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ABSTRACT | Purpose: To investigate the potential associa-
tions between keratoconus and catalase rs1001179, superoxide 
dismutase 2 rs4880, and glutathione peroxidase 1 rs1050450 
gene polymorphisms in a Turkish population. Methods: The 
study group included 121 unrelated keratoconus patients and 
94 unrelated healthy controls. Blood samples (200 µl) were 
collected from all patients and controls to isolate genomic DNA. 
Genotyping was performed to identify rs1001179, rs4880, 
and rs1050450 using real-time polymerase chain reaction 
(PCR). Genotype and allele frequencies were calculated; their 
associations with keratoconus risk were assayed, and the 
association with keratoconus risk and demographic factors 
was examined. Results: Glutathione peroxidase 1 rs1050450 
polymorphism was present in 41% cases compared with 29% 
controls (OR=1.66; 95% CI=1.11-2.50; p=0.014). No asso-
ciation was observed between catalase rs1001179 and SOD2 
rs4880 polymorphisms and keratoconus (for all, p>0.05). 
Conclusions: This study evaluated possible relationships 
between rs1050450, rs1001179, and rs4880 polymorphisms 
and keratoconus susceptibility. We found a possible association 
between glutathione peroxidase 1 rs1050450 polymorphism 
and an increased risk of keratoconus. However, the genotype 
and allele frequencies were identical in the catalase rs1001179 
and superoxide dismutase 2 rs4880 polymorphisms. Further 
studies are needed to analyze the effect of such variations  
in identifying keratoconus susceptibility.

Keywords: Keratoconus; Glutathione peroxidase; Catalase; 
Superoxide dismutase; Polymorphism, genetic

RESUMO | Objetivo: Investigar as possíveis associações entre o 
ceratocone e os polimorfismos rs1001179 da catalase, rs4880 da 
superóxido-dismutase 2 e rs1050450 da glutationa-peroxidase 
1 rs1050450 em uma população turca. Métodos: O grupo de 
estudo incluiu 121 pacientes com ceratocone não relacionados 
e 94 controles saudáveis também sem pa rentesco. Amostra de 
sangue (200 µL) foram coletadas de todos os pacientes e controle 
para isolar o DNA genômico. A genotipagem foi realizada para 
identificar rs1001179, rs4880 e rs1050450 utilizando a reação 
em cadeia da polimerase (PCR) em tempo real. As frequências 
de genótipos e alelos foram calculadas, suas associações com o 
risco de ceratocone foram avaliadas, e a associação com risco 
de ceratocone e fatores demográficos foi examinada. Resul-
tados: O polimorfismo da glutationa-peroxidase 1 rs1050450 
estava presente em 41% dos casos, comparado com 29% dos 
controles (OR=1,66, IC 95%=1,11-2,50; p=0,014). Não foi 
observada associação entre o ceratocone e os polimorfismos 
rs1001179 e SOD2 rs4880 da catalase (para todos, p>0,05). 
Conclusões: Este estudo avaliou possíveis relações entre os poli-
morfismos rs1001179, rs4880 e suscetibilidade a cerato cone. 
Encontramos uma possível associação entre po  limorfis mo da 
glutationa-peroxidase 1 rs1050450 e um risco aumentado de 
ceratocone. No entanto, o genótipo e as frequências alélicas 
foram idênticas nos polimorfismos rs1001179 da catalase e 
superóxido-dismutase 2 rs4880. Mais estudos são necessários 
para esclarecer o efeito dessas va riações na detecção da sus-
cetibilidade ao ceratocone.

Descritores: Ceratocone; Glutationa peroxidase; Catalase; Su-
peróxido dismutase; polimorfismo genético

INTRODUCTION
Keratoconus (KC) is a progressive degenerative colla-

gen disorder distinguished by stromal thinning, corneal 
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steepening, and irregular astigmatism leading to deterio-
rated visual acuity and impaired quality of life. It mainly 
occurs in the second decade of life at an incidence of 
approximately 1 per 2000 in the general population.  
KC affects all ethnicities and both genders(1).

The etiology of KC remains unclear. Various factors 
contribute to the pathophysiological processes of 
KC, including environmental, behavioral, and genetic 
factors. As 6% to 10% of KC patients have familial 
KC, genetic susceptibility has been widely studied for 
years. However, no specific genetic defect for KC has 
been described. In addition, several investigations have 
acknowledged the role of oxidative stress in KC patho-
genesis. KC corneas accumulate cytotoxic end products 
of the nitric oxide and lipid peroxidation pathways 
and have impaired antioxidant enzymes and increased 
mitochondrial DNA damage(2-7). These findings suggest 
that oxidative stress is significantly involved in the 
pathogenesis of KC. However, additional genetic and 
molecular studies are needed to thoroughly define the 
underlying problem.

Under physiological conditions of aerobic organisms, re-
active oxygen species (ROS) generated during the course 
of metabolism is restricted by antioxidant enzymes. 
Superoxide, the primary ROS, is converted to hydrogen 
peroxide (H2O2), mainly by superoxide dismutase (SOD). 
H2O2 is decomposed by catalase (CAT) or glutathione pe-
roxidase (GPX), releasing water and molecular oxygen. 
Any malfunction, i.e., in genetic polymorphisms, in the-
se enzymes could lead to a shift in the balance between 
ROS production and the antioxidant defense mechanism 
resulting in oxidative stress(8). SOD, CAT, and GPX have 
been described in aqueous humor, indicating their sig-
nificance in the balance of oxidative status in the eyes(9).

SOD has 3 subtypes. SOD1 and SOD2 are intracellu-
lar subtypes, and SOD3 is extracellular; all are present 
in the cornea(4,10). SOD1 has been evaluated numerous 
times, and many studies have shown potential causa-
tive roles of SOD1(11,12). CAT and GPX are upregulated 
in KC corneas, emphasizing their importance in de-
creasing ROS(13,14).

Recently, more attention has been given to the im-
portance of genomic variations between individuals. 
Single nucleotide polymorphism (SNP) can be detected 
at certain positions in the genome. SNPs in the gene 
coding may affect metabolic pathways by altering the 
enzyme structure or substrate affinity and/or activity 
and impairing antioxidant capacity.

Many studies have revealed phenotype associations 
for SOD2 (Val16Ala, rs4880) including heart diseases, 
several malignancies, fatty liver disease, and age-related 
macular degeneration. Polymorphism studies of the 
CAT (-262C>T, rs1001179) gene have been conducted 
in many diseases including diabetes, systemic lupus 
erythematosus, Alzheimer disease, and several malig-
nancies. The GPX-1 (Pro198Leu, rs1050450) polymor-
phism has also been extensively studied, with significant 
results being reported in panic disorder, kidney disease, 
morbid obesity, and cardiovascular diseases. However, 
no reports have described these common SNPs in KC 
patients. In fact, no study has yet reported on SOD2, 
GPX, and CAT SNPs in KC.

We aimed to determine whether the presence of these 
SNPs in key antioxidant enzymes is associated with an 
increased risk of KC.

METHODS
Patients and controls

Our study enrolled 121 unrelated Turkish patients 
with KC (aged 14 to 62 years) and 94 age-matched indi-
viduals with no history of KC as the control group. Each 
subject granted informed consent before study parti-
cipation. The principles of the Declaration of Helsinki 
were strictly followed during all stages of the study.

All patients and controls were evaluated at the De-
partment of Ophthalmology, Gulhane Military Medical 
Academy. The diagnosis of KC was made based on the cli-
nical signs (Munson sign, protrusion, Vogt striae, corneal 
thickness, scarring, Fleischer rings, refractive errors) and 
topographic findings obtained using Oculus Pentacam 
(OCULUS Optikgeräte GmbH, Wetzlar, Germany) and 
OPD-Scan ARK-10000 (NIDEK, Tokyo, Japan).

The patients with a confirmed diagnosis of KC were 
included in the study group. Control subjects underwent 
the same examinations to eliminate mild cases that 
could be overlooked in regular examinations. None of 
the participants reported any genetic disorder.

GPX1 rs1050450, SOD2 rs4880, and CAT 
rs1001179 genotyping

Peripheral blood samples were collected in EDTA tu-
bes and stored at -20°C before use. Genomic DNA was 
extracted from the blood samples (200 µl) using the EZ1 
DNA Blood 200 µl Kit by EZ1 Advanced XL automated 
purification system (Qiagen, Hilden, Germany) accor-
ding to the manufacturer’s instructions.

https://en.wikipedia.org/wiki/Genome
http://www.ncbi.nlm.nih.gov/pubmed/26155043
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The SNP identification assay (LightSNiP; Tib-MolBiol, 
Berlin, Germany), which is based on simple probe melting 
curve analysis, was used to detect GPX1 (rs1050450), 
SOD2 (rs4880), and CAT (rs1001179) polymorphisms. 
Both PCR and melting curve analysis were conducted on 
the Rotor-Gene Q (Qiagen). The reaction for each SNP 
was performed in a final volume of 20 µl and included 
2 µl DNA, 1 μl LightSNiP reagent mix (Tib-MolBiol),  
2 µl LightCycler FastStart DNA Master HybProbe (Roche 
Diagnostics GmbH, Mannheim, Germany), 1.6 µl Mg Cl2 
(25 mM), and 14.4 µl H2O. PCR consisted of initial 
denaturation at 95°C for 10 minutes came next by 45 
cycles, consisting of denaturation at 95°C for 10 seconds, 
annealing at 60°C for 10 seconds, and elongation at 72°C 
for 15 seconds. After the last cycle, samples were held at 
95°C for 30 seconds before the temperature was lowered 
to 45°C. Next, melting was conducted by steadily raising 
the temperature in 0.5°C increments every 2 seconds 
from 45°C to 75°C.

Statistical analysis

Hardy-Weinberg equilibrium was evaluated using the 
chi-squared (χ2) test. The χ2 test and two-way Student’s 
t-test were used to conduct statistical comparisons of 
genotypic and allelic distributions between the control 
and KC patients. All statistical analyses were performed 
using SPSS for Windows, version 16.0 (SPSS Inc., Chi-
cago, IL, USA). A p value ≤0.05 was considered statis-
tically significant.

RESULTS
The frequency distribution of selected characteristics 

of the cases and controls is shown in table 1. No statis-
tically significant difference was seen in sex or age dis-
tribution between the cases and control (both p>0.05).

Distributions of the GPX1 rs1050450 C/T, SOD2 
rs4880 T/C, and CAT rs1001179 C/T genotypes con-
sistent with the Hardy-Weinberg equilibrium among 
patients (p=0.867, 0.554, 0.199, respectively) and 
controls (p=0.901, 0.921, 0.839, respectively). We exa-
mined the genetic polymorphisms in the GPX1, SOD2, 
and CAT genes, and allele and genotype distributions 
are shown in table 2.

No significant difference existed between the SOD2 
(rs4880) and CAT (rs1001179) genotypes (p=0.936 and 
0.443, respectively) or allele frequencies (p=0.854 and 
0.627, respectively) of the KC patients and the controls.

The difference in the allele frequency of the variant 
T allele of the GPX1 C/T polymorphism was statistically 
significant in the KC patients (41%) when compared 
with the controls (29%) (OR=1.66; 95% CI=1.11-2.50; 
p=0.014), thus the T allele was a statistically significant 
risk factor for KC. In KC patients, the GPX1 C/T poly-
morphism was present in 43 (36%) wild-type for the C/C 
genotype, 59 (49%) heterozygous for the C/T genotype, 
and 19 (16%) homozygous for the T/T genotypes. Sta-
tistical analysis demonstrated a possible harmful effect 
of the GPX1 C/T+TT and TT genotypes (OR=1.89, 95%  
CI=1.05-3.40; p=0.022; OR=2.65; 95% CI=1.05-6.67; 
p=0.035, respectively) in the development of KC and 
a possible protective effect of the C/C genotype in con-
trols. Table 3 presents the comparative analysis of the 
demographic data and the SNPs.

In our study, the GPX1 (rs1050450), SOD2 (rs4880), 
and CAT (rs1001179) polymorphisms did not impact 
the risk of KC with respect to sex (p=0.550, 0.870, 
0.303, respectively) and age (p=0.927, 0.686, 0.523, 
respectively).

DISCUSSION

Our main concern in researching CAT rs1001179, 
SOD2 rs4880, and GPX1 rs1050450 polymorphisms in 
KC pathogenesis stems from their distinct enzymatic pro-
perties. They are essential to limiting ROS accumulation 
and inhibiting premature apoptosis in eukaryotic cells. 
In addition, they exist in almost all living organisms that 
require oxygen. SOD2, GPX1, and CAT share a common 
metabolic detoxification pathway(15). Dysfunctions of 
GPX1, SOD2, and CAT are shown to play an integral 
role in the pathogenesis of various diseases. In addition, 
previous studies have reported oxidative stress and 
oxidative stress-induced premature apoptosis. Thus, an 
evaluation of these antioxidant enzymes would provide 

Table 1. Characteristics of keratoconus cases and controls

Variable

Cases Controls

P(n=121) (%) (n=94) (%)

Sex 

Male 83 (68.6%) 74 (78.7%) 0.097

Female 38 (31.4%) 20 (21.3%)

Age (years)

<20 14 (11.6%) 12 (12.8%) 0.061

20-29 41 (33.9%) 49 (52.1%)

30-39 46 (38.0%) 25 (26.6%)

40-49 17 (14.0%) 7 (7.4%)

≥50 3 (2.5%) 1 (1.1%)
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Table 2. Genotype and allele distribution of rs1050450, rs4880, and rs1001179 polymorphisms in keratoconus patients and controls

KC patients (n=121) Control group (n=94)

OR (95% CI) pNumber (freq) Number (freq)

GPX1 (rs1050450)

Genotypes CC (Pro/Pro) 43 (0.36) 48 (0.51) 0.049

CT (Pro/Leu) 59 (0.49) 38 (0.40)

TT (Leu/Leu) 19 (0.16) 8 (0.09)

CT + TT versus CC 1.89 (1.05-3.40) 0.022

CT versus CC 1.73 (0.97-3.09) 0.062

TT versus CC 2.65 (1.05-6.67) 0.035

TT versus CT 1.53 (0.61-3.84) 0.364

Alleles T (Leu) 97 (0.41) 54 (0.29) 1.66 (1.11-2.50) 0.014

C (Pro) 145 (0.59) 134 (0.71)

SOD2 (rs4880)

Genotypes TT (Val/Val) 45 (0.37) 33 (0.35) 0.936

TC (Val/Ala) 55 (0.46) 45 (0.48)

CC (Ala/Ala) 21 (0.17) 16 (0.17)

Alleles T (Val) 145 (0.60) 111 (0.59) 1.04 [0.70-1.53] 0.854

C (Ala) 97 (0.40) 77 (0.41)

CAT (rs1001179)

Genotypes CC 85 (0.70) 65 (0.69) 0.443

CT 35 (0.29) 26 (0.28)

TT 1 (0.01) 3 (0.03)

Alleles C 205 (0.85) 156 (0.83) 1.14 [0.68-1.91] 0.627

T 37 (0.15) 32 (0.17)

OR= odds ratio; CI= confidence interval.

Table 3. Demographic characteristics of keratoconus patients with GPX1 (rs1050450), SOD2 (rs4880), and CAT (rs1001179) genotypes

GPX1 (rs1050450) SOD2 (rs4880) CAT (rs1001179)

CC CT TT TT TC CC CC CT TT

Sex

Male n 65 74 18 3 43 111 25 78 54

% 41.4% 47.1% 11.5% 1.9% 27.4% 70.7% 15.9% 49.7% 34.4%

Female n 26 23 9 1 18 39 12 22 24

% 44.8% 39.7% 15.5% 1.7% 31.0% 67.2% 20.7% 37.9% 41.4%

p 0.550 0.870 0.303

Age

<20 n 13 10 3 0 11 15 3 11 12

% 50.0% 38.5% 11.5% 0.0% 42.3% 57.7% 11.5% 42.3% 46.2%

20-29 n 34 45 11 1 23 66 16 39 35

% 37.8% 50.0% 12.2% 1.1% 25.6% 73.3% 17.8% 43.3% 38.9%

30-39 n 30 32 9 2 19 50 14 39 18

% 42.3% 45.1% 12.7% 2.8% 26.8% 70.4% 19.7% 54.9% 25.4%

40-40 n 12 9 3 1 6 17 3 10 11

% 50.0% 37.5% 12.5% 4.2% 25.0% 70.8% 12.5% 41.7% 45.8%

≥50 n 2 1 1 0 2 2 1 1 2

% 50.0% 25.0% 25.0% 0.0% 50.0% 50.0% 25.0% 25.0% 50.0%

P 0.927 0.686 0.523
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essential data(5). Finally, after extensively searching the 
literature, we did not find a report on the role of SNPs 
associated with these enzymes in KC pathogenesis.  
These factors motivated us to evaluate the possible asso-
ciation of these SNPs with KC patients of Turkish origin. 
In the present study, we evaluated the role of rs1050450 
(GPX1), rs4880 (SOD2), and rs1001179 (CAT) polymor-
phisms in detecting KC susceptibility. We chose to assess 
the most prominently researched polymorphisms that 
were compatible with multiple disorders(16-18).

We identified a significant association between the 
rs1050450 polymorphism of GPX1 genotype and KC. 
GPX1 is involved in the decomposition H2O2 into water 
and oxygen. It is one of the most significant antioxidant 
enzymes in higher vertebrates and humans and is pre-
sent in both cytoplasm and mitochondria. Brigelius-Flohé  
et al. reported that GPX1 could not compensate for 
other selenoproteins in the elimination of systemic oxi-
dative stress, making it a primary antioxidant enzyme 
in vivo(19). GPX1 also accelerates the reduction of lipid 
peroxides and hydrogen as well as peroxynitrite(20). The-
refore, GPX1 dysfunction may cause the accumulation 
of peroxynitrite and lipid hydroperoxides. The extreme 
amount of reactive oxygen and nitric species may da-
mage nucleic acids, membrane lipids, mitochondrial 
DNA, and proteins. Various studies have reported that 
this metabolite accumulation may induce apoptosis(21,22). 
Further, keratocyte apoptosis is seen in keratoconic 
corneas(23,24). Based on these facts and our results, we 
propose that GPX1 dysfunctions should be considered 
in KC pathogenesis.

No statistically significant association existed between 
the rs1001179 polymorphism of the CAT gene, rs4880 
polymorphism of the SOD2 gene, and KC risk. Many 
studies on different diseases have reported both signi-
ficant and insignificant results for both SNPs(25-28). The 
genotype distribution of these SNPs fluctuates between 
populations(29,30). These discrepancies are probably due 
to the limited number of subjects and population and/or 
ethnicity differences.

As the genotype and allele frequency of both 
polymorphisms were identical, it is assumed that the 
rs1001179 polymorphism of the CAT gene and rs4880 
polymorphism of the SOD2 gene are not involved in KC 
pathogenesis. Our study was conducted in the Turkish 
population, and similar studies are needed in different 
populations to precisely define the relationship between 
these SNPs and KC.

To the best of our knowledge, this is the first report 
to investigate the potential associations between the 
rs1050450, rs1001179, and rs4880 polymorphisms and 
KC susceptibility. In conclusion, we confirmed a possi-
ble association of the GPX1 rs1050450 polymorphism 
with KC in the Turkish population. However, we did not 
observe a significant difference in the CAT rs1001179 
and SOD2 rs4880 polymorphisms between the study 
and control groups. Further studies with large cohorts 
of multiple nationalities and ethnicities are needed to 
clarify the association and significance of this metabolic 
pathway.
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