commons

O N 5 I E E B

@creatlve

ASAEMN-HS3-MIASA 2.0 Wz
O 8A= OHNHS] =S ME2= ASMH 50 ARSA

o 0 HESSE SH, M2, J2, 8A, &8 3 2T = 2ISLI0H

— f=Rr—T0—

Ch5d 2= 245 MdHorF gl CE

HEAEA. Flat= EHEAE £ AIGHADE 2LICH

HZ2d. #5t= 0l A%=S 2l 5

Jd
0
I
=]
o
m
I
£
1}
-
B

o FAFts, 0 HEEY HOIS0ILIHHES 22, 0] HEEH HEE
ZGEH LHEHH Ok 2HLICE

o AEATIZSE HCO| BiJHE oD Dj2E ZAS2 HMS5A ST

HASAEH OIE 01 EAS Ad= A2 WEN Sotl IS BFA S#SLLL

0lZ1Z DS A= Legal Code)E DI 2H 2 IRl

Disclairner &

Lollection




g3} A =

Toluene diisocyanate (TDI)-3 4] 3t4}9
=20 X matrix metalloproteinase 2}

tissue inhibitors of metalloproteinase 2

A 9e

L LERELE
BEE
3 A %



Toluene diisocyanate (TDI)-3 4] 3t4}2
=20 A matrix metalloproteinase 2}

tissue inhibitors of metalloproteinase 2

| gAY

A= o o 4

o ERE o8 AATY rROZ ST

2002 3¢

ol Folata o eyl
o &t}
A A8



AASY o8 NALeY EES

O
-

(3 8
= -

N

B A9 AF

4 a9 2

SR

of=i gt o3k
2002 69 219



dAel 7

ah

gEA T

HH .A]
o -

T4 = 21 7HA] Bt

=+ 0]

=
[

al.
wH

Ja
Ak
E

o

e
o

T
i
E

O
Ak

=3
0
Ak
3
=0

[[=]
=

i

Kl

LT

L

0
=1
Eo
e

= O

A P e I

1]
d

i
s

0d

o

L

ZiE B3

o A

if
g

ula

4

Kl

20028 549

At &



—F2aok

Toluene diisocyanate (TDI)-@AA 2HXle] {1 Mo A
matrix metalloproteinase 2} tissue inhibitors of
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Ao &3 =n A 243 F FEA Roolz S5 2F ool A
A4AQ HA A FaE, dlFF ERRF Aoz oA =M, 3 71d
of e Fas WA 83k oo H2s 3 Ao 2 TDLH4A &)
9 A4 7oAz AP0l & 5 Stk ZHEsSl, 7l HFE FEEE F8
T4 &9 st MMP-9et of9 HAEAY TIMP-19] H=EE # T HFEWH
A Bld BEE, TOI k2% 72 5 % 7l HIoAY MMP-a9t
TIMP-19] 9¥= fB5t22 siEH,

A3 2 uhy - 1599 TDI-d4] &2 (A [F-27 A 8’8, A [I+-5
dooldr A 245 TasE BA 11F)E HAdo R Sigith A 1FolH = ThI
AlrEalg d A Fol A2 fRAEES AHFHE  enzyme-linked
irrmnoscrbent assay (ELISAYE 22 MMP-9 & TIMP-1 555 23359 H|2
THEH oM, B3 ol&= [E3 I+ M BlustEoh #5 HEWH MMP-59
FH L+ zymography 2 4 S5 T
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Fig. 1. Changes of the levels of MMP-9 and TIMP-1 and MMP-5/TI
-MP-1 ratin after TDI-bronchoprovocation in induced sputum of eight
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Fig. 2 Comparison of the levels of MMP-9 and TIMF-1 and MMP-5/

TIMP-1 ratio in the induced sputum of new and chronic T DI-induced
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Fig. 3 Changes of MMP-9 during toluene diisocyvanate(TDI)-broncho
—provocation in induced sputum of one control and twao T DI-induced

aSthma Datientﬂ by zymographic anal&’SiS ama mEE mEx mEs mmE EmE smE EEE mEE ams mmm 22_
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AYAAA G W= AQ A9 251302 W 49 Fal kst Y
AEAoz 4 gl FWHAML 5 YPtA9 H9 40 EaEY S,
=% isocyanate = 549 UL toluene diisocyanate (TDDO] 2] gF 214 -
Aol FHE EEH, ol kE&F SERA 13e0rR] HEs e s dEA gl
oF, o589 diFs ge22)4 Ao BE B3Eto], TR <3t ZY4H 4
A4 FA see olHoA JEE AY dF%E Fol O oA keEA @2 F
FATE AL o ARME A5 H4 40 ASHAL IR
40l ZdF o ol TAEA ot Al5Ee J4 S4E ZaS, AlSE0
d solg aitF, ozt Aae TDI g Hhe4 2o 93 AY
AFAe Ag OE FYE dEHEAN vl L&A FlE HF (girway
remodeling)0] W], T2 A5 {dHE FtsdHE £EFE 5 AT @M
T k& oE Z|dd] S 7z HIF O] J=HEm, E5F ofZsh &40 o
Feto] = Fe et = dEld vh glth
i A A0 HA S4E PlE F5% Axe] Flde FaEr PEEY e
M o IFEE2 rmatrix metalloproteinases(MMPs) 2 tissue inhibitors of ratrisx
metallcpro—teinases (TIMPs)Q] sl o= &84 itk MMPS H-2a 4
2o F2 WS A2 AT e 2R 2 AlZ9] 139 protecglycan
£ 8 7132 ShE gelatinase®ll 45 MMP-gol T, E5F 529 o A3
of 45 MMP-92 ZlA%e 85 T8 Y= U FHLE 4F Mz
ol HAQ IS o doez Ao, dAEA A=zold FHIEE



TIMP-19 93l 2150 AL,

olo Qb TDI-H4 Hapolld 71z HE el 225 2359 U2 o
A MMP-g2t ol A2 TIMP-19] H4E #EE, 7ln 48 /Y
FAx HF FFoNM MMP-9 2 TIMP-19 935 A% st12} sislh
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s g7 TDIo JF LAY ez o des] o yE gl d=2r-1
AUz 2z e TO-A422 Palg 234 g [Ba B4 223 5d
o4, HY AgE FallM elE2aAzRe oA Fue) HAF HEARET 2
T3 ALEHLE HYFHE AW B4 0HE IDE gy 2= #t%n Tl
of 27 Mg YL AA4=Ee ndoHq Eug SHYR, FET HY
I gAYy x£¢9 2aE Zyelztn, o EdA AW EBo| #3 Haky)
dEtE# 9 TDIE o/ 7|E4LAE, TOL 7| EwdAE AT de=d
-PC20 A2 #EH & AP A EF5ME YAz Fdzo| R £
(PEFH menitoring)® §3r 7183t

1, dietEa 8 ToI 7| =2 A 3

W2 A TD-7|E4UARE AAE2] pdey Sndd Sde’ Fzle
24 3 2ES panfloly ZoRE S Al #EHT ES| TRI-7 | EREAE 2
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o2 108 Ytz #7|F HAE A W3k FEVIE SH3 oF FIAAR
sttt &2 delg Yeld TDIE020=2  4-form: 2 B-form, Aldrich,
Milwaukes, WISYE Sl 15871, HY F4e| Yetd drta FUHESF
sfHed old % 7t~ 7|9 TDI-1(MDA Scientific, Jupiter, FLIZ &3
i TDI2 BTF 20 ppb o3H8 T YT A 143 T2HL 108010 33, 20k
ottt 15 #1715 AAME Al #ste FEVy A[7F 2| A2 ol dl&) 20800y ghe
A ok Brg o2 wA EAT

2 A 7= ¥ A

M FEA o mini-Wright & 2452378 AL 8351 i‘lﬂiﬂ%%% =0l
o

T Vertolin™2 200 pg 23 SUAETE 2 DFY HE$E 5R) YT =
A gL ATEHD, A A @od 2y Hds BYE 8HE A|#dE)
HTHE RN, HAIES S E2FE 4% HE 1 57\72L =351

Ake o4 Fatd HAME 3%z, dAF FR 3 oA F2 50|a5s £
AT Y2 HEY ARy c98 2917 Azt MY HdETFR THUE
Mo Mu ZE FIT ey

FEH YL A S4 BEE 22 YHeE A S AHHY AL
M B Re| ohd ANGREE A AHT T MY B 3 EHE 53
st Th e Ngel T2 01% dithiothreitol 2 8T 2, vortexr® AH-5}
o 15&7F EWE shaking water bath(370)ol] 2087 diFEtmA 7184
vorte® ETEET RS0 rpm, 5B F A E5YULE Byt 200 o
288t MMP-9 TIMP-1 &3 4% AMSaH o dopdle AZg a3y 2
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HE AT T2 PES(phophatebuffered saline) & €12 ‘jr*‘l sty ERE
2 60 pm2] T Ee HTAFH F BAE7|FE AAT T 10 g HHMEHE
S8 04% trypan blue S YT EEF Z Neubauer counting chamber= 9| &
sl AAHEF I AT HEEL AT AGAEHE 1 a0 ME/ml 7}
RE% PESOl S48 F 100 pE HF 450 rpmolM 6B AAAAAT F
Wright S4stHTE G489 E2feo|Ee gydae] YHE 22 #EIAR 5
+ HEYHAEE AT SFAE 40070 o4& BEt Atstan A Al
FAE BHP T A EMES| 506 odelmA WEYEHAES AAMEY A

o|9ke]l FALake 4t TEF T
3 MMP-9 ¥ TIMP-18 &3

Ayl MMP-9 ¥ TIMP-12 ELISA kit(MMPS-BIOTRAKE ELISA ¢
TIMP-1-BIOTHAK ELISA: Amersham Int ple, UKIE 9|83 Azt
of AL u|EHH E4E T 7|dT 2%l FEH2] MMP-9® TIMP-1
& 27 ZHEE 22 MMP-93 3 7k A FF2 1 nafml o2
TIMP-12] £3 7t HAFES 312 ngiml [T MY FHe miE Aol E
2457 A5 Bradferdd 22 S Aty odlal ke =3 ake] o |
(MMP-Sprotein, TIMP-1/protein) = 4| 2 313 T

4 Zvmography

ZyrmographyE o &5t AT MMPs2 44 ¥ FAHATE ol k=
W ATy AlZEole 010 selatine BT 102 polvacrylamide geldlld A7|HE
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2 AlgEdg A7 WFE 279 Triton ¥-100 ¥ 50 mM Tris-HClpH 752
T fFYe R ok R e 3 MAFD 20 mM NaCl 5 mM CaClz ¥
50 mM Tris-HCUpH 757t ZEE sy w)3kr7] F 04 Coomassie
blue B-250, 30%% methanol, 1004 acetic acid?’t ZTEH G4y 44 7F 45t
T gddasto] v, B4 ET

5 4 &4

gl hz T Atz e FAEY2 SPSS version 100(Statistical
Package for the Social Sciences, Chicagn, [DE 9|83t 7| EA B4,
Mann-Whitney U-3 7, Wilcoxon sign rank 373 52 A|#zl3d 1, 33 =
BT + BFEHAZ #7(8H 25 pako| 005 ol ASE FAAHLE f2E
R Y

_12_



m. 4 =

A dETy Ay &4

TDI-H4 @2} 199 = TDI-A4 oz g 23 @2 gal A [T A
o Z o5 oy =Y AgE &M g soe AT G2 AFHdE ETETD
ALxHoz HY FHE AW 2 11988 Al ITdel d3, 49, F B, #
T A it A Y s JARE v nE a3 a4 Aol AT
{Table 1),

E TDI-#A4 &7 A [$2 & el TDI-7| =348 AL MMP-9,
TIMP-1, MMP-9/TIMP-1 #2] 5w

TDI-A4 g2 A [F2] TDI 7|87 FEAE AT 742 3 FEAG A
MMP-92 71323 A8 A©G35 £ 338 ng/me) 20 U810 £ 232 ng/me)
d #22A FobEALHE < 005, 2 TIMP-1 ¥ MMP-/TIMP-1 H/&
Frad Al B 7Al7E T SPtERE AEE B2 SAF f342 U THFis 1

C TDI-A4 &2} Al [ 1T &= Aoy MMP-9 TIMP-1,
MMP-9/TIMP-1 7|2 |3

TDI-H2 g2 2 7Y 17 FEAGeAM MMP-9+ Al [I794 2005 +



M0 ngfme [TAH 933 + 338 ng/ms = A LT [Z #&] #2031 =
Sthp < 005, MMP-9/TIMP-1 ®|+&= #l [I-To| [T 88 284 =9 tHp
< 005 8h TIMP-12 T £3kd fo| & Alole= UUTHFis 2

L. A5 MMPs2 zyvrmography £4

Zymography £44 5 e A 7 #3455 F B EF4M TLlprovecation ¥
grDoll Y Ehs proMMP-g F ¥ FEHT WEE mIsod S5dE iy
2] MMP-0& U E3F ol 5ol fF 7 Fap dFo HAST AY
Saye HATE HEPL gl ey TDL A2AE 7o AHHASE A8 /8 A
Foll ¥ proMMP-99] AE2F E24 54 S7FE50, §F FakE)d 3¢ B4
= MEn HEES OFie 3.
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2 AF3E gubEQ Halo BlE o F7F BEt dez A A gl TDI-E4
Tk A4 2700 2l Aol & 5 glohs AFEE, Alr ¥4 F8 22
29 stuz 4= MMP-92 ol9 dAlE49 TIMP-19 #=lE T HEY
o4 Blw #/ES, TOL k2% 7|: 5 333 75 W04 9 MMP-92t
TIMP-19 ¥3E #8522 5t A2 AMEE oo & @7odlHA+
TOI-"l#2AlE A% MMP-9 TIMP-1, MMP-9/TIMP-1 3 & 2335932
5t 270 Sper TR A0 TDI-H4] 22K 5 HFo A4 MMP-9, TIMP-1,
MMP-9/TIMP-1 #& S3st Blustsy, HEH MMPsY 245 st
A& zymosraphy -4 A|FESISITH

Jlzd ohy oz AEC] HAle HE Hzd IS Sde= 0, HElaA
27 B 57 747 SA0W d4le I8 P By S5Let #AlEl0 R
2o Fajoll4 UERRTEY, Flzjnhe] wiEs AH F|znbe B3 5t= ofyd
A5t S sukepithelial  fibrosis)  2FEO] 28 UERUEH O Al HE
(remodeling) 2V 9] YR = ojsfEct 1 wWeda|o] tafHE oFF 295 9
HAA @2rey Flreo] Mz Fdo 3o 4 d3=2 metEy 3o,
O ol B B F47 SadhA RS S Ang Fa|z oA FH]
He BAE M FuE A AlExe] Ao YA =, Mz A
2 934 1224 HEEE §A57 AfHs A1E AR FE o2 2l
Ao BHPo] g TG we oh 24 50 A9 73 FE YEE B
& 5 oy MMPs B TIMPsZR Al Z9] 714 Falapdol] Fost= 7H H
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@A FA A MMP-92 TIMP-1o HEF 93 & Y29 Hef#z] ¥ 7
FaHE BFod ZE o RojA D it &4 2 Al EA] Ao AlEe A
HE MMP-g 95t 4 H4 g2ty 7|3 5akdo] 25153 F925 4
o] <tstEmY FF U MMP-99 TIMP-19 H|7} YS42 *H20/CE X
Fte FEEs a0 3 dhedrl o= Aoz YA S subepithelial
fibrosis A0 MMPs9 FE= & f2lo] Fa5F £723 doA Jed, 3
Ha Zako] A5 2 g5 MMP, 55 MMP-39 27 @40 2=
Aot EE T L &F WA FAINA MMP-99 Fol5 27471 HIE]
Fem® F4 A 340 A5G s W B MMP-93] 2 MMP-9/TIMP
-1 H7} foEA A OR A BF FaEE B0 9o ESF ovalbumin
£ 0|&F E& A4 oY MMP dAAE AAZSH ovalbumin FYF A
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&9 MME-92 7| #3H4 9489 A4 2 #7 FEAH 85+ dd=
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@ ol TDI FAsuhA] MMP-9 4o 2715 o& Zlzy €& 939
A 3 ol 285 9EE F FheAE MM TD-EA Al 13
ol TR 24823 A3 713 F, frigoH S35 HEW MMP-9 &=
T #Y5A 2FEMEL, TIMP-1 B MMP-9/TIMP-1 B+ TDI-7]| TH/E
FAET 727 Fol FrlEls FEE HY ey EAEY fode AT £
ST o3 FHE S MMP-92 TCI S 229 3tz Sy 5E
& YA FF PInW A Eete @ gt 93 25 e Ao
7 ToEn it To-A4 Zale dReld 2473 Fas dEE soe
ozl a7 glod) ofmst 2o e FE whso] wWAEek=A o e A
a3 virh gtk 2 dA3olAd AT zymography 23E AFHET, =2
probMP-901 S5k g2kD 5o Ae2tE e H40] glem el A8 &
TF @ FH4F MMP-9 FEE UENED, 3R 5 2 A F s 5 2
Fofl4 TDI /AlE Jo vl&# FollpreMMP-97F 21510, §F S2HE)9] Z
<+ Fd3E Fefe] WHET  WEE|GIDE ol MU gelatinaser F2
gelatinase BOl| sHESie MMP-9 9+ BRI 5+ S50, TS TDI 4 /%
Al MMP-9 840 ZIIHE Al A

TDI-F4 2 e 274 Hald vla dlF7 8355 Aoz daix s1q17 of
+ TDIgk &2 9t5-4 Ego 25t AP dF4e F4 2|5 AT ol 2|, T2
A 748 Fsde FFT S 9ok A2EY DAAHY Uek 5 BA A4
HAEH=TE FARRS ToI-H4 #2E04 715 HF e 24 #5¢ d4x
g ZAEF dof, g 230 HiEA TDI-AA FapFold Aml S 2 ARka geks
Azel 71849 A7 9540 7= s AR N 2AE ZEET
TOI =& of® 2130 & 715 HF o] FHE= 2o s L= 3 vl
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Zhaglov HaE4e pdold TGF glo] We] Mo A9 AAsdEs 223
Ao FE 2 dFodE TDI-E4 @3 A #3129 #5024
MMP-9 % MMP-TIMP-1 Hl= A 020 2o Bl# #2A9A4 &%Fan, 9t
¥ TIMP-12 5 #R1 /9% aols §l4oh o= A543 J4 248 5
A5t Al IF0 129 Bl ZlE HE Y A57t 4 4T A22 935l o
o] MMP-99] e Aoz HagH

FEHEY A JIn AU A TEEE 2l HF Y FEE dFEE O
THEAEQ whgolo), JE U Al HFEe thEE J2aide = g iR of
Uzl 71z 223y Mzelds yeidoiy M= 21230 HE FAln 33
a mhaje} 715 HFol £ HI|FolH =HExW Az iz vE o
B2 MMPS} gelatinase BE 2H|E2*, 2= H=F Fde 24 452 oht
M, T3t B3z HiAEzs J45 TREZEAE SAEA A tHadol v o
WS TGP B-1, fibronectin, MMP-G2 EH|SICHS 535 g1 ofzst A}
= 7l WEWHe HASE AxE7 Az Alde FaHse o £ 313,
T5F A Az Ay M HhEEE d42 3 Al NS pEd A £ YIS
AAEMY, 22 o= B30 5 A EREEAEHAE fE Y T3 Ao

15 A AE HEe AFelr] HH AMEE BEEE Ak o ot
dA7= A2 B AAE ol &8sl AE 2AE €3 1. ELISA Wyc=z HE
W MMP-93 TIMP-19 =E& S35

2 A3 2= TDI A Fapf] glojq 23 Fn o 2439 FE 29
ooz BFetl TREEQ  FHA 2AE Tade A WEE|o
MMP-90] W& 7154 & AlAlets dez HaEn, TRHAEQ Flne 45 4
B Zefsls B o) AIS 2@ tEt 3% A3 Ja= st
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V. 3

Zhof] 1o TOo e &2 MMP-9 445 #9457,
I 24 31 TDI A49 7l HEE U 7lsd & A AE
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MMP-9, ng/mg

p>0.05

p<0.05 p>0.05
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Fig. 1. Changes of the levels of MMP-9 and TIMP-1 and MMP-9/TIMP-1 ratio
after TDI-bronchoprovocation test in induced sputum of eight new TDI-induced
asthma patients
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Fig. 2. Comparison of the levels MMP-9 and TIMP-1 and MMP-9/TIMP-1 ratio in induced
sputum of new and chronic TDI -induced asthma patients

Group | : newly diagnosed TDI-asthma patients
Group Il: TDI-asthma patients with persistent asthma symptoms for more than 5 years
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kDa

<+— MMP-9

Fig. 3. Changes of MMP-9 during toluene diisocyanate(TDI)-bronchoprovocation
test(BPT) in induced sputum of one control and two TDI-induced asthma
patients(B-C) by zymographic analysis

lane 1 : before placebo-BPT, lane 2 : after placebo-BPT, M : standard marker
lane 3, 5 : before TDI-BPT , lane 4,6 : after TDI-BPT
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-Ahstract-

Clinical significance of matrix metalloproteinase and
tissue inhihitor of matrix metalloproteinase

in the induced sputum of TDI-asthma

JaeWook Chung

Department of MMedical Sciences

The Graduate School, Ajou University

{(Supervised by Associate Professor Hae Sim Park)

Introduction : Previous studies showed that over 50% of TDI-asthma patients
had persistent asthma symptoms despite complete avoidance and anti-asthmatic
medications. Persistent asthma symptoms are associated with airway
inflammation and deposition of extracellular matrixz which may be mediated by
matriz metalloproteinases(dldPs) and tissue whibitor of metalloproteinase-1

(TIMP-1). "We performed this study to investigate the role of TDI exposure 1n
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the wmduction of MMP: and TIMP-1 in awrway secretion of TDIanduced

asthm a.

Materials and DMethods : We measured the concentrations of MMWMP-2 and its
tizsue inhibitor, TIMP-1, in induced sputum which was collected before and 7
hours after TDI challenges in 12 subjects with TDIanduced asthma {(group L
2 newly diagnosed patients, group I 11 patients wath persistent asthma
symptoms for more than 5 years after diagnosis). MMP-2 and TIMP-1 levels
i sputmmn were measured by ELISA. We performed zymographic analvsis to

identify the MBP-2 activity 1in induced sputum of two of group I patients

Results : MMIP-2 and WWP-9TIME-1 lewels were significantly increased after
TDI challenge (p < 0.05). The TIMP-1 level in sputum tended to increase
after TDI challenges, but no statistical signuficance was noted MMMP-9 and
LIPS TTIE-1 levels 1tn sputum were significantly higher in group IO than in
croup I (p < 0.03) with no significant differences in TIMP-1 lewel between
two groups. Zymography revealed bands tn the 92kDa region in two patients.
ProlbAP-2 activity increased after TDI challenges 1n twe patients with no

changes after placebo challenge.
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Conclusion : TDI exposure leads to generation of MMP-9 which may then

lead to persistent asthma symptoms and awrway remodelling in TDI-asthma

Eevy words ;. TDIlinduced asthma, MWEP-9, TIMP-1, airway remodelling,

induced sputum
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