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Abstract
Objective: Chronic obstructive pulmonary disease (COPD) is multi�factorial disorder which
results from environmental influences and genetic factors. We aimed to investigate whether
methionine sulfoxide reductase A (MSRA) rs10903323 gene polymorphism is associated with
COPD development and severity in Serbian adult population.
Methods: The study included 155 patients with COPD and 134 healthy volunteers. Genotyping
was determined performing home-made polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). The difference between the inhibitory activities of normal and oxi-
dized Alpha-1-Antitrypsin (A1AT) against elastase and trypsin was used for determination of Oxi-
dized Alpha-1-Antitrypsin (OxyA1AT) (expressed as % and g/L). Functional activity of A1AT was
presented as a specific inhibitor activity to elastase (SIA-Elastase, kU/g).
Results: Frequencies of the genotypes AA, AG and GG were 80.0%, 20.0%, 0% in COPD patients
and 80.5%, 18.5% and 1.5% in the control group, and there was no significant difference in geno-
type or allele distributions between groups. Serum level of A1AT (g/L) and OxyA1ATwas signifi-
cantly higher in COPD patients than in the control group, but functional activity of A1AT (SIA-
Elastase) was significantly lower in COPD patients than in the control group. In COPD group,
increased level of OxyA1ATwas present in G allele carriers who were smokers relative to G allele
carriers who were not smokers. In the smoker group of patients with severe and very severe
COPD (GOLD3+4), significant increase in OxyA1AT level was present in G allele carriers compared
to AA homozygotes.
Conclusion: These findings suggest that MSRA rs10903323 gene polymorphism is probably not a
risk for COPD by itself but could represent a COPD modifier, since minor, G allele, is associated
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with an increased level of oxidized A1AT, indicating impaired ability of MSRA to repair oxidized
A1AT in COPD-smokers, and in severe form of COPD.
© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Chronic obstructive pulmonary disease (COPD) is character-
ized by airflow limitation that is not fully reversible, which
usually progresses, together with an abnormal inflammatory
response to noxious particles or gases.1 Genetic predisposi-
tion involved in pathogenesis of COPD is the focus of numer-
ous studies. Nowadays, it is clear that the development and
progression of this complex disease depends of the multiple
genetic and environmental factors. Many studies confirmed
that smoking contributes 15% to the variability of lung func-
tion and that COPD ultimately develops in 10 to 15% of smok-
ers,2 whilst genetic factors account for more than 40%.3

Alpha-1-antitrypsin (A1AT) is the archetype member of
the large protein family of SERPINs (Serine Proteinase Inhibi-
tors), and the major circulating inhibitor of many proteases.
It is well known that primary function of A1AT is essential for
lung parenchyma, where it protects the alveolar matrix
from destruction by neutrophil elastase (NE).4 A1AT inhibits
NE at its active site which contains Methionine 358 and 351
which is located in a highly stressed external loop protruding
from the molecule.5 Since the methionine residues are vul-
nerable to oxidation and especially due to its position in
A1AT molecule, methionine is easily oxidized which results
in forming methionine-sulfoxide, disabling normal antipro-
tease function of A1AT.6 Beside the hereditary A1AT defi-
ciency, due to mutations in A1AT gene, decreased activity of
A1AT due to oxidation of Met3,5,8 by endogenous and exoge-
nous prooxidants, leads to functional deficiency of A1ATwith
normal serum levels. During inflammatory processes in
COPD, many proinflammatory cells, such as neutrophils and
macrophages, become activated and liberate reactive oxy-
gen and nitrogen species which may contribute to increased
oxidative stress and attack the active centre of A1AT.7 Exog-
enous sources of oxidants like cigarette smoke and environ-
mental pollution have very important roles in A1AT
oxidation.8 It has been documented that methionine-oxi-
dized A1AT isolated from rats was partially restored with
addition of Methionine sulfoxide reductase A (MSRA) from
the cytosol of human neutrophils in vitro.9 Also, it was
shown that MSRA originated from Escherichia coli has the
ability to reduce the A1ATwhich was oxidized by the chlora-
mine-T.10 These suggest that MSRA enzyme activity may be
involved in reparation of the damage to proteins that have
undergone oxidation, and restoration of their physiological
function. MSRA is specific for the reduction of free and pro-
tein-based methionine-S-sulfoxide and is the only known
enzyme capable of reducing methionine-S-sulfoxide to
methionine.11 MSRA was first identified in Escherichia coli,
and was later discovered in a large number of organisms
with greater level of expression in the kidney and liver than
in the heart, lung, brain, skeletal muscle, retina, testis,
bone marrow and blood.12,13 In mammals, this enzyme is
2

mainly present in the mitochondrial matrix, but was also
found in cytosol and in the nucleus.14

Methionine sulfoxide reductase A (EC 1.8.4.11) is com-
posed of 235 amino acids and is encoded by a 375 kb long
gene located on chromosome 8p23.1.15 Data from the litera-
ture suggested that the dysfunction of methionine sulfoxide
reductases is involved in the pathogenesis of human dis-
eases, such as brain diseases,16 age-associated diseases,17

and vitiligo.18

Since it was revealed that oxidized A1AT can be restored
by MSRA, and that the COPD is associated with functional
deficiency due to the oxidation of active centre of A1AT, a
possible disease modifier could be MSRA gene polymorphism.
SNP rs10903323 (A/G) is located in MSRA gene in intron 3. It
is assumed that this gene polymorphism may affect the pro-
tection of A1AT from prooxidants and influence on its anti-
elastase activity. Hence, the question is whether reference
A allele or alternative (minor) G allele is associated with
higher risk of COPD.

We aimed to explore the association of MSRA rs10903323
gene polymorphism and functional activity of A1AT, as well
as the levels of oxidized A1ATwith the risk for COPD develop-
ment and disease severity. Additional goal of this study was
to investigate MSRA rs10903323 gene polymorphism for the
first-time in the adult population of Serbia, as well as in
COPD pathology.
Material and methods

This study included 155 patients with COPD with a mean age
of 64 years, who were recruited from the Clinical for Pulmo-
nary Disease, Clinical Centre of Kragujevac, Republic of Ser-
bia. In the patient group, 64 were declared as current
smokers and 67 as current non-smokers. Diagnosis of COPD
disease was determined using anamnesis, spirometry tests
and physical examination.

Spirometry tests for pulmonary function assessment
encompassed measuring FVC (forced vital capacity, % pre-
dicted value), FEV1 (forced expiratory volume in 1 second, %
of predicted value) and FEV1/FVC ratio. The severity of
COPD was defined according to Global Initiative for Chronic
Obstructive Pulmonary Disease (GOLD) criterion (Global Ini-
tiative for Chronic Obstructive Lung Diseases). Disease
severity data according to the GOLD classification were
available for 95 patients. Patients with A1AT concentrations
below the lower limit of the range (1.1 g/L), indicating a
possible congenital A1AT deficiency, were excluded from the
study. The control group included 134 healthy volunteers
with a mean age of 43 years who were recruited from Health
Centre, Belgrade, Serbia. During medical examination it was
confirmed that their results of laboratory parameters are in
the normal range. All control subjects were without history
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of pulmonary disease and did not show symptoms of lung dis-
orders currently. The control group consisted of 49 smokers
and 83 non-smokers.

Venous blood was sampled from each participant in two
tubes, one without anticoagulant and the other coated with
EDTA. All of the blood samples and isolated sera were stored
at -808C until analysis.

All participants gave written consent and completed a
questionnaire about age and smoking status. The study pro-
tocol was approved by the local Ethic Committee (CCK 11/
09/14. No.01/9600) and confirms the ethical guidelines of
the Declaration of Helsinki.
Methods

PCR-RFLP

Awhole blood sample was used for PCR test. The pairs of pri-
mers that were used in assay were, For: 50-GAATAAATA
AATGGTGCTGGCCCACACAG-30, and Rev: 50- CCAGTCCCT
AGATGG

AATCCCACATG-30 (Thermo Fisher Scientific). PCR mixture
was containing 1 mL whole blood sample, 1 pmol of each
primer, 1xbuffer with 0.15 mM Mg (Fast Gene), 2 mM dNTP
(KAPA Biosystem) and 1 U Taq DNA polymerase (Fast Gene).
The PCR conditions were 978C for 3 min, 558C for 2 min in 3
cycle, and 30 cycles: 948C for 30”, 568C for 30”, 728C for 30”
with final elongation at 728C for 5 min.

Restriction digestion reaction mixture contained 10 mL of
amplified sample, restriction enzyme 1 U Adel (DraIII)
(500 U, Thermo Scientific), 1x Buffer G (with BSA) (Thermo
Scientific). After incubation over night at 378C, digestion
products were analysed by electrophoresis on 3 % agarose
gel. The distribution of bands was as follows: 190 bp for the
uncut product (A allele), and 165 and 25 bp long for cut
product (G allele).

Serum level, functional activity and oxidative
modification of alpha-1-antitrypsin

Assay for Elastase Inhibitory Capacity (EIC) of alpha-1-
antitrypsin
Elastase inhibitor capacity of alpha-1-antitrypsin was deter-
mined by modified methods by Bieth et al. 19 and optimized
for automatic analyser (Beckman Coulter, Olympus AU400).
Stock elastase was prepared by dissolving elastase (Elastase
from porcine pancreas min.200 U/mg, SERVA) in a buffer
0.05M TRIS/0.05 NaCl, pH 8.0. Stock substrate was prepared
dissolving N-succinyl-L-Alanyl-L-Alanyl-L-Alanyl-p-nitroani-
lide (STAPNA, SERVA) in 100% dimethyl-sulfoxide (DMSO).
3 mL of diluted stock elastase (1:5) by buffer and 297 mL of
buffer were added to serum sample (1:5) and control analy-
ses (40 mg/L albumin). The mixture was incubated for
4 minutes at 378C. Immediately after incubation, 25 mL of
substrate STAPNA was added to mixture and was reacted
with excess of elastase, which was not inhibited by A1AT
from serum sample. The change of absorbance due to elas-
tase activity was measured at 410 nm per minute during
5 minutes. EIC in serum sample was calculated using the
3

equitation: EIC (kU/L or mM/L/min)=(DA/mincontrol� DA/
minserum) x f; f=(1/8.8mM) x (337/12) x 5=15.956, where
8.8 mM is molar absorptivity of p-nitroaniline at 410 nm,
337/12 is dilution factor of serum (337 mL is total mixture
volume and 12 mL is sample volume) and the factor 5 is ini-
tial serum dilution factor.
Assay for Trypsin Inhibitory Capacity (TIC) of alpha-1-
antitrypsin
Trypsin inhibitory capacity of alpha-1-antitrypsin was
assayed by modified methods by Schwert and Takenaka 20

and optimized for automatic analyser (Beckman Coulter,
Olympus AU400). As substrate for determining trypsin activ-
ity was used N-a-benzoyl-dL-arginine-p-nitroanilide (BAPNA,
SIGMA) which was prepared by dissolving in DMSO. 20 mL of
bovine trypsin (Trypsin from bovine pancreas ca. �10.000
BAEE units/mg protein, SIGMA) previously dissolved in
0.001 M HCl and 280 mL of 0.05M Tris-HCl buffer (pH 8.0)
were added to serum sample (1:5) and control analyses
(40 g/L albumin). 25 mL of substrate was added after an
incubation period of 4 minutes at 378C, after which started
the lag phase lasting for 1 minute. Then the change in absor-
bance was measured for 5 minutes per minute at wavelength
410 nm.TIC in serum sample was calculated using the equa-
tion: TIC (kU/L or mM/L/min)=(DA/mincontrol� DA/minserum)
x f; f=(1/8.8mM) x (329/4), where 8.8 is molar absorbance
of p-nitroaniline at 410 nm, 329/4 is dilution factor of serum
and the factor 5 is initial serum dilution factor.

The serum level of A1AT (g/L) was determined by immu-
noturbidimetric method using Siemens ADVIA R Chemistry
Analyzer and Alpha-1-antitrypsin Reagent. Specific inhibi-
tory activity of A1AT towards elastase (SIA-Elastase) were
calculated using equations: SIA-Elastase (kU/g)=EIC(kU/L)/
A1AT(g/L). Level of oxidized A1AT (OxyA1AT, %) was calcu-
lated using equation OxyA1AT (%)=[1�(1.27/TICsample/EIC-
sample) x 100], where the value 1.27 represents the
TICreduced/EICreduced ratio of the fully reduced A1AT by mer-
captoethanol, while the value TICsample/EICsample in serum
sample represents the oxidized ratio.21 Calculation of Oxy-
A1AT (g/L) was done using equation: OxyA1AT (g/L)=[Oxy-
A1AT (%) x A1AT (g/L)]/100.
Statistical analysis

The one-sample Kolmogorov-Smirnov test was used to esti-
mate normality of the distribution of variables. Differences
between genotypes and allele frequencies of methionine
sulfoxide reductase A rs10903323 polymorphism were evalu-
ated using x2-test. Deviations of genotypes distributions
from Hardy�Weinberg equilibrium were assessed by x2-test
for each cohort or Fisher’s exact test (if cases <5). Student
t-test for independent samples was used for comparison of
continuous variables. Three-way ANOVA and Sidak post hoc
test were used to analyse differences in continuous variables
according to genotype, smoking status, and disease develop-
ment or severity. The p value <0.05 was regarded as statisti-
cally significant. Statistical analysis was done using SPSS 20.0
software.



Table 1. Demographic data, clinical characteristics,
parameters of functional activity and oxidative modification
of A1AT in COPD-patient and control groups.

Characteristic COPD Controls

n=155 n=134

Age (years) 64.51§8.29 a 43.50§11.02
BMI (kg/m2) 24.60§5.51 a 26.93§3.93
Smokers (%) 47.4 38.8
A1AT (g/L) 2.13§0.51 a 1.70§0.30
SIA-Elastase (kU/g) 0.27§0.09 a 0.33§0.06
OxyA1AT (%) 19.61§8.59 a 17.58§6.06
OxyA1AT (g/L) 0.41§0.19 a 0.31§0.12
FEV1 % predicted 37.22§18.11 -
FVC % predicted 56.94§22.71 -
FEV1/FVC (%) 51.09§13.27 -
GOLD 2 (%) 22.1 -
GOLD 3+4 (%) 77.9 -

Values for the quantitative variables are presented as the mean
§ standard deviation; smoking status, FEV1/FVC ratio and COPD
stage are presented as percentages; FEV1 and FVC are expressed
as % of predicted value a p value <0.05.
Abbreviations: A1AT, alpha-1-antitrypsin; COPD, chronic obstruc-
tive pulmonary disease; BMI, body mass index; SIA-elastase, spe-
cific inhibitory activity of A1AT towards elastase; OxyA1AT,
oxidized alpha-1-antitrypsin; FEV1(%), forced expiratory volume
in 1 s; FVC (%), forced vital capacity; GOLD, Global Initiative for
Chronic Obstructive Lung Disease.
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Results

The demographic data, clinical characteristics, functional
activity and oxidative modification of A1AT in all study par-
ticipants are presented in Table 1. Kolmogorov-Smirnov test
showed normal distribution of quantitative variables
(p>0.05). COPD patients were significantly older and had a
lower body mass index (BMI) than healthy subjects
(p < 0.001, p = 0.007 respectively). Serum level of A1AT (g/
L) and OxyA1AT (expressed as % of total A1AT and g/L) was
significantly higher in COPD patients than in the control
group (p < 0.001, p = 0.033, p < 0.001, respectively). How-
ever, activity of A1AT, measured by SIA-Elastase, was
Table 2. Frequencies of genotypes and alleles of MSRA rs1090332

MSRA rs10903323 COPD-patients (n=155)

n (%)

Genotype
AA 124 (80.0)
AG 31 (20.0)
GG 0
AG+GG 31 (20.0)
Allele
A 279 (90.0)
G 31 (10.0)
H-W, x2 (P**) 1.91 (0.380)

Abbreviations: MSRA, methionine sulfoxide reductase A; COPD, chronic
* Difference in genotype/allele frequency between COPD-patient and
** testing Hardy-Weinberg equilibrium.

4

significantly lower in COPD patients than in the control group
(p < 0.001).

Observed frequencies of genotypes and alleles of MSRA
rs10903323 in COPD patient and the control group are pre-
sented in Table 2. Frequencies of MSRA genotypes in both
populations were consistent with Hardy-Weinberg equilib-
rium (COPD group: x2=1.91, p = 0.380; control group:
x2=0.25, p = 0.880). A significant difference in genotype dis-
tribution between COPD patients and controls (p = 0.289)
was not found in this study. Frequencies of the genotypes
AA, AG and GG were 80.0 %, 20.0 %, 0 % in COPD patients and
80.5 %, 18.5 % and 1.5 % in the control group. Also, there
was no significant difference between COPD and the control
group when the frequencies of MSRA rs10903323 minor allele
carriers (AG and GG genotype) were compared to homozy-
gote AA carriers (p = 0.889).

A three-way ANOVA test was conducted to explore the
influence of MSRA rs10903323 gene polymorphism, pres-
ence of disease and smoking status on functional activity of
A1AT and OxyA1AT in COPD patient and the control group
(Fig. 1.). The combined influence between MSRA
rs10903323 gene polymorphism, smoking status and pres-
ence/absence of COPD on the OxyA1AT (%) was not statisti-
cally significant, F (1.209) = 0.803, p = 0.371. SIA-Elastase
was significantly lower in patient-smokers than in control-
smokers in both AA homozygotes (p < 0.001), and in G
allele carriers (p = 0.027) (Fig. 1 a.).

Using the Sidak post hoc test revealed that COPD-smokers
who are G allele carriers of MSRA rs10903323 had signifi-
cantly higher OxyA1AT (%) than AA homozygotes (p = 0.028,
partial eta squared=0.023) (Fig. 1 c.). In group of smokers,
levels of OxyA1AT (%) and Oxy A1AT (g/L) were significantly
increased in patients relative to controls in AA homozygous
(p = 0.001, p < 0.001 respectively), as well as in G allele car-
riers (p = 0.008, p = 0.002 respectively) (Fig. 1.. c., d.). In
the control group, AA homozygous non-smokers showed sig-
nificantly higher level of OxyA1AT (%) than smokers
(p = 0.043) (Fig. 1 c.). In the COPD group, increased level of
Oxy A1AT (both expressed as % and g/L) was present in G
alleles carriers who were smokers relative to G alleles car-
riers who were non-smokers, with probability close to the
level of significance (p = 0.056, p = 0.056 respectively)
(Fig. 1 c., d.).
3 in COPD-patient group and in control groups.

Control (n=134) P*

n (%)

108 (80.5) 0.887
24 (18.0) 0.654
2 (1.5) 0.214
26 (19.5) 0.887

240 (89.5) 0.862
28 (10.5) 0.862
0.25 (0.880)

obstructive pulmonary disease; H-W, Hardy-Weinberg equilibrium.
control groups



Fig. 1 The influence of MSRA rs10903323 gene polymorphism on parameters of functional activity of A1AT and level of oxidized
A1AT in COPD patients and the control group classified according to smoking status as smokers and non-smokers: a. concentration of
A1AT; b. SIA-Elastase (kU/g); c. OxyA1T (%) and d. OxyA1AT (g/L) (Tested by Sidac post hoc test); & difference in AA homozygous
patients-smokers in relation to control-smokers; ~ difference in G allele carriers patients-smokers in relation to control-smokers; $
difference in G allele carriers patients-smokers in relation to AA homozygous patients-smokers; �difference in controls non-smokers
in relation to control-smokers
Abbreviations: A1AT, alpha-1-antitrypsin; MSRA, Methionine sulfoxide reductase A; COPD, chronic obstructive pulmonary disease;
OxyA1AT, oxidized alpha-1-antitrypsine; SIA-elastase, specific inhibitory activity of A1AT towards elastase.
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A three-way ANOVA test was conducted to explore the
influence of MSRA rs10903323 polymorphism, COPD severity
and smoking status on functional activity of A1AT and Oxy-
A1AT in COPD patient group (Fig. 2.). The combined influ-
ence of MSRA rs10903323 polymorphism, disease severity
and smoking status on the all of three investigated parame-
ters was not found (for SIA-Elastase (F (3.76) = 0.471,
p = 0.703; for OxyA1AT (%) (F (3.76)=0.997, p = 0.399; for
OxyA1AT (g/L) (F (3.76)=0.714, p = 0.547)). The difference
in the functional activity of the A1AT relative to the MSRA
rs10903323 genotype can be seen only in the moderate stage
of disease (GOLD2 group) where SIA-Elastase was lower in
G allele carriers than in AA homozygotes (Fig. 2 a.), but
without statistical significance. Using the Sidak post hoc test
revealed tendency for smokers with severe and very severe
COPD (GOLD3+4) who are G allele carriers of MSRA
rs10903323 to have higher OxyA1AT (%) than AA homozygotes
(p = 0.086) (Fig. 2 b.). Patients with severe and very severe
disease who were smokers and carriers of G allele, had
significantly increased levels of OxyA1AT (%, g/L), compared
to AA homozygotes (using independent sample t-test,
p < 0.001, p = 0.041, respectively).
5

Discussion

We have investigated the association of MSRA rs10903323
gene polymorphism with COPD pathology, with emphasis on
its impact on A1AT activity. The association between MSRA
and COPD may be explained by the fact that MSRA can par-
tially repair the oxidized methionine in active centre of
A1AT,22 and restore its anti-elastase function. The associa-
tion of single nucleotide polymorphisms (SNPs) of the MSRA
gene with human diseases has not been intensively investi-
gated in worldwide populations. According to available
data, this is the first study which investigated the MSRA
rs10903323 gene polymorphism in the Serbian population.
To the best of our knowledge, MSRA rs10903323 gene poly-
morphism was investigated for the first time in COPD pathol-
ogy. The results obtained for our population (AA 80 %, AG
18.5 % and GG 1.5 %) are in concordance with available data
for European general population (AA 78.3 %, AG 20.5 % and
GG 1.2 %),23 regarding both genotype and allele distribution.
Distribution of MSRA rs10903323 genotypes varies signifi-
cantly between different populations. For example, fre-
quencies of AA, AG and GG genotypes in population of East



Fig. 2 The influence of MSRA rs10903323 gene polymorphism
on parameters of functional activity of A1AT and level of oxi-
dized A1AT in COPD patients classified in two groups according
to disease severity (GOLD2 and GOLD 3+4) and smoking status
(smokers and non-smokers): a. SIA-Elastase (kU/g); b. OxyA1T
(%) and c. OxyA1AT (g/L); $ difference in smokers patients
(GOLD3+4) G allele carriers in relation to AA homozygous.
Abbreviations: MSRA, Methionine sulfoxide reductase A; Oxy-
A1AT, oxidized alpha-1-antitrypsin; SIA-elastase, specific inhibi-
tory activity of A1AT towards elastase; GOLD, Global Initiative
for Chronic Obstructive Lung Disease.
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Asia are 15.1 %, 49.2 %, 35.7 %, and in population of America
are 50.7 %, 32.0 %, 17.3 %.23 We did not find any difference
in distribution of MSRA rs10903323 genotypes (AA, AG and
GG) and alleles between COPD patients and the control
group, indicating that this polymorphism does not present a
risk factor for development of COPD, but can rather act as a
modifier of disease progression or severity. Also, there was
no difference in frequency for genotype AA and genotype AG
+GG between the two investigated groups.

Considering that COPD is an inflammatory disease of the
airways, mainly associated with cigarette smoke exposure,
our result of elevated A1AT concentrations in patients com-
pared to healthy subjects was expected because A1AT is a
positive acute phase protein. High concentration of A1AT is a
physiological response to an excessive liberation of NE by
neutrophils, which protects an organism from the uncon-
trolled proteolysis of host tissues.24 We have found that
6

COPD patients had a higher level of OxyA1AT (expressed as %
and g/L) than the control group. This result indicates that
higher A1AT concentration in patients with COPD is not asso-
ciated with the better anti-elastase activity because an ele-
vated level of oxidative modified A1AT causes the decrease
of its functional activity. This assumption is further strength-
ened by the fact that we have found reduced A1ATeffective
anti-elastase activity in patients compared to healthy par-
ticipants, through the decreased SIA-Elastase (Table 1.).

Cigarette smoking (CS) has traditionally been considered
a major risk factor for developing COPD, due to the harmful
effect of numerous prooxidants on the lung function. Many
studies investigated gene expression in relation to smoking
behaviour. Gene expression levels may be up-regulated or
down-regulated as a consequence of smoking and also may
be associated with the number of cigarettes per day.25 There
is limited data about the influence of CS on MSRA expression.
One study showed an increase in MSRA expression after CS
exposure in HaCaT cells.26 The main result of our study was
identification of elevated OxyA1AT (%) in patient-smokers
group of G allele carriers in relation to patient-smokers with
AA genotype (Fig. 1c.). Additionally, among the G allele car-
riers, COPD patients who were smokers had increased levels
of OxyA1AT (%, g/L) in relation to patients who were non-
smokers (Fig. 1c., d.). This suggests that the presence of G
allele in current smokers may contribute to an increased risk
for COPD, at least regarding the OxyA1AT level which is
thought to participate in the pathogenesis of the disease.27

These results indicate the importance of smoking cessation,
in patients with diagnosed disease, and especially in carriers
of the of MSRA rs10903323 G allele. An increased level in
OxyA1AT level was also observed in the group of smokers
who were AG heterozygotes, and who had a more severe
form of the disease (GOLD 3+4) compared to patients with
the same disease severity, but who were AA homozygotes
(Fig. 2 b., c.). This study revealed a potential modifier gene
that leads to inadequate A1AT repair in smokers, resulting in
an increase in oxidative modified A1AT. This modifier is a
MSRA rs10903323 G allele and it is associated with a higher
risk of a more severe form of COPD. This polymorphism was
shown to be connected with several disorders characterized
by chronic inflammation and increased oxidative stress, sim-
ilar to COPD (rheumatoid arthritis (RA), coronary artery dis-
ease). Two studies found association of this polymorphism
with RA .28,29 In genome-wide pathway analysis Martín et al
concluded that MSRA rs10903323 gene polymorphism was
related to increased oxidative stress and pathogenesis of RA
in a Spanish population.28 Similar data was obtained in a Chi-
nese population,29 where MSRA rs10903323 GA genotype was
associated with rheumatoid arthritis development, espe-
cially among older male patients, and CRP-positive patients.
The MSRA rs10903323 minor allele G was additionally identi-
fied as the risk for development of ischaemic heart disease,
observed in patients with RA, in Spanish cohort.30 Gu et al
demonstrated that subjects with heterozygous GA genotype
were at a significantly increased risk for coronary artery dis-
ease in the Chinese population.31

Considering that COPD, rheumatoid arthritis and cardio-
vascular diseases share common causes which involve
inflammation, we can suggest that the presence of the MSRA
rs10903323 G allele is a risk for COPD due to the reduced
antioxidant functions of MSRA. In COPD pathology we
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showed specificity that G allele is associated with increased
oxidative modified A1AT, of which the main physiological
function is protection of lower respiratory tract. In this con-
text, the determination of oxidized A1AT, which is relatively
simple and inexpensive, may be useful for identification of
particularly vulnerable individuals with COPD, namely smok-
ers and carriers of MSRA rs10903323 G allele. Also, the
potential clinical significance of the MSRA rs10903323 poly-
morphism could be for patients with hereditary A1AT defi-
ciency which is associated with decreased plasma level of
this antiprotease. In these patients, detection of the MSRA
rs10903323 G allele, in addition to hereditary A1AT defi-
ciency, could be considered an additional risk for developing
lung diseases (such as emphysema). For this group
of susceptible patients, strict preventative measures against
the exposure to tobacco smoke or other air pollutants and
pro-oxidants would have to be carried out throughout their
lifetime.

There were several limitations to our study. As the groups
tested were relatively small, these findings need to be con-
firmed by additional studies with a larger sample size, pref-
erably in different populations. There are several more
polymorphisms in MSRA gene and some of them could also be
important for enzyme activity regarding restoration of A1AT
function. The information about their presence would help
to identify the full extent to which MSRA affects COPD phe-
notype. It would also be beneficial to directly measure the
expression and/or the activity of MSRA gene/enzyme in par-
ticipant samples, in order to confirm that the presence of
the analysed variants has a direct impact on MSRA ability to
perform its antioxidizing function effectively. This data is
not available in the current literature.
Conclusions

Our study is the first one analysing the association of MSRA
rs10903323 gene polymorphism with the risk of development
and severity of COPD. The assumption is that MSRA G allele
is associated with decreased ability of MSRA to reduce oxi-
dized A1AT in patient-smokers, resulting in an impaired anti-
oxidant protection against prooxidants from tobacco smoke.
Our results might be useful to clarify the contribution of
MSRA rs10903323 gene polymorphism in individual predispo-
sition to COPD and its role in disease pathogenesis.
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