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ABSTRACT

We investigated the molecular pathogenesis of bronchial asthma focusing on the contribution of neutrophil elas-
tase (NE) and arachidonic acid metabolites to asthma exacerbations and their recovery phase. Serum eosinophil
cationic protein (ECP), plasma NE levels, and urinary leukotriene E« (LTE.) concentrations significantly increased
during exacerbations (n=118) as compared with the stable state (n=48). Serum soluble interleukin-2-receptor, and
thromboxane A: and prostaglandin L. urinary metabolites were unchanged. Within the exacerbation group, plasma NE
levels in a severe group (n=12) were significantly higher (p < 0.05) than those in a moderate group (n=42), which in
turn, were significantly higher (p < 0.01) than those in a mild group (n=64). Urinary LTE. levels in the severe group
were significantly elevated (p < 0.05) compared to the mild group, but no difference existed between the moderate and
mild groups. Seven days of steroid therapy inhibited the rises in serum ECP and urinary LTE. but not that of NE.
Plasma NE might be one of the good markers of asthma exacerbation severity which is not inhibited by current steroid
therapy. NE inhibitor might be an effective therapy for moderate to severe acute asthma exacerbations when they are
associated with high levels of plasma NE.
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MVEM 24 L, #BEMHOMNE T 5-lipoxygenase,
LTC. synthase |2 & WEIED T 7 F F 2 EH 5 LTCs I2H
WE A, T ORERUTHIIE 2 a8 L CHIE M C
LTDs, LTE.~EMEH SN, €DO—EBASLTE: & 7% ) R
R SN .

—HRIZ, SE M D TG S ISR ER & EARE U725k
FEABE & PR S N C & 7205, A ERD i BB OIREE
WCRESHGLTwD ) #iiEd a5 2. Turner et al’
(&, BEEFRIERE O EE 34 B, 16 BICIZAFIRER DY
MAFED NS, MPERPHIML T 250656 L%
HELCTwb, Suretal® i3, WBEREECHORE
RIFRI I LT 2l 2 e 7o, J81EfR 1 BRI LA
PIZFET L 7B TS ST IFER DS, 2 IR =L
BEIZHETE L 7B CILAVE SR R ER S AR T o 72
LT, AT, FHEROSE) T v 7N
D5 %R 55 b % > 9. Neutrophil elastase
(NE) &, Wk S S 2 BRI OV E 55
fEFERCTH Y, SRS O Sl va-E - Tl
WZHIML T 575, hidFEERHC B 5 NE OZE)IZO W
TOMRNEE 72D 7% GRAEEMLTETWE 72,

AT, SAESnBIEER S X 2 oiEHdEHE (N
BH) BT B HREKOTEMEIAL~ — 7 —Tdh 2 ML
eosinophil cationic protein (ECP) f#, #fhEko~—7—
ThHIMHNE, BIOTHMIBO~—7%—TdhAIH solu-
ble interleukin-2 receptor (SIL2R) ZiIEL, & SIC[HRE
27 7% N Y RAGHEN ORI e Y Td % LTE,,
11-dehydro-TXB:, 2,3-dinor-6-keto-PGF o Zill5E L,
ZI S OYE Wi IRFENDZF AT O W TGS 5.

Table 1 Baseline characteristics of asthmatic patients

SR—IZ, WHE, HPERIE, WPEZ, iElsgs, L

2 W& -FE

21 MR

1995 4F 4 H 225 2000 43 H £°C, ALBRRRFRAHYE 7
Fess =NEHS L OB s ol bkt ALK BRI
IR~ O A EC, W EFEIEIC & D Fhi
PCERIANVZ S Lo A B 135 %4 (B 57 %, K78
%) BIWERO~< v F 2 7 LT A NNGE 48 4
G20 4, LM:28 %) ZFERL7z (Table 1). F72, 4
BOMETIE, 7AYY) UM L, F72, FIERIC,
37.5 CULEF2h, BRIE 2 & DM G % &0k L 7S]
SBH LT Hlie DNT A= — 18 RUTTRIOAT
04 FEIZ 35 24 R DN L T2 19 Bl a2 By L,
ZEVERE 118 B, 2l 48 9, §H166 Flaxigs LT, I
WebkhE, BRI (MG, M5, RIREEHEEIATS72. Z0
BATRZEIICRAT. MEOZWIE, American
Thoracic Society (ATS) DBWiHEHE 1 (29572, TiiEo
FHEHICB 2 HEEB X ORIEOERERE L, 1995 K
National Institute of Health (NIH) @ Global
INitiative for Asthma (GINA) #A K54 > oLz
Peolz. 7 MNE—OFHIT 12HE (Yreavesy=, o
Fravesy=, AF¥, Lo, 7¥7%, hENY, I
EF, FavXion, K77, QZ77, hrIyy, 7T
F)T) ORI IgE o, 1 DL BT TH - 7286
Btk & L7z, WEITTROF Y N ThHbH7 7747 b
—7 (HIAbH, ®u0) 2R, £EEPSIE, FHi
A7 —=nFarvey 28, EETHEZE.

118 Bloh HIFSAEERERE ' ONERIE, BHE 64 4, e

Mean = S.E.

Asthmatic state Stable Exacerbation P
Number 48 118
Gender; F/M 28/20 77/41 NS
Age; years = SE 55*4 553 NS
Duration of asthma; years + SE 102 11£2 NS
FEV1; ml 2093 =126 2200+96 NS
FEV1 predicted; % 80.8%+5.3 81.8%+23 NS
PEFR; L/min 380+22 401+13 NS
Baseline severity of asthma*

Mild 24 60

Moderate 22 52 NS

Severe 2 6
Treatment

Inhaled corticosteroid; yes/no 42/6 103/15 NS

Inhaled 2 agonist; yes/no 41/7 109/9 NS

Leukotriene antagonist; yes/no 15/33 34/84 NS

Thephylline; yes/no 34/14 83/35 NS

*Severity of asthma is defined by GINA guideline (1995) 'V
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IE 42 B, FRE 12F1THY, EBINE L. WmEsSIE118
Bk, hEEEEE 4 61, EAE 12 BIOEEN 16 BIKEED -0
127 HPLEARBE L7z, Wl 38E AR Z B & LB,
wEET (1 HB) SRR A sk, Mbgae, SR, i
DHEMAT 4 T—5 —%, {BH%2, 3, 5, 7 HHIZMR
B, JRAF, MAORFEX T =—F —%HE L7

22 FH&

221 FMIR{ERE

Peak expiratory flow rate (PEFR) fiii, #5#Rofi %)
ISR E R ChHE— < v 8 (FLA LA - TAK
Aatt, B0 ZHWTHEALT 3 BlEZIT, Zhbo
EflEZ D> T L L7z, PEFR ICIZHWNE#DH %7250
W19 K~ 12 EOMIZHIE L= b D& w7z,

222 FHEMONFTA—HF—

KIS OIME & EDTA-2Na #INO%5 %5 THREE L 72 1%
e L7z NiiEH ECP 3 £ UsolublelL2R 1%, €
nENTWO* v b TH S ECP RIA kit (Pharmacia
Diagnostica, Uppsala, Sweden), Cellfree IL-2 receptor
bead assay kit (ENDOGEN, Woburn, MA, USA) T, Il
4% NE 13 PMN elastase  (Merck, Darmstalt, Germany)
EHWTT =27 M- THEL, Th2h 2 [l ol
EL, TOVHMEE D> THE Lz, ZhZhoFy bo
Mt PR & FL#efl X, ECP Tl 2ng/ml, 15ng/ml LLF,
solublelL.2R 1 85U/ml, 500U/ml LA'F, NE & 20ug/ml,
150ug/ml BLFTa 5.

223 RFDINTA—2—

JR30ml ZFR&E LT, 10ml % LTE. HlE ML, B
HH% HMWIZ Iml ORI LT 4ml OBFE (ZF V71T
—hEeAFI—NE2 1T TRA) ZANMELT-70T
THFERAE L2, $72, 20ml DJR % 11-dehydro-TXB,
2,3-dinor-6-keto-PGF ot Il HICA ¥ K AT U &INZ T
7 7% BRI L 223508 £ T 70 CITRAEL
7o WEE, DIbNOBEROFGE 2 9 17, T4b
%, LTEs 3 reverse phase-high pressure liquid chromato-
graphy £IZTT{® radioimmunoassay (RIA) ¥ v M T»
% peptydil leukotriene [*H] RIA kit (Dupont New

B SO VERE B L OMRIEINC B3 % neutrophil elastase B X 07 T % F VEECHTEM D% G- 11

England nuclear Research, Boston, MA, USA) % H\wC
g L7z, *H-LTEs 2 w72 mERIE 50-65 % THh - 7.

11-dehydro-TXB:, 2,3-dinor-6-keto-PGF:o Dl 3 B
9N o T, BrEH, BRIRERICV)IDI=A T L

T3 % BOND ELUT SI (Varian, Harbor City, CA, USA)

2&koTT79 7Y a0, £hZih11-dehydro TXB:
[*I] RIA kit (New England Nuclear, Boston, MA, USA)

& 6-keto-PGFior  ['*I] assay system (Amersham
International, Little Chalfront, UK) OO ¥ v b % Hwv
Tl L7z, b F o 2 k% v 72BN L 11-dehydro-
TXB:T61.5%, 2,3-dinor-6-keto-PGF. ¢t T 67.4 % Td
Sl TRTOMI 2 FENE L2 oz Hvy, JRbo
creatinine fHCHiIE L7z, I BRSHE LTE4 T 50pg/ml,

11-dehydro-TXB: T 100pg/ml, 2,3-dinor-6-keto-PGF:c
T50pg/ml Th 5.

2 -3 ffEt

FTRTOTF—F =13, P+ PFHRAETEL, BET
$#t13 unpaired t-test, chi-square test, Mann-Whitney U
test & 7z, F72, GEM ERIEW O KT A —5 —
13 Kruskal-Wallis test 247> Mann-Whitney U test THE
BB 2 AT o 7o, BRICH 2 S/ 3T X — 8 — ORFIRFIIA
ki analysis of variance (ANOVA) & post-hoc test (&
Scheffe's test % v 7z. #HBIIE Spearman rank correlation
Wz p<0.05 ZRa AR S HE L.

3 #® S

{HH## 13 methylprednisolone (1 ~2mg/kg/day) % riii
TH5- L, PEFRHASTFHIMED 80 2% UL LI L 7=#412
methyl-prednisolone Zjg& L, 7% < &b 7HHETIX
EFE AR L7, A SUE SCRRAI T d % salbutamol (5
~20ug/kg/day) B X UF theophyllin DFHIRPILE (400
~ 600mg/day) ZMHMAT L7z FMERMEGER2 7
H UL U 2= B b IR B X MR OBE 247 - 7.

31 "REREROZRE/NIA-5—fE
AR EREUE, i) & SR TR0 bz

Table 2 Comparison between stable and exacerbation (before treatment) Mean = S.E.
Asthmatic state Stable Exacerbation p
Number 48 118
Peripheral blood neutrophil; /ul 6920 £43 643417 NS
Serum eosinophil cationic protein (ng/L) 11.0+1.2 18.3£0.5 <0.01
Serum soluble interleukin 2 receptor (U/ml) 510%25 62441 NS
Plasma neutrophil elastase (ug/L) 142+10.5 382+26 <0.01
Urinary leukotriene E, (pg/mg creatinine) 235+ 11 513+24 <0.01
Urinary 11-dehydro thoronboxane B, (pg/mg creatinine) 998 =63 1031 £23 NS
2,3-dinor-6-keto-prostaglandin F & (pg/mg creatinine) 360 =32 363=17 NS
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Fig. 1 Serum eosinophil cationic protein levels (A), plasma neu-

trophil elastase values (B), and urinary leukotriene Es con-
centrations (C) in asthmatic patients with stable (n=48),
mild exacerbation (n=64), moderate exacerbation (n=42),
and severe exacerbation (n=12).
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Fig. 2 Serial changes in predicted peak expiratory flow rate
(%PEFR) before treatment (day 1), and 2, 3, 5, and 7 days
after steroid treatment in patients with moderate and severe
asthma exacerbation (n=16). All values represent mean +
S.E. *p<0.05vsday 1

o7z (Table 2). Ififf ECP AL, ZaEi] 48 & ik L
T, BEM 116 FITITARIC (p<0.0D) kA LTHWA
(Table 2), FEVEMIOHCEE, WPAEE, FREOMICITAX
Zhotz (Fig. 1-A). IiEH o sIL2R il % @ & 51E
Wom<cd, FEEEMTDEITRA -7 (Table 2). Il
% NE I Zee ] L R E R oM THEZ (p <0.01)
DROHNTz (Table 2). Lo L, REH & BIERIERO
BTl %, PEHER S X OHEER L I3E05H Y, &
DISHEFRERE & TRERE & ORIZH ZE0BH - 72 (Fig. 1-B).
PRAP LTE« I ] & i L C, BIEN ek Tidamic
(p<0.01) EFALTW7zA" (Table 2), FAEM O CEE
i, FPEHE, TREOMICIZEE RN -7 (Fig. 1-C). R
11-dehydro-TXB: fii 83 & 18 2,3-dinor-6-keto-PGF: ¢ fiti i
&I, wEl L RIEM kol T, FHEEER T %
(37> 72 (Table 2).

311 MRREEDGBEZES

i BIEMED7=0 7T UL Bt & HRYICABE 2 B e L7z
16 B (h55E 4 490, F95E 12 B) oin#kE (i) <
&, MAOFHMEICK % PEFR 1 (%PEFR) 1%, ¥
B TIRACIEL, mEET 1 HH) CHELTSHB
07 HECHTCSEL: (Fig. 2).

3-1-2 MmERECP, sIL2R, miEs$ NE EDE

A

i ECP % 7 HMof&#Ed, 3 HH2SHEIKT
L7278, I sIL2R il & QN4 NE I3 T L 727
-7z (Fig. 3-A). F7z, ZhZEho 7 HHEOfE (M)
EFNEIIAS 3 7 H ULkl U7 B & 2 b LTl
W ao7 (Fig 3-A).

313 RBE7I7FNCBREBEHOARESR

PR LTE fEi3iG#0 (1 HH) LWL T7T HHTH
BT L7228 (Fig. 3-B), 11-dehydro-TXB. {5 & O
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Fig. 3 Serial changes in various mediators before treatment (day 1), and 2, 3, 5, and 7 days after steroid treatment in patients with moderate
and severe asthma exacerbation (n=16). A: serum eosinophil cationic protein and soluble interleukin 2 receptor, and plasma neu-
trophil elastase, B: urinary LTE4, 11-dehydro thronboxane B2, and 2,3-dinor-6-keto-prostaglandin Fic. All values represent
mean * S.E. *p<0.05vsday 1
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2,3-dinor-6-keto-PGFia fitiix 7 H EOZ B CldH E 22 H)
Bhhol. T, FRFEAoT7HE (RIEL) &S
DL Z R L CEER SN h -7z (Fig. 3-B).

3 -2 PFRORHEEE & DTEBS

HHEH (1 HH) o PEFR O P03 % Ml
(%PEF) LJRHLTEs & DfiZr = - 0.05, p =0.033 D
RO B R AMEATAD /228 (Fig. 4), %PEF ik
ZOMMDINTG A —F — LI D o 72,

4 % =

AWEFE T, FEEMolmiEH ECPH, 14 NE i
L OIRP LTE. i, Zoeil & i L CHEIC EA L Tw
7o, THHEOZX T A FEgckh (mERD), FBIEXNE
L, PEFR ZZOMIEHICHEIC EA L, BIEMICEEZ
R L72ECP, LTE: DfEIZAEIWA L, NEZHPT %
2R L7, SR O ORI BFEIERIIE, kR,
I Bk S OJER AR, S|OASREE B X O 4 O A
b snsaf a M) T UAREEGLTwL 2 L
HFRER SN2 N BT B Mg H ECP fiids X OVRH
LTE: DA 2o Tlid Oosaki et al'™® 2sHEIZHE LT
LOLFMOKETH Y, RIS & EERITR
AT DIHLTH o7 EZ BND. (HFEHTO PEFR fili &
MeE—AHRE L7z D3R LTE O AR TH 722 &5 5, LT
DS T TR X o Thi 3SR O S 220
FEIHESINTVWD ZEAVREN. £/, KPP LTE.
1, PURBESE A OIEFALBH UL I BT LTB Y
7 7% U ERCHHERR o 5-lipoxygenase #II3EIC X - TR
FORIZIETEHY, WARTEA LR EOPIER
FETIIE LW EPHEEINTVSE 9, ZNFETIZA
704 FEPEREIGEMBIEH LCa A a by = Y pEk:
2P % L OWEIZ R L, bUbhOERTH LTE. 137
HHIZZ > THOTHRELRIHIAR SN, Z oWy
AT TA FIZ X2 SEMIEOREIHIEHIC L - T, &
BRI N~ OMINEATRA U722 L1 & B LT Ao
WAL B RN DDTH o2 LSS, Fh
V2 LTl ECP #IZIAHE 3 H H CHR KT LT
LT EMD, LT EHEELTATOA FOMMNETE 0%
bl EHIRENTZ. F2, HHEEAH O & R o
R L7225, IjEd ECP, sIL2R il X MR
LTE4, 11-dehydro-TXB., 2,3-dinor-6-keto PGF:c fifilZ
FARE TR, RTERNO LV TRIE LT,
INHDMEDHIET HMDO AT a4 RIS TH -7z
P Z 720 LaL, Ii%Eh NE &L 7 HEOHE#E T
BIHAOL XV ETTFRSLh o7z R TIE, BYEON
BESEBBRICHEST 5 2 L IF L A L WS, e~
FETIE 1AM OB L > Th, KRIIKIEATHIE L2l
HBHR SN, Z0 L) BREFITIE, HEBREREROIIEIZ A
FHA NEFIIH SN 525 NEZIZLDETHLATEA N

WZBOE LT HWREIHEDTRAFT 5 Z L ANERl S .

Hi4E ek NE fif 130 B3V OBE Tl3 e el & g LT
FALTBLT, HEE~FHEmSBETHERICEA LT
Wiz, T2, WdFEMERECFTERABI G L, RRIC
BRAEOFEREEICHS LTV ARt EZRIEBL TV,
Lamblin et al” %, Bl B EE O BRI ORE
SNERETEEE T, Bk AL TH B IL-8, GFH
k%, NEHOHMZHE LCHBY, Jatakanon et al” i,
HfiEhn BEE OFRIER MG L, s & Hi LR
RO IL-8, iFHhEkEL, myeloperoxidase fEASEECTdH -7z
EHFEF LTS, —#S, IR E N o BT,
BE AT 4 =% —TH5HLIBs, VA "L, 7EIA
YT 5 IL-8, MEEIEIEH T (tumor necrosis factor o
TNF-o), 70277 —¥T& 5 NE, matrix metallopro-
teinase-9 (MMP-9) %% &A TS, NEOIEH & L
THE BRI O T R b — ¥ A4 &R TUEMEH A3
DY, Wi SIEERE OSBRI IC S L T A T REMEAVRIR
Ehz. =7, SEOBETET HROAT T4 FOiE#
ZHEDb LT, MAEhO NEEIZHH S e oz, L
L, AW TIZERITTONE OiFHIZOWTHETT &
Llrotzlzd, FRAE L2 NE B EOREGEZ - Tz
PEIAHTH Y, SIS HENMEETREFHIHEEZ DS
N7z, Fujimoto et al'” &, WdE7 N (e TDT7 A1)
AP AEEIIEINETIV) 2255 T, NEM
4K (ONO-5046) 23PUEHE G- 30 43iA o 8 Wefifh £ C
Febie G- L7236, ARiCho7-LitiLTna. bbb
NOKERED O, FHEIE~TIE O ISV Cldim
FENE AT LA LT /o2 s, FEPEREICINSE NE fii7s
FVWIEBINZIE, NE FHESE O RHmede 523 %) THH# I %2
AR SE S 2 LICHGTE Db O LI SN, SEERRE
TOMEDWIFRES 5.

—77, PGLIFEE M E 2 A L, 508 - ik
W HilEEE XN, PGE: & & b ICAEE SR LCRhf
PCAER L s 2, PUSREVER AR 2 0. SR T
WEEEAERI IR T 2,3-dinor-6-keto-PGFio 13 F5- LT e
o7z, Wenzel et al?” 1%, &30 BEE PR 2 A
2, TOHROFEIIMNELEHE (BALF) TPGL @ 4
Fhhoz bW LTBY, TerOFBRELAKTH7. 5
FIOFERTIEA T B4 FIEFIC KL o T LTE 3 Tid
L7223 20b 53, 25784 FE5IZL 5T 2,3-dinor-
6-keto-PGFio (&8 Lz o7z, FORO—o & L Thi;
BREDOAT T4 FIEHRIC X > TREWHEER DB %
LTs i3 L, SEESCRIEM B X OYVEIER O %
PGL (3HICHIN LT, FEMEZR#E S5 NI AARD
G LTwabbnEEz bhi 4RO PGLIZATEA R
G X VI S NG o722 & 025, PGL 13038 E
S OREIICEE 20T D—DTh b Z LHVRIR I,

TX AN PG 2 A L, SGE BB EDIT
HEICHG LTwb EE3hTwb 2, F72, Taylor et al®
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&, FEREMGEIEB LT LV VIR AT TXA DA
BEFALZEHEL TS, LaL, SRIOMETIE, R
W 11-dehydro-TXB: 3 @IEETIE A L o7z, —
7, Suzuki et al® &, JRA LTE. \3f&H & & ik L Chiiel
BETHREIZ A LT 228, R 11-dehydro-TXB: 12
WBEBELETRD LN D72 HE LTS, bivbit
AR T T A FREHOE N EEF IS, WAAT T A
FIEDTINFH Ty B54 8% 57— 800ug/H # 2 L5
L7:& 2%, PEFR HORGUK MiIss L7z2%, Ry 11-
dehydro-TXB: fiild Z OB TIHML TR, F72HNLH)
SEAL L eh ol PLoZ L ShEIIEcBIT5
TXA: D534 %<, F2AT04 FANZ X > TR
sz wboEz shi.

S &

AMFFE TI 5 S FFEVE 5 & MR 3517 2 S5tk
KL A5 —¥ (NE) L7 7% FrBRHEDORGEZM
At L7z F81E oI eosinophil cationic protein (ECP)
fE, iMAE NEMES L RPa A a2 1) ¥ Es (LTE«)
g, el L THRICEA LTwie. BIEo®E
FEEEZ D X L T2z NEMHTH Y, IR
T LTE« X EERE COAZEIN LA LTz, BLERs,
SN E Th BIEVE CRAFRIRYE SIE DO AA Y 10— T T
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