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Background : Bronchial asthma is an inflammatory disease of the airways that is associated with airway re-
modeling. The vascular endothelial growth factor (VEGF) is a potent, multifunctional cytokine that contributes
to anglogenesis and inflammation. Matrix metalloproteinase-9 (MMP-9) is a major proteolytic enzyme that in
duces bronchial remodeling in asthma. However, there is no data available on the possible role of the VEGF or
on the potential relationship between the VEGF and MMP-9 in acute asthma. Therefore, the VEGF was stud-
ied to determine whether or not it participates in airway inflammation during acute asthma. An additional aim
of this study was to determine whether or not the VEGF levels correlated with the MMP-9 levels in the spu-
tum of acute asthma patients.

Methods : Both the VEGF and MMP-9 levels were measured by an enzyme immunoassay and zymographic
analysis in the sputum of patients with either stable asthma or with acute asthma. The VEGF and MMP-9 lev-
els were also evaluated during a spontaneous asthma attack.
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— Vascular endothelial growth factor and matrix metalloproteinase-9 in acute asthma —

Results : The VEGF levels were significantly higher in the sputum of acute asthmatic patients than in either
the stable patients the control subjects. The VEGF levels in the sputum during asthma exacerbation were sig-
nificantly higher than those on the remission days, and those levels decreased after asthma therapy. In acute
asthmatic patients, the VEGF levels in the sputum correlated with the number of neutrophils and eosinophils. In
addition, a significant correlation was established between the VEGF and MMP-9 levels in the sputum.
Conclusion : These results suggest that VEGF overproduction is associated with airway inflammation during
acute asthma and is related to the MMP-9 function. ( Tuberculosis and Respiratory Diseases 2001, 51 : 530-539)
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Table 1. Subject characteristics

Control Stable asthma Acute asthma
No of subjects 12 12 12
Age(y)* 49.5+15 47.8+17 48.6+18
Range (37~173) (38~75) (36~72)
Sex, M/F 6/6 6/6 6/6
Inmitial FEV,(% pred)* 99.7+9.9 90.5+8.3 33.4+8.6'

Mean +SD
t<20.01 vs control and stable asthma.

Table 2. Cell analysis of sputum samples

Control Stahble

Acute asthma

subjects sthma Day 1 Day 7  Day 28
Squamous cell{ %) 25.1+5.6 22.3+6.7 22.6+6.7 20.1+3.3 21.1+37
Total cell count, (10%/ml) 1.5+0.9 1.7+0.8 2.7+0.1"° 2.2+1.3 1.8x05

Corrected cell counts, (10%°/ml) 1.1+£0.8 1.3+0.7

Differential cell count(% )

Macrophages 86.3+15 81.2+29
Neutrophils 11.2+5.9 11.5+3.7
Lymphocytes 0.6+0.3 15+1.3*
Eosinophils 0 4.1+1.0*
Epithelial cells 1.9+23 1.7+1.1

2.2+0.3" 1.7+£09 1.4%+056

53.9+13.2" 725+65 81.5+3.6
32.8+81" 19.0+3.6 12.8%15
2.2+£0.8! 1.2+09 1.0+0.7
10.3+4.2% 65+1.6 3.8+1.1
0.8+0.9 0.8+0.7 0.9+0.8

*:p<0.01, control vs stable asthma
'p<0.01, control vs acute asthma (day 1)
*p<0.01, stable asthma vs acute asthma (day 1)
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Fig. 1. VEGF concentrations in the sputum

obtained from the control, stable asthmatic, and

acute asthmatic subjects. The enzyme activities were measured as detailed in the meth-
ods section and are reported as a mean +SD.
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Fig. 2. Time course of the VEGF levels in sputum obtained from acute asthmatic subjects. The
samples were obtained at day 1 of exacerbation, from day 7, and from day 28. The data
was obtained and is reported as described for Fig. 1.
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- Fig. 3. Correlation between the VEGF concen-
trations and the number of neutrophils
(A) and eosinophils (B) in the sputum
of acute asthmatic patients.
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Fig. 4. Analysis of the sputum by gelatin zymography
(A). A representative zymographic analysis of spu-
tum supernatant samples obtained from two con-
trols (lanes 3, 4), two stable asthma patients (lanes
5, 6), and two acute asthma patients (lanes 7, 8).
Gelatin zymography revealed only a major band at
92 kD in all groups. Lane S contains the standards
(lane 1) : the proform of MMP-9 (pMMP 9), the
proform of MMP-2 (pMMP 2), and the active form
of MMP-2 (aMMP 2). The molecular weight mark-
ers (lane 2) were used to estimate the molecular
masses. The MMP-9 concentrations in the sputum
were obtained from control, stable asthmatic, and
acute asthmatic subjects (B). Time course of MMP
-9 in the sputum obtained from acute asthmatic
subjects (C). The samples were obtained at day 1 of
exacerbation, from day 7, and from day 28. The en-
zyme activities were measured as detailed in the
methods section and are reported as a mean =+ SD.
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Fig. 5. Correlation between the VEGF and MMP-9 concentrations in the sputum of acute

asthmatic patients.
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