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Abstract- Glaucoma is a major cause of blindness worldwide. A single nucleotide polymorphism of the 

MTHFR gene (C677T) has been associated with susceptibility to this disease, although this is controversial in 

the last decade. In this study, the possible association between the MTHFR C677T polymorphism and the risk 

of developing primary open angle (POAG) and pseudoexfoliation glaucoma (PEXG) was investigated. For 

this, a prospective study consisting of 73 POAG, 85 PEXG and 90 matched controls was undertaken in an 

Iranian population. Genomic DNA was extracted from whole blood. Genotyping of all individuals for the 

MTHFR C677T polymorphism was conducted using the PCR-RFLP technique. Our findings revealed no 

significant association between the MTHFR C677T polymorphism in POAG and PEXG compared with 

controls. Consistent with several other studies, our analysis suggests that the MTHFR C677T polymorphism 

is unlikely to be a factor contributing to the risk of developing specific forms of glaucoma. 
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Introduction 
 
Glaucoma is the second leading cause of blindness, 
accounting for 70 million cases worldwide (1). 
Approximately 10% of bilateral blindness cases have 
been reported to be associated with glaucoma (1,2). 
Glaucoma is defined as a retinal ganglion cell disease 
characterized by atrophy and cupping of the optic nerve 
head (3,4). This disease often has no warning symptoms 
in the early stages. Therefore, many patients do not even 
know their disease until it progresses into irreversible 
blindness (5). There is no cure for glaucoma and the 
main treatment involves lowering intraocular pressure 
using drugs or surgery (6). 

The most common form of glaucoma is the primary 
open angle (POAG) type, defined as a chronic and 
progressive optic neuropathy (4,7). Pseudoexfoliation 
glaucoma (PEXG) has been reported to be the most 
common identifiable cause of open-angle glaucoma, 
accounting for about 25% of all and most cases of 
glaucoma in some countries (8). Pseudoexfoliation 

syndrome (PEXS) is a systemic microfibrillopathy 
characterized by pathologic accumulation of abnormal 
fibrillar material in various organs of the body including 
lung, heart, liver, gallbladder, skin, kidney, and cerebral 
meninges (5,9). The most prominent accumulations of 
PEX material has been demonstrated in the anterior 
segment of the eye, leading to important eye 
manifestations such as secondary glaucoma (10).  

Homocysteine, a sulphur-containing excitotoxic 
amino acid, induces neuronal cell death in the brain due 
to overstimulation of N -methyl- D-aspartate (NMDA) 
receptors. It also, selectively activates NMDA receptors 
of retinal ganglion cells. Several lines of evidence 
indicate an involvement of homocysteine in the process 
of cellular apoptosis (5). The levels of plasma 
homocysteine are controlled by the interaction of 
environmental and genetic factors (6). The enzyme 5, 10 
methylenetetrahydrofolate reductase (MTHFR) catalyzes 
the conversion of 5, 10 methylenetetrahydrofolate into 
5-methylentetrahydrofolate, which acts in the 
remethylation of homocysteine to methionine. 
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Concentrations of homocysteine have been 
demonstrated to be affected by a single base pair 
polymorphism, C677T, in the MTHFR gene.  Transition 
of C>T at codon 222 results in substitution of valine for 
alanine and causes a mild enzymatic dysfunction. 
Patients that are homozygous for this polymorphism 
(TT) have slight elevation in plasma homocysteine 
concentration and are at increased risk for premature 
vascular disease (7,8).  

Based on the literature, the prevalence of MTHFR 
C677T variants may be different in various ethnic 
populations (9, 10). The main goal of this study was to 
ascertain whether there is any significant association 
with MTHFR C677T polymorphism and two types of 
glaucoma, POAG and PEXG in an Iranian population. 

 
Materials and Methods 

 
Subjects 
In this prospective case–control study, we investigated a 
total of 248 Iranian subjects comprising 73 primary open 
angle glaucoma (POAG) cases, 85 pseudoexfoliation 
glaucoma (PEXG) cases, and 90 controls. All 
participants were seen at the Department of 
Ophthalmology, Rasoul Hospital, Tehran. All 
participants gave their written informed consent, and the 
study was approved by the TUMS ethics review board 
as part of the reviewing process of TUMS research 
projects. The study was conducted according to the 
principles of the Helsinki Declaration.  

All individuals underwent a complete 
ophthalmologic examination comprising best-corrected 
visual acuity, slit-lamp biomicroscopy, Goldmann 
applanation tonometry, gonioscopy, and dilated 
fundoscopic examination. POAG was defined by the 
following criteria: an intraocular pressure (IOP) of  
more than 21 mm Hg before initiation of a pressure-
lowering therapy with a Goldman applanation 
tonometery, open anterior chamber angles on 
gonioscopy; glaucomatous optic disc changes (increased 
cup/disc ratio, thinning of the neuroretinal rim, 
notching) on ophthalmoscopy and visual field defects 
characteristic of glaucoma by standard automated 
perimetry (Humphrey Visual Field Analyzer 30-2, 
Humphrey Instruments, San Leandro, CA). Patients 
included in the POAG group were shown not to have 
any systemic or local condition causing secondary 
glaucoma. Diagnosis of PEXG was based on 
pseudoexfoliation material on the lens capsule or near 
the pupil. Inclusion criteria for control subjects was an 
increased IOP of below 21 mm Hg, no glaucomatous 

changes in the optic disc, no visual field loss 
characteristic for glaucoma and no pseudoexfoliation 
material in the lens capsule or near the pupil. 

 
Genotyping 

Genomic DNA was extracted from peripheral blood 
(0.5 ml) using a DNGPLUS kit (Cinnagen, Tehran, 
Iran). Genotyping of all individuals for the MTHFR 
C677T polymorphism was conducted using the PCR-
RFLP technique. PCR amplification was performed 
using specific primers (MTRF: 5’-
TGTCATCCCTATTGGCAGGT-3’; MTRR: 5’-
ACTCAGCACTCCACCCAGAG-3’) 1U Taq DNA 
polymerase (Roche, Mannheim, Germany), 10 pM of 
each primer, 200 μM of each dNTPs, 0.67 μl of 50 mM 
MgCl2, 60 ng DNA and 2.5μl of 10X PCR buffer in 25 
μl PCR reactions. The PCR conditions included an 
initial denaturation step for 3 min at 95ºC, 30 sec at 
95ºC, 45 sec at 64ºC with a 1ºC decrease every second 
cycle down to 55ºC, then 55ºC for 20 cycles, 1 min at 
72ºC for extension, and finally 10 min at 72ºC. In order 
to detect the C677T polymorphism the PCR products 
(305bp) were subjected to RFLP using Hinf I restriction 
enzyme (Promega, UK).  The reactions comprised 12 μl 
of crude PCR product, 16 μl of dH2O, 2 μl of 10X buffer 
R and 1 μl of Hinf I enzyme in a total volume of 31 μl.  
The digested PCR products were separated on 2% 
agarose gels and visualized with ethidium bromide.  

 
Direct genomic sequencing 

In order to confirm the identified genotypes from 
PCR-RFLP, nine genotypes in a random selection of the 
samples were subjected to PCR sequencing. Sequence 
data searches were carried out in non-redundant nucleic 
acid and protein databases BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST). 

 
Statistical analysis 

The Statistical Package for Social Sciences (SPSS) 
version 11.2 was used for data entry and analysis. 
Correlations between MTHFR variants and glaucoma 
(POAG and PEXG) were examined using the Fisher test 
and an alpha level of 0.05 was used to indicate statistical 
significance. 

 
Results 
 
To examine a possible association of the MTHFR C677T 
polymorphism with glaucoma, a total of 248 individuals 
comprising 73 POAG patients, 85 PEXG patients and 90 
matched controls were enrolled in this study.  
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Table 1. Demographic characteristics of the participants. 

Characteristics POAG 

(n=73) 

PEXG 

(n=85) 

Control 

(n=90) 

Age (year): Mean 

   Minimum 

   Maximum 

67.8 

50 

80 

69.3 

51 

80 

67.5 

50 

80 

Gender: Female 

   Male  

19 

54 

20 

65 

25 

65 

 
The mean age of patients with POAG and PEXG 

was 67.9 years and 69.1 years, respectively, versus 67.5 
years in the control group. The demographic 
characteristics of all study individuals are summarized in 
Table 1. Our PCR-RFLP findings showed no significant 
association between the genotype distribution (Table 2) 
or allele frequency (Table 3) of the C677T single 
nucleotide polymorphism within the MTHFR gene in 
either POAG or PEXG patients compared with the 
matched controls.  

Genotypes in our study were identified using PCR-
RFLP approach.  In spite of the fact that this assays is 
very rapid and inexpensive it is also highly susceptible 
to error, especially if the PCR products are not 
completely digested. Therefore, we confirmed the 
genotypes in a random selection of the samples by PCR 
sequencing. 

 
Discussion 
 
Several reports have described increased levels of 
plasma homocysteine in patients with POAG and PEXS, 
suggesting that this metabolite may be associated with 
the pathogenesis of these diseases (17,20). Consistent 
with this, Moore et al., (2001) demonstrated that 
homocysteine is toxic to neurons of the ganglion cell 
layer and that retinal neurons die by apoptosis (11). 

More recent studies have shown an association between 
elevated homocysteine levels and vascular disease 
(2,12). Homocysteine can also affect extracellular 
matrix remodeling by interfering with matrix 
metalloproteinases (MMPs) and their regulation of 
inhibitors. This process has been suggested to be a 
significant factor in the pathogenesis of PEXG (13).  

A number of factors have been implicated in 
elevated homocysteine levels, including a common 
polymorphism of the MTHFR gene, C677T, which has 
been shown to reduce the activity of the encoded 
MTHFR enzyme via substitution of valine for alanine at 
codon 222 (14,15). As a result, several studies have 
sought to investigate whether the MTHFR C677T 
variant is itself a genetic risk factor for POAG and 
PEXG (16-19). Notably, Junemann et al., (2005) 
showed a positive association between POAG and the 
MTHFR 677C>T polymorphism, but not for PEXG. 
Using 76 POAG cases, 71 patients with PEXG, and 71 
controls, they found 9% TT homozygosity and 49% 
heterozygosity (CT) in patients with POAG and 3% and 
34% in controls, therefore, hypothesized that the 
MTHFR 677C>T variant itself may contribute to 
development of POAG (16).  

By contrast, a larger group of studies using diverse 
patient cohorts from Austria, Turkey, Japan, Australia 
and the U.S.A. have reported that the MTHFR 677C>T 
polymorphism is not a genetic risk factor for POAG or 
PEXS (17-22). Michael et al., (2009) also reported no 
association between of this polymorphism and POAG in 
Pakistani patients, but interestingly did find an 
association between C677T and primary closed angle 
glaucoma (PCAG) (23). In agreement with these studies, 
our results revealed no significant association between 
the MTHFR 677C>T variant and POAG or PEXS in our 
cohort of Iranian patients. 

 
Table 2. Genotype frequency of MTHFR 677 in glaucoma patients and controls. 

MTHFR 677 

Genotype 

POAG (%) P-Value PEXG (%) P-Value Control (%) 

CC 39 (53.42) 0.578 46 (54.12) 0.626 53 (58.89) 

CT 28 (38.36) 0.825 31 (36.47) 0.979 33 (36.67) 

TT 6  (8.22) 0.88 8 (9.41) 0.194 4 (4.44) 

Total 73  85  90 

 
Table 3. Allele frequency of MTHFR 677 in glaucoma patients and controls. 

MTHFR 677 Alleles POAG 

(n=146) 

P-Value PEXG 

(n=170) 

P-Value Control 

(n=180) 

C 106 - 123 - 139 

T 40 0.337 47 0.294 41 
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Taken these results together and those of previous 
studies strongly suggest that the MTHFR 677C>T 
polymorphism is not a genetic risk for the development 
of POAG or PEXG, including within the Iranian 
population. Although the MTHFR 677C>T variant is 
associated with increased plasma homocysteine levels, 
other mechanisms involved in raising homocysteine 
levels would appear to be more important in POAG and 
PEXS glaucoma cases, and this warrants further 
research. Several studies have shown that the plasma 
homocysteine levels alter in human disorders such as 
renal disease (24), Behçet disease (BD) (25), retinal vein 
thrombosis (26,27) and early coronary artery disease 
(28). Also, it has been shown that various factors such as 
smoking (29), genetic and lifestyle (30) can have an 
effect. 
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