1*0). Previous studies have indicated that 
GSTT1*0 is responsible for the total or partial suppression of the gene, inducing a deficiency 
in the activity of the enzyme, which is directly related to the detoxification process (Silva, 
2012). Therefore, the aim of this study was to determine the prevalence of polymorphisms in 
GSTM1 and GSTT1 in patients with cataract, to establish a correlation between these variant 
forms and its pathogenesis.

MATERIAL AND METHODS

This study was approved by a formally constituted research Ethics Committee at the 
Catholic University of Goiás.

Peripheral blood samples were collected from 23 patients with cataract (males and 
females, >18 years of age) who visited the Goiânia Eye Institute. DNA was extracted from all 
samples using the Mini Spin kit (Kasvi®, Curitiba, PR, Brazil), at the Replicon Research Core 
Laboratory, Catholic University of Goiás. The extracted DNA was amplified by polymerase 
chain reaction (PCR) to detect polymorphisms in GSTM1 and GSTT1.

The null and present genotypes were defined when the target genes were not amplified 
in the patients and when at least one allele was amplified, respectively. The primer sequences 
used to detect polymorphisms in GSTM1 and GSTT1 were as follows: 5'-ACC CCA GGG CTC 
TAT GGG AA-3' (forward) and 5'-TGA GGG CAC AAG AAG CCC TT-3' (reverse; 216-bp 
fragment) (Bell et al., 1993), and 5'-TTC CTT ACT GGT CCT CAC ATC TC-3' (forward) and 
5'-TCA CCG GAT CAT GGC CAG CA-3' (reverse; 480-bp fragment), respectively (Pemble 
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et al., 1994). The PCR products were electrophoresed on a 2% agarose gel, stained with 5 μg/
mL ethidium bromide, and visualized on a video documentation system (VDS; Amersham 
Biosciences). The results were statistically compared by a chi-square test using the BioEstat 
software (v.5.0; biocistron.blogspot.com/).

RESULTS

GSTM1 expression was observed in 43% (10/23) of the analyzed cataract patients; the 
remaining (13/23; 57%) expressed the null genotype (GSTM1-null). However, GSTT1 expression 
was observed in a very small percentage of the sample population (1/23; 4%); that is, GSTT1 
was not expressed (zero GSTT1) in 96% (22/23) of the sample population. The frequencies 
of the null GSTM1 and GSTT1 genotypes were higher than those of the present genotypes; 
moreover, the frequency of GSTT1-null genotype was approximately 1.7 times higher than that 
of GSTM1, a statistically significant difference (P = 0.0019). Individual analysis of the GST 
genes revealed that GSTT1 expression was predominantly (significantly) absent in patients with 
cataract, compared to the expected values in the population (P < 0.0001; Table 1).

DISCUSSION

Cataract is a major public health concern, because of its high prevalence in the 
population. This can be explained by the process of aging in the population, resulting in 
senile and age-related cataract. A study on ocular diseases from Rio Grande do Sul shows that 
approximately 80% of the population older than 80 years present anomalies in at least one 
eye. Subsequent studies conducted in Finland, Barbados, USA, and England reported similar 
results (Romani, 2005).

Our results were corroborated by another study conducted in 2007, which reported 
that 91.8% of all patients who underwent cataract surgery (in 2007) were over 50 years 
old, with females showing greater susceptibility to cataract (60.1%). These results were 
also corroborated by epidemiological studies conducted in São Paulo and Pernambuco. The 
increased life expectancy of the population may lead to a higher incidence of cataract in older 
adults (Romani, 2005; Gomes et al., 2008).

The pathophysiology of cataract development remains to be understood. Several genetic 
polymorphisms and environmental factors have been previously designated as predisposing 
factors for cataract (Sireesha et al., 2012). An in-depth literature review on PubMed resulted 
in the identification of several genes related to congenital (CRY, G1A3, AQPO, and MIP) and 
age-related (GSTT1/M1, EphA2, and CRYAA) cataract development (Cazorla, 2015).

Polymorphisms in GST genes are characterized by their total deletion, leading to 
the complete lack of glutathione S transferase activity in individuals; this is a causative 
feature of several diseases, including those that affect the vision. In this study, 57% of 

*Chi-square test. **P = 0.6767 (chi-square test). ***P < 0.0001 (chi-square test).

Table 1. Distribution of glutathione S-transferase genes GSTM1 and GSTT1 in cataract patients.

Genotype GSTM1** GSTT1*** P* 
N % N % 

Present 10 43% 1 4% 0.0019 
Null 13 57% 22 96% 
Total 23 100% 23 100%  
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all cataract patients were shown to express the GSTM1-null genotype, which was within 
the expected range (20-70%). The absence of GSTT1 in patients with cataract, as seen in 
previous studies (11-38%), was significantly different from that seen in our study (96%) 
(Reis et al., 2011).

Çelįk et al. (2015) reported a statistically significant prevalence of GSTM1 
polymorphism in patients with cataracts (P = 0.8620), compared to that seen in this study. 
Their results confirmed a link between this disease and the null GSTM1 polymorphism. 
However, a comparison of the case group in this study with the case and control groups 
reported by Çelįk et al. (2015) with respect to the GSTT1 polymorphisms showed very 
different results (P < 0.001), suggesting a correlation between the null GSTT1 polymorphism 
and the development of cataract. Our study was also corroborated by a previous study 
conducted by Chandra et al. (2016) in northern India, who reported that the GSTM1 and 
GSTT1 polymorphisms were associated with increased risk of cataract development. 
Further, Saadat et al. (2012) reported that the GSTM1-null genotype increased the risk 
of developing this pathology in an Iranian population. These results are similar to those 
found in this study (P = 0.9558). However, they found no correlation between the GSTT1-
null genotype and cataract, which is a significant difference from the results seen in this 
study (P < 0.001).

In contrast, other studies conducted in Chinese and Indian populations reported a 
correlation between the presence of GSTM1 and the absence of GSTT1 and the development 
of senile cortical cataract, which conflicts with our results (Juronen et al., 2000; Saadat et al., 
2012). Sun et al. (2010) attempted to identify a correlation between the absence of GSTM1 
and GSTT1 and senile cataract in Asians, and not in Caucasians, via a meta-analysis. They 
have found that the relationship between GSTM1-null genotype and risk for senile cataract 
is not statistically significant. Previous studies have shown that the development of diseases 
by genetic predisposition is correlated to the ethnic background of the patient. The Brazilian 
population has a high degree of miscegenation; this could account for the variation in cataract 
risk, compared to that observed in pure ethnicities.

CONCLUSIONS

Although a consensus remains to be reached regarding the correlation between 
genetic polymorphisms in GSTs and cataract susceptibility, the observations of a majority 
of the scientific studies are similar to those reported in this study. Therefore, we conclude 
that the absence of these genes, particularly GSTT1, is correlated with the development 
of lens opacity.
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