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Changes of Sputum Matrix Metalloproteinases and Tissue Inhibitor
of Matrix Metalloproteinase-1 by Antibiotic Treatment
in Acute Exacerbation of Chronic Bronchitis

Hyoung Kyu Yoon, M.D., Joong Hyun Ahn, M.D.. Chi Hong Kim, M.D.,
Soon Seog Kwon, M.D., Young Kyoon Kim, M.D., Kwan Hyung Kim, M.D.,
Hwa Sik Moon, M.D., Sung Hak Park, M.D., Jeong Sup Song, M.D.

Division of Pulmonology, Department o Internal Medicine,
College of Medicine, the Catholic University of Korea, Seoul, Korea

Background : Excessive extracellular matrix (ECM) deposition by airway inflammation is presumed to
play an important role in the pathogenesis of worsening airflow cbstruction (Ed- acceptable three-word
noun) seen during acute exacerbations of chronic bronchitis. Although many proteases can cleave ECM
molecules, matrix metalloproteinases (MMPs) and their inhibitors are likely to be the physiologically
relevant mediators of ECM degradation.

Ohjectives : The purpose of this study was to demonstrate that antibiotic treatment can change airway
MMPs and TIMP-1 concentrations/levels by controlling airway inflammation in acute exaéerhation of
chronic bronchitis.

Method : We studied 40 patients, all of whom had an acute exacerbation of chronic bronchitis. The
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— Changes of sputum matrix metalloproteinases and tissue inhibitor of matrix metalloproteinase-1 —

patients were treated with two different antibiotics, moxifloxacin and clarithromycin, in a double-blind
manner for 7 days. Spatum samples were induced and collected before and after antibiotic therapy. We
measured the sputum concentration of MMP-1-9, TIMP-1, IL-8 and secretory leukocyte proteinase
inhibitor (SLPI) in sputum supernatants by ELISA method.

Results : There was no difference after antibiotic treatment in the sputum concentrations of MMP-1,-9,
TIMP-1, I.-8 and SLPI between the patients treated with moxifloxacin and those treated with
clarithromycin.. But the sputum concentrations of TIMP-1, and SLPIL and the TIMP-1/MMP-1 ratio
were significantly reduced by the antibiotic therapy. There were significant positive correlations between
sputum TIMP-1 levels and IL-8 levels {(p<0.01, r=0.751), and between the sputum TIMP-1/MMP-1 ratio
and IL-8 levels (p<0.01, r=0.752). The sputum SLPI levels were significantly elevated by antibiotic
treatment and -were negatively correlated with sputum TIMP-1 levels (p<0.01, r=-049%) and
TIMP-1/MMP-1 levels (p<0.01, r=-0.456).

Conclusion : The study shows that the worsening of airway inflammation in acute exacerbation of
chronic bronchitis is associated with an imbalance between the concentrations/levels of TIMP-1 and
MMPs. Antibiotic treatment can prevent progression of airway narrowing in acute exacerbation of
chronic bronchitis by modulation of the protease and anti-protease imbalance. (Tuberculosis and
Respiratory Diseases 2002, 53:420-430)

Key Words : Chronic bronchitis, Acute exacerbation, Matrix metalloproteinase, Tissue inhibitor of
matrix metalloproteinase-1, Antibiotics.
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Table 1. The effect of the treatment of antibiotics to chronic bronchitis patients with acute
exacerbation on the concentration of IL-8 MMP-1-9TIMP-1, SLPI of induced

sputum.
Before Antibiotic Therapy After Antibiotic Therapy

IL-8 (pg/ml) 90 £ 72 65 £ 59

MMP-1 {pg/mD) 06 & 01 0.7 & 01

MMP-9 {(pg/mb) 56 & 38 6 £ 38

TIMP-1 {pg/ml) 302 *+ 308 43 £ 233"

SLPI (pg/ml) 3636 T 18127 46153 £ 10782"

TIMP-1/MMP-1 46 £ 266 261 £ 202°

TIMP-1/MMP-9 151 = 208 87 £ 125

* p<01  *x p<O0b
Dulbecco’s  phosphate-buffered saline (D-PBS, gAAe] Fol ot Ao ulug wols vhHEk
pH 70, 106 g/1., GIBCOBRL, NY, USA)& &% g, A8 d 39 {5 A o IL-8 SLP
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Fig. 1. Correlation between the concentration of TIMP-1 and IL-8 in chronic bronchitis
patients with acute exacerbation.
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Fig. 2. Correlation between the concentration of TIMP-1/MMP-1 and IL-8 in chronic bronchitis
patients with acute exacerbation.
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patients with acute exacerbation.

37 A3 A#EQ myeloperoxidase, human
neutrophil lipocalin, neutrophil chemoattractant$!
interleukin-8, tumor necrosis factor-a (°]3}
TNF- 2)%5°] Z7k0] Q& Aol #asa et

kA g EdA A AgelA 7] Hyrt
Agse AL 3379 Y4 243 8%

Ad8s & Aoz Azdn
T 71EAXGe gAdsE 2 AT =&
drolgl2A Zhddl d@ Aoz AR Yedl

1= g o3 7= AHAEst &4 n
TT7F SV 71xe] Hrt odEEE
AzZrdcha el dqte] w2y sk whA
ol oW AE 9 7|Ae tard] #ASE &
2l MMPs} o] &40 A&A TIMP7L W3ls i
oo} w& MMPe TIMPS Ewdo] AXE 9 7]
Ao W3E doA BHAHY AFAol Yojdo
A 7129 vzt A Aot AYEHe Aoz g
A Y,

MMP¥ zinc 21&4 712
A 0FF7F @A LAz

e o
Brooft lu o

=

) ZaE
o A%

@)
Az

3

M

32
2 x
-

oq MMPE w9 wrete] sojstel 7|@Ale] B4
3} 7% Bulde] wud Fedtn s 7149 )
st BRYAS BP5T ASAEE BAEAY
&9 d 2Hog olFY § A 3o He |
upol7] o] BHAHQ 4L 3x Y. MMPe]
FYEE TIMPA Q34 09 Jda 2dus
g TIMPE TIMP-19A4 - 4714 2% 45771
dyAa glew MMPS 1H1E Aste] MMP
o BHE AR

et MMPE slel sohelAl wasw Als
Aeiel dolupA H7] e MMPE H2 o
o WAse] AFelN FE& wa ok

o Boke] o] oak MMPE HE talAE
s FHUFT, E AAAE 5 o 7K A 9
= AEAA AAEHEY 24 sy, JlBa A4,
A Aesks B A4 Rl el dojals
Aoz AL Itk dF S 7|EA AAlNE
AT oy Az 2 ABAL AT AT
MMP-90] F& 719 #7134 g
A1gA AE AA MMP-13 MMP-90] 27}

- 426 —



— Changes of sputum matrix metalloproteinases and tissue inhibitor of matrix metalloproteinase-1 —

il ¥ 22 ol MMP-2¢F MMP-9¢] €47}
b gli= o] wEEw Qo

2 drdMe 7R g5l 543 e
2 NBAEY 84 dEfellA ofstd 7me] 5]
7159 A7Ael #Fodh= MMPS} TIMPol| 7%
FIE Yot oo tigk FAA aE dolr
7] et v 71RAA B g4 o8 Al A
A Ag Afe] =AY W IL-8, SLPI, MMP-1,
MMP-9, TIMP-12] ¥3-E ZAbslAch

B dFeMe gAdste] Agd A= e 7
717 % zZte FAA] AEE quinoloneA A
Al moxifloxacin® macrolide?] A clari -
thromycin& AH&3FITE Moxifloxacing metho -
g AlRA 7]1E9 quino-
lone AAQ Ciprofloxacin® Huls] BHE o,
AL e 2P &
g dEAT, g
At A7) ol distele AR &g Rl
AE FAA I, we]  Clarithromycine
macrolideA| 8] FAAZA macrolideA| 2] A
Ae Fase dad 28 oled g AF Fgo] 9l
= oz ded vk & dF &S dovlE V)
AL As] A IAE FAT AbeE e AT
o ¢J&d clarithromycin® TNF- ¢ o 98t IL-8
TR AR GAISE ALZ RuEa gl

T A7 Aol ostd Al Amel g F
=A% ) 1I.-8 SLPI MMP-1, MMP-9, TIMP-1
9 F& HIE moxifloxacing AREE Folut
clarithromycing AMHE& Folu o 7+ frod
A7k ATk HelA AFI upgh zhol
clarithromycin®] moxifloxacin B+ IL-8&
FAAoR AT Ao A7tEo] & 3t Aol
7 A& AR JgEtdey AN fE A
9] IL-8, SLPI MMP-1, MMP-9, TIMP-1¢] &
ZoA F A g ztole FEEHA wdch
A F4 st Age ol TE gFe

ofN

=

rir

xyfluoroquinolone 7

Pseudomonas aeruginosas
Al Wl A

o)

on.o

K

ZAY MMPS TIMPol tjx]+= 9
o z1eha] & Apolg HolA| &Fe
=Tk

gy AAHes F & Fstel A A8
AFo &= A9 e IL-8 SLPL, MMP-1,
MMP-9, TIMP-1¢] #%=¢ W& uvlws] Hd
FAA Az 98t 7= neutrophil
chemoattractant9l [L-8& Ao 2 A= o] ¥
AA Agel 98 715 aFTAH ATl SAH
AL 94 4 9%la, MMP-13 MMP-92 ¥t}
A3t ey TIMP-13 TIMP-1/MMP-1
Hl g2 folshA haEE S ¢ 5 Atk

Bt Az wpo] ot whd HAA HEd
2o A A Zol A= MMP-134 MMP-9¢] 57}t
o] 9Jon Z7td MMPse 239 7|ATSE &

AFAE] A& 249 g dov]

o Rug: ¥’ wetq AR5 FA4 °L§}
AdE 71ze] MMP-13+ MMP-99] $7HH 1 %
A Azl oJdte] AT AR dide] st
U MMP-13 MMP-9& ®¥ute ®sbr giich
dbdo] MMPsel ZdrAel TIMP-13 TIMP-1/
MMP-19] Hl&o] folshAl gastga TIMP-1
/MMP- 9«] HEE FAHOR fofatA= ¥AT
333 Zastnth

IL-8& AZ A%, Hi7 7= *c}ﬁMlE
T SolA ¥ 72‘01?]\‘ cytokine2. 24 &
gA3sln BUA | HME g7 BAY 4
371 o IL-87f F7tste 7xe] EFT
Z2% GgAgE Aoz gEd I =
TIMP-19 5% TIMP-1/MMP-19] H
TE9 A ARAAE Rola gl
23 dadAE A NE Hdou A=
Ao W Z1adA e 3%
sl A TIMPS] Z7kel TIMPS} MMPS] B 8&
[L-87 A3k ##o] Yvke e & T ATk
o] AP ojsid wh 71BAY Sk A

Fe A

Roz A7}

Ll Lo ol

ox i Fk?ﬂ
>
3

2

mﬂ

i

12

F‘£
o
o

Kore @ Y

o)

b 32 Mo X oox o mlru

n9

i
_{
)
iRk
w
o

— 427 —



— H. K Yoon, et al —

gollA MMP-99} TIMP-19] 27t AR &
7kso] Qi MMP-92 TIMP-19] H|&o] H4R
o} ZraEe] Qo] protease$t antiprotease®] =3
ol glgol #AHAYG gl MMP-9#%
TIMP-19] H]&o] @&+8 & TIMP-19 $=7t
MMP-9¢] BEET ®ol J7HHY USTE
FEV1e] @ol #aHo] gl& zlo] BuHIthTHA
71aAgaM e AE #HdE 7)% "ol collagen
fiber7b AAZoZMN L7189 Afisirt dojut
sl Aeg AZHedl JE el TIMP7
Z7ks ECM9] 2alnde o] F7slr] o
ol 7184 #7435t 2 Aor YZdrh

A o] ARE sjMEtd A 71BA FolA
e Feom A syt A VR e
TIMP-17} 22 MMPs®| Z3A7F MMPsEt 4
tqo=z go] Frlete] ECMY 2317 JAE L
28 71z A7t obstdne 2AE 4 F AN
o} 283 olzd TIMPY MMPse] #Haldle 3
gotst Al F7td 35T 348 FA4 9 IL-8
7 WA fHo] lon A Aue 93 7|
%9 9%l 3AHH /= f IL-89 #adoeR
A TIMP$ MMPs® £¢3E 3dddes Ae
& 5 d%ith

olgjgt At v HHAA A MMPIE
2 Z7ld AL Bad g2 47523 o
g Hole °l ogd o]} & AL V&Y
TEo] A Ee T A A2E dXE
At s diFE #H71S EAR dhHe
AT Y 71RAgY FAdsee B
ol Al AAg dtel7] Wil Azl zpolel Ao
2 Aztgd. SLPIE 117 kDa9) cationic serine
proteinase inhibitor24 A7]%¢% s7lE 5 7=
ARke] @ o] EAste Ao] HAHE U ol
proteinase inhibitor$} #]$:3}4 human neutrophil
elastase, human cathepsin G, human trypsine} 2

32-8E Yehdio] 43l ¥ siziE HE

#
-2

o fr &£ R

wishe qgg g
o)A SLPIE IL-83+= w2 344 A
zd ostd FdsiA FrtEACH A A=
4 F 2% 4= A9 4 TIMP-1¢ F=%
TIMP-1/MMP-1¢] 8l &% & o AadAE
Bolx ATt
olAL FAA Az o5 7]%9 FHHe] A
gdx SLPIS) 715 W %7t $7ksla SLPI}
Z719 715 W9 proteaseE JAToZHN 7]T9
Aol A0 TIMPY MMPs®] Ed ¥l 34
"oz 2EE 4 Sk
Ao B gy o w4 7)1aAA 4
FAGsel e Azl 71z 5ol 93 TIMP
9t MMPs9 E#¥o] z#sEd F2 ECMY
hats oAlste TIMPZF Adi3 ez go] 713
o224 7= Wy ECMY &350z 3t 71%9 ¥
A7F ARtk AE 4 F Atk
AetzlolA A5 o3 TIMPS MMPs9| &

%
£

=
FHe G4 Azl g5t 30 HoE WA
JwAdel Faotste] Amold HEF FAA
Aae s By Aaxge FHosel e )
94 J1E A4 A9EE AL AR 5 9
g oz 4zha,
2 %
of e :

JHoz vy |BAY Al 587 Ba0 F
A3 atsE oz AoHE By |BAYge F
Hegie 7)we] AHE 2Pk vy dA4H A
gozel AP FANIE Ao FEA At
TR |

Wy AlEAge T8 84 09e oz
o g S FAIE moxifloxacind 7
clarithromycin- 2.2 ol FAAE FAF5FH
S

— 428 —



— Changes of sputum matrix metalloproteinases and tissue inhibitor of matrix metalloproteinase-1 —

e

JAE B8 37 da FAAE

o
~N

g ¥ 47 Ags fk HEste fFREAY 4F
of el IL.-8 SLPI, MMP-1, MMP-9, TIMP-19}
TEE ELISA #wHeoz &4

4 n

FAA Fool & FEAE W TIMP-19] ¥%
¢} TIMP-1/MMP-1¢] #2443 vlgo] {934
AL (p<0.09), FEAY W SLPIY 7%+
Fo8HA F7FeF tHp<00l). F4%38 Al F=4

2 Wle TIMP-19)  ¥=(<001, r=0751)%
TIMP-1/MMP-1¢]  #2r2 8]&(p<00l, r=0.752)
& IL-8% frod AAaAE Rolw led &
AA AaR Ao @ o]Fd% IL-83e A
Ax A4 fREAL FAd8 A A" U
SLPISl ¥EE $24A% U TIMP-1(p<00l,
r=-0.49%)3 TIMP-1/MMP-1(p<001, r=-0456)]
w2 v wstel frojet JAdAT A 1
Hy foAg U MMP-1, MMP-9¢ 5% 29
i TIMP-1/MMP-9¢] £x-3F ul&2 IL-8o4
SLPI®] F&=9 o g AadaAr} itk

£ .

A 1A g9 FAdotstel o8 TIMPSE MMPs
23do] ¥ TIMP7L Aidoz @o
Z7tgdozxR 712 W ECMe] &&Her 48
FAAE AHESA] FRE wole olged sxd
o] Aol wkaEo] 7wl Hrt A Ao
2 AZdd. TIMPY MMPse| E7d& 44
Azol oJgte] THo] Bog HAg g4 A&
sl e P U B R = - I R | P B
d7h AdEE A o= AR oy
Ao E A7teAr)

ik

u

-

o,

I

L
5,
4
¥

o

i)
AO
o

g

1. Bousquet J. Chanez P, Lacoste JY, et al

Asthma : a disease remodeling the airways.

oW

10.

— 429 —

. Aaron SD,

Allergy 1992;47:3-11.

. Cosic M, Ghezzo H, Hogg JC, et al. The

relations between structural changes in small
airways and pulmonary-function tests. N
Engl J Med 1978, 298:1277-81.

. Mosher DF, Sottile J, Wu C, McDonald JA.

Assembly of extracellular matrix. Curr Opin
Cell Biol 1992; 4:810-8.

. Murphy G, Docherty AJ. The matrix metal -

loproteinases and their inhibitors.
Respir Cell Mol Biol 1992; 7:120-5.

Am ]

. Matrisian LM. The matrix-degrading metallo

-proteinases. Bioessays 1992; 14:455-63.

. Anthonisen NR, Manfreda J, Warren CP,

Hershfield ES, Harding GK, Nelson NA.
Antibictic therapy in exacerbations of chronic

obstructive pulmonary disease. Ann Intern
Med 1987; 106:196-204.

. Parks WC, Shapiro SD. Matrix metallopro-

teinases in lung biology. Respir Res 2001;
2:10-9.

Angel JB, Lunau M, et al
Granulocyte  inflammatory  markers  and
airway infection during acute exacerbation of
chronic obstructive pulmonary disease. Am J

Respir Crit Care Med 2001;163:349-55.

. Pizzichini E, Pizzichini MM, Efthimiadis A,

et al. Indices of airway inflammation in
induced sputumn : reproducibility and validity
of cell and fluid-phase measurements. Am J
Respir Crit Care Med 1996; 154:308-17.

Di Stefano A, Turato G, Maestrelli P, et al
Airflow limitation in chronic bronchitis is
associated with T-lymphocyte and macro-
phage infiltration of the bronchial mucosa.

Am ] Respir Crit Care Med 1996, 153:629-32.



11.

12.

13.

14

15.

16.

17.

18

19.

— H K Yoon, et al —

Saetta M, Di Stefano A, Maestrelli P, et al.
Airway eosinophilia
during exacerbations. Am J Respir Crit Care
Med 1994; 150:1646-52.

Fagon JY, Chastre J. Severe exacerbations of

in chronic bronchitis

COPD patients . the role of pulmonary infe-

ctions. Semin Respir Infect 1996;11: 109-18.
Vignola AM, Riccobono L, Mirabella A, et al.
inhibitor
of metalloproteinase-1 ratio correlates with
airflow obstruction in asthma and chronic
bronchitis. Am J Respir Crit Care Med 1998;
158:1945-50.

Shapiroc SD. Diverse roles of macrophage

Sputum metalloproteinase-Ytissue

matrix metalloproteinases in tissue destr-
uction and tumor growth. Thromb Haemost
1999; 82:846-9.

Kelly EA, Busse WW, Jarjour NN. Increased
matrix metalloproteinase-9 in the airway
after allergen challenge. Am ] Respir Crit
Care Med 2000; 162:1157-61.

Tanaka H, Miyazaki N, QOashi K, Tanaka S,
Ohmichi M, Abe S. Sputum matrix metallo-
proteinase-9: tissue inhibitor of metallopro -
teinase-1 ratio in acute asthma. ] Allergy
Clin Immunol 2000; 105:900-5.

Barmmes PJ. Chronic obstructive pulmonary
disease. N Engl ] Med 2000; 343:269-80.
Suto MJ, Domagala JM, Roland GE, Mailloux

-GB, Cohen MA. Fluoroquinolones: relation-

ships between structural variations, mam-
malian cell cytotoxicity, and antimicrobial
activity. J Med Chem 1992;. 35:4745-50.

Abe S, Nakamura H, Inoue S, et al

20.

21

22.

— 430 —

Interleukin-8 gene repression by clarithro-
mycin is mediated by the activator protein-1
binding site in human bronchial epithelial
cells. Am J Respir Cell Mol Biol 2000;22:
51-60.,

Shapiro SD, Senior RM. Matrix metallo-
proteinases. Matrix degradation and more.
Am J Respir Cell Mol Biol 1999; 20:1100-2.
Smith WB, Gamble JR, Clark-Lewis I, Vadas
MA. Interleukin-8 induces neutrophil transen
-dothelial migration. Immunology 1991,72:
65-72.

Baggiolini M, Walz A, Kunkel SL. Neu-
trophil-activating peptide-1/interleukin 8 &
novel cytokine that activates neutrophils. |
Clin Invest 1989; 84:1045-9.

. Russell RE, Culpitt SV, DeMatos C, et al

Release and activity of matrix metallopro-
teinase-9 and tissue inhibitor of metallopro-
teinase-1 by alveolar macrophages from pa-
tients with chronic obstructive pulmonary
disease. Am ] Respir Cell Mol Biol 2002
26:602-9.

. Finlay GA, O'Driscoll LR, Russell K], et al.

Matrix metalloproteinase expression and pro-
duction by alveolar macrobhages in emphy -
sema. Am J Respir Crit Care Med 1997,156:
240-7.

. Henry MT, McMahon K, Costello C, Fitzge-

rald MX, O'Connor CM. Secretory leukocyte
proteinase inhibitor and elafin are resistant to
degradation by MMP-8. Exp Lung Res 2002,
28:85-97.



