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Abstract

Rationale: Airway remodelling is clinically defined as persistent airflow obstruction despite aggressive anti-
inflammatory therapies. Assessment of airway remodelling by analysis of serum markers has been developed as
minimally invasive procedures.

Aim of the work: Evaluate the usefulness of estimation of serum MMP-9, TIMP-1 and their ratio, as non-invasive
markers of airway remodelling in asthmatics.

Patients and methods: The study included 68 asthmatics and 20 controls. Patients were classified according
to levels of asthma control, severity and disease duration. Serum samples were taken to estimate levels of MMP-9,
TIMP-1 and their ratio.

Results: Serum MMP-9, TIMP-1, and MMP-9/TIMP-1 were significantly higher in asthmatics than controls, in
uncontrolled vs. controlled asthma (P<0.001). Also they were significantly higher in severe and moderate asthma
than in mild asthma (P<0.000), and in patients with disease duration >5 years vs. <5 years (P<0.001). There was
significant positive correlation between studied parameters (p<0.000) and significant negative correlation between the
biomarkers and FEV, (p<0.001).

Conclusion: Serum MMP-9, TIMP-1, and MMP-9/TIMP-1 could be considered as non-invasive markers of airway
remodelling that can bypass biopsy sampling. Serum sample is easily handled and not subjected to technical error as

sputum or BAL fluid.
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Introduction

Airway remodelling encompasses the structural alterations in
asthmatic compared with normal airways. Airway remodelling in
asthmatic patients involves a wide array of pathophysiologic features,
including epithelial changes, increased smooth muscle mass, increased
numbers of activated fibroblasts, myofibroblasts, sub epithelial fibrosis,
and vascular changes. Multiple cytokines, chemokines, and growth
factors released from both inflammatory and structural cells in the
airway tissue create a complex signalling environment that drives
these structural changes [1,2]. However, investigations have changed
our understanding of asthma from a purely inflammatory disease to
a disease in which both inflammatory and structural components are
equally involved [1].

Matrix metalloproteinases (MMPs) and their inhibitors, tissue
inhibitors of metalloproteinases (TIMPs) are thought to contribute
to the pathogenesis of asthma via their influence on the function
and migration of inflammatory cells as well as matrix deposition and
degradation. TIMPs inactivate MMPs by binding them in a 1:1 ratio.
Thus, an increase in the molar ratio of MMP/TIMP may favour tissue
injury, while the reverse could be associated with increased fibrosis
[3,4]. Tt is possible that the increased levels of TIMP-1 observed in
asthmatics may represent an endogenous protective mechanism to
down-regulate the proteolytic activity of MMPs in lung parenchyma
or that an excess of TIMP-1 could lead to airway fibrosis [5]. MMP-9
is the predominant MMP in asthma, and its expression is enhanced
when patients have spontaneous exacerbations or in response to local
instillation of allergen in the airway. As acute inflammation resolves,
MMP-9 levels return toward normal [4,5].

Aim of the Work

1. Evaluate the usefulness of serum MMP-9 and TIMP-1
determination as non-invasive markers of airway remodelling in
asthmatic patients.

2. Evaluate the association of these parameters with asthma control,
severity and disease duration.

Patients and Methods

The study included 68 adult asthmatic patients attending Assiut
University Hospital, Chest outpatient Clinic, their ages ranged from
(18-64 years) and 20 apparently healthy subjects, age and sex matched as
control group. Patients were diagnosed as bronchial asthma according
to the Global Initiative for Asthma (GINA) criteria and also they were
classified according to different levels of asthma control in the last
three months [6] into: controlled asthma: 29 patients, and uncontrolled
asthma: 39 patients. According to asthma severity the patients were
divided into: mild: 14 patients, moderate 25 patients and severe: 29
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patients, and according to disease duration into less than 5 years: 34
patients and more than 5 years: 34 patients.

The following are considered as exclusion criteria: Postoperative
period, acute coronary artery disease, collagen diseases, cancers,
chronic renal and hepatic diseases, Diabetes mellitus, collagen vascular
diseases, pregnancy and smoking. Patients who received any systemic
corticosteroid therapy in the last three months were also excluded.

All patients and controls included in this study were subjected
to the following

e Careful history taking and clinical examination.

e Chest X-Ray and pulmonary function tests {as Forced vital
capacity (FVC), Forced expiratory volume in the first second
(FEV,) and FEV /FVC ratio} were done utilizing Sensor Medics
Corporation Spirometer (Model CA92687, SN 54065, Osaka,
Japan).

e Blood samples were taken and serum was separated for all patients
and controls and subjected to the following investigations:

i) Routine investigations: Complete blood picture on micros 60,
Serum glucose level, liver function test, renal function test on
Hitachi 911-Boehringer Mannheim.

ii) Special investigations: Serum levels of MMP-9 and TIMP-1
were determined by sandwich enzyme-linked immunosorbent
assay (ELISA) by using R&D system quantikine kit catalog no.
DMP 900. And DTM 100 respectively, purchased from R & D
system USA.

The study was approved by Faculty of Medicine, Assiut University
Ethical Committee and all participants gave informed signed consent.

Statistical analysis

Data entry and analysis are done by using SPSS software v.17
(Chicago USA). Continuous values were described by mean and
standard deviation. Univariate analysis for determining the difference
of lab variables between studied groups was performed using student’s
T test for parametric variables. The Analysis of Variance (ANOVA) was
used in determining the difference of lab variables in cases where there
are more than two groups. Correlations among the studied variables
were tested by spearman’s correlation coefficient. Difference was
statistically significant if P value was less than 0.05.

Results

Table 1 shows that serum levels of MMP-9, TIMP-1 and MMP-9/
TIMP-1 ratio in asthmatics (1181 + 394, 569 + 126 and 2.04 * 0.32
respectively) were significantly higher than in controls (538 + 155, 345
+ 71 and Ratio=1.56 * 0.35), P<0.001. Also, uncontrolled asthmatics
recorded significantly higher serum levels of MMP-9, TIMP-1, and
MMP-9/TIMP-1 ratio (1425 + 309, 635 + 88, Ratio 2.23 * 0.28)
compared to controlled asthma (853 + 219, 480 + 114, Ratio 1.78 £ 0.15
respectively), P X 0.001 (Table 2). In Table 3 it was demonstrated that
serum level of MMP-9, TIMP-1, and MMP-9/TIMP-1 ratio in patients
with severe asthma (1323 + 367 ng/ml, 643 + 81, Ratio 2.15 £ 0.32)
were significantly higher than in patients with moderate asthma (1229
+330ng/ml, 568 + 107 ng/ml, Ratio 2.03 £ 0.32) (P<0.001, P<0.001, and
P<0.027 respectively) and both severe and moderate asthmatics have
significantly higher levels than mild asthma (800 + 318 ng/ml, 418 + 97
ng/ml, Ratio 1.86 + 0.28) (P<0.001 each).

As regards disease duration, serum levels of MMP-9, and TIMP-1 in

patients with disease duration (>5yrs) was (1346 + 363 ng/ml, 641 + 82
ng/ml) and significantly higher than in patients with disease duration
(<5yrs) (1016 + 356 ng/ml, 497 + 121) (P<0.001 for each) (Table 4).

There was a negative correlation between FEV1% with MMP-9,
and TIMP-1 (r=-0.604 p<0.001 and r=-0.742 p<0.001 respectively) and
positive correlation between MMP-9 with TIMP-1 (r=0.934 p<0.001)
(Figure 1A-1C).

Discussion

Airway remodelling is clinically defined as persistent airflow
obstruction despite aggressive anti-inflammatory therapies. It also leads
to a decrease in lung function and airway hyperresponsiveness [1,2].

Control group Asthma patients

Items (n=20) (n=68) P-value
MMP-9 (ng/ml)

Range 320-890 550-2000 <0.001
Mean + SD 538 + 155 1181 + 394

TIMP-1 (ng/ml)

Range 210-470 320-810 <0.001
Mean + SD 345+ 71 569 + 126

MMP-9/TIMP-1

Ratio

Range 1.1-2.3 1.5-2.6 <0.001
Mean + SD 1.56 + 0.35 2.04 £0.32

Table 1: Serum levels of matrix metalloproteinase-9 (MMP-9), tissue inhibitor
of matrix metalloproteinase-1 (TIMP-1), and MMP-9/TIMP-1 ratio in control and
asthma groups.

Uncontrolled

Items Controlled asthma (n=29) asthma (n=39) P-value
MMP-9 (ng/ml)
Range 550-1190 900-2000 <0.001
Mean + SD 853 + 219 1425 + 309
TIMP-1 (ng/ml)
Range 320-670 450-810 <0.001
Mean + SD 480 £ 114 635 + 88
MMP-9/TIMP-1
Ratio
Range 1.5-2.2 1.6-2.6 <0.001
Mean + SD 1.78 £ 0.15 2.23+0.28

Table 2: Serum levels of MMP-9, TIMP-1 and MMP-9/TIMP-1 ratio in patients with
controlled and uncontrolled asthma. Independent samples t-test.

(Asthma severity) P-value
Items Mild Moderate Severe
(n=14) (n=25) (n=29)
MMP-9 (ng/ml)
Range 570-1450  550-1970 = 870-2000 <E_10'§1
Mean + SD 800 + 318 | 1229 + 330 | 1323 + 367
TIMP-1 (ng/ml)
Range 320-610 320750 | 530-810 Bigns
Mean + SD 418+97 568+107 643 %81
MMP-9/TIMP-1 Ratio p1
Range 151-24 | 1.55-2.53 | 1.57-2.64 0.027
Mean + SD 1.86+0.28 2.03+0.32 215%0.32 P2NS

P1=mild vs. moderate asthma.
P2=moderate vs. severe asthma.

Table 3: Serum levels of MMP-9, TIMP-1, and MMP-9/TIMP-1 ratio in different
asthma severity. ANOVA test.
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Items <5 years
(n=34)
MMP-9 (ng/ml)
Range 550-1750
Mean + SD 1016 + 356
TIMP-1 (ng/ml)
Range 320-720
Mean + SD 497 £ 121
MMP-9/TIMP-1 Ratio
Range 1.51-2.64
Mean + SD 2.00£0.32

Duration
>5 years P-value
(n=34)
870-2000 <0.001
1346 + 363
510-810 <0.001
641 + 82
1.55-2.63 0.400
2.07 £0.33

Table 4: Serum levels of MMP-9, TIMP-1, and MMP-9/TIMP-1 ratio in patients with asthma duration less than 5 years (<5yrs.) and more than 5 years (>5yrs.) groups.

Independent samples t-test.
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Figure 1A: Negative correlation between (FEV1%) and MMP-9. Correlation
between Forced expiratory volume 1(FEV1) and Matrix metalloproteinase-
9(MMP-9).
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Figure 1B: Negative correlation between FEV1% and TIMP-1. FEV1 and Tis-
sue inhibitor metalloproteinase-1(TIMP-1).

The current study revealed that the serum levels of MMP-9, TIMP-
1, and MMP-9/TIMP-1 ratio were significantly higher in asthmatics
compared to that of controls. In asthma, the potentially most important
members of remodelling markers are MMP-9 and TIMP-1. They
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Figure 1C: Positive correlation between MMP-9 and TIMP-1.Correlation be-
tween MMP-9 and TIMP-1.

contribute to altered extracellular matrix (ECM) turnover, influx of pro-
inflammatory cells, epithelial repair, and angiogenesis [6,7]. Basement
membrane degeneration by MMP-9 and other proteinases may occur
in the early phase of asthma exacerbation [8]. Overexpression of TIMP-
1 causes deposition of extra-cellular matrix (ECM) and thickening of
basement membrane by inhibiting degradation of ECM [9].

Many authors reported that serum levels of MMP-9 were increased
in asthma compared with those seen in healthy control subjects
[5,10,11]. Others reported that serum MMP-9 levels of asthmatic
children were significantly higher than those of healthy controls
[2,12,13]. These findings suggest that an increase in the serum MMP-9
level may indicate a defect in ECM homeostasis even in stable asthmatic
children and perhaps propose MMP-9 as a non-invasive marker of
inflammation and remodelling in asthma. A slightly increased TIMP-1
level may indicate homeostasis of a repair process [12].

Moreover, it was found that MMP-9 and TIMP-1 concentrations
as well as MMP-9/TIMP-1 ratio, were increased in the sputum of
asthma and chronic bronchitis patients, and are thought to be related
to airflow obstruction [5,14,15]. Karakoc and coworkers reported that
children with asthma showed significantly higher MMP-9 levels of EBC
(Exhaled breath condensate) in comparison with the controls [16]. The
levels of MMP-9 and TIMP-1 in BALF were higher in asthma patients
than in participants without asthma [17].

The MMP-9 levels were increased after allergen challenge in the
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sputum from allergic asthmatics as compared to control subjects. This
observation suggests that extracellular matrix can be aggressed after
allergen contact and are linked to allergen-induced acute bronchial
inflammation [18,19]. However, others reported that TIMP-1 levels did
not vary significantly compared to controls [15,20].

The results of the current study revealed that the serum levels
of MMP-9, TIMP-1, and MMP-9 /TIMP-1 ratio were significantly
higher in patients with uncontrolled asthma than in patients with
controlled asthma. It was reported that serum MMP-9 level was
increased in asthma exacerbation and after allergenic challenge and
decreased by corticosteroids [4,5]. The circulating and sputum MMP-9
concentrations were increased in patients with asthma exacerbations
compared with patients with stable asthma. This increased activity may
be related to exaggerated airway inflammation and airway remodelling.
Circulating MMP-9 levels may therefore reflect a “spill over” of MMP-9
produced in the airways. In this context, MMP-9 may be a potential
target for the management of exacerbations of asthma. In contrast,
Oshita and his group reported that there were no significant differences
in the TIMP-1 concentrations, suggesting that MMP-9 plays the main
role in the pathophysiology of asthma exacerbations [21].

The imbalance between MMPs and TIMPs is present in acute
asthma or following allergen challenge with an excess of MMP-9. This
causes a high ratio of MMP-9/TIMP-1 during exacerbation and before
start of treatment. The on-going airway tissue destruction and, over
time with corticosteroid treatment, the TIMP-1 levels may rise, and
results in dropping of the ratio of MMP-9/TIMP-1. It was suggested
that overproduction of MMP-9 and TIMP-1 in acute asthma might
contribute to airway tissue remodelling and that TIMP-1 production
might not be suppressed by glucocorticosteroids [22-24]. It was found
that Serum MMP-9 and its ratio levels were inversely correlated with
airway wall thickness measured by HRCT even after correction to body
surface area (WA%, WA/VBSA), and TIMP-1 levels were positively
correlated with wall area and thickness (WA/BSA and T/BSA) [24]. This
emphasise the need of new therapeutic modalities to avoid and reverse
these structural changes.

This study revealed MMP-9, TIMP-1 and MMP-9/TIMP-1 ratio
were significantly higher in cases with severe and moderate disease than
in cases with mild disease. This is similar to many authors who reported
that serum levels of MMP-9 and TIMP-1 increased significantly with
increasing disease severity in asthmatic patients and that MMP-9
serum levels of severe asthmatics were also increased when compared
to milder asthmatics [21,25,26]. They added that MMP-9 activity is
increased in the bronchial biopsy specimens, blood, induced sputum,
and BAL fluid (BALF) of patients who have severe or uncontrolled
asthma, severity of asthma is also a factor influencing protease secretion
in airways [20,21,27].

The MMP-9 levels in sputum from patients with severe asthma,
particularly those with irreversible airway obstruction, were even higher
when compared with either healthy subjects or patients with mild
asthma. However no significant difference was seen between normal
subjects and patients with mild asthma. Furthermore, MMP-9/TIMP-
1 ratio in sputum of acute severe asthmatics was higher than in the
other groups. These findings may indirectly indicate the involvement of
MMP-9 in airway remodelling process in patients with severe asthma
who have an irreversible component of airway narrowing. Therefore,
MMP-9 level measurements could be proposed as a useful tool to
determine one of the aspects of disease severity [18,20].

Concerning the relation between duration of asthma and the
studied biomarkers, the results of this study revealed that serum MMP-9

and TIMP-1 were significantly higher in patients with disease duration
>5 years than in those with disease duration <5 years. It is generally
accepted that chronic inflammation leads to airway remodelling in
patients with asthma and that this may contribute to irreversible airflow
obstruction in affected individuals [21,28]. In a study by Chung and
Kimb [29] they found that serum MMP-9 in children with persistent
asthma was significantly greater than in children who were diagnosed
with asthma for the first time [29]. It was reported that the duration
of asthma has been associated with reduced lung function, increased
airway hyper-responsiveness (AHR) and asthma symptoms, as well as
greater use of medications. The remodelling process has been proposed
to explain these features. The Childhood Asthma Management
Program (CAMP) study demonstrated an association between asthma
duration and reduced lung function, higher AHR; greater asthma
symptomatology. Bergeron and colleagues suggested that this may be
related to airway remodelling [30].

To study the correlation between performed pulmonary functions
and the studied parameters, the results revealed that there were
significant negative correlations between MMP-9, TIMP-1 and MMP-
9/TIMP-1 ratio with pulmonary function tests FVC%, FEV1% and
FEV1/FVC%.

In agreement, authors reported a significant negative correlation
between serum MMP-9 levels and both the maximum per cent fall
in forced expiratory volume at the first second (FEV,%) during the
late response [5]. Others showed that elevated sputum MMP-9 level
were associated with a fall in FEV | after allergen challenge and were
linked to asthma severity [31,32]. Sputum levels of MMP-9 measured
after bronchial challenge with common allergens were significantly
positively correlated with the maximal fall in FEV-1 observed during
the asthmatic reaction [4]. Barbaro and colleagues in 2014 reported
a positive correlation between MMP-9 level in exhaled breath and
the percentage of FEV, in severe asthmatics [9] and serum TIMP-
1 concentration was negatively correlated with the FEV /FVC% in
asthmatic patients [14]. The level of FEV | was positively correlated with
the serum MMP-9: TIMP-1 ratio, but weakly positively correlated with
the MMP-9 level [33].

Taken together, the evaluation of matrix metalloproteases and of
their inhibitors is certainly indirect, but may be useful as markers of
airway inflammation and remodelling. Further studies are needed to
measure the impact of new anti-asthma drugs on these markers and on
asthma control.

Conclusion

Serum levels of MMP-9, TIMP-1 and MMP-9/TIMP-1 are
increased in asthmatic patients and are associated with increased
asthma severity, asthma exacerbation and prolonged disease duration
and negatively correlate with pulmonary function tests. Serum MMP-
9, TIMP-1 and MMP-9/TIMP-1 could be considered as non-invasive
markers of airway remodelling that can bypass biopsy sampling. The
serum sample is easily handled and not subjected to technical error as
sputum or bronchoalveolar lavage fluid.
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