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Abstract Background: Asthma is an airway inflammatory disease with functional and structural

changes, leading to bronchial hyperresponsiveness and airflow obstruction. Pathological repair of

the airways leads to these structural changes referred as airway remodeling. Matrix metalloprotein-

ases (MMPs) are extracellular degrading enzymes that play a critical role in the remodeling process.

Aim of the study: Is to study matrix metalloproteinase-9 in asthmatic patients, detecting its path-

ogenic role in airway remodeling.

Subjects and methods: Samples of broncho-alveolar lavage (BAL) fluid and bronchoscopic biop-

sies from 30 asthmatic patients (10 mild, 10 moderate and 10 severe) and 10 healthy volunteers were

assessed for the levels of matrix metalloproteinase-9 (MMP-9) total and differential cell count (in

BAL fluid), histological airway remodeling changes and immunohistochemical expression of

MMP-9 (in mucosal biopsies).

Results: BAL and tissue MMP-9 (going hand in hand with airway remodeling changes) were

higher in asthmatic patients and it was significantly increased with increased severity. BAL total cell

count is higher in asthmatic patients. BAL eosinophils, neutrophils, lymphocytes as well as MMP-9

positive cell count were higher in asthmatic patients and increased with severity. MMP-9 tissue

expression was also strongly inversely correlated with the spirometric parameters in asthmatic

patients.

Conclusions: MMP-9 plays a role in airway inflammation and airway remodeling in asthma.

MMP-9 is an important player in airway remodeling in bronchial asthma and may be the link

between inflammation and remodeling processes.
ª 2014 Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest Diseases and

Open access under CC BY-NC-ND license.
Introduction

Asthma is a chronic disease of the lower airways characterized

by airway inflammation, reversible airflow limitation, and
bronchial hyperresponsiveness (BHR) [1].
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Deaths from asthma continue to occur in spite of our
increased understanding of the pathophysiology of asthma,
the availability of more effective medications for the control

of airway inflammation and improved asthma education [2].
Such patients who die from asthma demonstrate thickened

airway walls due to an increase in smooth muscle mass, infil-

tration with inflammatory cells, deposition of connective tis-
sue, vascular changes and mucous gland hyperplasia, a
condition that termed airway remodeling [3,4].

Mechanisms controlling the pathogenesis of airway remod-
eling are poorly understood. One of such mechanisms is the
imbalance between extra cellular matrix (ECM) production
and collagen degradation [5].

Matrix metalloproteinases (MMPs) are enzymes playing
central roles in the turnover of ECM components as well as tis-
sue degradation, repair mechanisms and cell migration. Matrix

metalloproteinase-9 (MMP-9) is a 92-kDa metalloproteinase
also known as gelatinase B. It belongs to a group of gelatinases
that has received special interest because of their ability to

degrade elastin and also type IV collagen [6].
Although many intrinsic lung cells can be stimulated to

produce MMP-9, inflammatory cells are thought to be the

primary source of MMP-9 in disease [7,8].

Aim of the work

The aim of this work was to study matrix metalloproteinase-9

in asthmatic patients, detecting its role in the pathogenesis of
airway remodeling.

Subjects and methods

This study was carried out on 30 asthmatic patients and 10
non-smoker healthy volunteers (control group). Subjects of

the study were selected from patients who admitted in the
Chest Department, Tanta University Hospitals during the per-
iod from January 2012 to May 2013.

Subjects were classified into four groups; 10 healthy indi-
viduals as control (Group I), 10 patients with mild persistent
asthma who had nighttime symptoms not more than twice

per month., FEV1 or PEF > 80% predicted (Group II), 10
patients with moderate persistent asthma who had nighttime
symptoms more than once per week but not nightly,
FEV1 > 60% but <80% (Group III) and 10 patients with

severe persistent asthma who had often nightly symptoms,
FEV1 < 60% (Group IV) [7].

Neither the normal control subjects nor the patients with

chronic persistent asthma had any history of respiratory infec-
tion for at least 4 weeks before the study, and none of the par-
ticipants smoked. This study was performed with the approval

of the Ethics Committee of the Faculty of Medicine, Tanta
University Hospital, and informed written consent was
obtained from all enrolled subjects.

After thorough history taking and complete physical exam-
ination, all subjects underwent Chest X-ray (PA and lateral
views), ventilatory function tests (including: FVC, FEV1,
FEV1/FVC, and PEFR), bronchoalveolar lavage (BAL) that

was collected for total and differential inflammatory cell count,
and for the estimation of MMP-9 (using a MMP-9 ELISA
kit)[8] and finally, a bronchoscopic biopsy that was taken for

histopathological examination and estimation of MMP-9 by
immunohistochemistry using a Rabbit anti-human polyclonal
antibody against MMP-9 (Ab-9), ((catalog # RB-9234-P),
Lab Vision; Fremont, USA) with overnight incubation at

4 �C after microwave antigen retrieval in 10 mM sodium cit-
rate buffer (pH 6.0) [9]. Evaluation of the immunohistochem-
ical results was done by Leica image analysis software and the

number of MMP-9 +ve cells was standardized to square mil-
limeter of tissue section surface area [10].

Results

The subjects of our study were classified into four groups. The
mean values of age were; 25.1 ± 4.5 (Group I), 36.3 ± 6

(Group II), 38.3 ± 6.4 (Group III), and 33.6 ± 4.8 (Group
IV) with no significant differences. Spirometry was done for
all subjects, measuring FVC, FEV1, FEV1/FVC, and PEFR

(Table 1).
Bronchoalveolar lavage was done for all studied subjects to

assess the total inflammatory cell count/mm3, and percentage
of eosinophils and neutrophils, and to assess levels of MMP-

9 (ng/ml).
The mean values of BAL total cell count were

157.3 ± 28.01 · 103, 158.3 ± 32.3 · 103, 176.9 ± 32.8 · 103

and 200.2 ± 35.3 · 103 in groups I, II, III and IV respectively,
with a significant increase in group IV compared with groups I,
II and III.

The mean values of the BAL eosinophils% were
0.49 ± 0.14, 0.97 ± 0.36, 1.26 ± 0.37 and 2.08 ± 0.53 in
groups I, II, III and IV respectively, with a significant increase
in groups II, III and IV compared with group I, in groups III

and IV compared with group II and in group IV compared
with group III.

The mean values of the BAL neutrophils% were

0.68 ± 0.19, 0.70 ± 0.14, 1.46 ± 0.30 and 2.65 ± 0.41 in
groups I, II, III and IV respectively, with a significant increase
in groups III and IV compared with group I, in groups III and

IV compared with group II and in group IV compared with
group III.

The mean values of MMP-9 were 23.7 ± 3.77,

57.6 ± 10.12, 65.4 ± 12.81 and 131.2 ± 21.56 ng/ml in groups
I, II, III and IV respectively, with a significant increase in
groups II, III and IV compared with group I, and in group
IV compared with groups II and III (Table 2).

Bronchial biopsy was taken for both histopathological
examination and MMP-9 estimation by immunohisto-
chemistry.

Histopathological examination showed airway structural
changes in asthmatic patients, ranging from thickened base-
ment membrane with loss of surface epithelium (epithelial

shedding) in patients with mild asthma, to respiratory epithe-
lial hyperplasia, marked basement membrane thickening,
hypertrophy and hyperplasia of the airway smooth muscle
cells, and hyperplasia of the mucus glands, angiogenesis, and

increased collagen deposition in the sub epithelial layer in
patients with severe asthma (Fig. 1).

MMP-9 immune reactivity in the lung tissues showed

absence of MMP-9 positivity in the epithelium with negative
submucosa in group I, mild positivity in the epithelium with
negative submucosa in group II (MMP-9 +ve cells/

mm2 = 41.8 ± 4.77), moderate positivity in the epithelium
and the underlying structures as the submucosa and the



Table 1 Mean (±SD) values and statistical comparison of age and studied spirometric parameters in the four groups.

G.I G.II G.III G.IV

Age 25.1 ± 4.5 36.3 ± 6 38.3 ± 6.4 33.6 ± 4.8

f. test 0.635

P 0.558

FVC 99.5 ± 5.12 93.8 ± 6.84 90.2 ± 5.88 76.1 ± 10.72

f. test 5.36

P 0.008

FEV1 99.9 ± 5.54 89.6 ± 4.24 71.1 ± 4.81 52.6 ± 5.08

f. test 17.523

P 0.001

FEV1/FVC 101.3 ± 4.76 83.1 ± 7.90 71.4 ± 6.67 68.2 ± 7.91

f. test 46.702

P 0.001

PEFR 103.1 ± 5.87 94.1 ± 6.52 71.6 ± 4.19 59.0 ± 5.35

f. test 132.816

P 0.001
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Figure 1 Marked remodeling changes (group IV, severe asthma): [A] respiratory epithelial hyperplasia (EP), thickened basement

membrane (BM), hypertrophy of smooth muscle cells (SM), and hyperplasia of the mucus glands (G), [B] other areas showed widening of

the submucosa with marked inflammation, angiogenesis (BV), thickening of basement membrane (BM) and partially denuded surface

epithelium (EP) (·40; H&E).

Table 2 Mean (± SD) values and statistical comparison of BAL total cell count, eosinophils%, and neutrophils% in the four groups.

G.I G.II G.III G.IV

Total cell count · 103 157.3 ± 28.01 158.3 ± 32.3 176.9 ± 32.8 200.2 ± 35.3

f. test 3.225

P 0.016

Tukey’s test G.I&II G.I&III G.I&IV G.II&III G.II&IV GIII&IV

0.945 0.142 0.005 0.255 0.006 0.002

Eosinophils% 0.49 ± 0.14 0.97 ± 0.36 1.26 ± 0.37 2.08 ± 0.53

f. test 6.335

P 0.001

Tukey’s test G.I&II G.I&III G.I&IV G.II&III G.II&IV G.III&IV

0.001 0.001 0.001 0.001 0.001 0.001

Neutrophils% 0.68 ± 0.19 0.70 ± 0.14 1.46 ± 0.30 2.65 ± 0.41

f. test 9.336

P 0.001

Tukey’s test G.I&II G.I&III G.I&IV G.II&III G.II&IV G.III&IV

0.877 0.001 0.001 0.001 0.001 0.001
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Figure 2 Marked positivity for MMP-9 (Group IV; severe asthma) in the epithelium, submucosa [A and B] and the underlying smooth

muscle [A] (·40; immunoperoxidase for MMP-9).

Figure 3 Correlation between FEV1 % predicated and BAL

MMP-9 in the studied groups.
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underlying muscles, hyperplastic mucous glands and smooth
muscles in group III (MMP-9 +ve cells/mm2 = 57.1 ±

8.74), and marked positivity for MMP-9 in the epithelium,
submucosa and the underlying smooth muscle in group IV.
(MMP-9 +ve cells/mm2 = 94.1 ± 11.9) (Fig. 2). MMP-9

+ve cell counts per mm2 showed a significant difference
between groups, being the highest in severe asthma and the
lowest in mild asthma (p < 0.001). MMP-9 immune reactivity
was strongly inversely correlated with spirometric parameters

in asthma patient groups (p< 0.001).
Correlation of BAL MMP-9 concentration, (ng/ml) and

FEV1% predicted in the four studied groups showed a signif-

icant negative correlation (r= 0.764, p < 0.05) (Fig. 3).

Discussion

This work aimed to study matrix metalloproteinases-9 in
asthmatic patients, detecting its pathogenic role in airway
remodeling.

In this study, we have demonstrated that BAL total cell
count is increased in patients with asthma compared with
healthy subjects. There was a significant increase in patients

with severe asthma compared with mild and moderate asth-
matics. Also, in our study there was a significant increase in
the BAL eosinophils in patients with asthma compared with
healthy subjects. There was a significant increase in patients
with severe asthma compared with mild and moderate asth-
matics, and in patients with moderate asthma compared with

patients with mild asthma. This association between eosino-
philia and outcomes of asthma severity has been confirmed
and extended in several other studies that have shown that

BAL eosinophil numbers are the highest in patients with more
severe asthma [11–14].

In this study, there was a significant increase in BAL neu-

trophils in patients with asthma compared with healthy sub-
jects. Also, there was a significant increase in patients with
moderate and severe asthma compared with mild asthmatics.

Some studies concluded that increased neutrophil levels have
been found in patients with acute or persistent asthma com-
pared with controls, especially in patients with low numbers
of eosinophils and poor response to inhaled corticosteroids

[15–18].
The present study showed a significant increase in BAL

fluid MMP-9 in patients with asthma compared with control

subjects and in patients with severe asthma than in patients
with mild to moderate asthma. Such increased BAL MMP-9
levels showed a significant positive correlation between

MMP-9 concentration and BAL total cell count in patients
with asthma, regardless of the degree of severity. Such finding
explained that the main cellular sources of MMP-9 are the
inflammatory cell infiltrates rather than resident ones.

There was a significant positive correlation between BAL
MMP-9 concentration and BAL eosinophils in patients with
asthma denoting that asthma is an inflammatory disease

mainly eosinophilic in nature.
Also, as a unique finding, there was a significant positive cor-

relation betweenMMP-9 concentration and neutrophils in BAL

only in patients with severe asthma. These data may speculate
that neutrophil influx is the main source of increased MMP-9
in patients with severe asthma and deserves further research.

In our study, healthy subjects showed nearly-normal airway
structure, but asthmatic patients showed structural airway
changes even in patients with mild asthma. This implies that
the structural changes of airway remodeling occur at the same

time as the onset of airway inflammation. Coinciding with
these structural changes, airways showed mild positivity for
MMP-9 in the epithelium with negative submucosa in mild

asthmatic patients, moderate positivity in the epithelium and
the underlying structures as the submucosa and the underlying
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muscles, hyperplastic mucous glands and smooth muscles in
the moderate asthmatic patients, marked positivity for
MMP-9 in the epithelium, submucosa and the underlying

smooth muscle in severe asthmatic patients. The MMP-9
immunoreactivity was the highest in the severe asthma group
followed by the moderate asthma group and the lowest in

the mild asthma group. Moreover MMP-9 tissue immunoreac-
tivity was strongly inversely correlated with the spirometric
parameters, a finding that stands with the important role of

MMP-9 in airway remodeling. So, targeting MMP-9 in asthma
patient may have an important role in delaying or stopping air-
way remodeling and avoiding its bad consequences on the
patient.

Conclusions

Increased inflammatory burden coincides with increased level
of proteinases especially MMP-9 in the airways. Increased
MMP-9 burden in the airways could result in ECM destruc-
tion and contribute to airway remodeling and decline in lung

functions in asthmatic patients.

Recommendation

Increased MMP-9 levels in the airways could detect a subset of
asthmatic patients with MMP-9 dependent remodeling, allow-
ing early detection and early treatment of these alterations that

may be of beneficial value in the prognosis of asthmatic
patients.

Conflict of interest

We have no conflict of interest to declare.

References

[1] S. Siddiqui, V. Mistr, C. Doe, et al, Airway hyper

responsiveness is dissociated from airway wall structural

remodeling, J. Allergy Clin. Immunol. 122 (2008) 335–341.

[2] W. Moore, E. Bleecker, Curran-Everett, et al, Characterization

of the severe asthma phenotype by the national heart, lung and
blood institute’s severe asthma research program, J. Allergy

Clin. Immunol. 119 (2007) 405–413.

[3] L. Benayoun, A. Druilhe, M.C. Dombret, et al, Airway

structural alterations selectively associated with sever asthma,

Am. J. Respir. Crit. Care Med. 167 (2003) 1360–1368.

[4] S.T. Holgate, Epithelium dysfunction in asthma, J. Allergy Clin.

Immunol. 120 (2007) 1233e46.

[5] N.R. Locke, S.G. Royce, J.S. Wainewright, et al, Comparison

of airway remodeling in acute, subacute and chronic models of

allergic airways disease, Am. J. Respir. Cell Mol. Biol. 36 (5)

(2007) 625–632.

[6] K. Kostam, T. Tervahartiala, T. Sorsa, et al, Metalloproteinase

function in chronic rhino sinusitis with nasal polyposis,

Laryngoscope 117 (4) (2007) 638–643.

[7] J.J. Atkinson, R.M. Senior, Matrix metalloproteinase-9 in lung

remodeling, Am. J. Respir. Cell Mol. Biol. 28 (2003) 12–24.

[8] National Asthma Education and Prevention Program: Expert

panel report III: Guidelines for the diagnosis and management

of asthma. Bethesda, MD: National Heart, Lung and Blood

Institute, 2007;4008–4051.

[9] N. Borkakoti, Matrix metalloproteases: variations on a theme,

Prog. Biophys. Mol. Biol. 70 (1) (1998) 73–94.

[10] B. Dahlen, J. Shute, P. Peter Howarth, Immunohistochemical

localisation of the matrix metalloproteinases MMP-3 and

MMP-9 within the airways in asthma, Thorax 54 (1999) 590–

596.

[11] R. Louia, L.C. Lau, A.O. Bron, et al, The relationship between

airway inflammation and asthma severity, Am. J. Respir. Crit.

Care Med. 161 (2000) 9–16.

[12] Y.C. Lee, H.B. Lee, Y.K. Rhee, et al, The involvement of

matrix metalloproteinase-9 in airway inflammation of patients

with acute asthma, Clin. Exp. Allergy 31 (2001) 1623–1630.

[13] A.A. Humbles, M. Clare, M.C. Lioyd, et al, A critical role for

eosinophil in allergic airways, Remod. Sci. 305 (2004) 1776–

1779.

[14] J. Bousquet, P. Chanez, A.M. Vignola, et al, Eosinophil

inflammation in asthma, Am. J. Respir. Crit. Care Med. (2012).

[15] J. Shannon, P. Ernst, Y. Yamauchi, et al, Differences in airway

cytokine profile in severe asthma compared to moderate asthma,

Chest 133 (2008) 420–426.

[16] John V. Fahy, Eosinophilic and neutrophilic inflammation in

asthma, Proc. Am. Thorac. Soc. 6 (2009) 256–259.

[17] J. Monteseirı́n, Neutrophils and asthma, J. Investig. Allergol.

Clin. Immunol. 19 (5) (2009) 340–354.

[18] K. Nakagome, M. Nagata, Pathogenesis of airway inflammation

in bronchial asthma, Auris Nasus Larynx 38 (2011) 555–563.

http://refhub.elsevier.com/S0422-7638(14)00167-8/h0005
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0005
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0005
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0095
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0095
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0095
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0095
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0015
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0015
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0015
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0100
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0100
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0105
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0105
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0105
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0105
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0030
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0030
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0030
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0035
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0035
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0045
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0045
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0050
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0050
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0050
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0050
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0055
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0055
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0055
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0060
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0060
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0060
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0110
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0110
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0110
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0115
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0115
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0075
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0075
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0075
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0120
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0120
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0125
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0125
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0090
http://refhub.elsevier.com/S0422-7638(14)00167-8/h0090

	Asthma remodeling: The pathogenic role of  matrix metalloproteinase-9
	Introduction
	Aim of the work

	Subjects and methods
	Results
	Discussion
	Conclusions
	Recommendation
	Conflict of interest
	References


