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Matrix metalloproteinase-9/tissue inhibitor of matrix metalloproteinase-1
in induced sputum of bronchial asthmatics
Cheol-Woo Kim, Hae-Jin Kim, Jung-Won Park and Chein-Soo Hong
Department of Internal Medicine, Institute of Allergy,
Yonsei University College of Medicine, Seoul, Korea

Background : Bronchial asthma is a chronic inflammatory disease of the airways characterized
by inflammatory cell infiltrations, which require extracellular matrix(ECM) breakdown and
inflammatory cell migration. Airway remodeling with ECM deposition is another characteristic of
asthma and reflect imbalance of collagen homeostasis. Collagen homeostasis is regulated by
balance of metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs).

Objective : We performed this study to evaluate the clinical significance and the role of MMPs
and TIMPs in induced sputum of patients with symptomatic asthma.

Methods : We measured the concentrations of MMP-9 and its tissue inhibitor, TIMP-1, in
induced sputum of 16 symptomatic asthmatics, 6 active smokers, and 5 Iwalthy control subjects.

Results . Concentrations of MMP-9 and TIMP-1 were greater in patients with asthma than in
control subjects. The molar ratio between MMP-9 and TIMP-1 was significantly lower in
asthmatics than in control subjects(p<0.05). In asthmatics, MMP-9 concentrations were correlated
with the number of total inflammatory cells, neutrophils and eosinophils(Rho=0.618, Rho=0.545
and Rho=0384, p<0.01, p<0.01 and p=0.058, respectively). The concentrations of MMP-9 was
negatively correlated with FEV(Rho=-0.467, p<0.05) and positively correlated with the levels of
sputum ECP and IL-8(Rho=0.595 and Rho=0.769, p<0.01 and p<0.01, respectively).

Conclusion © MMP-9 may be involved in active inflammatory processes in symptomatic
chronic airway disease, and the lower ratio of MMP-9/TIMP-1 in asthmatics suggests that
MMP-9/TIMP-1 imbalance may be involved in airway remodeling. (J Asthma Allergy Clin
Immunol 20: 916-26, 2000)
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Table 1. Characteristics of enrolled subjects

A4 @39 Ashl MMP-9/ TIMP-1 &4 —

2ol wls] FEV, 2 FEVY/VC °] &u|SlA
w3keH Table 1).

BB ES 2 R MERYSES M 2
Lol 2 Ael7k gALH F AFHARTE U
oA 7hE #kot fef @ Aole T £
AR PSS MAZAA ARYEZ vlEt
oA FTH Table 2).

2. e MMPse zymogrphy £44
Zymography ¥4 92kDe} #33k= pro
MMP-9 24lo] #47 §47 & ARz
REo)A Fg WEg gAsgon 9y B
I8 ¥ gAY el MMP-99l iR &
$i7h yehtd Aghilsl MMPE 2 MMP-9

Bronchial asthma (BA) Smoker Healthy
Mild Mod-Sev Total control (SC) control (HC)

Age (year) 410£70 406x76 408+5.0 473+64 426+71
Sex (M/F) 6/1 4/5 10 / 6 3/3 3/2
Serum IE (U/ml) 101.8+1.7 1924421 1259+£15 126521 489+138
TEC (/m D) 3614+1124 558.7+159.2 45254953 180.020.0 133.3£66.7
Pulmonary function

FVC (%) 973%286 T74+87 88.1+5.0 98.3+6.4 92170

FEV: (%) 96.7+£35 63.2+7.9 81.2+6.2 974+£90 98.5%45

FEV/VC (%) 103.3£3.9 87.9+£6.6 94.7+4.4 98.6+4.9 108.2+25

MMFR (%)* 778172 378+79 59377 849+147 103.2+9.6
PCx-M (mg/ml)"." 1.84+212 0.32+1.94 0.83+1.75 > 25 > 25

all values except sex were described as mean+tSEM

* 1 pd0.05 between BA and HC, * : p<0.05 between BA and SC

There was significant difference of all pulmonary function parameters and PCxo-M between mild BA
and moderate-severe BA

M: male. F: female, TEC: total eosinophil count, Mod-Sev: moderate to severe
FVC: functional vital capacity. % of predicted value for age, sex and height

FEV.: forced expiratory volume for 1 second, % of predicted value for age, sex and height
FEV/VC: FEV,| expressed as percent of FVC

MMFR: maximal midexpiratory flow rate, % of predicted value for age, sex and height
PCux-M: provocative concentration of methacholine responsible for 20% decrement of FEV,
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of sigee &AsATHFig. 1),

Fig. 1. Zymographic analysis of MMPs in indu-

ced sputum.
lane 1: 92kD proMMP-9 reference
lane 2, 3: from 2 asthmatics
lane 4. 5: from 2 active smokers

lane 6. 7: from 2 healthy controls

3. g MMP-9 % TIMP-1 Zdgx}

Table 2. Cellular profiles of induced sputum

Aol Z4e MMP-9 % TIMP-1 ¥&&
AT € tE2E EFA ggd H4E v
ot MMP-9 FE& HA4Z(1188+198 78/
m) el A FAF(10474251 7g/m) R A3
Z2(61.4%216 7g/mD o Hlate £ A%
EHAT BAHA fode it A=l
TIMP-1 FXE A4F(2093.1+2820 7g/ml)l
A FA(11063+3678 7g/ml) R ARUZE
T(3123+1333 7g/mbel Bigte] 2glAl =
skom MMP-9 # TIMP-19] ¥l A2l A
Azl visted o AA HkehFig. 2).

U F55-5F ALl BT el v
dl] MMP-9(Z42} 13344283 3 10424287
7g/ml) % TIMP-1(Zz} 2102943712 S 2083,
0244548 7g/ml) °] &2 HolA oy FA A
2 AT - fleh

4. 25 MMP-9 % TIMP-13} T7|i52te)
2|

B4 SRl Al MMP-9 FE& FEV,

3 EAHCE fo% JHUIAS ehin

(rho=-0.467. p<0.05). =3 MMP-9/TIMP-1

Bronchial asthma (BA) Smoker Healthy
Mild Mod-Sev Total control (SC) control (HC)
Squamous cell (%) 273+4.4 255%6.0 264+3.6 225449 33.1x24
Cell viability (%) 63.7+4.3 64.9+39 64328 649+47 55.7+£6.9
Total cell count (x10°/ml) 270+0.72 2.98+0.66 2.84+047 3.80+1.07 1.90+0.49
Differential count
Macrophage (%) 408191 405185 40.7 6.0 40.7+£9.8 64.31+6.8
Neutrophil (%) 49.2+410.2 27.8%x22.0 385+70 52.8+10.9 31.7+80
Eosinophil (%)* 8.2+36 31.1+99 19.7+6.0 44+20 11404
Lymphocyte (%) 1.8+09 05+02 1.1+05 20x1.1 28+15

all values were described as mean+SEM
* 1 p{0.05 between BA and HC

Mod-Sev: moderate to severe bronchial asthma
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Fig. 2. Mean concentrations of MMP-9(Fig. 2A)
and TIMP-1(Fig. 2B) in induced sputum as well
as MMP-9/TIMP-1 molar ratio(Fig. 2C). BA:
bronchial asthma, SC: smoker control, HC: heal-
thy control.

| LA i i “
40 80 120 160 30 60 90 120
FEV, (% predicted) FEV,(% predicted)

Fig. 3. Correlation between the concentrations of
MMP-9(Fig. 3A) or MMP-9/TIMP-1 molar ratio

(Fig. 3B) and FEV, values in asthmatics.

5. MMP-9 % TIMP-13} 2gtM=z 9
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3T A AEE 2R A9 L8 ¥
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ATHRho=0.769, p<0.01) (Fig. 5).
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Fig. 4. Correlation between the number of total
inflammatory cell counts(Fig. 4A) or of neutro-
phils(Fig. 4B) or of eosinophils(Fig. 4C) and the
concentrations of MMP-9 in induced sputum of
asthmatics.
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Fig. 5. Correlation between the concentrations of
MMP-9 and of ECP in induced sputum(Fig. 5A).
and between the MMP-9/TIMP-1 molar ratio
and the concentration of IL-8 in sputum(Fig. 5B)

in asthmatics,

1 %
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