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Abstract

development among Poles.

using spirometry (FEV,% and FEV,/FVC parameters).

Background: Major symptoms of chronic obstructive pulmonary disease (COPD) are chronic bronchitis and
emphysema leading from lung tissue destruction, that is an effect of an imbalance between metalloproteinases
(MMPs) and their tissue inhibitors activity. As potential factor involved in this COPD pathogenesis, MMP-12 is
considered. We investigated the role of genetic polymorphism and protein level of MMP-12 in the COPD

Methods: We analyzed — 82 A > G SNP in the promoter region of MMP-12 gene (rs2276109) among 335 smoked
COPD patients and 309 healthy individuals, including 110 smokers. Additionally, 60 COPD patients and 61 controls
(23 smokers) were tested for serum levels of MMP-12 using ELISA. All subjects were analyzed for lung function

Results: We observed that -82G allele and -82GG homozygous genotype frequencies of the SNP rs2276109 were

significantly lower in COPD patients than in controls (12.5% vs 16.9%, respectively; x° = 4.742, p = 0.02 for allele and
0.5% vs 3.9%, respectively; x*=9.0331, p=0.01 for genotype). Moreover, —82G allele was more frequent in controls
smokers than in non-smokers (22.3% vs 14.1%, x2 =6.7588, p=0.01). Serum level of MMP-12 was significantly higher
in COPD patients than in controls groups (6.8 ng/ml vs 3.3 ng/ml, respectively; F =7.433, p < 0.0001), although
independently of analyzed gene polymorphisms. Additionally, no correlation between parameters of lung function

(FEV:% and FEV,/FVC) and protein level was found.

Conclusions: We found that -82G allele of SNP rs2276109 was associated with reduced risk of COPD, and COPD
patients released more MMP-12 than healthy individuals, but independently on this SNP.

Keywords: COPD, Metalloproteinase 12, Genetics, SNP, ELISA

Background

Chronic obstructive pulmonary disease (COPD) is a
multifactorial disease with gene-environment interaction
leading to airflow limitation through the respiratory tract
that is not fully reversible [1]. Initially, inflammation of
the respiratory tract can protect against the stimuli of
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harmful gases and dusts, but eventually it results in a
chronic inflammatory state [2]. This phenomenon
additionally leads to pulmonary emphysema, which is
considered, together with chronic bronchitis, as a major
symptom of COPD [3]. The emphysema is associated
with lung tissue destruction and a loss of lung elasticity,
which seem to be the effects of an imbalance in the
action of proteases and antiproteases, including metallo-
proteinases (MMPs) [3]. Due to the capability of degrad-
ing matrix proteins (elastin, collagens) MMPs play a
crucial role in cell and tissue behaviors such as cell
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proliferation/migration, angiogenesis, apoptosis, tissues
repair and remodeling. This MMP activity is physiologic-
ally expected but needs to be controlled primarily by
tissue inhibitors of metalloproteinases (TIMPs) that are
able to bind to an active site of MMPs, inhibiting their
action [4]. However, in pathological conditions such as
COPD, chronic inflammation is stimulated by matrix
proteolysis-related facilitation of immune cell migration
to lung tissues [3].

With regard to above-mentioned MMP function and
under the hypothesis of COPD such as protease-antipro-
tease imbalance, a previous study implicated
metalloproteinase 12 (MMP-12) in the pathogenesis of
COPD [5]. MMP-12, also called macrophage metalloe-
lastase, is an enzyme released by macrophages that
breaks down elastin [6]. It seems to be necessary for
emphysema development [7, 8], and specifically, it was
shown that elevated levels of MMP-12 in the sputum are
associated with emphysema severity in COPD [9-11].

The suggested role of MMP-12 is consistent with the
importance of alveolar macrophages (AM) in the patho-
genesis of COPD [12]. Macrophages exhibit two distinct
phenotypes: M1 producing proinflammatory cytokines,
eg. TNE IL-6 and IL-12, and M2 with secretion of
anti-inflammatory molecules (TGF-fB, IL-10) [13]. In
COPD it was shown that AM are characterized by both
M1 surface phenotypes and functional properties due to
the high amount of M1 cytokines, such as TNF and IL-8
[14]. Generally, COPD-related AM produce destructive
proteases and their number was ~ 10-fold higher in the
lungs of smokers than non-smokers (reviewed by Gharib
et al) [15].

Due of this, over-expression of MMP-12 seems to be a
result of an increased influx of macrophages, but on the
other hand, it was shown that a functional variant in the
MMP-12 promoter (a substitution A-to-G at position —
82; rs2276109) affects the enzyme expression level and
COPD susceptibility. It is showed that this substitution
influences the binding of the AP-1 (activator protein 1)
transcription factor, which possess higher affinity for the
-82A allele [16]. As a result, the promoter activity and
the MMP-12 expression level may be decrease by allele
G, which is associated with a beneficial effect on lung
function in children with asthma, as well as a reduced
risk for adult smokers to develop COPD [17].

Hence, the aim of this study was to investigate the role
of SNP rs2276109 in COPD development in Polish
patients and its impact on both a MMP-12 protein level
in serum and the lung function spirometry parameters.

Methods

Study populations

Three hundred and thirty-five patients (248 males and
87 females) with COPD were enrolled in the study.
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COPD diagnosis was performed according to the GOLD
(Global Initiative for Chronic Obstructive Lung Disease)
standards and routinely included the lung function test
by spirometry performed twice: before and 15-20 min
after bronchodilator application (400 pg of salbutamol).
Only patients for whom the bronchial relaxation trial
was negative and the post-bronchodilator FEV,/FVC
ratio was reduced below the lower limit of the norm
(<0.70) were included in the study. In accordance with
the GOLD grading system [1], the cases were classified as
patients with mild (11% of patients), moderate (49%) and
severe/very severe (40%) COPD. Exclusion criteria were
alpha-1-antitrypsin deficiency, coexistence of asthma and
COPD, history of bronchial asthma and no history of
smoking. All patients were recruited from the inpatient
and outpatient populations of the University Hospital in
Cracow, Specialized Hospital of Ministry of Internal
Affairs and Administration (MSWiA) in Glucholazy and
the Department of Pulmonology, Opole Voivodeship
Hospital.

In the healthy control group 309 volunteers (80 men
and 229 women) were recruited. All subjects were not
diagnosed for COPD or any other lung disease and were
once spirometrically tested for lung function. Only
individuals who exhibited normal lung function were
subjected to the test (mean FEV;% of 91.7%). Among
controls, 110 individuals were defined as smokers (current
and former), and 199 participants were never smokers.

The groups were analyzed for single nucleotide poly-
morphisms, but 60 patients with COPD and 61 control
individuals (23 smokers and 38 never smokers) were
randomly selected for examination of protein level.

All members of the patients and control group were of
Polish Caucasians ethnicity, and detailed characteristics
are shown in Table 1.

The project was approved by the Ethics Committee of
Opole Voivodship. Signed informed consent was ob-
tained from all persons tested.

DNA isolation and SNP genotyping

gDNA was extracted from whole blood using the Gene-
MATRIX Quick Blood DNA Purification Kit (Eurx,
Germany) following the manufacturer’s instructions.

The -82A > G polymorphism of the MMP-12 gene
(rs2276109) was genotyped using a TagMan Genotyping
Assay (Applied Biosystems, USA) on a 7500 Fast
Real-Time System instrument and SDS 2.0 software (Ap-
plied Biosystems) in accordance with the manufacturer’s
protocol. Briefly, 10 ul of PCR mixture contained 1x
concentrated genotyping master mix, 1x TagMan Geno-
typing Assay probes and primer mix, and up to 6.5 ng of
DNA. The PCR program was performed under the
following conditions: 95 °C, 10 min; 40 cycles of 15s at
95°C, 60s at 60°C. Allelic discrimination was based on
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Table 1 Characteristics of the analyzed groups

Groups (N) Age Sex FEV, FEV,/FVC Smokers
(years) (women/men) (% predicted) (% predicted) (%)

COPD (335) 67.9+92 248/87° 555+185° 522+160° 100°

CTR (309) 68.0+ 6.6 80/229 91.7£228 89.2+£258 355

CTR smokers (110) 684+5.2 73/37 933+£220 91.1£195 100

CTR non-smokers (199) 658+ 96 157/42 91.0+236 88.1+287 0

COPD? (60) 704+90 13/47° 466+185° 58.1 +164° 100°

CTR* (61) 67.8+6.7 46/15 904 +£22.5 926 +£232 37.7

CTR smokers? (23) 67.7£56 15/8 932+219 882+164 100

CTR non-smokers® (38) 679+76 31/7 90.6 £22.0 90.7 £180 0

N numbers of individuals, COPD chronic obstructive pulmonary disease groups, CTR control group; ¥, groups for protein levels analyses, FEV; forced expiratory
volume in 1's, FEV,/FVC Tiffeneau-Pinelli index - ratio of forced expiratory volume in 1s and forced vital capacity; °, difference to the control group statistically

significant at the level of p < 0.00001

measuring the fluorescence signals generated by two
MGB TagMan probes, one for each allele.

Analysis of protein level

The serum level of MMP-12 was measured using
enzyme-linked immunosorbent assay (ELISA; EIAab,
China) accordingly to the manufacturer’s instructions
using non-diluted serum samples. The absorbance was
read with the Epoch microplate reader (BioTech, Wi-
nooski, VT, USA) at the wavelength of 450 nm. Concen-
trations of proteins in samples were calculated with the
equation of the standard curve using Gen5 software
(BioTech, Winooski, VT, USA).

Statistical analysis

Testing of the Hardy—Weinberg equilibrium for the ana-
lyzed SNP was performed using the x* test and Epilnfo
software. Case-control differences in alleles and geno-
types were estimated using the two-tailed Fisher’s exact
test and x> test with Yates’ correction, respectively and
GraphPad InStat 3 software. Moreover, logistic regression
with binary response (a disease status) for the multiple
inheritance models (co-dominant, dominant, recessive,
over-dominant and log-additive) was used (www.snpstats.
net). In spirometry data and protein level analyses, the
Shapiro-Wilk method was used for testing normality
of samples. Relevant statistical comparisons were per-
formed using one-way analysis of variance (ANOVA),
and appropriate Tukey post-hoc tests were applied
when significant interactions in ANOVA were identified.
These statistical analyses were performed with Statistica
v.12 (StatSoft, Inc., OK, USA). P-values <0.05 were consid-
ered significant.

Results

Three hundred and thirty-four patients affected with
COPD and three hundred and four healthy individuals
were typed for SNP rs2276109 in the gene encoding

MMP-12. The observed genotype frequencies were very
close to the values expected for both case and control
populations according to the Hardy-Weinberg equilib-
rium (p > 0.05, data not shown).

When allele and genotype frequencies of poly-
morphism of A-to-G at position — 82 were compared,
a significant difference was found. The -82G allele
was significantly less frequent in the COPD patients
than both in the controls (12.5% vs 16.9%, respect-
ively, p=0.02; OR=0.70) and in the control smoker
group (12.5% vs 22.3%, p =0.0005, OR =0.50, Fig. 1).
In addition, homozygotes for the G allele (GG geno-
type) were rarer in the COPD group than in the con-
trols (0.5% vs 3.9%, respectively, p=0.01 and OR=
0.14; Fig. 1 and Additional file 1) as well as in control
groups divided into two groups accordingly to the
smoking status (4.5%, p=0.0005 and 3.5%, p=0.03
for smokers and non-smokers, respectively). Addition-
ally, the difference between patients with COPD was
observed in recessive (AA+AG vs. GG) model of in-
heritance (see Additional file 1). Moreover, smoker
controls significantly differ from non-smokers in -82G
allele distribution (22.3% vs 14.1%, p =0.01). On the
other hand, no statistically significant differences in
-82A >G allele and genotype frequencies between
COPD patients’ groups divided accordingly to the
disease severity were found (data not shown).

The serum MMP-12 levels of 60 patients with
COPD and 61 age-matched controls were measured
by ELISA. As shown in Fig. 2, patients with COPD
had significantly higher serum MMP-12 protein levels
than controls (6.8+3.3ng/ml and 3.4+ 1.3ng/ml,
respectively, p <0.0001). Controls were divided into
smoker and non-smoker groups, but similar MMP-12
protein levels were found in both groups (3.2+1.1
and 3.5 £ 1.5 ng/ml, respectively; p = 0.45), with signifi-
cantly lower values compared to patients with COPD
(p <0.0001 for both subgroups).
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Fig. 1 Alleles (a) and genotypes (b) distribution of —82 A-to-G SNP of MMP-12 gene (rs2276109) in COPD patients and healthy control groups.
Legend: COPD, patients with chronic obstructive pulmonary disease; CTR — controls; OR (95%Cl) calculated for -82G allele in COPD patients-
controls comparison was of 0.70 (0.51-0.95)

For the MMP-12 -82A > @G variants, there were no
statistically significant differences in the level of MMP-12
protein among the different genotypes carriers, independ-
ently in COPD and control groups (Fig. 3). Moreover,
relationships between MMP-12 polymorphism and lung
function parameters among both patients with COPD and
controls were analyzed. As shown in Table 2, there were
no significant relationships between allele/genotypes dis-
tribution of — 82 A > G variants and FEV; and FEV,;/FVC
(mean of % predicted).

Discussion

In this study, we found that rs2276109 (a substitution
A-to-G at position - 82) polymorphism in the MMP-12
gene can influence susceptibility to COPD in the Polish
population, and we confirmed that allele G carriers seem
to be protected against the disease. The present study
revealed a significant difference in MMP-12 levels
between COPD patients and controls. Additionally, no
significant relationships were observed between lung
function parameters or MMP-12 protein level and the
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MMP-12 -82A > G polymorphism. To the best of our
knowledge, this is the first study to analyze the rela-
tionship between rs2276109 and MMP-12 protein
level in COPD.

COPD comprises disorders such as chronic bronchitis
and emphysema which develop because of air pollution-
related low-grade inflammation and destruction of lung
tissue, especially extracellular matrix (ECM) [15]. It
seems that MMP-12 plays a crucial role in this
phenomenon: in a murine model it was shown that
the enzyme breaks down the ECM component elastin,
and MMP-12-null mice exposed to cigarette smoke
avoided emphysema development [7]. In humans,
however, as Gharib et al. reviewed, it is very likely
that MMP-12 is not effective in direct elastin degrad-
ation but could have an impact on this mechanism by
affecting macrophage behavior [15].

Macrophages are a cell type possessing dual na-
ture: (i) a major population which patrols lower
airspaces in normal conditions, and (ii) predominant
inflammatory cells that are recruited in response to
cigarette smoke [18]. Due to this, it cannot be ex-
cluded that the COPD-related increased level of
MMP-12 that was observed in our study is an effect
such as stimulated macrophage recruitment in situ.
All our patients with COPD were classified as
smokers, and it has been previously reported that
expression of MMP-12 increased in smokers [10],
but this phenomenon was not confirmed in our
control smoker and non-smoker subgroups. It could
be associated with the finding of greater expression
as well as activity of MMP-12 in the sputum of
patients with COPD than in smokers without airflow
limitation [19].

Table 2 MMP-12 gene polymorphism -82 A-to-G impact on lung function of COPD patients and healthy control groups

Genotypes  COPD patients CTR CTR smokers CTR non-smokers
MR N=355 N =309 N=110 N=199
N FEV, FEV,/FVC N FEV, FEV,/FVC N FEV, FEV,/FVC N FEV, FEV,/FVC

(% predict) (% predict.) (% predict) (% predict.) (% predict) (% predict) (% predict) (% predict.)
A allele 333 555+£186 523+£160 297 920+£234 862+232 105 928+218 920+195 192 915£233 858=£245
G allele 82 541+£158 514+179 93  921+207 928+247 14 9494219 907+206 49 885+204 958+278
AA 253 559£193 5254154 216 920+234 862+232 66 920+222 9284185 150 918+242 853+265
AG 80 539£180 517181 81 926£201 919£217 39 940+£214 915+212 42 900£199 934£223
GG 2 567+174 4494185 12 885+253 992+402 5 101.0+226 843+159 7 7974223 1099+478
P value* 0.71 0.90 0.95 0.10 0.75 0.26 0.30 0.77

N number of individuals/alleles/genotypes, COPD chronic obstructive pulmonary disease groups, CTR control group, FEV; forced expiratory volume in 1, FEV;/FVC
Tiffeneau-Pinelli index - ratio of forced expiratory volume in 1s and forced vital capacity; ¥, no significant difference in mean of lung function parameters
between carriers with different —82 A > G alleles/genotypes in one-way ANOVA test, Tuckey post-hoc test were not conducted
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On the other hand, the enzyme level seems to be re-
lated to promoter polymorphism rs2276109. We re-
vealed that a minor allele of SNP rs2276109 seems to
protect against COPD development (variant protective
effect corresponds with OR value less than 1; Fig. 1).
This phenomenon could be explained by functional
significance of the -82G allele for decreased activity of
the MMP-12 gene promoter, which is suggested by less
efficient binding of transcription factor AP-1 to the G
allele [16, 17]. The AP-1 binding region together with
STAT-5 is probably critical for induction of MMP-12
expression [20]. Nevertheless, we did not observe a rela-
tionship between rs2276109 and MMP-12 protein level,
similarly to finding in obesity patients [21]. Therefore, it
is most likely that, besides promoter polymorphism,
MMPs levels depend on the transcriptional control in-
cludes epigenetic mechanisms such as DNA methylation
and histone acetylation, and post-transcriptional regula-
tion is by cytosolic mRNA stability [22]. Final MMP-12
concentration in blood seems to be a results of this
rigorous control system as well as e.g. number of the
cells which secrete the enzyme. On the other hand, in
this study, no significant correlation was found between
this variant and lung function parameters of COPD,
similarly to previous studies [5, 23, 24]. This result
(Table 2), however, contrasts with a finding that this
variant (-82G) was associated with increased FEV1 and
delayed onset of the disease together with the above-
mentioned reduced risk of COPD [17].

Several limitations of the present study should be
taken into account. We measured MMP-12 only at the
protein level without mRNA expression level analysis.
Second, the protein level was measured in blood, but
not in situ using either sputum or bronchoalveolar
lavage, which should better reflect the MMP-12 as well
as macrophage phenomenon occurring in the COPD-re-
lated lung microenvironment. Unfortunately, data about
numbers of macrophages and other immunocompetent
cells (e.g. neutrophils) were also unavailable in our study.
The mentioned limitations were related to the samples
gathering and missing data seem to be important for
consideration in further research.

Conclusion

We confirm that patients with COPD exhibited more
MMP-12 protein, and the -82G allele of SNP rs2276109
was more frequent in controls than in COPD patients
group. On the other hand, no relationship between the
mentioned genetic polymorphism and MMP-12 level
was found. Nevertheless, our data, together with other
findings, suggest that MMP-12 affects COPD develop-
ment. In our opinion, the molecule could be deliberated
in further research as a useful molecular marker as well
as therapy target in COPD management.
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Additional file

Additional file 1: Table 1S. Logistic regression analysis of association
between -82 A-to-G SNP of MMP12 gene (rs2276109) and COPD - the
multiple inheritance models. Description of data: This table contains the
logistic regression results of modeled association between SNP rs2276109
of MMP12 gene and COPD. (DOCX 16 kb)
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nucleotide polymorphism

Acknowledgments

We express our special gratitude to Mr. Richard Ashcroft for English
language correction. The participation in this study of all our patients and
control volunteers is gratefully acknowledged.

Funding
The project was financed by the National Center for Scientific Research of
Poland, grant no. DEC-2011/03/B/NZ5/05790.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

Study design, data collection, analysis and interpretation and manuscript
revision: IG; study design, data analysis and interpretation, manuscript
drafting and revisions: EM; data collection and analysis, and manuscript
revision: £K, MK, KB, JS, JK, AS, KS; data analysis and manuscript drafting: MC.
All authors read and approved the final manuscript.

Ethics approval and consent to participate

The project was approved by the Ethics Committee of Opole Voivodship
(No. 192/2012). Signed informed consent was obtained from all persons
tested.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Institute of Physiotherapy, Faculty of Physical Education and Physiotherapy,
Opole University of Technology, Proszkowska street 76, 45-758 Opole,
Poland. “Second Department of Internal Medicine of Collegium Medicum,
Jagiellonian University in Cracow, Skawiriska street 8, 31-066 Krakow, Poland.
3Faculty of Health Sciences, Jagiellonian University Medical College,
Michatowskiego street 12, 31-126 Krakdw, Poland. “Ludwik Hirszfeld Institute
of Immunology and Experimental Therapy, Polish Academy of Sciences,
Weigla street 12, 53-114 Wroctaw, Poland.

Received: 23 September 2018 Accepted: 11 January 2019
Published online: 18 January 2019

References

1. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A,
Barnes PJ, Fabbri LM, Martinez FJ, Nishimura M, et al. Global strategy
for the diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J Respir Crit Care
Med. 2013;187:347-65.


https://doi.org/10.1186/s12881-019-0751-9

Gilowska et al. BVIC Medical Genetics

20.

21.

22.

23.

(2019) 20:19

Rhee CK, Kim K, Yoon HK, Kim JA, Kim SH, Lee SH, Park YB, Jung KS, Yoo KH,
Hwang YI. Natural course of early COPD. Int J Chron Obstruct Pulmon Dis.
2017;12:663-8.

Abboud RT, Vimalanathan S. Pathogenesis of COPD. Part I. The role of
protease-antiprotease imbalance in emphysema. Int J Tuberc Lung Dis.
2008;12:361-7.

Brew K, Nagase H. The tissue inhibitors of metalloproteinases (TIMPs): an
ancient family with structural and functional diversity. Bioch Bioph Acta.
2010;1803:55-7.

Kukkonen MK, Tiili E, Vehmas T, Oksa P, Piirila P, Hirvonen A. Association of
genes of protease-antiprotease balance pathway to lung function and
emphysema subtypes. BMC Pulm Med. 2013;13:36.

Shapiro SD. The macrophage in chronic obstructive pulmonary disease. Am
J Respir Crit Care Med. 1999;160:29-32.

Hautamaki RD, Kobayashi DK, Senior RM, Shapiro SD. Requirement for
macrophage elastase for cigarette smoke-induced emphysema in mice.
Science. 1997;277:2002-4.

Gueders MM, Foidart JM, Noel A, Cataldo DD. Matrix metalloproteinases
(MMPs) and tissue inhibitors of MMPs in the respiratory tract: potential
implications in asthma and other lung diseases. Eur J Pharmacol. 2006;
533:133-44.

Chaudhuri R, McSharry C, Brady J, Donnelly |, Grierson C, McGuinness S, Jolly
L, Weir CJ, Messow CM, Spears M, et al. Sputum matrix metalloproteinase-12
in patients with chronic obstructive pulmonary disease and asthma:
relationship to disease severity. J Allergy Clin Immunol. 2012;129:655-63.
Demedts IK, Morel-Montero A, Lebecque S, Pacheco Y, Cataldo D, Joos GF,
Pauwels RA, Brusselle GG. Elevated MMP-12 protein levels in induced
sputum from patients with COPD. Thorax. 2006;61:196-201.

Molet S, Belleguic C, Lena H, Germain N, Bertrand CP, Shapiro SD, Planquois
JM, Delaval P, Lagente V. Increase in macrophage elastase (MMP-12) in
lungs from patients with chronic obstructive pulmonary disease. Inflamm
Res. 2005;54:31-6.

Vlahos R, Bozinovski S. Role of alveolar macrophages in chronic obstructive
pulmonary disease. Front Immunol. 2014;5:435.

Oliveira da Silva C, Monte-Alto-Costa A, Renovato-Martins M, Viana
Nascimento FJ, Dos Santos Valenca S, Lagente V, Porto LC, Victoni T. Time
course of the phenotype of blood and bone marrow monocytes and
macrophages in the lung after cigarette smoke exposure in vivo. Int J Mol
Sci. 2017;18:1940.

Keatings VM, Collins PD, Scott DM, Barnes PJ. Differences in interleukin-8
and tumor necrosis factor in induced sputum from patients with chronic
obstructive pulmonary disease or asthma. Am J Respir Crit Care Med. 1996;
153:530-4.

Gharib SA, Manicone AM, Parks WC. Matrix metalloproteinases in
emphysema. Matrix Biol. 2018. https://doi.org/10.1016/j.matbio.2018.01.018.
Jormsjo S, Ye S, Moritz J, Walter DH, Dimmeler S, Zeiher AM, Henney A,
Hamsten A, Eriksson P. Allele-specific regulation of matrix
metalloproteinase-12 gene activity is associated with coronary artery
luminal dimensions in diabetic patients with manifest coronary artery
disease. Circ Res. 2000;36:998-1003.

Hunninghate GM, Cho MH, Tasfaigzi Y, Soto-Quiros ME, Avila L, Lasky-Su J,
Stidley C, Melén E, Soderhéll C, Hallberg J, Kull |, et al. MMP12, lung function,
and COPD in high-risk populations. N Engl J Med. 2009,361:2599-608.
Hunninghake GW, Davidson JM, Rennard S, Szapiel S, Gadek JE, Crystal RG.
Elastin fragments attract macrophage precursors to diseased sites in
pulmonary emphysema. Science. 1981;212:925-7.

Woodruff PG, Koth LL, Yang YH, Rodriguez MW, Favoreto S, Dolganov GM,
Paquet AC, Erle DJ. A distinctive alveolar macrophage activation state induced
by cigarette smoking. Am J Respir Crit Care Med. 2005;172:1383-92.

Garbacki N, Di Valentin E, Piette J, Cataldo D, Crahay C, Colige A. Matrix
metalloproteinase 12 silencing: a therapeutic approach to treat pathological
lung tissue remodeling? Pulm Pharmacol Ther. 2009;22:267-78.

Boumiza S, Bchir S, Ben Nasr H, Abbassi A, Jacob MP, Norel X, Tabka Z,
Chahed K. Role of MMP-1 (=519A/G, —1607 1G/2G), MMP-3 (Lys45Glu),
MMP-7 (=181A/G), and MMP-12 (-=82A/G) variants and plasma MMP levels
on obesity-related phenotypes and microvascular reactivity in a Tunisian
population. Dis Markers. 2017. https://doi.org/10.1155/2017/6198526.

Loffek S, Schillimg O, Franzke C-W. Biological role of matrix
metalloproteinases: a critical balance. Eur Respir J. 2011;38:191-208.

Lee SY, Kim MJ, Kang HG, Yoo SS, Choi YY, Lee WK, Cha SI, Kim CH, Jung
TH, Park JY. Polymorphisms in matrix metalloproteinase-1, =9 and —12

24,

Page 7 of 7

genes and the risk of chronic obstructive pulmonary disease in a Korean
population. Respiration. 2010;80:133-8.

Van Diemen CC, Postma DS, Siedlinski M, Blokstra A, Smit HA, Boezen HMW.
Genetic variation in TIMP1 but not MMPs predict excess FEV1 decline in
two general population-based cohorts. Respir Res. 2011;12:57.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.matbio.2018.01.018.
https://doi.org/10.1155/2017/6198526

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study populations
	DNA isolation and SNP genotyping
	Analysis of protein level
	Statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

