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Occupational exposure to inorganic dusts such as coal and silica has been identified as a chronic obstructive pulmonary
disease (COPD) risk factor. This risk factor causes lung inflammation and protease-antiprotease imbalance. This
abnormal inflammatory response of the lung induces parenchymal tissue destruction and leads to progressive airflow
limitation that is characteristics of COPD. The aim of this study was to determine the relationship of proteases such as
neutrophil elastase (NE) and matrix metalloproteinase (MMP)-9 and antiproteases such as alpha-1 antitrypsin (AAT)
and tissue inhibitors of metalloproteinase (TIMP)-1 with lung function. The study population contained 223 retired
workers exposed to inorganic dusts. We performed lung function test, including percent of forced expiratory volume in
one second (%FEV)) predicted and %FEV /forced vital cap/acity (FVC). We analyzed serum MMP-9, AAT, TIMP-1
and plasma NE concentrations by sandwich enzyme immunoassay. NE, AAT, and TIMP-1 concentrations in workers,
who had %FEV<80% predicted, were higher than those of workers who had %FEV,>80% (P<0.05). Both AAT and
TIMP-1 concentrations in workers with airflow limitation were higher than those of workers with normal airflow
(P<0.05). %FEV, predicted showed significant negative correlation with AAT (r=-0.255, P<0.01), TIMP-1 (r=-0.232,
P<0.01), and NE (r=-0.196, P<0.01). %FEV/FVC predicted showed significant negative correlation with NE
(r=-0.172, P<0.05). From the results of stepwise multiple regression analysis about %FEV; and %FEV,/FVC,
significant independents were NE (r=-0.135, P=0.001) and AAT (r=-0.100, P=0.013) in %FEV/, and NE (r=-0.160,
P=0.014) in %FEV,/FVC. In the present study, there were significant correlations between airflow limitation and
protease concentration and between airflow limitation and antiprotease concentration. Serum protease and antiprotease
concentrations, however, may be affected by the biological and inflammatory responses. It is necessary to evaluate
specimens more reflected the effects of proteases and antiproteases in the lung such as lung tissue, bronchoalveolar
lavage fluid, and exhaled breath condensate (EBC).
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elastase (NE), Matrix metalloproteinase (MMP), Tissue inhibitors of metalloproteinase (TIMP)
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Table 1. General characteristics of study subjects

N Mean” SD Range

Age (years) 223 643 76 46~84
BMI” (kg/m®) 223 23 27 164~29.7
Work duration (year) 223 187 82 2~42
Type of industries (%)

Mining 207 (92.8)

The others 16( 7.2)
Type of mining (%)

Coal mining 184 (82.5)

Support (mining) 21(94)

The others 18( 8.1)
Smoking status (%)

Non smokers 138 (61.9)

Smokers 85 (38.1)

" Arithmetic mean and arithmetic standard deviation
DBMI, body mass index

Table 2. Pulmonary function test of study subjects

N Mean" SD Range
Predicted FVC', L 223 3.65 0.63 216~ 6.04
%EVC, % 23 957 136 55.7~141.1
Predicted FEV,",L 223 248 055 0.75~ 3.93
%FEV,, L 223 882 195  17.4~150.5
%FEV,/FVC', % 23 68.1 94  29.8~920

* Arithmetic mean and arithmetic standard deviation

"Morris predicted value: 0.0583 X height - 0.025 < age - 4.241
FVC, forced vital capacity; %FVC, percent of FVC; FEV,,
forced expiratory volume in one second; %FEV,, percent of
FEV; %FEV /FVC, percent of FEV/FVC

NE9] &+ §A4U9Y (sandwich enzyme immunoassay)
H B

HZegst Wi v5355 7188 (American Thoracic
Society) % -3 5.&7)83] (European Respiratory Society)
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Table 3. ILO categories of study subjects

ILO category’ N % Profusion, N(%)
0 (Normal) 96 430 0/0,79 (35.4); 0/1,17 (7.6)
Small opacity 96 43.0

1/0, 20 (9.0); 1/1, 20 (9.0); 1/2, 21
©4)

21, 12 (5.4); 22, 17 (1.6); 2/3, 3
(1.3)3/2,2(0.9); 3/3, 1 (0.4)

4A,27 (12.1); 4B, 4 (1.8)

I 61 273

1L, 110 35 157

Large opacity 31 13.9
" Reference: ILO, 2002

Table 4. Comparison with mean concentrations of proteases and
antiproteases by the %FEV,

%FEV; N Mean' SD t P-values’

AAT 80 < 32 13061 113 -2.749  0.006
80> 191 14264 1.19

MMP-9 80< 32 17172 187 -1490  0.138
80> 191 20098 1.72

TIMP-1 80< 32 15165 1.17 -2.546  0.012
80> 191  166.13 121

M/TR 80 < 32 1.13  0.02 -0.646 0.519
80> 191 121 0.02

NE 80 < 32 668 151 -2.137 0.034

80> 191 785 148

! Geometric mean and geometric standard deviation

2 Calulated by t-test

AAT, alpha 1-antitrypsin mg/dL; MMP-9, matrix metalloproteinase-
9 ng/mL; TIMP-1, tissue inhibitors of metalloproteinase ng/mL;
M/T R, MMP-9/TIMP-1 ratio; NE, neutrophil elastase ng/mL
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Table 5. Comparison with mean concentrations of proteases and antiproteases by the airflow limination

Airflow Limitation' N Mean® SD t P-values®

AAT Normal 97 137.01 1.19 -2.145 0.633
Limitation 126 143.88 1.18

MMP-9 Normal 97 189.67 1.75 -0.835 0.405
Limitation 126 201.91 1.74

TIMP-1 Normal 97 157.70 1.20 -2.730 0.007
Limitation 126 168.97 1.21

M/TR Normal 97 1.20 0.02 0.081 0.935
Limitation 126 1.19 0.02

NE Normal 97 741 1.46 - -1.136 0.257
Limitation 126 7.87 1.51

T%FEV,/FVC 70%> or %FEV, 80%>, Calulated by t-test, * Geometric mean and geometric standard deviation
AAT, alpha 1-antitrypsin mg/dL; MMP-9, matrix metalloproteinase-9 ng/mL; TIMP-1, tissue inhibitors of metalloproteinase ng/mL; M/T

R, MMP-9/TIMP-1 ratio; NE, neutrophil elastase ng/mL

Table 6. Comparison with mean concentrations of proteases and antiproteases by the ILO Category

Opacity ~ ILO Category’ N Mean' SD Min - Max P-values’
I ILII 4A,4B
AAT? 0 (Normal) 96 140.75 1.20 94 - 262 0.999 0.898 0.167
Small 1 61 141.66 1.17 101 - 263 0.853 0.147
II, It 35 138.33 1.19 96 - 198 0.560
Large 4A,4B 31 142.46 1.19 i1 - 261
F=0.199 (P=0.897)
MMP-9 0 (Normal) 96 193.22 1.65 69.7 - 986.7 0.841 0.959 0.213
Small I 61 204.53 1.71 77.9 - 8813 0.995 0.606
I, 111 35 193.64 2.03 69.5 - 24947 0.529
Large 4A, 4B 31 194.47 1.76 73.4 - 11570
F=0.146 (P=0.932) -
TIMP-1 0 (Normal) 96 163.47 122 108.7 - 4477  0.841 0.959 0213
Small I 61 163.86 1.22 111.1 - 4525 0.995 0.606
IT, 11 35 164.25 1.13 1374 - 225.5 0.529
Large 4A, 4B 31 165.46 1.23 110.5 - 251.2
F=0.033 (P=0.992)
M/TR 0 (Normal) 96 1.18 0.02 0.23 - 532 0.841 0.959 0.213
Small I 61 1.25 0.02 0.39 - 427 0.995 0.606
1L 11 35 1.18 0.02 043 - 11.38 0.529
Large 4A,4B 31 1.18 0.02 0.50 - 5.88
F=0.153 (P=0.927)
NE 0 (Normal) 96 7.98 146 3.60 - 23.16 0974 0.917 0.166
Small I 61 7.65 1.56 242 - 2995 0.752 0.340
IL 11 35 7.99 1.41 339 - 17.53 0.077
Large 4A,4B 31 6.48 1.48 2.86 - 16.29

F=2.320 (P=0.076)

TILO Category (0: 0/0, 0/1; L 1/0, 1/1,1/2; 1I: 2/1,2/2, 2/3; 1I: 3/2,3/3; 4A; 4B)

! Geometric mean and geometric standard deviation, *Calulated by ANOVA test (Scheffe test)

AAT, alpha 1-antitrypsin mg/dL; MMP-9, matrix metalloproteinase-9 ng/mL; TIMP-1, tissue inhibitors of metalloproteinase ng/mlL; M/T

R, MMP-9/TIMP-1 ratio; NE, neutrophil elastase ng/mL
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Al - AHOZ 180 cm AT A mBAYG BF & 68.119.4%0| AT (Table 2). #F AN 2 A, =
35Tt A%=%7]17 (International labor Organization) &3 734
21 0/091 9= AAQ 354% (79‘ﬁ)°l°*°f% 95

= ot O3 A9 7.6% (17%8)°1Ath 229 182 273%

1B, 13 2 My 15.7% (35‘33)0191E}. e
g B e A gt 13.9% 3178 0]
AT G Bt AHL 6431764, xﬂé%ﬁW At} (Table 3).

1. APOHARIS] YB S

- o
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<= 187820t} ATl dAbe] 92.8% (207U4)L %
g olHTEA oI oM, UIFE (82.5%) Mg Fikoll A
Aek e 21A4GE FYsI0h AEFA 25, 39 %122t = AT ko] 80% wIRE) el Al 80%
AS EE A FAAE 61.9% (1387)0]er, Fa o)Akl HTHETE AAT (142.6411.19 vs 130.61£1.13 mg/dL,
© 38.1% (857)°I AT} (Table 1). AT dAte] =2AH  P=0.006), TIMP-1 (166.13%£1.21 vs 151.65%1.17 ng/mL,
5 (forced vital capacity, FVC)3} %FVCE 7+7} 365+  P=0.012) 2 NE (7.85%1.48 vs 6.68£1.51 ng/mL, P=0.034)
0.63 L9} 95.7£13.6%010 3L, 127t =B H B (forced o HE =7} FrJehA T} (Table 4). LZ& 70%
expiratory volume in one second, FEV,)¥ %FEV,2 z}z} u)u e %123t e Egol 80% HEHI A
248%0.55 L 88.2119.5%°]00.M, 128 (WFEV/FVC)  &o| i FAeolA A4 JdET} AAT (143.88+1.18 vs

-
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Table 7. Comparison with mean concentrations of proteases and antiproteases by the smoking status

Smoking status N Mean' SD t P-values®

AAT Non smokers 138 139.31 1.20 -1.296 0.197
Smokers 85 143.39 1.16

MMP-9 Non smokers 138 195.07 1.67 -0.250 0.803
Smokers 85 198.83 . 1.85

TIMP-1 Non smokers 138 163.20 1.20 -0.473 0.637
Smokers 85 165.23 1.22

M/TR Non smokers 138 1.19 0.02 -0.093 0.926
Smokers 85 1.20 0.02

NE Non smokers 138 7.72 1.49 0.320 0.750
Smokers 85 7.58 1.49

! Geometric mean and geometric standard deviation
? Calulated by t-test

AAT, alpha 1-antitrypsin mg/dL; MMP-9, matrix metalloproteinase-9 ng/mL; TIMP-1, tissue inhibitors of metalloproteinase ng/mL; M/T
R, MMP-9/TIMP-1 ratio; NE, neutrophil elastase ng/mL

Table 8. Correation coefficient between proteases and antiproteases with associated each variables

P-values'
N AAT! MMP-9 TIMP-1 M/TR NE
Age (years) 223 0.156" -0.012 0.135" -0.060 0.047
Work duartion (year) 223 0.012 -0.016 0.038 -0.029 0.136"
BMI (kg/m?) 223 -0.275" -0.037 0.019 -0.046 0.011
%FEV, 223 -0.255" -0.098 0.232" -0.019 -0.196™
%FEVl/FVC 223 -0.083 -0.100 -0.130 -0.057 0172

P<0 05, " P<0.01

Calculated by Pearson's product moment correlation coefficient
Log transformed
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137.01£1.19 mg/dL, P=0.033), TIMP-1 (168.97+121 vs
157.70£1.20 ng/mL, P=0.007)2] A F=7t Fo3HA =
Uk (Table 5). STA=T7|7 HF R FA A7 B
sl g e} P aie] B FEE S
- A7t SIAt (Table 6 & 7).

3. 85 R Es U FTUBHES 5
=%
=

Aol Ui

dF AATT I9F (r=0.156, P<0.05)%} BMI (r=-0.275,
P<0.01) 2 %1237 =S (r=-0.255, P<0.01)3}
frold ARAS B TIMP-1S d# (1=0.135, P<
0057 %123t =HAZHEZF (=-0.232, P<0.01)7} ]
& 4B Blon, NEE EA%E717E (=-0.136, P<
0.05), %123 =895 (1=-0.196, P<0.01) 2 Y= &
(1=-0.172, P<0.05)%} F9F FBAS B o, MMPI
7} MMP-9/TIMP-1 Hl&2 dukd 54 2 #H7]5HA
Aol Fofet AaAde ¢l (Table 8). Zr4e] gl
s aist syl;}aﬂ_\;'_gﬂg_/\ 7}—4 A e AAT, MMP-9,
TIMP-1 B NEo|A 25 AR {48 AAdE B3l
(P<0.01) (Table 9). %1327t =EHAH S JH HeE
7re] A 3 AEA] (stepwise multiple regression analysis).
A}, A= (B=-0.783, P<0.001), NE (B=-0.135, P=0.001) &

Table 9. Correlation matirx between proteases and antiprotease

N AAT"  MMP-9 TIMP-1  NE
AAT 273 1.000
MMP-9 223 03237 1.000
TIMP-1 223 0366~ 02437 1.000
NE 223 02457 0420”7 02237  1.000

"P<0.01, Calculated by Pearson's product moment correlation
coefficient
" Log transformed

Table 10. Stepwise multiple regression analysis of %FEV,

AAT (B=-0.100, P=0.013)7} &9} Wako g Jgg vix
= Wpolon, dx &2 A7 (B=-0.247, P<0.001), NE
(B=-0.160, P=0.014)7} <] Wgo g Jag vjAe W
=031t} (Table 10).
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Laerell®} Erikssonoll 2l3] AAT ZHo] v 757418
3 FH715S fEstn 38 &9 odve BRavt
AL (Laurell et al,, 1963; Eriksson, 1965), Gross 5-& A
A5 dHol| N84 dHLEHTAY papaind FAT
Az H¥ go| s a #7)Fe] st Basgl
th (Gross et al, 1965). o]&1gt A £ TEAY A5 A
FHE E5to] NE, MMP 5 wjEs|d4vt #Hof e@gi

AgAs) T RS BT, 395 PR
/} A

F

o

B I

Fepnpe) s 2ol LA Uk BuRaELs)
ebiislas 7he] BRHOR dsle] R EL e
ayeio] Zrkal HY Av|wel A XS REY Ba
of wiEs B Qg ¥ Aol Ba7} et WAE
o] wisln A% WA A BA NFARE SHo2
St TSR R A o)) uet T

A

<
Er-gueBdEs B7Y /M W71E% 04
4 o] Fad 7lMoR Aol gk

: gl H71F FApe Z1@A A Gl
| etEA PeEs vee NS G589 (computed
tomOgraphy, CT) Az}t k5ol e #7F 55271

flare] w27t Frhehs A
S yepow, gEd 23 dAee 99 deaArt
g Aoz BuEUTh (Fujita et al, 1990). 7] TA| A

and %FEV /FVC against associated variables (N=223)

%FEV, %FEV/FVC

Variables Ba SE B B SE B P
Intercept 3.278 88.206

Age 0016 0.001 -0.783 0.000 0304 0.079 0.247 0.000
NE 0.118 0.034 0.135 0.001 -8.650 3.484 0.160 0.014
AAT -0.204 0.081 -0.100 0.013

R? 0.647 0.065

adjusted R* 0.646 0.061

F 156.252 (P<0.001) 10.926 (P<0.001)

® B, regression coefficients; SE, standard error; B, standardized B

Associated variables: Age, work duration, BMI, smoking status, AAT, MMP-9, TIMP-1, NE
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o ool o] NES TR AAT H3A FEE A
A FAe B ol A1F Bl A71F0) gl

H] FATET A4 Yebs o (Yoshioka et al,
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T} (Fera et al, 1986). 7]3X] 4|2 Hoj)

AL FAANA v FAl n
2tglom, AR e 7R A At A
AATE st EEste] ofnjical HES 223 At
AAT7} 2bsts] o] YEh = methione sulfoxide?} ¥3hg
A3E veiio v Faxtl e vehA] gkt
olo we} FAoZ Qs AATY EAH3 methione®]
FstEo] A weEa B oA %S ekl £t
© Ao 2 4HA Tk (Capetal, 1982).

#Hol AEe 7182 ZFHAl (collagen), ¥ A (elastin)
9 @idn o] gkl (glycoproteins), L2 E] S
=87 (proteoglycan) 2 AN :=Z2]7F (glyco-
saminoglycan) 5°] Al FEE o|Fa 9lon H
MM AFAQ F2E FAF = - s,
skl 9lrh. gelatinase$] MMP-92 A2}l (gelatin)a} €H
4% 99 79 71A idS a5k (Opdenakker
et al, 2001), MMP-9¢] 58 9JAQ1x}¢] TIMP-1& A
o= FHEo] ATA} &4 Felo MMPoI} Agsle]
23S AT MMP-9L o] Alo|EZIQ13} dZ w7
ARFe] Fal 28-S s, wiEA BHAT Feje] FU
AFRIZ} (tumor necrosis factor-o, TNF-a)E £-35}o] &233}
AA GEES 71713, w12 FElY transforming
growth factor (TGF)-pE 843t AlA 473t B34S 13
s Ao d2A Ak (MacNee, 2007).
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AH A AT 9] 85% A WERGAIT B izl E
VEREA] efokar, R H A A A 3o TIMP-19] 5
=7F A4 dizFEY =90t (Cataldo et al, 2000). 7%
AHS o]ggh I thE Aol v H g H A gt
oA A ST 7 A diRTEY S
], R E Skl A MMP-99] E 129k MMP-9/
& A dEerdg S7hskla, v
AAAH AT TIMP-19] ¥5E A4 tlzTwot A
okt =3 R E A A Bt ol A MMP99) F
e 7|FAE Axe 99 A#7) 21Tt (Bech et al,
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