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Abstract

Background. Bronchial asthma is an inflammatory disease resulting from a combination of genetic and environ-
mental factors. Single nucleotide polymorphisms in the regulatory regions of cytokine and antioxidant enzyme
genes may affect cytokine production and enzyme activity, and thus play a contributory role in asthma pathogen-
esis.

Objectives. The aim of this study was to examine the association of manganese superoxide dismutase (MnSOD)
Alal6Val, catalase (CAT) A-21T and tumor necrosis factor alpha (TNF-a) G-308A polymorphisms with bronchial
asthma.

Material and Methods. A total of 79 patients with asthma and 95 healthy controls were screened for MnSOD
Alal6Val, CAT A-21T and TNF-a G-308A polymorphisms using the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method.

Results. The results obtained showed significantly higher prevalence of the MnSOD ValVal genotype (x* = 14.463,
df=2,p=0.001) and MnSOD 16Val allele (x*=12.862, p = 0.026, OR = 0.451, 95% CI = 0.291-0.699) in patients with
asthma compared to controls. The genotype and allele frequencies distribution of CAT A-21T and TNF-a G-308A
gene polymorphisms did not show differences between patients and controls.

Conclusions. Our results show an association of MnSOD Alal6Val genetic polymorphism with asthma in a Serbian
population and suggest a protective role of the MnSOD 16Ala allele (Adv Clin Exp Med 2015, 24, 2, 251-256).

Key words: bronchial asthma, gene polymorphism, tumor necrosis factor alpha, catalase, manganese superoxide
dismutase.

Reactive oxygen species (ROS), superoxide free radicals [3]. Superoxide dismutase (SOD) ca-

(O3-), hydrogen peroxide (H,O;) and hydrox-
yl radicals (-OH) are considered to have a role
in asthma pathogenesis. The lungs function in
a high-oxygen environment together with its large
surface area and blood supply are susceptible to
injury mediated by ROS [1]. Various inflammato-
ry and structural cells in the airways have been re-
ported to generate increased amounts of ROS [2].
The lungs have developed several endogenous an-
tioxidant systems to deal with the production of

talyses the dismutation of O- to H,O, and oxy-
gen (O,), while catalase (CAT) decomposes H,0,
to water and oxygen.

Single nucleotide polymorphisms (SNPs) of
genes coding the antioxidant enzymes may al-
ter enzyme structure, substrate specificity or ac-
tivity and thus modify inter-individual variability
in the defense capacity against oxidative stress [4].
The most extensively studied rs4880 (MnSOD Ala-
16Val) polymorphism of the manganese superoxide
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dismutase (MnSOD) gene is located at amino ac-
id position 16 in the mitochondrial targeting se-
quence (MTS) resulting in the replacement of an al-
anine with a valine (Alal6Val). This polymorphism
has been suggested to alter the conformation of the
leader signal and thereby affect the import of Mn-
SOD into the mitochondria [5]. Catalase is a homo-
tetramer, encoded by a gene consisting of 13 exons
separated from each other by 12 introns and located
on 11p13 chromosome [6]. Polymorphisms A-21T,
C-262T and C-844T, were identified in the 5-un-
translated region of the CAT gene [7]. The CAT
A-21T (rs7943316) polymorphism, located inside
the promoter region proximal to the start site, is less
studied, especially in bronchial asthma [8]. Asth-
ma occurrence is dependent on the relationship
between antioxidant and inflammatory genes [9].
Higher levels of oxidative stress overwhelm antiox-
idant defenses and lead to the induction of many
pro-inflammatory factors including tumor necrosis
factor a (TNF-a) [10].

Tumor necrosis factor a is a multifunctional,
proinflammatory cytokine which is produced in re-
sponse to inflammation, infection and injury by mast
cells, macrophages and other cell types (eosinophils,
epithelial cells and neutrophils) implicated in asthma
pathogenesis. In response to TNF-q, airway epithelial
cells produce greater amount of intracellular ROS [1].
Single nucleotide polymorphism at the position G-
308A (rs1800629) is among the most investigated in
the promoter region of TNF-a. The presence of the
TNF -308A allele is considered to be associated with
higher TNF gene transcription and TNF-a overpro-
duction and may amplify the intensity of the inflam-
matory response to oxidants [9, 11].

To the best knowledge of the authors, there
were no reported attempts in the literature to in-
vestigate the mutual influence of TNF-a G-308A,
CAT A-21T and MnSOD Alal6Val polymor-
phisms in asthma, as well as their individual as-
sociations with bronchial asthma in a Serbian
population. Analysis of the mutual influence of

TNF-a G-308A, CAT A-21T and MnSOD Ala-
16Val polymorphisms was performed in this pa-
per in order to demonstrate the genetic influences
that were not detected by the analysis of the SNPs.

Material and Methods

Subjects and Samples Collection

Seventy-nine patients with bronchial asthma
(male/female: 32/47; mean age 47.48 + 15.81) were
involved in this study. Bronchial asthma was diag-
nosed according to the guidelines of the Global Ini-
tiative for Asthma (GINA). No patient had evidence
of chronic obstructive pulmonary disease. Ninety-
-five unrelated, healthy subjects (male/female: 46/49;
mean age 44.81 + 16.78), with no previous history
of asthma, atopy or acute and chronic inflamma-
tory diseases were involved in the study as a con-
trol group. Informed consent was obtained from all
participants. The study was approved by the Ethi-
cal Committee of the Faculty of Medicine, Univer-
sity of Nis, Serbia.

Blood samples were obtained from the medi-
an cubital vein and collected into EDTA vacutain-
er tubes. Two-hundred microliters of blood were
used for DNA isolation.

DNA Analysis

Genomic DNA was isolated from the whole
blood samples using a QIAamp DNA Blood Mini Kit
(Quiagen GmbH, Hilden, Germany). The polymor-
phisms were determined using the polymerase chain
reaction - restriction fragment length polymorphism
(PCR-RFLP) technique. Polymerase chain reaction
was performed in a final volume of 25 L containing
20 ng of DNA, 12.5 uL. KAPA2G Fast HotStart Read-
yMix (Kapa Biosystems, Inc, USA) and 20 pmol of
each primer. The primer sequences used in this study
are summarized in Table 1.

Table 1. Primer sequences, restriction enzymes and size of fragments generated by TNF-a G-308A, CAT A-21T, and

MnSOD Alal6Val gene polymorphisms

Polymorphism Primer sequence Restriction enzyme Allele determination
TNF-o G-308A F 5-AGGCAATAGGTTTTGAGGGCCAT-3" | Ncol G 97 +20bp
R 5-ACACTCCCCATCCTCCCTGCT-3’ A 117 bp
CAT A-21T F 5-AATCAGAAGGCAGTCCTCCC-3 HinfI A 177 + 73 bp
R 5-TCGGGGAGCACAGAGTGTAC-3 T 250 bp
MnSOD AlaléVal | F5-CCAGCAGGCAGCTGGCACCG -3’ BshTI(Agel) Ala74+ 17 bp
R 5-TCCAGGGCGCCGTAGTCGTAGG -3’ Val 91 bp
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The PCR conditions were as follows: initial de-
naturation at 95°C for 2 min, followed by 35 cy-
cles of denaturation at 95°C for 15 s, annealing at
60°C (TNF-a and CAT) or 66°C (MnSOD) for 15 s,
and extension at 72°C for 15 s, ending with a final ex-
tension at 72°C for 1 min. The PCR products were
identified by 2% agarose gel electrophoresis. Gels
were stained with ethidium bromide and visualized
under UV light. The amplification products were di-
gested at 37°C overnight using Ncol, Hinfl or Agel
restriction enzymes (Fermentas GmbH, St. Leon-
-Rot, Germany) and analyzed by 8% polyacrylamide
gel electrophoresis (PAGE). The interpretation of the
obtained results was performed according to Table 1.

Genotype analyses were performed by two in-
dependent researchers. After the polymorphic al-
leles were established to be homozygous, the
PCR-RFLP was repeated in order to confirm the
obtained results.

Statistical Analysis

Differences in genotype and allele frequen-
cies between patients and controls were tested us-
ing a chi-square (x?) test or two-tailed Fisher’s test

Table 2. Demographic characteristics of the study subjects

Asthma Control
(n=79) (n=95)
Gender
male 32 (40.51%) | 46 (48.42%)
female 47 (59.49%) | 49 (51.58%)
Age at entry to the 47.48 +15.81 | 44.81 £16.78
study (years)*

* Data is presented as mean + standard deviation; n - num-

ber of study subjects.

when the number of expected cases was small. The
differences were considered significant at p < 0.05.
Genetic risks were assessed by calculating odds ra-
tios (OR) with 95% confidence intervals (95% CI).
Bonferroni corrections were used for multiple
comparisons. Statistical analysis was performed
using the SPSS version 13.0 statistical software
package (SPSS Inc, Chicago, IL, USA).

Results

Seventy-nine patients with asthma and 95 un-
related individuals were involved in the study. The
demographic characteristics of the study popula-
tion are summarized in Table 2.

Genotype frequencies for the SNPs in the
study groups were in Hardy-Weinberg equilibri-
um (p > 0.05). The distributions of MnSOD Ala-
16Val, CAT A-21T and TNF-a G-308A genotypes
in patients with asthma and controls are shown in
Table 3.

The obtained results showed a significant-
ly higher prevalence of the MnSOD ValVal geno-
type in patients with asthma (x* = 14.463, df = 2,
p =0.001). Moreover, the MnSOD 16Val allele was
more frequent in patients compared to controls
(p < 0.001, Table 4).

The genotype distribution of the CAT A-21T
gene polymorphism, as well as frequencies of CAT
-21A and CAT-21T alleles did not show signif-
icant differences between patients and controls
(p > 0.05).

As the TNF-a-308 AA genotype was present
in only a small number of subjects (only one in
the control group) it was analyzed together with
subjects who were heterozygous for the TNF-a
G-308A polymorphism. The observed genotype

Table 3. Distribution of MnSOD Alal6Val, CAT A-21T and TNF-a G-308A genotypes in patients with asthma and controls

Gene polymorphism Genotype Asthma Control
n =79 (%) n =95 (%)
MnSOD Alal6Val AlaAla 17 (21.5) 44 (46.3)
AlaVal 46 (58.2) 44 (46.3)
ValVal 16 (20.3) 7 (7.4)
CAT A-21T AA 5(6.3) 6(6.3)
AT 38 (48.1) 44 (46.3)
T 36 (45.6) 45 (47.4)
TNF-o G-308A GG 57 (72.2) 70 (73.7)
GA 22 (27.8) 24 (25.3)
AA 0 1(1.0)
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Table 4. Allele frequencies of MnSOD Alal6Val, CAT A-21T and TNF-a G-308A polymorphisms in patients with asthma

and controls

Gene polymorphism | Allele Asthma Control p-value | x? OR 95% CI
n (%) n (%)
MnSOD Alal6Val Ala 80 (50.6) 132 (69.5) <0.001 12.862 0.451 0.291-0.699
Val 78 (49.4) 58 (30.5)
CAT A-21T A 48 (30.4) 56 (29.5) 0.854 0.034 1.044 0.659-1.655
T 110 (69.6) 134 (70.5)
TNF-o G 136 (86.1) 164 (86.3) 0.948 0.004 0.98 0.532-1.807
G-308A A 22 (13.9) 26 (13.7)

n - number of study subjects; OR - odds ratio; CI - confidence interval.

Table 5. Frequencies of simultaneous carriership of MnSOD 16Val, CAT-21T and TNF-a-308A alleles in patients with

asthma and controls

TNF-a-308A CAT-21T MnSOD 16Val Asthma Control
n (%) n (%)
n + + 13 (16.5) 13 (13.7)
+ + - 8 (10.1) 9 (9.5)
+ - + 0 1(1L.1)
+ - - 1(1.3) 2(2.1)
- + + 45 (57) 38 (40)
_ + - 8 (10.1) 29 (30.5)
_ - + 4(5.1) 1(1.1)
_ _ - 0 2(2.1)
“+” — carrier of the certain allele, “-“ - non-carrier of the certain allele, n - number of study subjects.

distribution of the TNF-a G-308A polymorphism
in patients with asthma did not show significant
differences compared to controls (x*=0.051,df =1,
p = 0.821, OR = 0.925, 95% CI = 0.473-1.811).
Furthermore, no differences in the distribution of
TNF-308G and TNF-308A alleles were observed
between patients and controls (Table 3).

In order to investigate possible associations
between specific alleles of MnSOD, CAT and
TNF-a genes, individuals were classified depending
on whether they were carriers (+) or non-carriers
(-) of the less common allele of each polymorphic
gene. The simultaneous carrying of CAT-21T and
MnSOD 16Val alleles was present in 57% of asth-
matics vs 40% of controls, while 30.5% of controls vs
10.1% of asthmatics were carriers of the CAT-21T
allele only (Table 5). The presence of polymorphic
CAT-21T and MnSOD 16Val, in the absence of the
TNEF-308A allele, is significantly higher in asthma
patients than in controls (x*=4.974, df = 1, p = 0.026,
OR = 0.504, 95% CI = 0.275-0.923). However, after

using a Bonferroni adjusted p-value of 0.0083 in or-
der to account for multiple testing, this association
does not remain significant anymore.

Discussion

Oxidative stress is caused by increased produc-
tion of ROS and ineffective antioxidant defense.
Genes involved in the regulation of antioxidant
defense mechanisms are important for the cells’
response to the increased amount of ROS. Since
the lungs are highly exposed to oxygen, changes in
antioxidant defense could be one of the important
mechanisms in asthma pathogenesis.

This study examines for the first time TNF-a
G-308A, CAT A-21T and MnSOD Alal6Val
polymorphisms in Serbian patients with asthma.
It shows an association of the MnSOD Alal6Val
polymorphism with bronchial asthma in a Serbi-
an population.
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Superoxide is primarily a produced ROS and
its dismutation is an important antioxidant defense
mechanism in the ROS production cascade [12, 13].
The distribution of the MnSOD 16Ala allele varies
from 11-30% in Japanese and Chinese populations
to 41-62% in Caucasians [5]. Our results show
that the distribution of the MnSOD 16Ala allele is
69.5% in a Serbian population. Some of the previ-
ous studies did not confirm the assumption that
the MnSOD Alal6Val polymorphism is a predis-
posing factor for bronchial asthma [14-17]. Never-
theless, the possibility that, together with other de-
fects in the antioxidant defense system, SOD genes
may become significant in inflammatory airway
diseases associated with oxidant stress, is not ex-
cluded. Our results show significant association of
MnSOD Alal6Val with asthma in a Serbian pop-
ulation. In asthma patients, minor MnSOD 16Val
allele is more frequent than in healthy controls.
Calculated odds ratios suggest the protective effect
of the MnSOD 16Ala variant in a Serbian popula-
tion. Conformational changes in the protein struc-
ture, due to Val to Ala amino acid change at posi-
tion 16 in the MTS of MnSOD in asthma patients,
may result in a harder import of MnSOD through
the inner mitochondrial membrane and subse-
quently decreased formation of the active form in-
side the mitochondrial matrix [18, 19].

Besides the SOD, CAT represents an impor-
tant part of the enzymatic antioxidant system in
the lungs. Only a few studies examining the asso-
ciation of CAT A-21T polymorphisms with asth-
ma are available in the literature. Polonikov et al.
reported a significant association of this polymor-
phism in the Russian population, suggesting that
carriers of the polymorphic genotype are more
susceptible to asthma development due to in-
creased oxidative stress resulting from insufficient
CAT activity [7]. However, in the current study,
we did not find significant differences in the gen-
otype and allele frequencies of CAT A-21T poly-
morphism in patients with asthma and controls.

In a white population, the TNF-a G-308A
polymorphism is predominantly represented by
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