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Role of Matrix Metalloproteinase
in the Pathogenesis of Bronchial Asthma

Yong Chul Lee, M.D.

Department of Internal Medicine, Chonbuk National University Medical School, Chonju, Korea

Background : Toluene diisocyanate(TDI) is a leading cause of occupational asthma. However, the
pathogenesis of TDI-induced asthma is largely unknown because there is no suitable animal model.
Methods : We developed a murine model of TDI-induced asthma by performing two sensitization with
3% TDI and one challenge with 1% TDI using ultrasonic nebulization.

Results : Similar to occupational asthma in humans, murine TDI-induced asthma includes findings 1
increased inflammatory cells, including neutrophils and eosinophils, 2) histologic changes, including
infiltration of inflammatory cells around bronchioles, thickened airway epithelium, contraction of
bronchioles, and accumulation of mucus and debris in the bronchioles, 3) increased MMP-9 activity in
inflammatory cells in the airway lumen, 4) airway hyperresponsiveness. Administration of an MMP
inhibitor, MMPI-I, remarkably reduced all these pathophysiological findings.

Conclusion : Therefore, we conclude that TDI-induced occupational asthma is associated with the
induction of MMP-9 in inflammatory cells, and the inhibition of MMP-9 may be a good therapeutic
strategy. (Tuberculosis and Respiratory Diseases 2002, 53:101-112)
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Fig. 1. Schematic diagram of the experiments.
Mice were sensitized twice by intranasal
administration of 3% TDI once a day for
5 consecutive days, with a three-week
interval between sensitizations, Seven days
later, mice were challenged with 1% TDI
for 10 min by ultrasonic nebulization. In
the case of MMP inhibitor treatment,
MMPI-1 was administered intraperitoneally
(20 mg/kg body weight) three times at
24-h intervals, beginning at 30 min before
the TDI challenge.
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Fig. 2. Effect of TDI challenge on total and differential cellular components in the BAL fluids.
A. Smears of BAL fluids at 24 hr after challenge are stained with Diff-Quik solution.
Bar indicates scale 50 m. B. The number of each cellular component was counted. Data
represent the mean+SD. from five independent experiments. Pre, 24 hr before the
challenge. *, p<0.05 versus Pre; #, p<0.05 versus ethyl acetate (EA).
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Fig. 3. Effect of TDI challenge on MMP secretions in the BAL fluids. A. Enzyme immunoassay
of proMMP9 and proMMPZ2. B. Gelatin-zymography. In each lane, 100 ng of protein from
each BAL fluid was loaded. The animals were challenged with TDI in ethyl acetate
(upper panel) or EA alone (lower panel). Lane S contains standards: the proform of
MMP-9 (pMMP9), the active form of MMP-2 (aMMP2), and the MMP-2 (pMMP2).
Molecular weight markers (open arrowheads on the right) were used to estimate molecular
masses. Co, no treatment; Pre, before the challenge; 4, 24, 46, and 72 hr, after challenge.
C. Densitometric analyses of the zymographs are presented as the relative ratio of
induction of proMMP9 before and after the challenge. The proMMPS in the BAL fluid of
control mice (Co) is arbitrarily presented as 1. Data represent the mean*S.D. from five
independent experiments. *, p<0.05 versus Pre, #, p<0.05 versus ethyl acetate (EA).
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Fig. 4. Correlation between the levels of proMMP-9 and the number of neutrophils (A) or
eosinophils (B) in the BAL fluids from sensitized mice challenged with TDI. Statistical
analysis by Spearmans rank test.
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Fig. 5. Effect of TDI challenge on MMP9 secretions
in the bronchioles and BAL fluids. Mice
were treated as described in Fig. 1 and
sampling was performed at 72 hr after ethyl
acetate alone (A, C, E and G) or TDI in
ethyl acetate (B, D, F and H). Representative
hematoxylin and eosin-stained sections of the
lungs (A and B). Representative light micro-
scopy of MMP9-positive cells in the lungs
(C and D). Dark brown color indicates
MMP9-positive cells. Higher magnification of
bronchioles in C and D (E and F). Represe-
ntative light microscopy of MMP9-positive
cells in the BAL fluds (G and H). Brownish
pink color indicates MMP9-positive cells. Bar
indicates scale 50 g#m (A, B, C, D, G and
H)or5 gm (E and F).
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Fig. 6.

Effect of MMPI-I on total and differential cellular components of BAL fluids in
TDI-sensitized mice. Mice were treated as described in Fig. 1. A. Smears of BAL fluids
after challenge are stained with Diff-Quik solution. B. The number of each cellular
component was counted. Data represent the mean+S.D. from five independent
experiments. TC, total cell; MAC, macrophage; NEU, neutrophil; LYM, lymphocyte; EOS,
eosinophil; EA, ethyl acetate. *, p<0.05 versus EA; #, p<0.05 versus EA+TDIL
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Fig. 7. Effect of MMPI-I on MMP secretions in the BAL fluids of TDI-sensitized and

challenged mice. Mice were treated as described in Fig. 1 and sampling was performed
at 72 hr after TDI challenge. A. Enzyme immunoassay of proMMP9 and proMMP2. B.
Gelatin—zymography. Five microliters of sample were loaded. Lane S contains standards:
the proform of MMP-9 (pMMP9), the active form of MMP-2 (aMMP2), and the
MMP-2 (pMMP2). Lane M contains standard molecular weight markers (open
arrowheads on the right). Co, no treatment; EA, ethyl acetate; ET, EA plus TDIL: ETM,
EA plus TDI plus MMPI-I. C. Densitometric analyses of the zymographs are presented
as the relative ratio of induction of proMMP9 before and after the challenge. The
proMMP9 level in the BAL fluid of control mice (Co) is arbitrarily presented as 1.
Data represent the mean®*SD. from five independent experiments. *, p<0.05 versus
EA; # p<0.05 versus ET.
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Fig. 8. Effect of MMPI-I on MMP9 secretions
in the bronchioles and BAL fluids in
the TDI-sensitized and challenged mice.
Mice were treated as described in Fig.
1 and sampling was performed at 72 hr
after TDI plus EA (A, C and E) or
TDI plus EA plus MMPI (B, D and F).
Representative hematoxylin and eosin-
stained sections of the lungs (A and
B). Representative light microscopy of
MMP9-positive cells in the bronchiols
(C and D). Dark brown color indicates
MMP9-positive  cells. Representative
light microscopy of MMP9-positive cells
in the BAL fluids (E and F). Brownish
pink color indicates MMP9-positive
cells. Bar indicates scale 50 #m (A, B,
Eand F) or 5 gm (C and D).
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Fig. 9. Effect of TDI challenge (A) and MMPI-I (B) on airway responsiveness in the
TDI-sensitized and challenged mice. A. Mice were treated as described in Fig. 1 and
airway responsiveness was measured at 72 hr after TDI challenge. Airway respon-
siveness to aerosolized methacholine was measured in unrestrained, conscious mice. Mice
were placed into a chamber and were nebulized first with saline, then with increasing
doses (25 to 50 mg/ml) of methacholine for 3 min for each nebulization. Breathing
parameters were measured for 3 min after each nebulization, and Penh values were
determined. Data represent the meantS.D. from five independent experiments. *, p<0.05

versus

ethyl acetate (EA). B. Mice were treated as described in Fig. 1 and airway

responsiveness was measured at 72 hr after TDI challenge. Data represent the meant
SD. from five independent experiments. *, p<0.05 versus EA; #, p<0.05 versus EA+TDL
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