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Abstract

Öz

Objective: To investigate the association between obstructive sleep
apnea syndrome (OSAS), glutathione peroxidase-1 (GPX1) Pro198Leu,
and manganese superoxide dismutase (MnSOD) Ala16Val gene
polymorphisms.
Materials and Methods: The study included 81 patients with OSAS
and 75 healthy controls from the Turkish population. Genotypes of the
MnSOD rs4880 T/C (Ala16Val) and GPX1 rs1050450 T/C (Pro198Leu)
variants were determined via single-nucleotide polymorphisms
genotyping analysis, which is based on simple probe melting curve
analysis.
Results: The frequencies of the MnSOD rs4880 T/T, T/C, and C/C
were 35.8%, 50.6%, and 13.5% in patients with OSAS and 34.6%,
49.3%, and 16% in the controls, respectively. No statistically significant
difference was determined between patients and controls in terms of
MnSOD rs4880 variant genotype and allele distribution (odds ratio:
1.07; 95% confidence interval: 0.68-1.69; p>0.05). The frequencies of
the GPX1 rs1050450T/T, T/C, and C/C were 12.0%, 38.5%, and 49.4%
in patients with OSAS and 13.1%, 42.1%, and 44.7% in the controls,
respectively. No statistically significant difference was determined in
the genotype and allele frequencies of the GPX1 rs1050450 variant
between the patients and controls (p>0.05). Additionally, the haplotype
was examined on the basis of combined genotypes for the two variants
in patients with OSAS and controls, which revealed no statistically
significant correlation.
Conclusion: Our study indicates that two polymorphisms in these
antioxidant enzymes were not associated with Turkish patients with
OSAS. Further studies may reveal an association between these two
polymorphisms with some clinical parameters in patients with OSAS.
Keywords: Gene polymorphisms, GPX1, MnSOD, obstructive sleep
apnea syndrome, oxidative stress

Amaç: Bu çalışmanın amacı obstrüktif uyku apne sendromu (OUAS)
ve glutatyon peroksidaz-1 (GPX1) Pro198Leu ve manganez süperoksit
dismutaz (MnSOD) Ala16Val gen polimorfizmleri arasındaki ilişkiyi
araştırmaktır.
Gereç ve Yöntem: Çalışmaya OUAS’li 81 hasta ve 75 sağlıklı kontrol
dahil edildi. MnSOD rs4880 T/C (Ala16Val) ve GPX1 rs1050450 T/C
(Pro198Leu) varyantlarının genotipleri, SNP tipleme analizi ile belirlendi.
Bulgular: MnSOD rs4880T/T, T/C, C/C frekansları hastalarda sırasıyla
%35,8, %50,6 ve %13,5 ve kontrollerde %34,6, %49,3 ve %16 idi.
Hastalar ve kontroller arasında MnSOD rs4880 varyant genotipi ve alel
dağılımı açısından istatistiksel anlamlı fark saptanmadı (olasılık oranı:
1,07; %95 güven aralığı: 0,68-1,69; p>0,05). GPX1 rs1050450T/T,
T/C, C/C frekansları hastalarda sırasıyla %12,0, %38,5 ve %49,4 ve
kontrollerde %13,1, %42,1 ve %44,7 idi. Hastalar ve kontrol grubu
arasında GPX1 rs1050450 varyantının genotip ve alel frekanslarında
anlamlı bir fark gözlenmedi (p>0,05). Ayrıca OSAS hastalarında ve
kontrol grubunda, iki varyant için kombine genotiplere dayanan
haplotipi arasında ilişki saptanmadı.
Sonuç: Çalışmamız, GPX1 Pro198Leu, MnSOD Ala16Val gen
varyantlarının OUAS ile ilişkili olmadığını göstermektedir. İleri çalışmalar,
bu iki polimorfizmin OUAS hastalarında bazı klinik parametrelerle ilişkili
olduğunu ortaya çıkarabilir.
Anahtar Kelimeler: Gen polimorfizm, GPX1, MnSOD, obstrüktif uyku
apne sendromu, oksidatif stres
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Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by
complete or partial obstruction of the upper airway during
sleep. Intermittent hypoxemia, transient hypercapnia, and
frequent arousals occur in OSAS (1). OSAS is characterized by
repetitive cycles of hypoxia and reoxygenation. In previous
studies, it was shown that typical role of oxidative stress in
patients with OSAS (2,3).
If oxidation is not eliminated by antioxidant enzymes in cells,
oxidative stress occurs. In fact, there is a balance between
oxidant and antioxidant reactions in the human body. Increased
production of reactive oxygen species (ROS) or an organism’s
reduced ability to counteract ROS through antioxidant enzymes
may lead to OS. ROS are highly aggressive and therefore, induce
lipid peroxidation and DNA damage (4,5).
Although OS occurs in all individuals, some of them are more
prone to damage caused by OS. Genetic factors such as
polymorphisms in genes of antioxidant enzymes may affect
the individual defense response against OS and subsequent
pathology (6). Antioxidant enzymes provide cell defense
against OS. Glutathione peroxidase-1 (GPX1) and manganese
superoxide dismutase (MnSOD) are among these enzymes.
The gene encoding MnSOD has five exons on chromosome
6q25 (7). A well-known polymorphism of MnSOD is the
Ala16Val polymorphism, which is replacement of GCT with
GTT. This polymorphism affects the conformation of the leader
signal of MnSOD and diminishes the localization of MnSOD
to mitochondria (8,9). GPX1 is the most abundant isoform of
glutathione peroxidase and has a role in antioxidant activity of
the cell (10,11). GPX1 eliminates peroxides by converting them
into water and alcohol (12). One of the polymorphisms in the
GPx-1 gene is found at codon 198 (C to T); this leads to the
replacement of proline (CCC) with leucine (CTC). The amino
acid substitution affects the structural conformation of the
active site region and leads a reduction in the enzyme activity
(13). The Pro198Leu variant of this enzyme has been shown to
cause a 40% reduction in the enzyme activity (14).
Since there is an association between OSAS and OS, we
suggested that there may be an association between OSAS and
the two polymorphisms in two antioxidant enzymes, namely
the GPX1 Pro198Leu and MnSOD Ala16Val variants. These two
polymorphisms may play a relevant role in the oxidative stress
in OSAS patients.

Materials and Methods

The study was performed according to the Declaration of
Helsinki, and was approved by the Ahi Evran University Faculty
of Medicine Clinical Research Ethics Committee (approval no:
201-15/177).
Polysomnography monitoring
To objectively determine the night sleeping status of each
participant, polysomnography was carried out by the
in-laboratory Philips Respironics Alice 5, 2016, USA device
using the American Academy of Sleep Medicine 2007 criteria.
The polysomnography scoring was calculated automatically
by the computer software and controlled by the experienced
pulmonologist in sleep medicine. The patient group was divided
into mild-moderate OSAS and severe OSAS.
Genotype analysis
To determine genotypes of the MnSOD rs4880 T/C and
GPX1 rs1050450 T/C (Pro198Leu) missense variants in OSAS
cases and healthy controls, SNP typing analysis (LightSNIP;
Tib-MolBiol, Berlin, Germany) were carried out. The analysis
was attribute to simple probe melting curve analysis, which
was utilized to detect GPX1 (rs1050450) and SOD2 (rs4880)
polymorphisms. On the Roche Light Cycler 480 II platform,
polymerase chain reaction (PCR) and melting curve analyses
were conducted. 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 MgCl2 (25 mM), and 14.4 µL H2O. The PCR
consisted of a denaturation step at 95 °C for 10 minutes at 45
cycles, a denaturation at 95 °C for 10 seconds, an annealing
step at 60 °C for 10 seconds, and elongation at 72 °C for 15
seconds, respectively. 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
The statistical analyses were done by SPSS Statistical Program
Version 21.0 and Openepi 3.01 software package programs.
Continuous data were given as mean ± standard deviation and
(minimum-maximum). A chi-square test was utilized to analyze
the significance differences in the allele frequency and genotype
distribution between the two study groups. A Hardy-Weinberg
equilibrium test was done for both study groups.

Subjects

Results

Eighty-one patients with OSAS were included in the study
group (50 males and 31 females), and 75 (44 males and 31
females) healthy controls were enrolled. Subjects recruited for
the study were over 18 years of age. Patients were excluded on
the basis of having a genetic syndrome, mental retardation, and
central sleep apnea syndrome. Subjects with systemic disease,
chronic inflammatory or autoimmune disorders, and cancers
were excluded from this study. Informed written consent was
obtained from all subjects before enrollment to the study.

Demographic and clinical characteristics of the cases and
control subjects in the studied population are shown in
Table 1. In OSAS patients, the mean age was 52.20±11.17
years. In healthy controls, the mean age was 45.48±11.65.
The male/female ratio was 61.72/38.27% in patients with
OSAS and 58.66/41.33% in controls. Table 2 shows the
MnSOD rs4880 T/C and GPX1 rs1050450 T/C (Pro198Leu)
variants genotype and allele distribution. The frequencies of
the MnSOD rs4880T/T, T/C, C/C were 35.8%, 50.6%, and
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13.5% in patients and 34.6%, 49.3%, and 16% in controls,
respectively. The frequency of the T allele in patient cases was
61.1% and 59.3% in the healthy control group. Statistically
significant differences were not found between OSAS patients
and healthy controls with respect to the MnSOD rs4880
variant genotype and allele distribution [odds ratio (OR): 1.07;
95% confidence interval (Cl): 0.68-1.69; p>0.05] (Table 2).
The frequencies of the GPX1 rs1050450T/T, T/C, C/C were
12.0%, 38.5%, and 49.4% in patients and 13.1%, 42.1%, and
44.7% in controls, respectively. The frequency of the T allele
in patient cases was 31.3% and 34.2% in the healthy control
group. We observed no significant differences in the genotype
and allele frequencies of GPX1 rs1050450 variant between
OSAS patients and controls (OR: 0.87; 95% Cl: 0.54-1.40;
p>0.05) (Table 2). We also examined the haplotype analysis
based on the combined genotypes for the two variants in
OSAS patients and healthy controls using the Haploview
software (version 4.2) (Table 3). Compared to control group,
there was no statistically significant difference between OSAS
and the different haplotypes of MnSOD rs4880 T/C and GPX1
rs1050450 T/C.
Table 1. Baseline clinical and demographics features of the patients
with OSAS
Characteristics

Control group

OSAS group

Gender, male/female (n)

44/31

50/31

Age, mean ± SD, years

45.48±11.65

52.20±11.17

BMI (kg/m2), mean ± SD*

24.97±3.12

34.87±6.04

AHI (events/h), mean ± SD**

3±2

44±23

Mild-moderate sleep apnea
Severe sleep apnea

-

24 (38.7%)
38 (61.3%)

OSAS: Obstructive sleep apnea syndrome, n: Number of subjects, SD: Standard
deviation, BMI: Body mass index, AHI: Apnea-hypopnea index, *p<0.05,
**p<0.01

Discussion
Cycles of hypoxia and reoxygenation is one of the characteristics
of OSAS, and these cycles of hypoxia lead to the production of
ROS and OS. There are OS markers consistently associated
with OSAS such as malondialdehyde and antioxidant enzyme
superoxide dismutase (SOD) (15). Since antioxidant enzymes
were found to be associated with OSAS, we intended to research
the association of polymorphisms in two antioxidant enzymes,
GPX1 and MnSOD, with OSAS. We studied the frequencies of
GPX1 Pro198Leu (rs1050450 T/C variant) and MnSOD Ala16Val
(rs4880 T/C variant) variants in 81 patients with OSAS and
75 healthy controls. We found that these antioxidant enzyme
gene polymorphisms in OSAS patients were not statistically
significant difference from healthy people.
In a study, serum markers for OS in OSAS patients were
investigated, and patients with severe OSAS were shown to have
significantly lower serum levels of two important antioxidant
enzymes, catalase and GPx. Serum malondialdehyde levels were
also higher in OSAS group (16). Repeated cycles of hypoxia in
OSAS patients alter arterial oxygen saturation, and this situation
may induce the production of ROS (17). The release of ROS
in these patients may damage the vascular endothelium,
which may be the underlying mechanism for cardiovascular
morbidities in OSAS patients (18). Others have also reported
the increase of OS markers in OSAS patients (19,20). Lavie
et al. (20) reported that compared to controls, the levels of
thiobarbituric reactive substances (TBARS) and peroxides (PD)
were higher in OSAS patients. In addition, there was a negative
correlation between the respiratory disturbance index (RDI) and
the antioxidant protective enzyme paraxonase-1. Conversely,
there was a positive correlation between concentrations of
TBARS and PD and RDI in OSAS patients. Moreover, there was
a tendency of decreased paraxonase-1 in OSA patients with
cardiovascular disease. These results strongly suggest that OS
and OS markers are increased in OSAS patients, and the degree

Table 2. Genotype and allele frequencies of MnSOD and GPX1 gene polymorphisms in OSAS patient and control groups
Gene
MnSOD rs4880
Genotypes
T/T
T/C
C/C
Alleles
T
C
GPX1 rs1050450
Genotypes
T/T
T/C
C/C
Alleles
T
C

OSAS group
n=81

Control group
n=75

p

29 (35.8%)
41 (50.6%)
11 (13.5%)

26 (34.6%)
37 (49.3%)
12 (16%)

>0.05

99 (61.1%)
63 (38.8%)

89 (59.3%)
61 (40.6%)

10 (12%)
32 (38.5%)
41 (49.4%)

10 (13.1%)
32 (42.1%)
34 (44.7%)

52 (31.3%)
114 (68.6%)

52 (34.2%)
100 (65.8%)

>0.05

OR (CI 95%)

1.07 (0.68-1.69)

>0.05

>0.05

0.87 (0.54-1.40)

GPX1: Glutathione peroxidase-1, MnSOD: Manganese superoxide dismutase, OR: Odds ratio, CI: Confidence interval
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Table 3. Comparative analysis of combined genotypes of patients and controls
Genotypes

Patients (n=81)

Control (n=75)

n

%

n

%

TT-TT

3

3.7

5

6.6

TT-TC

11

13.5

12

16

TT-CC

15

18.5

9

12

TC-TT

4

4.9

3

4

TC-TC

17

20.9

15

20

TC-CC

20

24.6

19

25.3

CC-TT

3

3.7

2

2.6

CC-TC

4

4.9

4

5.3

CC-CC

4

4.9

6

8

p

SOD2 rs4880 T/C-GPX1 rs1050450 T/C

>0.05

GPX1: Glutathione peroxidase-1

of OS in OSAS patients correlate with comorbidities observed in
these patients. Sales et al. (21) showed that antioxidant levels
were lower in patients with OSAS. The patients had decreased
amounts of vitamin E, superoxide dismutase, and vitamin B11.
They found that these values might correlate with impaired
cognitive function in these patients.
Several SNPs were associated with OSAS. The C haplotype of
rs5417 in glucose transporter 4 gene was shown to be associated
with OSAS in Chinese population (22). The frequencies of
minor alleles of the IL-10 gene promoter polymorphisms were
higher in Turkish population with OSAS, and ATA haplotype of
three polymorphisms in IL-10 gene promoter was significantly
higher in OSAS patients (23). Bhushan et al. (24) compared
two obese groups with or without OSAS (n=207 individuals)
and showed that the A allele of TNF-alpha gene promoter
polymorphism (-308G/A) was higher in obese individuals with
OSAS compared to obese individuals without OSAS (28.8% vs.
12.6%). Furthermore, serum TNF-alpha values were higher in
patients with OSAS (24). Based on this study, SNPs in the gene
regions of inflammatory players such as IL-10 and TNF-alpha are
associated with OSAS. At the same time, it was shown that OS
stress causes the activation of inflammatory cascade in patients
with OSAS. This might be associated with comorbidities such
as cardiovascular diseases observed in patients with OSAS
(25,26). Therefore, SNPs in antioxidant enzyme genes might
be associated with OSAS as SNPs in inflammatory genes
were associated with OS and inflammation in patients with
OSAS. This concept was one of the reasons that made us to
hypothesize that there might be SNPs in GPx1 and MnSOD
genes associated with OSAS.
Since there is an association between OSAS and OS, it was
expected that there were polymorphisms of oxidant and
antioxidant enzyme genes linked to OSAS. There are reports
indicating an association between these types of enzymes
and OSAS. OS may be caused by over-generation of ROS.
The major source of ROS in the vasculature are the NADPH
oxidases (27). The G allele of A-930G polymorphism in the
gene region of the p22phox subunit of NADPH oxidases was
found to be associated with OSAS (28). The paraoxonase-1
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(PON-1) gene L55M polymorphism and enzyme activity were
investigated in patients with OSAS and controls. PON1 gene
L55M polymorphism frequency was significantly different
between patients with OSA and controls, and the paraoxonase
activity of the enzyme was lower in patients (29,30).
GPX1 and MnSOD are critical antioxidant enzymes in the
control of ROS. Genetic variants of these enzymes especially
GPX1 Pro198Leu and MnSOD Ala16Val have been implicated in
various diseases. It was found that the Val/Val genotype (T/T)
of MnSOD was higher in men in patients with coronary heart
disease (CHD) compared to controls (39.18% vs. 22.69%).
Males with this genotype were almost at two-fold risk of CHD.
However, in this study, there was no association between
Pro198Leu GPx polymorphism to CHD risk (31). Ischemic stroke
(IS) risk was shown to be nearly four-fold higher in patients
carrying the Val allele of MnSOD compared to ones with the Ala
allele. On the other hand, GPX1 Pro193Leu was not found to
be a risk factor for IS (32). Studies imply that GPX1 and MnSOD
could have a protective role against atherosclerosis (33,34).
In another study, there was an association between vascular
complications of diabetes mellitus and MnSOD Ala16Val
polymorphism (35). Kangas-Kontio et al. (36) showed that the
MnSOD Ala16Val polymorphism is associated with diabetic
retinopathy (36). The GPx1 Pro198Leu polymorphism has been
found to be associated with bladder cancer. Coexistence of
MnSOD Ala/Ala genotype with GPX1 Leu/Leu genotype had a
synergistic effect on risk of disease (37). In several studies GPx1
Pro198Leu polymorphism was shown to be linked breast and
lung cancer, coronary heart disease, and diabetic peripheral
neuropathy (38-41). There are several limitations of our study.
Our study sample is relatively small. In addition, inclusion and
analysis of a higher number clinical parameters and serum
parameters would make it possible to correlate studied SNPs,
and those clinical parameters.

Conclusion
We suggested that there might be a link between polymorphisms
of two antioxidant genes, GPx1 and MnSOD, since OS was
strongly implicated in patients with OSAS. However, we found
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that these two antioxidant enzyme gene polymorphisms were
not statistically significant compared to healthy individuals
without OSAS. Further studies may be performed in order to
find out whether these two polymorphisms have an association
with some clinical parameters or serum markers in OSAS
patients.
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