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ABSTRACT

Bronchial asthma (BA) among children is an important health issue worldwide, including Bulgaria. The
prevalence is increasing although the reasons are poorly understood. The common characteristics of asthma
include bronchial spasm, airway remodeling with variable narrowing, bronchial hyperresponsiveness, and
airway inflammation. One of the key pathogenetic mechanisms is the disturbance of the
protease/antiprotease balance, as the isoenzymes of matrix metalloproteinases (MMPs) family are shown to
participate in the airway wall remodeling in BA. The MMP-3 (Stromelysyn 1) is found to be secreted by
variety of inflammatory (monocytes/macrophages) and non-inflammatory cells (airway epithelial cells and
lung fibroblasts).

The aim of this study was to evaluate the serum concentrations of MMP-3 in children with BA, to compare
it with those of control individuals and to elucidate its possible role as a biomarker in BA in children. The
levels of MMP-3 were measured by ELISA in the serum of 23 healthy controls (20 adults and 3 children
under 17 years of age) and 24 asthmatic children (6 -17 years of age).

There was no difference in MMP-3 levels of the children with BA (mean of 3.05+3.96ng/ml) compared
with adult controls (4.99+3.82ng/ml, p=0.307), or with healthy children (2.47+1.71ng/ml, p=0.880). When
studied the asthmatic children, we observed a tendency for lower level of MMP-3 in younger children with
BA (up to 12 years) than those above 12 years of age (2.06+1.95ng/ml vs. 5.47+£6.34ng/ml, p=0.052) and in
those with lower IgE levels (1.67+1.12 ng/ml vs. 4.88+6.10 ng/ml, p=0.077) .

According to our results we suggest that the serum MMP-3 levels could not be used as biomarker for BA in
children. We suppose that the levels of MMP-3 and possibly the airway remodeling in asthmatic children
might be affected by the age, as it was reported in a murine acute asthma model.
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One of the major hypotheses for
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Bronchial asthma (BA) is chronic inflammatory
disease of the airways characterized by variable
recurring symptoms of airflow obstruction and
bronchospasm  (a  result of  epithelial
desquamation, goblet cell hyperplasia, mucus
hypersecretion and thickening of submucosa) (1,
2). The worldwide prevalence of the disease is
increasing especially among children (3). Similar
trend is observed also in Bulgaria (4).
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pathogenesis of the disease is related to chronic
inflammation and protease/antiprotease
imbalance. The family of matrix
metalloproteinases (MMPs) are secreted by
inflammatory and non-inflammatory cells.
MMPs are zinc-dependent proteinases which
have an important role in many physiological
and pathological conditions (wound healing,
senescence, cancer, fibrosis and inflammation)
due to their ability to degrade extracellular
matrix (ECM), proteolytic modulation of
biologically active proteins, and cell migration
(5-7). MMPs are synthesized in non-active
forms, zymogens. The activation can be done in
several ways: stepwise, intracellular and cell
surface-mediated mechanism. MMP activity is
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tightly regulated on the level of transcription,
activation and inhibition by the tissue inhibitors
of MMPs (TIMPs: TIMP-1, TIMP-2, TIMP-3,
and TIMP-4) and a2-macroglobulin. (6, 8-11).

On the basis of substrate specificity, sequence
similarity, and domain organization, MMPs can
be divided into six groups: collagenases (MMP-
l, -8, -13), gelatinases (MMP-2, -9), stromelysins
(MMP-3, -10, -11), membrane-type MMP
(MMP-14 to MMP-25), matrilysin (MMP-7, -
26), and macrophage metalloelastase (MMP-12)
(10-12). MMP3, or Sromelysisn 1, cleaves
collagens type Il 1V, IX, X; gelatin; aggrecan;
versican; perlecan; fibronectin; laminin; elastin;
casein; fibrinogen, a-macroglobulin; ovostatin;
pro-TNF; and activates pro-MMP-1, 7, 8, 9, 13
(11, 13).

Different type of cells (neurtophils, eosinophils,
fibroblasts, mast cells, airway epithelial cells)
and mediators participate in the development of
the pathological changes in the lungs. In addition
to the inflammatory response, there are structural
changes, often due to airway remodeling
(synthesis and degradation of ECM). For
example, fibroblasts secrete not only ECM
products but also MMPs and therefore are
involved in the degradation of ECM (3, 6, 12).
Mast cells and eosinophils are the key effector
cells in the asthmatic inflammatory response and
it has been shown immunohistochemically that
these cells, together with neutrophils, are the
main secreting MMP-3 cell types. Mast cells
also release histamine, prostaglandins,
thromboxanes and leukotrienes, all of them
leading to bronchoconstriction, vasodilation and
mucus secretion. Activated MMP-3 by cleaving
the ECM leads to release of the stored growth
factors, such as basic fibroblast growth factor
(bFGF, FGF2), transforming growth factor o
(TGFa) platelet derived growth factor (PDGF)
and insulin like growth factors (IGF), which
additionally may influence the pathogenetic
mechanisms of Bronchial asthma (2, 3, 14, 15).

The aim of the current study was to evaluate the
serum concentrations of MMP-3 in children with
Bronchial asthma and to elucidate its possible
role as a biomarker in BA in children.

PATIENTS AND METHODS

The levels of MMP-3 were measured in the
serum of 20 adult controls (9 men and 11
women, 45-80 years of age), 3 healthy children
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under 17 years of age and 24 asthmatic children
(14 boys and 10 girls, 6 -17 years of age). The
age at the diagnosis of the disease varied
between 1 and 14 years of age (median of 7
years) and the duration of the disease was
between 0 (5 newly diagnosed patients) to 10
years (median of 3 years). The total serum IgE
was measured in 21 of the asthmatic children
and it varied between 7.47 U/l to 2500 U/I
(median of 140.40 U/).

The concentration of MMP-3 was measured
from venous blood which was centrifuged
immediately and serum samples were stored at -
20°C until the assay. The MMP-3 was measured
by ELISA (Invitrogen, USA). The results were
measured as optical density (OD) at 450 nm and
calculated in ng/ml according to the OD of the
standard solutions .

A standard blood characteristics and differential
blood count of the asthmatic children were
evaluated. In eight of the children nasal and
throaty secret was investigated for eosinophils.
Only three of the children had eosinophilia. In
the other patients the levels of eosinophils were
in normal range. In one child the throaty secret
was positive for eosinophils.

Statistical analyses were performed using SPSS
16.0 for Windows (SPSS Inc.). Factors with
p<0.05 were considered statistically significant.

RESULTS

There was no difference in serum MMP-3 levels
of the children with BA (mean of 3.054+3.96
ng/ml) compared with the adult controls
(4.99£3.82 ng/ml, p=0.307), or with the healthy
children (2.47+1.71 ng/ml, p=0.880) (Figure 1).
In the group of asthmatic children the serum
MMP-3 levels varied depending of the age and
IgE levels. Children up to 12 years of age tended
to have lower serum MMP-3 levels than those
which were elder (2.06+£1.95 ng/ml wvs.
5.47+6.34 ng/ml, p=0.052) (Figure 2).
According to the age and corresponding
reference ranges of IgE, the asthmatic children
were divided into two groups: 13 (62%) of the
children had serum IgE values in the normal
range, whereas the rest of 8 children (38%) had
higher levels of IgE. Asthmatic children with
higher IgE serum levels had also higher MMP-3
serum values (4.88+6.10 ng/ml vs. 1.67+1.12
ng/ml, p=0.077) (Figure 3).
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Figure 1. MMP-3 serum levels (ng/ml) in adult controls, healthy children and children with Bronchial
asthma. Data are presented as mean+SD.
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Figure 2. MMP3 serum levels (ng/ml) in children with Bronchial asthma up to 12 years and children
with Bronchial asthma above 12 years. Data are presented as mean=SD.
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Figure 3. MMP3 serum levels (ng/ml) in children with Bronchial asthma according to the serum levels

of IgE. Data are presented as mean+SD.

DISCUSSION

In Bronchial asthma increased number of
activated mast cells and eosinofils are observed
in the inflamed lung. In addition to the
inflammatory response, there are structural
changes in the airways (airway remodeling).
When airway inflammation is ongoing, repair
processes may contribute significantly to airway
remodeling and irreversibility of lung injury. For
repair and remodeling MMPs seem to play
central role (3, 5, 16, 17). Up-regulation of
MMPs is thought to be a part of the innate
immune response and host defense system. By
activating/inactivating cytokines and
chemokines, MMPs may influence the
recruitment and function of inflammatory cells.
Earlier, it has been reported that disruption of the
balance between MMP-3 and TIMPs plays a role
in the pathogenesis of Bronchial asthma (18-20).

The ECM preserves the typical shape and
structural integrity of various organs and tissues,
but it is not only a scaffold that provides support
for cells, it is further involved in cell-cell
interactions, proliferation, and migration. MMPs
might contribute to the breakdown of ECM,
resulting in the destruction of healthy lung
parenchyma. (12).

In our current study we did not find any
differences in the serum levels of MMP-3
between control groups and asthmatic children.
Nevertheless there was a tendency for rising the
levels of the enzyme in the serum of children
with higher serum IgE levels and in those above
12 years of age compared to younger ones (up to
12 years). The latter observation suggests that
probably along with the increasing of the age,
the inflammatory response becomes greater. Illi
et al found that allergen exposure and
sensitization in the first 3 years of life
predisposes toward the development of chronic
bronchial hyperresponsiveness and abnormal
lung function by school age (21). This research
suggests that aging may influence the
pathogenesis of asthma. From clinical aspect
adult asthma seems to be more severe, compared
with pediatric asthma.

In a study on murine acute asthma model, Kang
et al (22) found that aged mice have increased
inflammatory cells and IL-4 in BALF and more
accentuated pattern of airway remodeling in lung
tissue, compared with young mice. They also
found that the histological changes in the
airways of the older mice were greater than in
the group of young ones. A study in
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symptomatic infants aged 3-26 months with
reversible airflow obstruction has shown no
reticular basement membrane thickening and
cosinophilic inflammation even in the presence
of atopy (23).

These findings correlate with our results, even
more it is known that adaptive immunity in
children matures over the first 6 years of life
(21). As the cells secreting MMP-3 are
responsible for airway remodeling and immune
response, it is reasonable that MMP-3 serum
levels increase with the age.

Unfortunately, due to the ethical concerns,
bronchoalveolar lavage in our patients has not
been studied for eosinophils and MMP-3 and we
can not track their levels in the lungs.

In conclusion, according to our results we
suggest that the serum MMP-3 levels could not
be used as biomarker for BA in children. We
suppose that the levels of MMP-3 and possibly
the airway remodeling in asthmatic children
might be affected by the age and severity of the
allergic reaction.

ACKNOWLEDGEMENTS

This work was performed with the financial
support of Fund “Scientific research”, Medical
Faculty, Stara Zagora, Bulgaria for a project Ne
1/2013.

REFERENCES

1. Watson AM, Benton AS, Rose MC,
Freishtat RJ: Cigarette smoke alters tissue
inhibitor of metalloproteinase 1 and matrix
metalloproteinase 9 levels in the basolateral
secretions of human asthmatic bronchial
epithelium in vitro. J Investig Med 2010,
58:725-729.

2. Banerjee ER, Henderson WR, Jr.: Defining
the molecular role of gp91lphox in the
immune manifestation of acute allergic
asthma using a preclinical murine model.
Clin Mol Allergy 2012, 10:1476-7961.

3. (GINA) GIfA: Global strategy for asthma
management and prevention.  Global
Initiative for Asthma 2010.

4. Hristov G: [What do we know about
epidemiology of allergic diseases in
Bulgaria?] [in Bulgarian]. MedInfo 2013,
5:1-5.

5. Yoon HK, Cho HY, Kleeberger SR:
Protective role of matrix metalloproteinase-
9 in ozone-induced airway inflammation.

10.

11.

12.

13.

14.

15.

TACHEVAT., et al.
Environ Health Perspect 2007, 115:1557-
1563.
Vandenbroucke RE, Dejonckheere E, Libert
C: A therapeutic role for matrix
metalloproteinase  inhibitors in  lung
diseases? Eur Respir J 2011, 38:1200-1214.
Bonfield TL, Swaisgood CM, Barna BP,
Farver CF, Kavuru MS, Thomassen MJ:
Elevated gelatinase activity in pulmonary
alveolar proteinosis: role of macrophage-
colony stimulating factor. J Leukoc Biol
2006, 79:133-1309.
D. Dimov TV, M. Kurzawski, A. Wajda, J.
Lapczuk, V. llieva, A. Koychev, G.
Prakova, M. Drozdzik, V. Dimitrov4, : Role
of the promoter polymorphisms of MMP-1
and MMP-3 in Bronchial asthma. Thoracic
medicine 2011, 3:31-39.
Fredriksson K, Liu XD, Lundahl J,
Klominek J, Rennard Sl, Skold CM: Red
blood cells increase secretion of matrix
metalloproteinases from human lung
fibroblasts in vitro. Am J Physiol Lung Cell
Mol Physiol 2006, 290:L.326-333.
Visse R, Nagase H: Matrix
metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function, and
biochemistry. Circ Res 2003, 92:827-839.
Lagente V, Manoury B, Nenan S, Le
Quement C, Martin-Chouly C, Boichot E:
Role of matrix metalloproteinases in the
development of airway inflammation and
remodeling. Braz J Med Biol Res 2005,
38:1521-1530.
Lindner D, Zietsch C, Becher PM, Schulze
K, Schultheiss HP, Tschope C, Westermann
D: Differential expression of matrix
metalloproteases in human fibroblasts with
different origins. Biochem Res Int 2012,
2012:4.
Duffy MJ, Maguire TM, Hill A, McDermott
E, O'Higgins N: Metalloproteinases: role in

breast  carcinogenesis, invasion and
metastasis. Breast Cancer Res 2000, 2:252-
257.

Dahlen B, Shute J, Howarth P;:

Immunohistochemical localisation of the
matrix metalloproteinases MMP-3 and
MMP-9 within the airways in asthma.
Thorax 1999, 54:590-596.

Stamatiou R, Paraskeva E, Gourgoulianis K,
Molyvdas PA, Hatziefthimiou A: Cytokines
and growth factors promote airway smooth
muscle cell proliferation. ISRN Inflamm
2012, 2012:2012.

Trakia Journal of Sciences, Vol. 12, Suppl. 1, 2014

59



16.

17.

18.

19.

60

Pinto LA, Depner M, Klopp N, lllig T,
Vogelberg C, von Mutius E, Kabesch M:
MMP-9 gene variants increase the risk for
non-atopic asthma in children. Respir Res
2010, 11:1465-9921.

Matsumoto H, Niimi A, Takemura M, Ueda
T, Minakuchi M, Tabuena R, Chin K, Mio
T, Ito Y, Muro S, et al: Relationship of
airway wall thickening to an imbalance
between matrix metalloproteinase-9 and its
inhibitor in asthma. Thorax 2005, 60:277-

281.
Batra J, Robinson J, Soares AS, Fields AP,
Radisky DC, Radisky ES: Matrix

metalloproteinase-10 (MMP-10) interaction
with tissue inhibitors of metalloproteinases
TIMP-1 and TIMP-2: binding studies and

crystal structure. J Biol Chem 2012,
287:15935-15946.
Greenlee KJ, Corry DB, Engler DA,

Matsunami RK, Tessier P, Cook RG, Werb
Z, Kheradmand F: Proteomic identification
of in vivo substrates for matrix
metalloproteinases 2 and 9 reveals a

20.

21.

22.

23.

TACHEVAT., et al.
mechanism for resolution of inflammation.
J Immunol 2006, 177:7312-7321.

Demedts IK, Brusselle GG, Bracke KR,
Vermaelen KY, Pauwels RA: Matrix
metalloproteinases in asthma and COPD.
Curr Opin Pharmacol 2005, 5:257-263.

Illi S, von Mutius E, Lau S, Niggemann B,
Gruber C, Wahn U: Perennial allergen
sensitisation early in life and chronic asthma
in children: a birth cohort study. Lancet
2006, 368:763-770.

Kang JY, Lee SY, Rhee CK, Kim SJ, Kwon
SS, Kim YK: Effect of aging on airway
remodeling and muscarinic receptors in a
murine acute asthma model. Clin Interv
Aging 2013, 8:1393-1403.

Saglani S, Malmstrom K, Pelkonen AS,
Malmberg LP, Lindahl H, Kajosaari M,
Turpeinen M, Rogers AV, Payne DN, Bush
A, et al: Airway remodeling and
inflammation in symptomatic infants with
reversible airflow obstruction. Am J Respir
Crit Care Med 2005, 171:722-727.

Trakia Journal of Sciences, Vol. 12, Suppl. 1, 2014



