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— Abstract —

Autoregulation of Quartz-induced iNOS by iNOS-derived Hydrogen
Peroxide in Rat2 Fibroblast

Kyoung Ah Kim", Hae Yun Nam", Je Hyeok Mun”, Jin Sook Jeong”,
Young Lim", Chee Kyung Chung

Catholic Industrial Medical Center, Department of Occupational and Environmental Medicine”, St.

Mary's Hospital, The Catholic University of Korea

Objectives : This study was performed in order to investigate the molecular mechanism
regulating nitric oxide synthase(NOS) induced by e-quartz in Rat2 fibroblast.

Methods : a—quartz-induced nitric oxide(NO) and H,0, formation and e-quartz-induced
iNOS protein expression in Rat2 fibroblast were monitored. With iNOS inhibitor (L-N°*-(1-
iminoethyl)lysine hydrochloride, L-NIL) or antioxidant(catalase), we observed NO and
H,0, formation and iNOS protein expression in Rat2 fibroblast stimulated with e-quartz.

Results @ a-quartz stimulated iNOS-induced NO and H,O, formation in Rat2 fibroblast.
L-NIL inhibited H,O, formation and iNOS protein expression by e-quartz in Rat2 fibrob-
last. Pretreatment with catalase blocked the autoinhibitory pathway of iNOS by iNOS-
induced H,O,, therefore H,O, and NO production and iNOS protein expression were
increased in Rat2 fibrobalst stimulated with e-quartz

Conclusions : e-quartz-induced iNOS stimulated H,O, formation in Rat2 fibroblast.
INOS-induced H,0, by e-quartz plays an important role in the autoinhibition pathway for
regulating the iNOS function in Rat2 fibroblast

Key Words @ Quartz, NOS, H,O,, NO, Autoregulation.
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ME

nitric oxide(NO)= 7}~ FE|9] A2 A
nitric oxide synthase(NOS)ell &jsle] AJito] H
T AR A RS o]gol} AR F o
7HA 83k ME7]Fel 9lo] signalling molecule

2 283} (Kotsonis et al., 1999). &3 NOE
g4 4bAv)eb o] whgsle] e AlEXEAdES
YR o8 7ER] 54EA o3 HZgke] WE
A7 Ael T8 s dvhm LA o ot
gA HT BEXo o3t ez sty 9l At
A 7)ol glel NO 9 NOSe| &t digh A+
of #o] Rolxlm o} (Seekamp et al.,
1993, Thomas et al., 1994, Haddad et al.,
1994, Setoguchi et al., 1996., Choe et al.,
1998) L 2471-el tisliA = of4 s HelA
UA] et

19 A= 9g NO<2 F71= = inducible
NOSGNOS)dl| &gt ez Azt=lz 3= NOS
= FAD®} FMN# 22 falvin?} NADPH 2%
F9E 7HAl2 3 NOSY ofnj4it Hjg ol
cytochrome P4509 homology”} o} NOSe| =
€ 7129l L-arginine©]
P450%} #AKE #8483kl hydrogen peroxide
(HyOp) el AAtel] #FAAAgtth= Eurt UAtHPou et
al.. 1992). =3 NOSe| <35t AdE NO<}
reactive oxygen species(ROS) £7t9] 5289
oJgte] AEZZdol 7t ‘3}2%2&% e Wtk
HuEo] FAuzn o] Exlo] o H2g wayy}
el ROS$} reactive nitrogen species(RNS)
o FeAE A4E B w NOSE wif FL3 on]
£ zteth agas B4 o8 =8 NOSE =
sk 71AE ofsgle Aol MESFTAA RNSS
ROS9 7Iselv 2 2871 de gefst=d W% &
L3k,

o] Ko ot NOSe| &4 NOSe| 9
sted " NOE XT3 AEE st Az
HEgE HuEo] 9oz (Kotsonis et al.,
1999) #x19 A=l st Ed F7HE NOSe|
oJste] NO ¥ ot H,O.7F Aate] 7k 5 3l
o o] H,07F iINOS 239 oA 3§ 2428<

FZ& uw] cytochrome

L
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& 7Fe7del ot

AEGRAZTE AG3E st SAAMAZEA B
Aol 2Jgte] AFH qvuﬂz»} AN EREE B
oE ol A ejjEAe] <%(%}ZNQ%

o=z

Ayzts|o) A gitt :Lﬂib} H o= HkS
A7 cytokineS EH|stE GyAEEA 9 Z

O_u

¢

fo] Az} d2ixlz Utk (Rolfe et al., 1992, <H
4 5., 2000). ¥R o5t fEE A5 H
O AR 9sle] dE FY 2Ae AFERAE
27 o] AZERE EHlEE 7|de] AFoR o
FAR AfstE AP w3l o HAg
Aol AfEAze] dgdo] wlf Fasht g7
AzzAel gaolyt 1 IE7|H tstede Bol
A=zl vf glok

e EAFoM = AdHY HAES Bkl o

=4 2 A3l o] ek B9 el quartz®
A3+ Rat2 fibroblast258 NO% H,0,%H] =
7l iINOS7F WA= &7 H,0,7F iNOS od&
zAs e 71Ho] Az EAeteAo tgte] zA}
staAl A== ATt

Chat 2

1. 2%
ARE FAERo R a-quartz(Min-U-sil,

Pennsylvania Glass Sand Corp., Pittsburg,
PA)E AHESISITE a-quartze A8 A7

o diE S F Ue WELE AASI
skl mPEF (autoclave)sti om HjR|o] 4
IATHESE 250k A2ldk & A48Tt

2. MlEZeHet

AH2AZE H4 F Fischer)old E2l® A+
EAEZ HEFQA Rat2(ATCC CRL-1764,

Rockvill, MD)& °]€3F9t}. Dulbecco s modi-
fied Eagle’' s medium(DMEM)l F&A171 AlE
1x10°70/welle] ¥== 6-well plated] E53}
37 C, 5 % clitsteri widrlel wjstsitt.
J27F wellel 90 % F= 271E 7ot 0.1
Selold o] 3 DMEMOZ ZolFal 484]
St olitstera midTldlA wfFste] A&l
sle gloy F42 A" dEE fFAAAHG

&

r&ri&:iﬂm\m



(quiescent cell). 48717t 5 MEZE DMEMOo =
AHE T a-quartzZ} FHE WX R ZolFd

2T Fxlo] XA F2 wjA R ZolFdnt
Frog AFsta A At vjks 3 oujok
AzdlS AFo] 10,000xgE A EZ s BS
AAsIL FA] FE=AN H,O, 2 nitrite =5 =

|

alAth. catalase®t INOS AL L-N°-(1-
iminoethyl)lysine hydrochloride(L-NIL)< &
AN B I e S I R B B el =

3. Rat2 M= djAEMHY H,0, & &F

Hj S A H,0,9 F=% Heinzel 5(1992)

o] 7l&gr Wy sty FAHHUTE. AZ Y

2 10 mM ferrous ammoni-

um sulphate 20 4% 2.5 M potassium thio-

cyanate 30 4< 7Fsta 10&3F WHSAIZTE 495

nmelA FFEE 3t H,0, &
o TE=E kel

FN
_J
2
2
lo
ol

4. Rat2 M= Hit ALELY nitrite & X

AEZZHE NO Aike] Ax=A g3 A
nitrite ¥=5 &3 th 45 100 4ol Griess
reagent(sulfanilamide 1 %. naphthylethylene-
diamine 0.1 %. phosphoric acid 2.5 %) 100 #
£ 23 1083 AeoA] ¥AIZL £ 540 mmol|A]
microplate reader® E#=E Y30 ZoF
A& NaNO,& A18sle] 7419

5. iINOS Western blotting

10 cm wiFHAle] Rat2 A|EE TdF2 BT
T AEZ7F weFgAlel 90 8= S W 0.1 %
FBS7) 234 w2 vlto]Fa 48417 & Ak
sheka wjF7)ell sttt 484135 Exlo] &
B A2 Zola 24413 ohA] vkttt viAl &
A A3k phosphate buffered saline(PBS) 2.2 Al
2Bt vl Al A a8 300 ME ¥
3 4 ¢l 105t Foldtt. &alE AEZ &S
1.5 ml tubedll %7 4,000 rpmelA 15552 A4
Felete] A5ds ATk 7] 34 sample &
100 ©E F71slith. @A <kS Bio-Rad protein

Z

assay kitE o|&3ste] AFsteict. @¥ldS SDS-
PAGE=Z H#2]AlZl & nitrocellulose membrane®ll

440t S - Quartz A=0] 2t INOS &&le| Xp7txd

transfer AIATH 71958 oz

Z1 nitrocellulose membranes L&A anti-
iNOS rabbit IgG(Santa Crutz, CA)< TTBSe
10100022 SAAIF] golof] F1o] AeoA 34]
7+ A7l 3 AlHZE = anti-rabbit 1gG-
HRP(Santa Crutz, CA)< TTBSl 1:2000 &2
A7 G 4087 wEEAIZ L. TTBSZ 102
2 3H AlHe & ECL detection kit(Amersham-
Pharmacia Biotech) 2 <1315t}

1S transfer Al

o] g3ste] HAsH 1 AP Sl kA A gl
£ Wl ANOVAZAZ % multiple compari-

1. NO2| MM

oL

a-quartz® A3k Rat2 fibroblaste] NO A%
T2 aquartzZ ATt 24A17F W T g
FEAYL] nitrite FEE SH T 2A Lol
t}. A=3 equartzd] F=7F 7SS vl
Ao nitrite®] F=7F S8R 2H 5007 1000
ug/et Aol A BIRI S 71k t)Zael]l B3]
freleiA S7kE AT (Fig. 1).

2. H,0, M

O

o 32,

A=39 e-quartz®] $=7F S7HES Rat2 A2
o wlFdEael H0,0 s&rt S71stlen a-
quartz®] F=7F 100 wg/erd w H,0,8 5%=7F
HxE BAH(Fig. 2).

3. a—quartz2 XI3st Rat2 MZZFE NOL}
H,0, &=H|o| INOS<e| &t

2 A3 mdoA L-NILe] iNOS &dS |3}
=] gRlst7] $18te] western blottingo 2 &<l
il B3 X E A @2 ulZel Hlgte] a-
quartz HglA] INOS &de] Z71skg e INOS
Sol JAAJ] L-NILS ¥=7} S718rE Alxy

o e
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Nitrite (M)

4 ~
—T
3_
_L

2_
1_
0
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Conc. of a—quratz (ug/cm?)

Fig. 1. Nitrite concentration in Rat2 cell super-

natants stimulated with e-quartz *P<0.05
compared with control

Fig.
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Density (%)
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. Effect of L-NIL on e-quartz-induced iNOS

expression in Rat2 cells 1: control, 2: a-
quartz 50 wg/er, 3: a-quartz 50 wg/ar+10 g
M L-NIL, 4: e-quartz 50 wg/a+50 &M L~
NIL, 5: e-quartz 50 ug/cir+100 M L-NIL

0 1 10 100 500 1000
Conc. of a-quratz (ug/cm?)

Fig. 2. H,O, concentration in Rat2 cell super-
natants stimulated with e-quartz *P<0.05
compared with control

[ Control a-quartz (500 pg/cm?)

ARIMIITININRY -
N\

0 0 10
Conc. of L-NIL(iNOS inhibitor : uM)

Fig. 4. Effect of L-NIL on e-quartz-induced pro-
duction of NO in Rat2 cells. *P€0.05 com~

pared with control, "P<0.05 compared with
silica treated group.
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Conc. of L-NIL(iNOS inhibitor : uM)

Fig. 5. Effect of L-NIL on e-quartz-induced pro-
duction of H,0O, in Rat2 cells. *P<0.05
compared with control, “P{0.05 compared
with silica treated group
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*
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[ Control
L2721 g-quartz (500 pglem?)

120
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H,O, (uM)

iy

) %
0 |

0 0 5 50 500
Conc. of catalase (U/ml)

Fig. 7. Effect of catalase on iNOS-induced H,0O,
production from Rat2 cells stimulated
with a-quartz. *P<0.05 compared with
control, #P<0.05 compared with a-quartz
treated group

iNOS ©@jeko] 7hasl= 42 EAY(Fig. 3A).
Fig. 3B= western blottingg 33] 24|}
band®] densityE =743t Az}o|tt,

iINOS7} e—quartz A=l 28] Rat2 fibroblast
ZRE H,O0,F A oug d&E st=A Lot

440t S - Quartz A=0] 2t INOS &&le| Xp7txd

C— control
[£Z4 q-quartz (500 pg/cm?)

s B

;

0 A )

0 0 5 50 500
Conc. of catalase (U/ml)

Nitrite(uM)

NNl

AT -+

o
o
o
o

Fig. 6. Effect of catalase on iNOS-induced NO
production from Rat2 cells stimulated
with a-quartz. *P<0.05 compared with
control, #P<0.05 compared with e-quartz
treated group

7] 93te] Rat2 MEE INOS o] A1 L~
NILZ AHx & F e-quartz(500 wg/cm) 2 g
stz wlgste] wieF dEAUl nitrite(Fig. 4.)<F
H,0,(Fig. 5.)¥=E 3 3t3t

L-NIL AXX]A] nitrite =9 H,0,2] F&=7}
a-quartzite A elgk ol vlste] frolsiA st
o] INOS7} a-quartz A}l 9]¢k Rat2 AlX=%
Bo] NO9| #H] # oflz} H,0, &= wofst
© Aoz Azt

4. Rat2 A'”;‘T’;O”A‘I a—quartzo.” _(_D_Igl_l. iNOS tIEl.g._:lO‘il
iNOSol| 2[5t MMEl H,0,2 A7HdH| &t

A g7Ael Aol A a-quartzel st Rat2
cell®] iNOS #do] ZF7let o] F7te iNOSe|
9lsle] NO ¥ olyzt H,0, ¥Ael S718S & =+
NATE, B osted F/ME iNOS-induced
H,0,7} iINOSE 27} JAste 37} JEx] Lot
7] 9J3le] @A4EAI9l catalaseE HAA F}F F
a-quartz 2 AFstF = 1 AZ+= Fig 6, 7. 8
oA HE wie} 2t}

Catalase® A7 39S Wl e—quartzol] g
H,0, A2ke] catalasee] F=7F S71d4E S7lst
AtH(Fig. 7). NOE wpib7kx] & Hou
H,0,7tF @A g Wstes ofYArk(Fig. 6).
Western blotting HAM % e-quartzell <]sho]
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Fig. 8. Effect of catalase on a-quartz induced
iNOS expression in Rat2 cells. 1: control,
2: a-quartz 5 wg/ew, 3: e-quartz 50 ws/cr,
4: catalase 500 U/mi,
+catalase 500 U/mi,
+catalase 500 U/ml

5: a-quartz 5 ug/er
6: e-quartz 50 wg/a

Z7HE INOSe| @réeo] catalase HWABIAl F7lst
Aom catalse?] H%7F E7184E density’l &
7Fetck(Fig. 8).
o]/Fe] AFtelA Xl whgste] F7kd INOSe
«]404 A H,O7F INOSE Ap7tx2dshes 24
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w0 E7hEE NOS7H #Ald of@ ag wy
oA F8% 4TS s AL AL AFHAY
d7Ee wE Aoz Tk Aol AAE
g Yoz oA gtk B APlME %l
T4 AEel|A Bl oI 3 4H5 syl
Zad 48 o AFRAEe o] A48 it
220 AFel ©l% NOSel w4 9 2 24714 o)
se] Pobugict,

el ojate] #HAGW o2 AlEE°] ROSS
RNSE E4]3lH NOSE #d gt} (Vallyathan et
al, 1988: Jornes et al., 1991: Castranova,
1994; Martin etal., 1997). WZ2= FAi7]9} 4t
2719 Zgatge oste] e AtskAlo] Hlste] o

£ A8 245 vEY UlE gk (Stamler<t
Hausladen., 1998: Eu et al., 2000). =3+ A4

e A&7 tEo AsHEAd &5k
cytokine @/3le} 22 I o] Azl Aoz &
A 27 ogk NO% NOSe| x=47]x9 shet
2 B ot #Age] whg @ AIEAYr|He] o]
ol wl§ Fa3ltt. NO= NADPH &4 wke-
o 93t Lrarginine® quanidino w22 +E
s =g o] ¥ NOSd| gfste] E31s]ojzl
k. NOS+= 37FA] isoforme] $1=Hl neuronal
NOS(nNOS, type I), inducible NOS(iNOS,
type II) 28] endothelial NOS(eNOS type
Dol wxlout XP%%QOH oz INOSe &g
92 A7t BaEo] deuk #31 FYd o
NO9| EH|Zr7l= F2 INOSe| 23 Aoz Az}
Hollth, # AFAFHANME a-quartz A A Al
2AE AEFQ Rat2 AlX9 INOS ©iitdo] &
e FE oEH oz FUHgo] 1A

NOS+= cytochrom P450 reductase$t FAFH
43 FAD, FMN, NADPH,
calmodulin 2183 ferroprotoporphyrine IX 4
AFEHE A derm NOE st 28
% olye} L-arginine? ¥%=7} %<& w superox-
ide anions AXAIZIZ oA SODd 2|3l

hemeprotein<

H,O,2 ®iglxe] x5 o2 H,0,0 Y& S7H]
71 48 7KK de= Aol 3 (Heinzel



etal., 1992; Pou etal., 1992). Z&j1} oj" A £
ol NOSel 23l superoxideZ} AAtslEx]
gl NOS7F NO$} superoxide?] AiHE oj€A
A=A dEA UA #Erh Xia(1996)e] o3t
W NOSe st} A4tsEl= NO9 superoxide”t
2FelA|Q) peroxynitrite® THEO]
EAT EE3} glo] o]e} #AA
olg7} & SFHoXIth EAF
3k 799 Fo FEAED AREAXE
E 540l 71 AR B3R F9] sl e—quartzet
Ll NO<F Hy0,9] Aaks &l uf, #31
% sto] NO9F Hy0,9 #4171 S71E 30 oH
iINOS Al 2lste] 271 2]t NO<F Hy0,9]
i) S7171 AAEJ e e—quartz2 A e A
FRAZEANA F7+E INOS7F o] AlEZEEH NOS
H,0.,8 M S3A7e A € At

Kotsoniss(1999)2 Ad# 2dlox % 2o
Lrarginines FA= # NOSe| 9jgte NO<| A
Aol FAsM Z7let= Phase I3 Ak NO A4
%7l HA 315 = Phase [12 7EES Hugh
vl 9lo} A3 ] L-arginine®s FUS wf 24d#
WellA= NOSe| &Jate] o] A% FEolatz iy
H FES 9 NOS7E dol= NO7F A=A &
55 ¢ & U =3 AP A L-arginine
9] ofo] AT wl NOS| 2fste] Z7]ofl= NO2|
Ayake] ZEhg F710e NO29| 2H|Z717} £33ty
= 9 H,0.0] Aike] F43] F7iithe Havt
[}

2
i)
2
Lo

ol NOS7F ROSe| At dojgto] e ut
Jot. BATE AR ddew s o] wjAy

o] Lrarginine®] <] A= oz BIS
Aelsla 24417 viekste] INOSel| ¢lste] H,O,7F
Ard £ Qe 215 BE FAG.
iNOSell gt} Aakd H,0,7F iINOSe| 23
of ojujgt Zg-& heA LolEr] et X X
2] 30%Hol 39 catalase® A Te T A
FEAES] NO¢ H,0, A4ks 2 iINOS Tl 2
HEE #Fs9n}. Catalaseol 2213 oA NO
2 H,0, Aito]l F7letslem 53] H,0,= AA S
Al F7Fea INOS Héd = F7tsksint.

web] AFE RS ARRAEAA INOS
HH-S At 7MY INOSE RNS#® ozt
ROS9 #H|E f=3lM RNS9 ROS7F iNOSe

a

i

=z
gl

O}

440t S - Quartz A=0] 2t INOS &&le| Xp7txd

AA et Artzedste ERE 7 A

A2 A

o
i

o ok
S =

=8 : Rat2 AFEHMEAA equartzel 23
=¥ NOS9| 2271:S doliy] glste] £ A7}
A== ATt

gt Rat2 AlEo oA a-quartz A=l 2
gt NO< H,0,0] #H] % iNOSe| #d & #astsl
I, iNOS A4l L-NIL¥ H,0, JAA<]
catalase® FA stz v7IAZ NO9 H,O, +
H] O8]a INOSY ©dd H=E western blot-
ting= ol-&-3to] Tz

ZAnt : a-quartzE Rat2 Al XA INOSel| <]k
NO¢F HyO,9] BHIE =3kttt L-NIL2 Rat2
M EANA e-quartzell €3+ H,0,8 #4]<} iNOS
dES 3] Akt Catalase & A 3
AL v equartz® F=F iINOSe gJste] Prk=
7F8 H,0,7F iINOSE A8t autoinhibitory
pathway’l zg=o] Ay oz H,0,9 #v]<}
iNOSe] #do] F7laks]

ZE : Rat2 AlEoA e-quartzell &ste] f=d
iNOSE Hy0,8] #HIE £x138ta o] Hy,0,= iNOS
7eE 2Hse AR Fag dds o

= Aoz AzEn,
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