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HAo| ul-$A 7+ A|EF BNL CL.29 Nitric Oxide
Aol b x| Ak

ggudde d4ges, a2 ooae nges 2 e gay,
AFden ol st A
ASH - AT - wHS  SXE - HY DB
ZREE: oh$2 2+ A EFQ BNL CL29| Al@ 3l wiFollA A3 IFN-y7F AEF2] nitric
oxide (NO) 413} AT 4ol WAl E FaE Yotir] A9 4P sk YHo) 378 WY
A IFN-yoll 2l gh A2 Y& A9 WEe) g, 82 AA wFollA e o 65%2] BE&
o] 4x=59lom, NO HA A4 9 N-monomethy-L-arginine (NMA)2] A7l Tk 9FEH 02 A
%o) 2SS F2AATY. 7o) AAY BNL CL2 A TFE PNy 2% Aol 4= NOE A4S
4 3191 e.m, IFN-y8} lipopolysaccharide (LPS)2} B3 Al Al X5 NO A& 45822 F7H
74T}, =3 protein tyrosine kinase (PTK) inhibitor¢] herbimycin A} genisteinol] 2|34 NO Qo] o #)
=lo] PTKe] @4do] &go] 12td BNL CL2 4| E|A NOS Ao Zod A&E FFsti 37
g go 2 Betect IFNyel 5S4 38 AAANZ o NO 44 AAA ] 35402 3t AXE
&AFA 7)1, o] w] NOZL IFN-yoll 98] f58 £4% ol F = dAA7€ 2& & & U

(«)

# 2o NO7} Ml E A3 24 2 reactive ox-

A = ygen intermediates (RODol| 2lafl H28 M X Z4
& HaFA9 e & 8ol WHPLR o] ¥
Nitric oxide (NO)= th#-¥2] 2/FF F&2] Al ool thal A Bwd] A7 Y.
= el A4HT ARANAE ebs A5 e volg st A7 T, 22 Y
A BEAZA, ddAAE Y 24} & A AF 22 o kA ddez s o
#e) £ P 5EAT AR ASSTIN, 3 ve) 934 Avolt. 1 9% BAA e
AZANE gALS 2 F£&2 28 £ Xga]i}ﬂ ° ROI 2 tumor necrosis factor-alpha (TNF-ot) 5-¢ll
2298 4982 50, T4 AE 2 £F 4 olstal 7t &4l AgtH ', 2t A3 i)
Eo| o3 7}x] A)dgAoln thA} & C"l Wzl g A X, hepatocyte (HC) 2 Kupffer cell (KC) To]
FEGGY. AL B AR, o)) NOE 2 M Ee] B4 2
NO9o| Aelehd &2 d whgolA &L3) 2AME 2P st TNFa @ ROIS AE 54
ATFH R, A 2= NO7F 273 A L] A2 oA A .
ata Mgtz A wot obge?, gF whg AN IFN-y= @4d3t8 F =79 NK celldf 2|5}
P A L HNE EGE Fo3 2 EAR FH 5 7154 cytokine S 2, [FN-y2] &4
a3 A) 1z gleH? t e 2] HC R AIw B3 2bol= L
A¥A] geth = FNyE TNFast o] HCe
‘w2 R 41999 49 2990 AT =4S JERE cytokine 2 2 g &43ol &
*ggxizifxi:zl}g-ggif 51;(:%750 A B QA A8 T 29 F € Ao nols g Wie] 5.4
a2 wgnade agdas & dae she Aoz Azdc. HZ) mito-
Yol AT 1999 % 1B A st o) < genic factor?l hepatocyte growth factor (HGF), ep-
dtad o] Fo] A& ithelial growth factor (EGF) B fetal bovine serum
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(FBS)°] HCol X IFNy2 2¥ M ¥ &A% 7+
2A NP Lo E s B 9 HCOlA IFN-
vl s fdd AE E43 YA E NOsH=
45 B840 YL Ao YA

9 Kim $9¢ nh92 4498 Esd Novt
lipopolysaccharide (LPS)]] 2] g+ 3t £4H8 B33}
I AE 5A4E JEhd= TNF-ao] J4&
dr A= 2HME F USS Kook

2 AF= dHo] 7 MEY NO A3} IFN-y
of ogk A FAdol oJmt ¢S v =rte
Al @B ol A AT AT A8 L 98l
Al & dre vay a3t Z Hol sle nh-
2 7t A 3E5¢] BNL CL2Z A}-2-3t4 ).
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1. A]

Al g o]l A}8-3} methylthiazol-2-yl-2,5-diphenyl te-
trazolium bromide (MTT), LPS (phenol extracted Sal-
monella enteritidis), phosphate-conjugated goat anti-
rabbit IgG, staurosporine, H-7, herbimycin A, geni-
stein, p-nitrophenyl @ sodium dodecylsulfate (SDS)+=
Sigma Chemical Co. (St. Louis, MO)ol| A{, murine
recombinant interferon (IFN-y)7} N°-monomethyl-L-
arginine (NMA)-2 Genzyme (Cambridge, MA)ol A
T3t 21, anti-murine iNOS polyclonal antibody
+ Santa Cruz Biotechnology (Santa Cruz, CA)ol| A
R EPEE

BNL CL.2 M| £FZ wjokalr] 93 Dulbecos
modified Eagle medium (DMEM)3} trypsin-ethyle-
nediamine tetraacetic acid (EDTA)= GIBCO Labo-
ratories (Grand Island, NY)ol| 4] )3} 2.1, fetal
bovine serum (FBS)& Hyclone Laboratories (Logan,
UT)®l| A, ninety-six well tissue culture plates 2 tis-
sue culture dish= Nunc, Inc (North Aurora Road,
el 242 Tgdatsio.

2 99 A E vk 293 7] Life Tech-
nologies (Gaithersburg, MD)el| 4] -] 8} 11, A
oF 2 ujoFAle] LPSe) 2 X &= colorimetric
Limulus amoebocyte lysate assay® ol] 2] 3jA] &<l

Huo

2. Mz 3wk

=
2=

ol
=

A2

A8 A £F BNL CL.23= American Type Cul-
ture Collection (Rockville, MD)ol|A] 3} o,
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| /X3 DMEM (4.5 g/ glucose)oll 10% FBS
£ Artste] widetdioh F&4 AE<Q] BLN
CL.2+ trypsin-EDTAR E-FA17]1 3 o] AL 94
Basled AlEe] dxrt 2x10° cells/dish § =&
3~4% Ft wjFatA ot

DMEM + 10% FBSoj| 4] wjeks® BLN CL2 X
AL nZA17)7] HelA] FBS7F X3 A &
2 DMEM Hjz| 2 A& H) 647 F 84 3
ZANEE 74 AY EFo o2 4% TRE BH
A g ste] A3 T}

EAM A

o a

-
-
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3. M

=
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BNL CL.2 H| £ & 2x 10° cell/mlo] ¥ =& 3}
1 ml# 24-well plateol] §53}11 IFN-y9} NMAE
A7reted 37T, 5% COz # F71 oAl 244 3L vl &
sttt Mg AEE ANEE WA R w8t
4A13t FF wi kS th3 PBSoll &3] % MTT (1
mg/ml)& 50 ul/mlE Z} wello] 23 34| 7k 1)
FetAd ot

Wl & WA S A Al dimethylsulfoxide
(DMSO)Z 200 pl/well®] o] MTT-formazan< &
3 &+ th3 ELISA analyzer (ETY-96, Toyo Instru-
ments, Inc., Japan)2 570 nm HAZA A FHEZ=
Z7 sttt IFN-yo]] 2] ¢k BNL CL2 A 2] 4
2 IFN.YE AME|3lA] &2 dxT & 100%2

3te] Ak o).
4. Nitric Oxide (NO)o| =H

2 O
==

wj ol o} Qe NO,~ #Fe] 242 Green
S9e) ol Fale] A4l

BNL CL.2 A|3EE 24-well plates] 2% 10° cell/
welld do] £ th-& IFN-ynW} LPS, & o8 Al
% Zt7te] Fxol wat v Al Eo Hrlsta
370 48217 £ ES G 7 wellZ R
B 100 ¥ 2] vl kl-8 & 3}a] ELISA Titer Tek
platecl] £7]31 %% 2] Griess Reagent (N-1-naph-
thylethylene diamine 0.1% in H;O, sulfanilamide 1%
in 5% HsPOs)S A 7tet1 1053 2 20 FY o

A A NO;~ A4 % =+ TiterTek Multiscan MC/
340 (Flow Lab)©.2 540 nm oA FFE S
@3 o, oy NO;” F=o e & T4
£ NaNO;Z serial dilutiondt] #H4] 31t}

5. Western Blot Analysis

IFN-y2] 2=o) o] 3 NO 34 &4 (iNOS) &
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Fig. 1. Effect of FBS on IFN-y-induced cell injury.
BNL CL.2 cells were cultured in the presence or ab-
sence of FBS and stimulated with IFN-y at indicated
concentrations for 3 days. Then viability was deter-
mined by MTT assay as described in Materials and
Methods. Results are mean 1 standard error of five
separate experiments.

S B8] Adtel AP ZAol REZ WP
Y AZE PBSZE 33 M ¥l alstgct
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o Algstn UHA = 12% SDS -polyacrylamide

gel electrophoresis (PAGE)ol| u}z} @iz & g
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Fig. 2. Effect of NMA on IFN-y-induced cell in-
jury. Cells were cultured with 50 U/ml IFN-y plus
NMA at indicated concentrations in the presence or
absence of 10% FBS for 3 days. Then viability was
determined by MTT assay as described in Materials
and Methods. Results are mean * standard error of
five separate experiments.

BNL CL2 A EFE ]l 59 E<to] Az
95% ol’de] BEES FAISIH 2 Wt g
ot 22| IFN-2yE A 23 3 Tof A X BES
2 10 U/mlol| A} 2F 80%, 50 U/mlol| A= <F 65%%
Hojgow, 5% T 10% A< A7 o
o] IFN-yoll 93k N ¥ HZEEL o] AAR
SRtk 7 vehd WA We] g go] IFN-yol
o3 B4 AN AHE RAT

10% FBSE & 538t 50 U/mle] IFN-y2} NO A3
4 JAAA NMAE H2lalad Wt 32 F A
279 4F & 79 Wt 9o, FBS
7} AAE Fefol A IFN-ye} NMAS FA| o
Z3lH NMAS 5% Z7lo) wlel M ¥ AZ=LL
Zashe AL wYon Fig 2) o Aa
e A F 1248 #ZHUG (Fig. 3).

B4 A A FNel] 9% NO 4 Zopny]
13tel AP Ao Fig 49 2). YL g2
3] A A A FEFE [FN4S 35 A8 = NO7t
AMAAE R o, [FN-ye] Fx7} S71d<42 NO9
F2 T oEz:Hon ——7]—0}-31_1_, IFN-y o]
50 Umle = o] NO A4 -& Jepch.
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Fig. 3. Effect of the treatment time of NMA on
IFN-y-induced cell injury. Cells were cultured in the
absence of FBS and stimulated with 50 U/ml IFN-y
plus 2 mM NMA for indicated times. Then viability
was determined by MTT assay as described in Ma-
terials and Methods. Results are mean + standard
error of five separate experiments.
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Fig. 4. Enhancing effect of serum-starved on IFN-
y-induced NO production in BNL CL.2 cells. Cells
were incubated with IFN-y at indicated concentra-
tions for 3 days, and then nitrite concentration was
determined by Griess reagent as described in Ma-
terials and Methods. Results are mean + standard
error of five separate experiments.

A FA F7HE AR E AU (Fig. 5).

NO A& A5l NMAE IFNy= A3k
A E o Hrteted EAo] AAR Felloll A vk
&t NO<| A& di=we] NO 44 o8

P
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Fig. 5. Expression of IFN-y-induced iNOS in
serum-starved BNL CL.2 cells. Total protein was
collected from treated or untreated cells and assayed
for iNOS protein by Western blotting with a specific
anti-iNOS antibody as described in Materials and
Methods. Similar finding were observed in three
separate experiments.
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Fig. 6. Effect of NMA on NO production by
serum-starved BNL CL.2 cells. Cells were incubated
with IFN-y in the presence or absence of NMA (2
mM) for 3 days, and then nitrite concentration was
determined by Griess reagent as described in Ma-
terials and Methods. Results are mean =+ standard
error of five separate experiments.

2= At (Fig. 6).
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Fig. 7. Synergistic effects of IFN-y and LPS on
NO production. BNL CL.2 cells were incubated
with LPS in the presence or absence of IFN-y for 3
days, and then nitrite concentration was determined
by Griess reagent as described in Materials and
Methods. Results are mean + standard error of five
separate experiments.
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Fig. 8. Effect of signal blockers on NO produc-
tion by serum-starved BNL CL.2 cells. Cells were
preincubated with PKC inhibitors [25 nM staurosph-
orine (STSN), 5 uM H-7], PKA inhibitors [20 uM
H-89, 20 pM KT5720], and PTK inhibitors [5 uM
herbimycin A (Herb), 5 pg/ml genistein (Gen)], and
then stimulated with IFN-y (10 U/ml) plus LPS (10
ng/ml) for 48 hr. Griess reagent as described in Ma-
terials and Methods determined nitrite concentration.
Results are mean + standard error of five separate
experiments.
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Effects of Serum on Nitric Oxide Production in Embryonic
Mouse Liver Cell Line BNL CL.2

Yoo-Hyun Kim’', Shin-Moo Kim, Hyun-Ok Pae’, Ji-Chang Yoo",
Hun-Taeg Chung” and Hyo-Sang Jin**

Department of Clinical Pathology, Wonkwang Health Science College,
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School of Life Science, Jeonju University, Jeonju, Jeonbuk, 560-759, Korea™*

Nitric oxide (NO) plays an important role in immunologic defense, and influences upon the
functioning of secretory tissues and cells. It also exhibits cytotoxic/cytostatic activity as one of
major operating effectors of the cellular immunity system. We investigated the effects of serum
on the cell damages and NO production in the mouse liver cell line BNL CL.2 to establish the
role of NO. We observed that, when BNL CL.2 cells were cultured in serum-free medium, they
were induced to cell damage by the stimulation of IFN-y alone or IFN-y plus LPS. Serum-
starved cells showed large amount of nitrite accumulation and NO synthase (NOS) expression in
response to INF-y alone in dose- and time- dependent manners, but serum-supplied cells did not.
The production of NO was blocked by protein tyrosine kinase (PTK) inhibitors, genistein and
herbimycin. These results suggest that the deprivation of serum in the BNL CL.2 cell culture
medium might primed with the cells to produce NO when the cells are triggered by IFN-y and
the involvement of PTK signal transduction pathway in the expression of NOS gene in murine
hepatocytes.
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