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Inflammation and Oxidative Stress as related to Airflow Limitation Severity in
Retired Miners with Chronic Obstructive Pulmonary Disease

Jong Seong Lee” - Jae Hoon Shin - Jin Ee Baek - Ji Yeong Jeong' + Byung-Soon Choi

Institute of Occupation and Environment, Korea Workers' Compensation & Welfare Service
'Department of Medical Biotechnology, Dong-A University

ABSTRACT

Objective: Chronic obstructive pulmonary disease(COPD) is characterized by persistent airflow limitations
associated with chronic inflammatory response due to noxious particles or gases in the lung. Inflammation and
oxidative stress are associated with COPD. The aim of this study was to evaluate the relationship among
inflammation, oxidative stress, and airflow limitation severity in retired miners with COPD.

Methods: The levels of serum high-sensitivity C-reactive protein(hsCRP) as a biomarker for inflammation,
degree of reactive oxygen metabolites(dROMs) and biological antioxidants potential BAP) in plasma as
biomarkers for oxidative stress were measured in 211 male subjects with COPD. Degree of airflow limitation
severity as determined by spirometry was divided into three grades grouped according to the classification of
the Global Initiatives for Obstructive Lung Disease(GOLD)(1, mild; 2, moderate; 3<, severe or more) using a
fixed ratio, post— bronchodilator FEV;/FVC { 0.7.

Results: Mean levels of dROMs significantly increased in relation to airflow limitation severity(GOLD 1, 317.8
U.CARR vs. GOLD 2, 320.3 U.CARR vs. GOLD 3<, 350.9 U.CARR, p=0.047) and dROMs levels were correlated
with serum hsCRP levels(r=0.514, p<0.001). Mean levels of hsCRP were higher in current smokers(non-
smoker, 1.47 mg/L vs. smoker, 2.34 mg/L, p=0.006), and tended to increase with degree of airflow limitation
severity(p=0.071). Mean levels of BAP were lower in current smokers(non—smoker, 1873 umol/L vs. smoker,
1754 umol/L, p=0.006).

Conclusions: These results suggest that inflammation and oxidative stress are related to airflow limitation
severity in retired miners with COPD, and there was a correlation between inflammation and oxidative stress.
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oA FEHhe2 =714, HAd 9 HAwHo] o
M= Yy HAAEEAE JFE HRH
(Agusti, 2000). AetEx} 2 F+4E 59 F
71810 Aol Sl SEAPE kE5E A4S 1dE
o9 AHFZ HXst HARES, HEE, W7
IAE 2 COPD 58 9oz 4 9tHCohen et al,,
2008).

COPD9| ¥ 7|4o] &3] 8% A2 ofYAqL
XA A (reactive oxygen species, ROS)e}F gH4lsHs
7Ho] EHP o HoE= ARAEH AT 8% AT
£ ok= Aoz &FHA AtHRepine et al., 1997;
MacNee, 2005; Kirkham & Barnes, 2013). AFskA
EflAs 257 9508 A4S Aol A ST
COPD FE+& ofsh7|7to] F7Kshtal skt Kostikas
et al., 2003; Singh et al., 2017). §54Fgol Q73
AT @Fot= ROS= A%t 9 FeqH4ta 22 77
EXOo=RE A AYH7|E stal, BEXo=RE &
ote HE fAA| e} SFF 59 ASA|ZAA KB
A7 gt} 5] d3 -2 Holggo] Z3E 241
L ROS AL 7F=A1Z4 4 AtHSchins & Borm,
1999).

ROSO| 23t @F2 F=2 4epd 49 FHolH
ROSS} 4te A 719] B30l = o B 71t
oh AR ARRHY £AR2 SRS YoT]= THA
2] g #nt opyet, M29] S FEshs f-AA
£ Aot Alxe F4S EXA7= 982 Stk
A JITHSun, 1990). ROSS}F #HH AWE ovst

1 #Ashr| A= A A W ROSE B7Isk=
Zlo] EA9t, ROS+= ¥H717F 6] 7] wiol A
AlZ0o4 ROSE AF B7Isk7|= Wi$- ot whahA
ARBIAEH A Aol= ARtA o PASH E AHsHY
4ol ol AgE SRR SOl ol-8F L Qlrt. H
& 29| hydroperoxide?} 22 EAJAAS] TAE
Zd F(degree of reactive oxygen metabolites,
dROMs)z+ A A (biological antioxidants
potential, BAP) 5= ©|-83dlo] YA ASIAEHAE
H7loR= "o B =it (Hirose et al., 2009; Fukui
et al,, 2011; Morimoto et al., 2016).

E% C-reactive protein(CRP)2 A9 945 F=
ZA &S BHgol= §497] v EERE B33 cytokine

I AE o] 7HoA FAHEHPepys & Hirschfield,

o)
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2003). COPD 9] HAAZAIF 3t vehEA]
o4 COPD &9 CRP &+ HRETE 4 2
A Sl 51929 (Gan et al., 2004; Chen et
al., 2016; Su et al., 2016), Tkacova et al.(2007)<
=4 COPD <f3lgkxtollA COPDY 7|HAIGE 53%
7} A4S CRPEE7}F S716kal ARRtAEd| At T
“gol Aokl st

E%do] COPDE 7 =83 ¢Rlo s d&A UA|qt
(Strassmann et al., 2009; Lamprecht et al., 2011),
F718%2 S F34sHA COPDY #d8Rlola, &
5| MERFE 52 COPDe f@zZFolztal skt
(Meijers et al., 1997; Coggon & Anthony, 1998;
Bergdahl et al., 2004). 181} COPD2] 23+ 938
11 AP 2 =gk A= wol gla, COPD 2}
£ 4o =E dROMs 53 T2 419 PAX|#E o83t
ABIAEG A Al - A2 Ao|). wbA] o] At
+ B2 249 =274¥°] U= COPD A& Hde
2 I7|FAIR S50l e IS5 ARIAEA A1
SRt AR R 7He] IS Bk} shich

. o 2 U
1. Ao
AT A A A B ARER 5ol =24d
o] Sl CIAZEAREA COPDY AT/ AHois At

S g8l OOAT-Yo] WYst =32} F COPDE Itk
92} 21190130t o] A= OO+ 7| Ee
91¥3](No. 2017-02-02, 2016.11.24)9] AT7A =

QA % AR A MHEolE EES & 45

k.

Ui

< of

2.
1) AREALY] U £
AR Yo, A
BMD), 24 =277t € SHR 59 gty E42
AHZRALE B9l 2ASH
752 v=gRe3/RHEE7IsEolA E ok
gHAMiller et al., 2005)& &83lo] H7]5 AAM]
(Vmax22, sensorMedics, USA)Z AARIITH =84
H &= (forced vital capacity, FVC) ¥ =84 dx1t
573 (forced expiratory volume in one second,
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FEV))E &A%t &, g2l 9&24](Choi et al., 2005)
o5 747+9] AEA|E AXlelltt. COPDE Zgh2 of
HEs 9 357|304 AFotal U= 7I=(KATRD,
2005)0 wet &84 Bo-71A FHAE SUT +
HA¥SE FEVi©] 200 mL ¥ 12% vtz J7feta &
ZE(%FEV,/FVC)o] 70% uekQl 3= otct.

COPD 2] 7|1FAIg S35k e A7y

22 Global Initiatives for Obstructive Lung
Disease(GOLD)Y] 7]&(Vogelmeier et al., 2017)°]
wtet %FEV, SI&X]7F 80% ©14<l 3% GOLD 1(%
3), 50% o1 80% wl§kQl A9 GOLD 2(553) 1
23 50% ul9kel L GOLD 3<(%% oXhoz 3}
At

2) dXA = 2N

g% Astr A HEQ dROMset A A ES
BAP 42 Morimoto et al.(2016)9] i< &85}
of A AfEtZd E47I(FREE CARRIO 200,
Diacron International, Italy)®] ®WHof wal 45}
At dROMs9| 412 sutd F3A= AZet @
Ao E0]3l= hydroperoxideE alkoxy radical E
+ peroxide radical2 WHZFA|Z|Z HPAHA]OK(N,N-
diethyl- p-phenylenediamine)2 37I3t &, &g&
Hoz Aot dROMsQ] @9l carratelli unit
(U.CARR)Z ®7|5l¥5 2™, 1 U.CARRE 0.08 mg/dL
9] A} (hydrogen peroxide, HOp)oll sligsict.
BAPS] £4L 37} HAH([FeCly)ol F49] thiocyanate
A F7kolo] THAIR &, S H7lste] Y
FARA O gt SeEA N2 SERACE Y
shlom, &9l pmd/LE HE7]SHT

FSAAE HA7tEA] g2 A EHE 2
%, CRPe 7t 2 A7) 5 AR 5=F A543t}
EA47|(7080 automatic analyzer, Hitachi High-
Technologies Co., Japan)& £415}%=4], CRP 5%
& u]gpEAo] 753t high-sensitivity CRP(hsCRP)Z
EA51ty. 7V7152 aspartate aminotransferase
(038 IU/L), alanine aminotransferase()44 1U/L)
EE= gamma-glutamyltransferase()73 1U/L), A%
7152 blood urea nitrogen()20 mg/dlL) E&
creatinine(>1.2 mg/dL)e] A4 FIAAE sl =
Wot= S 42 v CE RS
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3) EAEM

EARHL SPSS 17.0 T2 1H(BM SPSS statistics,
USA)o 2 43519tk BMI, dROMs ¥ BAP 52 &
THEESHYD, Yol AlFHE & AHfEEstyoH,
EA w=&7]7t} hsCRPE 21W3E & HFEE 519
t}. COPD 7|HAIS S5 =0 e Jd7dd 719 o
HHA B4 vlie WA e BARRNo R FAgst
R, YutA EAJE AR HO] B H|TE P

= AN R A 7IFAS 5kl
2 dxd 7H] AR R e FHIHGOLD &

H

71221 #H7]5 ALeldd yol, BMI ¥ EX =E7]
7t 52 BARE TE A (analysis of covariance,

ANCOVA)S.Z ZAAsATh AAANE 7He] TAL
AoEsos Agsigtt. 2 249 BA4 fojaz
< p<0.052 3t

N

. 8% hsCRP, dROMs % BAP sk
Auky] B4 A EsT+ Table 29 2t &
% hsCRPQ| Bdare BlSATFEN w0l =34
(1.47 mg/L vs. 2.34 mg/L, p=0.039), +&&dFo]
S7VE BdeErt 3716k tHp=0.006). dROMs
9] Hisr= Aol SA4 RS oy =
L2 A3 YERATH320.2 U.CARR vs. 340.5 U.CARR,
p=0.067). BAP By Hol7l 715 BAPY
U5 &7 S7FeFA (1839 pmol/L vs. 1900 u
mol/L vs. 1947umol/L, p=0.048), H|&A+ol| H]3|
ZAFo] 8o5HA WktK1873 umol/L vs. 1754 p
mol/L, p=0.010). BMI, E4x=&717t, 18%, Vs
4 AA7)500 I sLAlolE Hel AR = Tk
ALHRE BAA 724do] QA" o], BMI ¥
21 w2717k A TEAREA F3}, dROMs9
B-sE= COPD 7|15AE $35%7 AdrE f-2lst
Al Z7FFRI(GOLD 1, 317.8 U.CARR vs. GOLD
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Table 1. General characteristics of the study subjects(N=211)

Characteristics GOLD 1 (N = 40) GOLD 2 (N =149) GOLD 3< (N =22 p values
Age (years); GM(GSD)" 72.8 (30.8) 70.0 (29.6) 71.4 (20.7) 0.045°
BMI (kg/m? ; AM£SD 240 + 3.2 233+ 34 215+ 3.7 0.018°
Exposure period, years; GM(GSD)™ 16.5 (1.5) 13.6 (1.5) 14.9 (1.8) 0.039°
%FVC predicted; median(IQR) 93 (86-100) 87 (80 - 94) 84 (71 - 93) 0.001°
%FEV; predicted; median(IQR) 84 (81 - 87) 69 (64 - 75) 44 (38 - 48) 0.001°
%FEV1/FVC ratio; median(IQR) 63.6 (58.2-66.9) 56.3 (50.9-62.8) 36.1 (30.7-44.1) 0.001°
Cumulative smoking (pack-years); median(IQR) 16.3 (1.9-31.9) 18.0 (4.5-32.0) 27.0 (4.3-41.5) 0.452°
Current smoking: N(%) 2 (5.0 25 (16.8) 2 (9.1) 0.126°
Abnormal LFT; N(%) 2 (5.0 28 (18.8) 2 (9.1) 0.068°
Abnormal KFT; N(%) 4 (10.0) 1 (7.4) 2 (9.1) 0.194°

" Square transformed data
T Log transformed data
@ Calculated by ANOVA
® Calculated by Kruskal-Wallis U test
¢ Calculated by x2- test
Abbreviation: AM, arithmetic mean; BMI, body mass index; FVC, forced vital capacity; FEV;, forced expiratory volume in one second;
GM, geometric mean; GOLD, global initiatives for obstructive lung disease; GSD, geometric standard deviation; IQR, interquartile range;
KFT, kidney function test; LFT, liver function test; SD, standard deviation
Subjects were grouped by airway flow limitation severity in COPD(FEV:/FVC ¢ 0.7) according to GOLD classification;
GOLD 1(mild), FEV; > 80% predicted
GOLD 2(moderate), 50% < FEV; { 80% predicted
GOLD 3<(severe or more), FEV; { 50% predicted

Table 2. Mean levels of biomarkers as related to general characteristics

Characteristics No. of patients hsCRP" (mg/L) dROMs (U.CARR) BAP (umol/L)

Age (years)’ -69 94 1.56 (109.9) 321.0(109.9) 1839 ( 94.9)
70-79 98 1.56 (104.1) 317.5( 99.8) 1900 (113.2)

80- 19 1.00 ( 96.5) 329.0(119.0) 1947 (123.9)

(p= 0.630) (p = 0.325) (p = 0.048)

BMI (kg/m)* > 25 146 1.55 (3.18) 322.8 + 54.4 1866 + 250
(25 65 1.60 (2.88) 3235 + 58.3 1836 £ 189

(P = 0.863) (p = 0.935) (p = 0.384)

Exposure period (years)" -9 33 1.66 (3.04) 319.1 + 645 1891 + 216
10-19 133 1.56 (3.14) 323.0 £+ 559 1843 + 241

20— 45 1.52 (2.98) 3259 + 47.7 1872 + 222

(P = 0.944) (p = 0.869) (p = 0.496)

Current smoking ™ No 182 147 (3.07) 320.2 + 54.8 1873 + 223
Yes 29 2.34 (2.91) 3405 + 574 1754 + 272

(p = 0.039) (p = 0.067) (p = 0.010)

Cumulative smoking, Never 29 1.11 (2.87) 303.2+ 45.8 1872+ 223
Pack-years™ 0.1-20.0 89 1.37 (3.02) 324.4+ 50.9 1864+ 217
20.1-40.0 b6 1.65 (3.21) 3245+ 49.0 1802+ 273

40.1- 37 2.65 (2.73) 332.9t 76.7 1907+ 205

(p= 0.006) (p = 0.173) (p = 0.168)

Liver function™ Normal 179 1.60 (3.09) 325.3t 545 1869+ 223
Abnormal 32 1.41 (3.02) 310.3% 60.1 1843+ 288

(p = 0.567) (p = 0.162) (p = 0.728)

Kidney function™ Normal 194 1.50 (104.4) 320.5(106.1) 1881(106.4)
Abnormal 17 1.90 (124.8) 317.0(104.7) 1941(101.6)

(p = 0.186) (p = 0.924) (p = 0.756)

“Log transformed data

T Calculated by Mann-Whitney H test or Kruskal-Wallis U test, median (mean rank)

T Calculated by t-test or ANOVA, AM #+ SD or GM(GSD)

Abbreviation: AM, arithmetic mean; BAP, biological antioxidants potential; BMI, body mass index; dROMs, degree of reactive oxygen
metabolites; COPD, chronic obstructive pulmonary diseases; GM, geometric mean; GSD, geometric standard deviation ; hsCRP,
high-sensitivity C-reactive protein
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Table 3. Covariate—adjusted levels of biomarkers among the study groups

Adjustment Biomarkers GOLD 1 (N = 40) GOLD 2 (N = 149) GOLD 35 (N = 22) pvalues
Before” hsCRP (mg/L)T 1.12 (1.17) 1.63 (1.10) 2.20 (1.23) 0.054
dROMs (U.CARR)® 316.9 6.7) 320.2 @4.7) 352.9 (11.9) 0.026

BAP (umol/L) 1847 (27.8) 1868 (20.1) 1863 (53.2) 0.957

After® hsCRP (mg/L)* 1.14 (1.19) 1.62 (1.10) 2.23 (1.27) 0.071
dROMs (U.CARR)® 317.8 (8.9 320.3 4.5) 350.9 (11.9) 0.047

BAP (umol/L) 1837 37.2) 1863 (18.9) 1851 (49.7) 0.820

" Calculated by ANOVA

T Calculated by analysis of covariance (ANCOVA) adjusted by age, BMI, and exposure period
¥ Log transformed data, geometric mean (geometric standard error)

§ Arithmetic mean (arithmetic standard error)

Abbreviation: BAP, biological antioxidants potential; dROMs, degree of reactive oxygen metabolites; GOLD, global
initiatives for obstructive lung disease; hsCRP, high—sensitivity C-reactive protein

2, 320.3 U.CARR vs. GOLD 3<, 3509 U.CARR,
p=0.047), hsCRP9] B BAH R4 %A
oy 7IFARE 35t AEE Sk AR U
EFATH1.14 mg/L vs. 1.62 mg/L vs. 2.23 mg/L,
p=0.071)(Table 3). @% hsCRP %%=2} dROMS 5=
Zrolle &9 dEdol IltHr=0.514, p<0.001).

V.1 #

COPD9] g3} z1gg9] £33 AP QU2 &0l
TH(Strassmann et al., 2009), Balmes et al.(2003)2
COPD €A2] 10-20%7F 2144 o] ofsf s,
Hnizdo et al.(2002)2 Hl&< COPD &4+ 31.1%7F
AAH 22 Qlof Ity Yot 21 T2
QIR e 7% Aol AHAR] &4 4o
A S5, HAAME 2 Fua 5o] Fofsk= 7| EdS
= Rttt oot T2 43k ASHE=HE 7|QIgt
ROS ¥ ol Holgao] /go] S7Fd &= U=t
(Repine et al., 1997), FASHA| 2 otuia B g4
of 9sff F=5| wFol Fo|A Y= ABIAE A= T
o &HAE9 Qo 7] 4~ QItLarsson, 2007). COPD &+
A= HEATE E S ti2tol H]sf HojAQ] ARAE
Y271 Z71ecar sl tHMacNee, 2005).

A HollA A== F823%F ROSE superoxide
radical, hydroxy radical T+ I}AESkreA(hydrogen
peroxide) 5°] I=H, °]#e ROSE ¥H717F 55
Aol A A 2= FAAsIH wEta] N 5 YA A
2E o83 ARIAE A A= FE AR B,

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(2): 251-258

ROS scavenger, XA ISHE 2 DNA £4AHE 5
o] o] 851 tHGulumian et al., 2006). L&}
= COPDY ASIAEF A Ao dROMset 22> E4F
59 F ABKE = BAPSF 22 @4 9] A
o] HAXEE o83t A7 HAEIT. Stanojkovic
et al.(2013)%= COPD <t5l7]9] Abstr} QEY7| B
A dixtel vl ST 611l Foschino
Barbaro et al.(2007) ¥ Markoulis et al.2006)=
COPD ##}9] dROMs H=7t tiRFHTE Z7stcta
st Singh et al.(2017)2 COPD EAtof|A AFgtA
Efart Frkstal AWl F5Eol HFRitta 519
th. o AFoME dROMsY| BitsZE COPD 7l
FAR ST ASEE BAZCE [olotA S7tst
F=H(GOLD 1, 317.8 U.CARR vs. GOLD 2, 320.3
U.CARR vs. GOLD 3<, 350.9 U.CARR, p=0.047),
o|Zgt A= ARIAE AV COPDY 57 AT
F5 J7METE AYATEY 2t Eort
COPDS} FAsH ol gt Agd-ol4 COPD 2
Z}9] &Akshs(total antioxidants capacity)e] TR
ol ws} ZAgty Busky Y=d(Rahman et
al., 2000; ben Anes et al., 2014), ©]*= ROS®] 9J3f
FARHA9] AEZF FTFeE7] wiEelEtal FESISIT
(Hanta et al., 2006). 184 Mak(2008)= glutathione
peroxidase?] B&+= A4Sl superoxide dismutase
9} glutathione(GSH)9] k& Z71stttal sttt o]
23 A8 & o, APAF=SolA COPD THA}e
FAkekso] A A AT 23S UEAI=
A= Ao HRlth o Aol E% BAP skt

0.

ojf
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HEATES S0l RokoK1873  pmd/L  vs.
1754 pml/L, p=0.010), COPDQ] 7]FAIst S5Ol
w2 Zjol= IQUtKp=0.820). ol2l3t YQlogE BAP
o] EA7t @4 ol &4 5k= albumin, bilirubin,
2y GSH, uric acid 59 WA FAEAIL}F vlE
9l C, H][eHl E, polyphenol®} 72 2J914 FFALSHA]
of o3t FAketES 371 dof ik HHE o] &sh=
ZolB =, ROSO| oJgt FAIAY] ZAamd} o]Q]of 4]
of, ¥ E 4 o2 AEAH 59 FFL/RICE QIS
AT QU= BAP AAATE RIYsHA] Kot ZoE
wErh oyl AtolA yol7t S71d w BAPS &
L7t RsHA S7kete AR UEHTHp=0.048). 1
qdu g B= 58 59 dHo] e Afol: FAE
SHAIQ1 bilirubin T+ uric acid 58 857 5
7Fe 4= Q7] Y& (Gutteridge, 1995; Anderson &
Cockayne, 2003), 1o]2} BAP 7to] ©&st =4
ofFo] tisir= 5 A7t Z a5tk

&% CRP 5%+ COPD7} o3lat 73 tiF-22o] 413y
Ao|A ZTekta Raskal Qla(Karadag et al.,
2008; Chen et al., 2016), COPDY] £ZL7} A=
dx CRP &7} Z71sttal 3199t Tkacova et al.,
2007). o] Aol @3 hsCRPQ] 5= A4 72
2 gloloyt COPDY] 71FAIRE S35/t A1grS Bt
St 71k Aol A(GOLD 1, 1.14 mg/L vs.
GOLD 2, 1.62 mg/L vs. GOLD 3<, 2.23 mg/L,
p=0.071), dROMs 5=2} hsCRP 5= o= o] Al
AJo] AATHr=0.514, p<0.001). o]t A¥}= & o, &
SA|HQ!] hsCRPY] 5%+ COPD 7157AIet 537t Alg
$2 Z7lR= 4] 91, hsCRP 5= %712} dROMs
L 371 ol 49l TAAgo] = AoE wekE

gl A719F E2 AXE FUSHH 25719 ASAl
27t A= HAY S50 = Q15 ROS AB/dm7HIA}
71 @43k 4 QtKBabior, 1999). E3t A 7]
= 7t v"A 24l vy ARAIE st
AL, ROSS AL 7IsA1d 4= U= FHol ZFE
7] 2] &9 COPDE] o Slo] 7Y 583t
HQlskd Qg9lo] = 4 QtHPryor, 1997). Sethi &
Rochester(2000)= COPD ¥HET} FH S 7
+ &F-539 AT Atk sH3iTh. o] A-tolA
hsCRP2] Hisr+ HEATo Hlof FAwo] =9k
(1.47 mg/L vs. 2.34 mg/L, p=0.039), FAEAFo| 5
71E Bis 7t 27161t p=0.006). ESF dROMs
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Hisre A48 79482 oy vlgALel Hs|
FATo] &2 AFS EAtH320.2 U.CARR vs. 340.5
U. ). dROMs®} =2 FA% 7te] 4
o] tigt APA+= floY, Gao et al. (2017)2 &
Agd 9 FHEAge] 5 ABRREHA XES
8-isoprostane® HA/dE Uepdtty Hgh Hog
2 o, FH5AFE EF Akl o] Q= Aes
Holtt, &, ISR ¥ hsCRP] & Fd+ ¥
AEAgo| gerE 3716 IS ARk A& 7F
o ddol Ao, EAH o2 gldle &
To|A ATt F7keke Aol USith

@)
=
5
>~
i)
1]
o
o
~

= dROMS?| F=7F S7H5HA

. hsCRP9] ske= S71he A3 UErith &

B &2 E T} hsCRP dROMs S=7F S71sk=t]
HJ3l BAPS] skee AL, FAFAT] S7FE
E hsCRP &7t 3716l%om, % hsCRP 59
dROMs &= FHoll= A3go] it of=fst 2x=
= o, F=4 4 =sd9e] 9= COPD FAfOA
715AgE S5t Aok FAL A5 AR AR
o] sk 5719k wHo] 9l BF AT Al A s
= Zhofl Aol Ui o] A= F of9le] AP
EAEER QIR COPD 2219 95 9 ARIAEHA
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