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ABSTRACT

We investigated the etiopathogenetic role of manganese superoxide dismutase (MnSOD) (Ala-9Val) and glutathione peroxidase (GSH-Px)
(Pro 197 Leu) gene polymorphisms in patients diagnosed with major depressive disorder (MDD) and bipolar [ disorder (BD).

Eighty patients with MDD, 82 patients with BD (total 162 patients) and 96 healthy controls were enrolled in this study and genotyped using a
Real Time-Quantitative Polymer Chain Reaction (RT-qPCR)-based method.

The patients with BD and MDD and the controls had a similar distribution of the genotypes and alleles in the Ala-gVal MnSOD gene polymor-
phism. Comparison of the MDD group and control group regarding the Pro 197 Leu GSH-Px gene polymorphism revealed similar genotype
distribution but different allele distribution. The BD group and control group were similar both for genotypes and for alleles when compared
regarding the Pro 197 Leu GSH-Px gene polymorphism. The combined analysis (MDD plus BD) also failed to find any association between
the Ala-9Val MnSOD and Pro 197 Leu GSH-Px gene polymorphism.

Although small statistical power of the current study the significant difference between patients with depression and the control group for the
Pro 197 Leu GSH-Px polymorphism indicates that the distribution of these alleles may have a contribution in the physiopathogenesis of de-
pression. One of the limitation of the current study is that the sample size is too small. Understanding of the exact role of Pro 197 Leu GSH-Px
polymorphism in the development of depression needs to further studies with more sample size and high statistical power.
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are eliminated, this is called oxidative stress and causes tis-

INTRODUCTION

Free radicals and/or disorders of the antioxidant defence
system have frequently been blamed for the pathology of
many disorders through the tissue destruction they cause
in recent years in the medical literature. The creation and
destruction of free radicals are normally balanced in the or-
ganism and this is called oxidative balance. The organism is
not affected by free radicals as long as the oxidative balance
is preserved. This balance is disturbed by an increase in the
rate these radicals are created or a decrease in the rate they
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sue damage as a result of the severe imbalance between free
radical creation and the antioxidant defence mechanism [1].
Superoxide dismutases (SOD) and glutathione peroxidase
(GSH-Px) are antioxidant defence enzymes and play an
important preventive role against the damage caused by
free radicals in cells [2]. GSH-Px is a selenium-dependent
enzyme that is expressed in the human brain, and plays an
important role in the detoxification of reactive oxygen and
reactive nitrogen species-related oxidative stress [3]. SOD
is a manganese-dependent enzyme found in the mitochon-
dria and is encoded by the nuclear DNA. Manganese su-
peroxide dismutase (MnSOD) scavenges the greatest num-
ber of superoxide anions produced in the mitochondria
among all known isoforms of superoxide dismutases [4].
Mood disorders are generally named affective disorders. De-
pression defines patients who are in the depressed mood
and feeling low while the term bipolar defines patients in
both the high (mania) mood and the low (depressed) mood
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[5]. Some studies report increased SOD levels in mood
disorders (BD and MDD) with a decrease or no change
in GSH-Px levels [6-8]. Other studies have reported a
change in SOD and GSH-Px levels with treatment [6, 9-11].
As regards studies on gene polymorphism, the Pae et al. [12]
have compared major depressive disorder and bipolar I dis-
order patients for the Ala-9Val MnSOD gene polymorphism
while the Galecki et al. [13] investigated the relationship be-
tween the Ile-58Thr and Ala-9Val MnSOD gene polymor-
phisms and recurrent depressive disorders. We did not come
across any study on the relationship between mood disorders
(BD and MDD) and the GSH-Px gene polymorphism. We
aimed to compare patients with a diagnosis of BD and MDD
with a healthy group regarding the Ala-9 Val MnSOD and
Pro 197 Leu GSH-Px gene polymorphisms using the real-time
quantitative polymerase chain reaction (RT-qPCR) method.

MATERIALS AND METHODS

Patients

We included a total of 82 bipolar I patients (BD) and 8o ma-
jor depressive disorder (MDD) patients diagnosed according
to the DSM-1V (APA, 1994) [14] diagnostic criteria and 96
age- and sex-matched health control subjects. The Structured
Clinical Interview, DSM-IV Axis I Disorders-Clinical Version
(SCID-I-CV), [15] was administered to all patients. The family
history, prior history of suicide attempts and psychotic epi-
sodes (the subjects had a precise history of psychiatric evalu-
ations and treatments from psychiatrists) were also obtained.
The study inclusion criteria for the patient and control groups
were the lack of an axis I and II disorder according to DSM-
IV, no additional neurological disorder, no mental retardation,
no substance addiction, and no chronic systemic disease (dia-
betes mellitus, hypertension, etc.). The study was started after
the necessary consent forms from the patient and control
groups and local ethic committee decisions were obtained.

Genotyping

A venous blood sample (2 mL) was drawn for routine analy-
sis and placed in tubes containing EDTA. DNA isolation was
performed from whole blood using the Roche High Pure
PCR Template Preparation Kit. GSH-Px and MnSOD poly-
morphism screening was performed based on the real-time
PCR method using a Light Cycler 480 11 Real-Time PCR ther-
mal cycler. The increase in the fluorescence of the product
obtained by the amplification of DNA was followed in real
time using the real-time polymerase chain reaction (RT-PCR)
method. Gene polymorphism was determined by analyz-
ing the detailed melting curve of the PCR product obtained.
Both GSH-Px and SOD2 primers and probes sequences are
given below.
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GSH-Px:

Forward Primer: ACTTTGAGAAGTTCCTGGTG
Reverse Primer: TTCCTCCCTCGTAGGTTTAG
Probe 1: CAGACCATTGACATCGAGCCT-
GACATCGAA-Fluorescein

Probe 2: LC Red 640-TGCTGTCT-
CAAGGGCCCAG-Phosphate

SODa2:

Forward Primer: GCTGTGCTTTCTCGTCT

Reverse Primer: GGTGACGTTCAGGTTGTT

Probe 1: CGGCTTTGGGGTATCTGGG-Fluorescein
Probe 2: LC Red 640-CCAGGCAGAAGCA-
CAGCCTC-Phosphate

Statistical analysis

The data obtained from the study were analyzed with
the Statistical Package for the Social Sciences (SPSS)
15.0 package software. Categorical variables reported as
number and percent. We used Pearson Chi-square and
Fisher exact test as appropriate for comparison categori-
cal variables. A value of p<0.05 was considered significant.

RESULTS

A total of 258 subjects, consisting of 82 BD patients, 8o MDD
patients and 96 healthy subjects were included in the study.
There was no significant difference between the BD, MDD
and healthy control groups for age and gender (Table 1).
The BD and MDD patients and the control subjects

TABLE 1. Sociodemographic features of the BD, MDD and
healthy control groups
BD (n=82) MDD (n=80) Control (n=96) P
Age (mean+SD)  34.50:991  35.98+7.84 36.08+8.09 0.33
Gender
Female 42 (51.2%) 42 (52.5%) 47 (49%)
Male 40 (48.8 %) 38 (47.5%) 49 (51%) 0.892

had a similar distribution of the genotypes and alleles in
the Ala-9Val MnSOD gene polymorphism. The com-
bined analysis (MDD plus BD) also failed to find any
association between the Ala-9gVal MnSOD gene poly-
morphism and any mood disorder (Tables 2, 3 and 4).
Comparison of the MDD group and control group for
the Pro 197 Leu GSH-Px gene polymorphism showed
similar genotype distribution while there was a statisti-
cally significant difference between the distribution of the
alleles. The rate of GSH-Px Pro allele carriers was higher
and that of GSH-Px Leu carriers lower in the depression
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TABLE 2. The genotype and allele distribution in the Pro 197
Leu GSH-Px and Ala-9Val MnSOD genes polymorphism in BD and
controls

TABLE 3. The genotype and allele distribution in the Pro 197 Leu
GSH-Px and Ala-9Val MnSOD genes polymorphism in MDD and
controls

Pro 197 Leu GSH-Px BD Control Pro 197 Leu GSH-Px MDD Control OR
gene polymorphism (n=82) (%) (n=96) (%) P gene polymorphism ~ (n=80) (%)  (n=96) (%) P (CI95%)
Genotypes Genotypes
Pro/Pro 30 (37%) 45 (47%) 0.38 Pro/Pro 45 (56%) 45 (47%) 021
Pro/Leu 39 (47%) 38 (40%) Pro/Leu 30 (38%) 38 (40%)
Leu/Leu 13 (16%) 13 (13%) Leu/Leu 5(6% 13 (13%)
Allele frequencies Allele frequencies
Allele Pro 99 (60%) 128 (67%) 0.110 Allele Pro 120 (75%) 128 (67%) 0.045* 0.67 (0.42-1.06)
Allele Leu 65 (40%) 64 (33%) Allele Leu 40 (25%) 64 (33%)
Ala-9Val MnSOD Patient Control Ala-9Val MnSOD MDD Control
gene polymorphism (n=82) (%)  (n=96) (%) gene polymorphism  (n=80) (%) (n=96) (%)
Genotypes Genotypes
Ala/Ala 18 (22%) 17 (18%) 0.71 Ala/Ala 22 (27%) 17 (18%) 0.25
Ala/Val 39 (48%) 51 (53%) Ala/Val 35 (44%) 51 (53%)
Val/Val 25 (31 %) 28 (29%) Val/Val 23 (29%) 28 (29%)
Allele frequencies Allele frequencies
Allele Ala 75(46%) 85 (44%) 039 Allele Ala 79(49%)  85(44%) 017
Allele Val 89 (55%) 107 (56%) Allele Val 81 (51%) 107 (56%)

Legend: BD - Bipolar I Disorder

patients compared to the control group. Comparison of
the BD group and control group for the Pro 197 Leu GSH-
Px gene polymorphism revealed a similar distribution re-
garding the genotypes and alleles. The combined analysis
(MDD plus BD) failed to find any association with the Pro
197 Leu GSH-Px gene polymorphism (Tables 2, 3 and 4).
Subgroup analyses showed that the distribution of the geno-
types in the Ala-9Val MnSOD polymorphism was similar ac-
cording to the subgroup classifications such as the presence or

TABLE 4. The genotype and allele distribution in the Pro 197 Leu
GSH-Px and Ala-9Val MnSOD genes polymorphism in all patients
(MDD plus BD) and controls

MDD plus

Pro 197 Leu GSH-PX BD (n-162) Control O.R (C1%95)
gene polymorphism %) (n=96) (%)
Genotypes
Pro/Pro 75 (46.3%) 45 (47%)  0.7937
Pro/Leu 69 (42.6%) 38 (40%)
Leu/Leu 18 (11.1%) 13 (13%)
Allele frequencies
Allele Pro 219 (67.5%) 128 (67%) 0414 1.04(0.71-1.52)
Allele Leu 105 (32.5%) 64 (33%)
All Patients ntrol
AVl MSOD 16 ij’i o,
gene polymorphism %) %)
Genotypes
Ala/Ala 40 (24.6%) 17 (18%)  0.3743
Ala/Val 74 (45.6%) 51 (53%)
Val/Val 48 (29.6%) 28 (29%)
Allele frequencies
Allele Ala 154 (47.5%)  85(44%)  0.237 1.14(0.80-1.63)
Allele Val 170 (52.5%) 107 (56%)

Legend: BD - Bipolar | disorder, MDD - Major depressive disorder
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Legend:* p<0.05, MDD: Major depressive disorder

absence of psychotic episodes (p=0.134, BD; p =0.419, MDD)
and the family history (p =0.968, BD; p =0.625, MDD) and sui-
cide history (p=0.330, BD; p=1.000, MDD). Subgroup analyses
also revealed that the distribution of the genotypes in the Pro
197 Leu GSH-Px gene polymorphism was similar according
to the subgroup classifications such as the presence or ab-
sence of psychotic episodes (p=0.478, BD; p=0.946, MDD) and
family history (p=0.630, BD; p=0.625, MDD) and suicide his-
tory (p=1.000, BD; p=1.000, MDD) (data available on request).

DISCUSSION

This study is the first to investigate whether a relationship
is present between the Pro 197 Leu GSH-Px gene polymor-
phism and the development of mood disorders and their
clinical variables. Although small statistical power of the cur-
rent study it is found that there is a significant relationship
between Pro 197 Leu GSH-Px polymorphism and MDD
whereas it is not possible to say this concordance for BD. We
did not find any relationship between the Pro 197 Leu GSH-
Px polymorphism and the clinical variables of these mood
disorders that we were able to detect (such as the presence
or absence of psychotic episodes and the family history).
We also investigated the relationship between these patients
and the Ala-9 Val MnSOD gen polymorphism in addition
to the Pro 197 Leu GSH-Px polymorphism in our patient
groups. We did not find a significant relationship between
the Ala-9 Val MnSOD polymorphism and mood disorders
(BD, MDD) and their clinical variables (such as the pres-
ence or absence of psychotic episodes or the family history).
We only found a relationship between the Pro 197 Leu GSH-

111



BIRGUL ELBOZAN CUMURCU ET AL.: ANALYSIS OF MANGANESE SUPEROXIDE DISMUTASE (MNSOD: ALA-9VAL) AND
GLUTATHIONE PEROXIDASE (GSH-PX: PRO 197 LEU) GENE POLYMORPHISMS IN MOOD DISORDERS

Px gene polymorphism and MDD in our study. We did not
find a relationship between the Pro 197 Leu GSH-Px gene
polymorphism and BD. We also did not find a relationship
between the Ala-9 Val MnSOD gene polymorphism and
MDD or BD. We know that free radicals and antioxidant
defense systems play an important role in the pathophysi-
ology of mood disorders and both depression and BD, and
the role of genes such as GSH-Px and SOD in oxidative
stress in these disorders is definitely worth investigating.
Genetic studies with BD and MDD patients include the
Pae et al. [12] study comparing Korean patients with mood
disorders (n=80 BP, n=61 MDD) and a healthy control
group (n=106). They found that the Ala-9 Val MnSOD
gene polymorphism showed a similar distribution both
for genotypes and alleles between the BD and MDD pa-
tient groups and the healthy control group. Comparison
by merging the BD and MDD groups and comparing this
group with the healthy control group also showed a simi-
lar distribution for the Ala-9 Val MnSOD gene polymor-
phism genotypes and alleles. We similarly found similar
Ala-9 Val MnSOD gene polymorphism genotype and al-
lele distribution between the BD and MDD patient groups
and the healthy control group and similarly between the
merged group (BD plus MDD) and the health control group.
In contrast to the Pae et al. [12] study, we also compared
the BD and MDD patients and the healthy control group
for the Pro 197 Leu GSH-Px gene polymorphism. We did
not find a significant difference between the MDD group
and the control group for the Pro 197 Leu GSH-Px gene
polymorphism genotypes while such a difference was pres-
ent for the alleles. Comparison of the BD and control groups
for the Pro 197 Leu GSH-Px gene polymorphism showed
no difference regarding genotypes or alleles. Comparison of
the merged group (BD plus MDD) with the healthy control
groups also showed similar genotype and allele distribution.
Our study revealed that the GSH-Px Pro and Leu allele car-
rier state was different in depressed patients compared to the
healthy control group. The Pro allele carrier rate was higher
than in the healthy control group in the MDD patients while
the Leu allele carrier rate was lower than in the healthy con-
trol group. A literature survey reveals that the Pro 197 Leu
GSH-Px gene polymorphism has been studied in schizo-
phrenics and patients who developed tardive dyskinesia due
to drugs while it has not been studied in patients with mood
disorders. Shinkai et al. [16] studied the Pro 197 Leu GSH-
Px gen polymorphism in schizophrenic patients and found
no difference between the patients and the healthy control
group for the genotype or alleles. Other studies on the Pro
197 Leu GSH-Px gene polymorphism genotype and alleles
in tardive dyskinesia patients have also reported no statisti-
cally significant difference between the tardive dyskinesia
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patients and the healthy control group [17, 18]. Our study
results indicate that the increased Pro alleles in depression
may cause high GSH-Px activity and lead to abnormal GSH-
Px activity by disturbing the intracellular communication in
mood disorders. The definite demonstration of the relation-
ship between depression and antioxidant enzymes requires
enzyme expression studies with a much larger scope so that
the transcription and translation steps from DNA to enzyme
synthesis can be elucidated. Demonstration of the enzyme
structure at the molecular level is needed to show wheth-
er abnormal enzyme structure is present in this disorder.
The main limitation of this study is the relatively small sam-
ple size. Although there is a significant relationship between
Pro 197 Leu GSH-Px polymorphism and MDD; low sta-
tistical power of the current study is our another limitation.

CONCLUSIONS

Although small statistical power of the current study
there is a significant relationship between Pro 197
Leu GSH-Px polymorphism and MDD. On the other
hand, there is no significant relationship between Ala-
9 Val MnSOD polymorphism and mood disorders.
Understanding of the exact role of Pro 197 Leu GSH-Px poly-
morphism in the development of depression needs to further
investigations with more sample size and high statistical power.
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