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Summary 

Background and Aim: Molecular epidemiology is an interdisciplinary field concerning the analysis of 

biological indicators and the investigation of individual DNA polymorphisms. The glutathione-S-

transferases (GSTs) are one of the most studied metabolic gene families. They are involved in the genesis 

of oxidative stress and many authors hypothesize that some null polymorphic variants determine 

increasing toxic effects in tissues. Oxidative stress and antioxidant systems are very important in the 

onset and progress of glaucoma, one of the leading causes of blindness worldwide. We investigate the 

association of null variant of GST (M1 and T1) with the risk of primary open angle glaucoma (POAG) 

and we considered the ethical and legal implications of genetic procedures as a screening tool. 
Materials and Methods: We conducted a case-control study including 103 unrelated carriers of 

glaucoma in a southern Italian population (living in Eastern Sicily) and 150 unrelated healthy individuals 

as controls, whose buccal swabs samples were genotyped for GST polymorphisms using a standardized 

multiplex PCR based method. 

Results: In patients with glaucoma (primary open angle glaucoma, POAG) null genotype of the 

investigated genetic polymorphisms is very common compared to the healthy individuals. The obtained 

data suggest an influence of the (dual) null genotype on the normal metabolic pathway in the genesis of 

congenital glaucoma giving to these polymorphisms the role of so-called “indicators of susceptibility”.  

Conclusions: We conclude that the increased frequency of null GSTs (M1, T1) in patients with glaucoma 

could be considered a risk factor for incidence of the disease. Screenings can be carried out only in 

compliance with legislative rules. 
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Introduction 

 
Glaucoma denotes a broad and heterogeneous 

range of ocular diseases, all of them sharing a 

damage to the optic-nerve which, on the long 

run, is able to cause irreversible visual field loss 

and vision impairment. According to an a 

popular and authoritative study conducted in 

2006 by Quigley and Braman [1] glaucoma is 

the second leading cause of blindness 

worldwide: the aforementioned study reports 

that the estimated number of people affected by 

glaucoma is around 60 million in 2010 and such 

a number is expected to increase up to 79.6 

million by 2020. The same study estimated that 

bilateral blindness due to glaucoma is likely to 

occur in around 4 million people, rising to more 

than 5 million people in 2020. The intraocular 

pressure (IOP) is universally considered as the 

most important risk factor for developing 

glaucoma: the well-known Ocular 

Hypertension Treatment Study (OHTS) proved 

that topical ocular hypotensive medication is 

effective in delaying or preventing the onset of 

Primary Open Angle Glaucoma (POAG) in 

those individuals affected by high IOP [2]. The 

IOP is the only treatable risk factor to prevent 

glaucoma progression: according to Gordon et 

al. [2], demographic and clinical factors that 

may influence POAG are older age, larger 

vertical or horizontal cup-disc ratio. The 

etiology of POAG is still unclear but very 

recent studies [3,4] point out that genetic 

variants, epigenetic modifications as well as 

environmental factors may contribute to 

glaucoma and they could explain the prevalence 

of one type of glaucoma in a specific area of the 

world. To this end, molecular epidemiology - 

an interdisciplinary field of research which 

focuses on the analysis of biological indicators 

and the technical analysis of individual DNA 

polymorphisms to define the role of some 

exogenous and endogenous factors as causes of 

metabolic disorders and other pathology as well 

as neoplastic diseases - provides powerful tools 

for better understanding of the genetic causes of 

POAG. 

 

The glutathione-S-transferases (GSTs) are one 

of the most studied metabolic gene families in 

genesis of stress oxidative [9]. An important 

study in the role of GSTs in POAG is reported 

in Lu et al. [15], who performed a meta-analysis 

over 14 experimentations. Since many classical 

electrophilic carcinogens are substrates for the 

GST enzymes, it has generally been 

hypothesized that the common human 

polymorphic variants of these genes, which for 

GSTM1 and GSTT1 are homozygous deletions, 

should result in a decrease in conjugation and 

subsequent elimination of toxicogenic 

intermediates, resulting in the increasing of 

toxicity in tissue. A relevant percentage of the 

population (which varies on the basis of 

ethnicity) carries a null genotype of these genes 

[3,4]. Although mutations in several genes, 

including myocilin, optineurin, and CYP1B1 

have been reported to cause POAG, as like 

some genetic polymorphism involved in 

detoxification of xenobiotic and oxidative 

stress such the super-family of GSTs, these 

genes account for less than 10% of cases 

worldwide [7, 8]. In the latest years, large scale 

genetic studies that have examined the blood 

samples and buccal swab of thousands of 

glaucoma patients. A risk factor is something 

that doesn’t always lead to a condition but 

increases the risk of having that condition. For 

glaucoma, these genetic factors have been 

implicated in individual susceptibility to 

different oxidative disease in pathology. How 

these genes cause or influence the likelihood of 

developing POAG is a question of major 

interest. Several studies have shown that the 

“null” GSTM1 and/or GSTT1 genotype (and 

the consequently decreased antioxidant 

activity) is correlated with a higher risk for 

oxidative stressrelated disease, such as 

neoplastic and inflammatory diseases [5]. An 

important contribution to clarify the role of 

GST polymorphisms as a risk factor for POAG 

(as well as on other types of glaucoma) is 

reported in [12]. Here, the authors carefully 

reviewed existing studies to evaluate the 

strength of the association between 

polymorphisms of GSTM1, GSTT1 and 
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GSTP1 and glaucoma risk. The main finding of 

[12] is that either GSTM1 or GSTT1 null 

polymorphism was not associated with a POAG 

risk; such a negative association was also 

observed in Caucasian populations. The GSTP1 

Ile 105 Val polymorphism was significantly 

correlated with increased POAG risk among 

Caucasian in a recessive model; a further 

interesting result was that an increased 

glaucoma risk was associated with the 

combined GSTM1 and GSTT1 null genotypes 

and with the combined GSTM1 null and 

GSTP1 Val genotypes. Amero et al. [13] 

reviewed recent genome-wide association 

studies which aim at identifying several single 

nucleotide polymorphisms at different loci 

(such as CAV1/CAV2, TMCO1, CDKN2B-

AS1, CDC7-TGFBR3 to name a few) 

associated with POAG. The authors also 

discuss on the correlation of polymorphism 

with various clinical parameters influencing 

POAG, with a special focus on Middle East 

countries. In a subsequent study, Kumar et al. 

[14] highlights that at least 29 genetic loci have 

been linked to POAG and there exist at least 66 

loci with 76 genes associated to POAG. To 

complete our discussion, it is important to cite 

the study by Malik et al. [16], who investigated 

the role of GSTM1/GSTT1 on Juvenile Open 

Angle Galucoma (JOAG) and they found that 

no significant association exists between 

GSTM1/ GSTT1 and JOAG. In the present 

study, we typed the polymorphism of GSTT1 

and GSTM1 in 103 unrelated subjects with 

glaucoma and in 150 healty individuals as 

control [4] to define any relationship between 

incidence of glaucoma and GST 

polymorphyms. Finally, we considered the 

ethical and legal values of application of 

genetic screening as predictive factors in 

clinical and legal medicine.  

 

Materials and Methods 
 
The study was performed on 103 subjects with 

primary open angle glaucoma (POAG). Written 

informed consent was obtained from all 

subjects enrolled in the study. Selected patients 

were mainly from the province of Messina 

(Italy) with an age from 43 to 60 (mean 52, sd 

4.5) and none of them underwent ocular 

surgery; patients were not affected by diabetes 

and systemic hypertension. A complete 

ophtalmologic examination was performed; 

glaucoma diagnosis has been formulated 

according to the following parameters: IOP 

(intraocular pressure) above 21 mmHg, 

generalized/focal enlargement of the cup in the 

optic disk and a slight alteration of visual field 

(measured through the Humphrey Visual Field 

Analyzer). All selected patients were treated 

with only one type of drugs (eye drop). As for 

the GSTM1 and GSTT1 genotyping analysis, 

we used buccal swabs to obtain a sample of 

cells for DNA analysis. Swabs were put in 

separate vials and kept at −20◦C until 

experiments were performed. In our tests, we 

used specific standard markers (DNA pGEM 

marker purchased from Promega) and for DNA 

analysis, we used the standard - Chelex® 100 

method for DNA extraction [5]. The genes of 

interest were amplified by PCR, using a - PCR 

sprint (Hybaid) thermal-cycler. A multiplex 

system was created for the simultaneous 

amplification of the genetic loci of GSTM1 and 

GSTT1; to verify the correct completion of the 

PCR, the gene of beta-globin, that is unrelated 

to GST and with a molecular weight clearly 

distinct from that of both GSTM1 and GSTT1 

genes, was amplified in the same system as a 

control. The oligonucleotide sequences of 

primers were those previously reported in 

literature [6], namely: for GSTM1, forward 

primer: 5′ -GAA CTC CCT GAA AAG CTA 

AAG C-3′ and reverse primer: 5′ -GTT GGG 

CTC AAA TAT ACG GTG G-3′; for GSTT1, 

forward primer: 5′ -TTC CTT ACT GGT CCT 

CAC ATC TC-3′; reverse primer: 5′ -TCA 

CCG GAT CAT GGC CAG CA-3′; and for 

BETA- GLOBIN: forward primer: 5′ -CAA 

CTT CAT CCA CGT TCA CC-3′; reverse 

primer: 5′ -GAA GAG CCA AGC ACA GGT 

AC-3′. Each PCR was performed with 2.5 ml 

extract (5-250 ng DNA), 0.5 mM of each 

primer, 2.5 ml Taq buffer (10× PCR Buffer II, 

Applied Biosystems, USA), 2 ml MgCl2 25 mM 
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(Applied Biosystems, USA), 0.5 ml dNTPs mix 

(10 mM PCR Nucleotide Mix, Promega, 

Germany), 1 U Taq polymerase (DyNAzyme II 

DNA Polymerase, Finnzymes, Finland) in a 

total volume of 25 μL. Thirty amplification 

cycles (denaturation at 95 ◦C for 1 min, 

annealing at 60 ◦C for 1 min and extension at 72 

◦ C for 1 min) were performed. Finally, the 

products of the reaction were vertically 

electrophoresed at 2000 V, max mA, max W for 

150 min on 0.4 mm layer polyacrylamide 

denaturing gels (6% - urea 7 M) in TBE buffer 

1×, and then revealed by silver staining [17,18]. 

The migration bands of interest (480 bp for 

GSTT1 and 215 bp for GSTM1) were identified 

by comparison with the molecular weights of a 

specific standard marker (DNA pGEM® 

marker, Promega, Germany). The 

electropherogram of GSTT1(480 bp) and 

GSTM1(215 bp) is shown in figure 1. The beta-

globin gene has been employed as a 

confirmation that PCR actually happened. 

 

Figure 1: PCR product from different 

genotypes. 

Results 

 
In patients with POAG, null genotype of the 

investigated genetic polymorphisms is 

increased compared to healty subjects.  

 
Table 1: Main features of Sicilian and Turkey 

cohorts [3] under investigation. 

 Eastern Turke 

Genotyp N Frequenc n Frequenc 

Tota 150  13  

GSTM1 8 5.7 6 5.9 

GSTT1 3 2.7 2 1.3 

GSTM1/GSTT1 1 1% 1 9 

 

We first compared the results we achieved on a 

population from Eastern Sicily with results 

reported in [3], which consider a population 

from Turkey (see Table 1). Both cohorts were 

constituted by healthy individuals and we found 

that the fraction of individuals with GSTM1 

null in Eastern Sicily (54.7%) was roughly 

equal to that observed in Turkey sample. 

Percentage of individuals belonging to GSTT1 

null and GSTM1/GSTM1 null in Eastern Sicily 

cohort were larger than that observed in Turkey 

population (24.7% and 12% in Eastern Sicily 

sample against 17.3% and 9% in Turkey 

sample). Then, we turned our attention on 

Eastern Sicily population and were interested in 

assessing whether meaningful differences 

emerge between healthy individuals and 

individuals with glaucoma (see Table 2).

Table 2: Main features of healthy individuals and individuals with POAG recruited in our study. 

 Healthy individuals Individuals affected by POAG 

Genotyp N Frequenc n Frequenc 

Tota 150  103  

GSTM1 null 82 54.7% 68 66% 

GSTT1 null 37 24.7% 23 22.3% 

GSTM1 and GSTT1 null 18 12% 8 7.7% 

GSTM1 and GSTT1 no null 13 8.6% 4 3.8% 
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The data indicates an influence of the null 

genotype of GSTM1 gene on the normal 

metabolic pathway in the genesis of POAG. 

Specifically, the percentage of individuals 

belonging to the GSTM1 null class goes up to 

66% (with an increase of about 11.3% against 

the cohort of healthy individuals). As a 

consequence, the proportion of individuals with 

glaucoma belonging to the GSTM1 and GSTT1 

no null class precipitates to 3.8% (and, thus, it 

is 2.26 times smaller than the proportion of 

healthy individuals in that class). These results 

give to these polymorphisms the role of 

indicators of susceptibility.  

 

Statistical Analysis. Difference between group 

proportions was tested through the χ2 square test 

and they indicate that obtained results were 

statistically significant (p-value<0.05).  

 

Conclusions 

 

We conclude that the increased frequencies of 

GSTM1 null in patient with POAG could be a 

risk factor for incidence of the disease. So, it is 

necessary a replacement of the primary and 

secondary prevention strategy in people with 

positive markers (alimentary, no smoking 

and/or alcohol status) but it is necessary to 

avoid any discrimination in these subjects 

especially in relation to the stipulation of 

policies covering illness and work opportunity 

that involve the use of VDT, for example. We 

plan to refine our analysis by adding further, 

genetic-based features to predict the onset of 

glaucoma and a potential candidate is certainly 

represented by the Val genotype, in compliance 

with previous studies [12]. In the tertiary 

prevention, the protection of the subject with 

individual susceptibility to these diseases, must 

to consider the impact of these genetic 

biomarkers in the quality and life expectancy to 

the well-being of the individual and the 

community. 
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