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The Increased Expression of Gelatinolytic Proteases Due to
Cigarette Smoking Exposure in the Lung of Guinea Pig
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Background : Chronic obstructive pulmonary disease(COPD) is one of the major contributors to morbidity
and mortality among the adult population. Cigarette smoking(CS) is undoubtedly the single most important
factor in the pathogenesis of COPD. However, its mechanism is unclear. The current hypothesis regarding the
pathogenesis of COPD postulates that an imbalance between proteases and antiproteases leads to the destruc-
tive changes in the lung parenchyma. This study had two aims. First, to evaluate the effect of CS exposure on
histologic changes of the lung parenchyme, and second, to evaluate the effect of CS exposure on the expression
of the gelatinolytic enzymes in BAL fluid cells in guinea pigs.

Methods : Two groups of five guinea pigs were exposed to the whole smoke of 20 commercial cigarettes per
day, 5 hours/day, 5 days/week, for 6weeks, and 12 weeks, respectively, using a smoking apparatus. Five age-
maiched guinea pigs exposed to room air were used as controls. Five or more sections were microscopically ex-
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— The increased expression of gelatinolytic proteases due to cigarette smoking exposure —

amined( X 400) and the number of cellular infiltration of the alveolar wall was measured in order to evaluate
the effect of CS exposure on the histologic changes of lung parenchyme. The statistical significance was ana-
lyzed by a linear regression method. To evaluate the expression of the gelatinolytic enzymes in intraalveclar
cells, BAL fluid was obtained and the intraalveolar cells were separated by centrifugation (500 g for 10 min at
4°C). Two sets of culture plates were loaded with 1% 10° intraalveolar cells. One plate, contained 0.1lmM
EDTA, a inhibitor of matrix metalloproteases(MMPs), and the other plate had no EDTA. Both plates were in-
cubated for 48 hours at 37°C. After incubation, gelatinolytic protease expression In the supernatanis was ana-
lyzed by gelatin zymography.

Results ; At the end of CS exposure, the level of blood carboxy Hb had increased significantly(4.1g/dl in con-
trol group, 24g/dl immediately after CS exposure, 18g/dl 30 min after CS exposure, 15g/dl 1 hour after CS ex-
posure). Alveolar inflammatory cells were identified in the CS exposed guinea pigs. The number of alveolar cel-
lular cells observed in a microscopic field (400X ) was 121.4+7.2, 158.0+20.2, 196.8 +32.8, in the control, the
6 weeks, and the 12 weeks group,'respectively‘ The increased extent of inflammatory cellular infiltration of the
lung parenchema showed a statistically significant linear relationship with the duration of CS exposure(p==(.
001, r*=0.675). Several types of gelatinolytic enzymes in the intraalveolar cells of CS exposed guinea pigs were
expressed, of which some were inhibited by EDTA. However, the gelatinolytic enzymes were not expressed in
the control groups.

Conclusion : CS exposure increases inflammatory cellular infiltration of the alveolar wall and the expression of
gelatinolytic proteases in guinea pigs. EDTA inhibits some of the gelatinolytic proteases. These findings suggest
a possibility that CS exposure may increase MMP expression inn the lungs of guinea pigs. (Tuberculosis and
Respiratory Diseases 2001, 50 © 426-436)

Key words : Chronic obstructive pulmonary disease(COPD), Cigarette smoking(CS), Protease-antiprotease
hypothesis, Gelatinolytic protease, Matrix metalloproteases(MMPs)

M B qhg A S o] APPRIS] u] WAE A s

b #HlHA #23H(Chronic Obstructive Pulmo-
nary Disease, COPD})-2 A 8l Alate] g8l 9]
Ag AAshe TF7] Folrh. BAAA Uzl
1998 Apgelel AR of3hd, $luielel A
A g Bl o)gk Alol Q17+ 10%F B 3
12.7 o2 o}F WA AP A& xR eH, &

s

81 704 o) 1E ATellres At 108 3 Zof| 9] & B ofahd REY A FRAS &
2449 oz v M AP A& AR AT EiE o} oF 80-90% 7Fglx Fdo] fEade= #g
M= 7184 A 9 Ade 3 v A4 i st oA, g FHAA Hdwe] A
AR o] Agegle] Al ARAE A8, viEd A= ol Aol g FAA &jFt Aeolmg, feivt vk

— 427 —



— M. J. Kang, et al —

Fddl o Azl &4 W ol mEe WA w4
A HAdgoze) WYr|-d taj & g3 ek, o
23] X5 9 o Yoyt FHd o3 # 4F &4
o} WA 83 AVIE vlEE F g Aol

AT, EPSl= FAdl % T A8 HAS
o] Wy 71| diaiME ofF] A3 FEE] A
Xahy o] 7K 2 e E|e] FEAQ ool ¥
Eel de AFold. olf 7, “dHEHEA-FES
A 72 (proteinase~antiproteinase hypothesis)”
o] 7174 g WolEdRA 1 gled], o] o] 73]
WaA oE Ae] A E H2A Ule T Es)
FEAS T AIA Alele] BaEo] 2AE] Az
773 A% -elastin B 718} AR 2F] - o] v]AF4F
o2 Az HHFozH Hr|Fo] B At
< o]&o|th.

‘TR EA-FESA P M THT o]
F AE7RA o7 o B aago] v A A
Age] W v)Hel AE Aoz AN 53
2 o] H7|Ee] wHee sy rdezA Xy
AN 27t e BAE Folge AT 2HE] F
AYBA olgo] Bulal: vHiRs 54, 59
matrix metalloproteases(MMPs)¢] & sl
ilo] RolA 1 .

MMPs+ Al £7F3 (extracellular matrix)-& £3)
e ofe] EE] &4 (proteolytic enzymes) =
9] & FFZ YFE BEE Aot Ralsg Ko
H I &4 Zoe old (Zn*) o] 9] EAj7}
Zolt}, wlabd EDTA®} 22 metal chelating
agento] &3} I &4 AHg-0] HAE= o] EA o[t}

oo A= FHA I 1 HA A Fe]
W e o B3 54, 53 MMPsy} #odst
SAE GotEr] 918 Ao A PR o e
TMaE AR &, A, 44 93 7Uge) #H=
Aol 1] #Hi g HF B A] BAE = ek o]
4 a0 A=Yt X, §9 g8 7Y

HAE W AEdA et Fallss RHolg o Faf

Ao Mol Flskevt, JEla g Azl B

ol gao] WEo] FUHs, o]zle] EDTAC 9
3 1 & B0 JAIHEET} g JME B
% B a7E A3t

chas 2

2 d7s g5 7R 8lo] 500g Wele 73 7Y
H(ZYEETE, A2)E Bdol 434 &4

A3 ol g3t 15 riRlE

1) & Fxje| 1ot U 7|uj=o] chist FALE®
7 5mme] ol=d W& of83l], 100x80X
60cme] ALHA A=A} (chamber) & 51 1 F7
9] 7Pl 15 1 g E got 74
& 2oke u ¢hdd] EWHE F U=S 39T o] 4
Aol 3K Hel| FHlE e F U &

WA of=d Wole XF HEE 92 7 U=F
slo], B B9l gulE #x ¥ Hxg AFA7IE

&AL el 5tel 2# wuirt BReelrbaM o

7R oz FALES mARPTHY 1), ©

Fig. 1. Smoking apparatus.
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Table 1. BAL cell profile (mean+SD)

I Total Cells, ( x 10°) Macrophages(%) Neutrophils(%) Lymphocyte(%)
Control 3.2+1.1 64.2+13.1 7127 279173
6 week-CS 6.7+2.8 68.7+19.5 12.4+5.3 17.5+10.6
12 week-CS 7.4+3.1 62.1+16.7 10.8+5.8 25.4+9.2
p-value {0.05 NS NS NS

(a)

(c)

Fig. 2. (a) Control, (b) 6 week-CS exposed Lung, and (c) 12 week-CS exposed Lung : they
show the increased cellular infiltration of alveolar walls according to CS exposure dura-

tion.
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Fig. 3. The graph shows linear relationship be-
tween the cellularity of Alveolar Walls
and the CS exposure duration.

© HEH AX $& St Axde) A%
o,

flo ofN i

A ER %%li?l‘i’iﬂtﬁl °lg ¥ *1]% ‘-’Fﬂ ﬂif?t%

Z TS 19684328 & £ 7§EM &
03 =& 717t} AoASLE ¥ 23 U A Fgo

Size marker

105KD —
75KD —

'
Human MMP2

Conftrol

7} elge] BlE It (p=0.001, r*=0.675) (¥

3).

4) goigol w2 sz W Mize| Haiel 2l T
40| whed gt

Fd =3 e A “*I z2 LH s
2\ A

F3e A B 9 A|ag &t
T A F A e H]SJJ} sk o B a4
9] Wy 9AkS APElt). ‘gelatin zymography’
£ Aol & R aho] wE oS BESIA
o), xFid e A8 Ante g3 o 5403
Hy)x] Yokt whdel], 653 Fdwne ol wig| F
F ulglollA, 125 S oAl nlE] F Al vleld
A ‘E}%% wals e mavh wEE e,

b= S
o) o5t A ) “Iytic band” ¢} $127}
Zeloj A BEEQT £ FA &) s 2
%* w7t 2719 o8] Aeke 23

& ©°
YOt
-u
9
N%
[0V}

!

=]
R

2% EDTAY) ol &4 By} o 8e el
(g 4).
6 Weeks 12 Weeks

A
EDTA

A
EDTA

MMP2
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