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Background : Endotoxin, the component of outermembrane of gram negative organism, plays an important
role in the initiation and amplification of inflammatory reaction by its effects on inflammatory cells. Until re-
cently, there have been continuing efforts to delinate the mechanisms of the signal trasduction pathway of en-
dotoxin stimuli on inflammatory cells. By uncovering the mechanisms of signal transduction pathway of endo-
toxin stimuli, we can expect to have tools to control the excessive inflammatory responses which sometimes
may be fatal to the involved host. It was generally accepted that endotoxin exerts its inflammatory effects
through inflammatory cytokines that are produced by endotoxin-stimulated inflammatory cells and there were
some reports on the importance of protein kinase C and protein tyrosine kinase activation in the production of
inflammatory cytokines by endotoxin. So we evaluated the effect of pretreatment of protein kinase C inhibitors
(H7, Staurosporin) and protein tyrosine kinase inhibitors(Herbimycin, Genistein) on the endotoxin-stimulated
cytokines(IL~8 & TNF-@) mRNA expression.

Method : Peripheral blood monocytes were isolated from healthy volunteers by Ficoll-Hypaque density gradi-
ent method and purified by adhesion to 60mm Petri dishes. Endotoxin(LPS 100ng/ml) was added to each dish-
es except one control dish, and each endotoxin-stimulated dishes was preincubated with H7, Staurosporin(pro-
tein kinase C inhibitor), Herbimycin or Genistein(protein tyrosine kinase inhibitor) respectively except one dish.
Four hours later the endotoxin stimulation, total RNA was extracted and Northern blot analysis for IL.-8
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mRNA and TNF-a mRNA was done.

Result : Endotoxin stimulation increased the expression of IL-8 mRNA and TNF-¢ mRNA expression in
human peripheral blood monocyte as expected and the stimulatory effect of endotoxin on TNF-a mRNA ex-
pression was inhibited by protein kinase C inhibitors(H7, Staurcsporin) and protein tyrosine kinase inhibitors

(Herbimycin, Genistein). The inhibitory effect of each drugs was increased with increasing concentration. The
stimulatory effect of endotoxin on I.-8 mRNA was also inhibited by H7 and protein tyrosine kinase inhibitors
(Herbimycin, Genistein) dose-dependently but not by Staurosporin.

Conclusion : Protein kinase C and protein tyrosine kinase are involved in the endotoxin induced signal trans-

duction pathway in human peripheral blood monocyte.
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Protein kinase C inhibitor¢l H73} Stau-
rosporing Sigma Chemical CooljA] F¢3lgen,
H7& Z5<po)] 5odA 10mMe} H52 stock solu-
tiong TE Hol ol& M ARSI
Staurosporin® DMSO9] 100 M9 Fx=
stock solutiong THE Hd| FAst] ALML-stT)
Protein tyrosine kinase inhibitor ¢! Herbimycini#}
Genisteinx®. Sigma Chemical CoollA] ¢33
Herbimycin® DMSO9] 0.lmg/mi2] »FZ=
stock solutiong T 5 3|43t AL8-5l9aL, Ge-
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nistein& DMSOe¢] A 10mg/mle] B2
stock solution® W F 343l AlL3tgc).
stock LPS+= 200z g/mle] =2 RPMI16409)
Fo|A] AL

2. A=Y syl Eaf

Heparine 2 Xz|g FA2 ZAel 2zl A oF
100mle] FH PG AA3ATE. EAe B4 Ag<
9} 1:1 v&2 & ¥ Ficoll-Hypaque & 2 Q3|
E3E Ao WGl AFFAFIT 2~33] R ¥
10%/ml2 AXFE ZAste 2 42 35mm Wi
Al B3 1217 vigste] S EE uigd
Alef] R2AF| AEAe AASY PEprERY &
AT EE Ea2lsi.

3. TNF-a mRNASg} IL-8 mRNA 3

3-1.49 =4

WEA Aol 2 4FHAA cytokines] '&d)
secondary messenger systemojA] Q3% 3L
= Ao 4elA U= protein kinase C2} pro-

tein tyrosine kinaseo]] t§§}t inhibitor& A X3y
€ o tHEHA 9FhAA cytokinegl TNF-a 9}
IL-82] mRNA <] Wdo] o]FA 22A& A& ¥l
37] sistd S48 7] % 23 WE4(100
ng/ml) & 7} 2|2 WS2& 718}7] A9l pro-
tein kinase C inhibitor3! H7(50M, 3039 HA
] )3} Staurosporin (50 M, 3023 A=) 2
2]a  protein tyrosine kinase inhibitor%l
Herbimycin(1 ¢ g/ml, 2A12tA AA 2] )3} Geniste-
in(50 z g/ml, AXRR) Aztglo] WFa9} Zo] Fof)
o2 AAAY o2 riloH UELE 7% X
427t Holl RNAE #8]8l] TNF-« mRNA¢} IL
-8 mRNA ¢] %44 Northern blot analysis& £3}
o 48 ck(Table 1).

3-2. Northern Blot Analysis

Chomezynski®} Sacchi®] acid guanidium thiocy-
anate-phenol-chloroform FZ&W'9& o]&3}e] &
RNAE F&3o] 3=siet 5 53¢ RNAE for-
maldehyde& ¥#3H= 1.2% agarose gelol] H7]4
& Al FAAT A7]9% F 2859 185
rRNA band 9] A==2 F 2] RNA loading &

Table 1. The condition of experiment on TNF-# and IL-8 mRNA expression induced by endo-
toxin after pretreatment with protein kinase C inhibitors(H7, Staurosporin) or protein
tyrosine kinase inhibitors(Herbimycin, Genistein).

AAA oA 24 AAA] A2 RNA 2] A7t
Control YEA & 4417
LPS "
LPS + H7 PKC & PKA 30% »
LPS + Herbimycin PTK 2AJ7k »
LPS + Genistein PTK WYELS AT ”
LPS + Staurosporin PKC 308 »

*LPS ; lipopolysaccharide
PKC & PKA ; Protein kinase C & A
PTK ; Protein tyrosine kinase
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g A3y, A719%3 gele] RNAE nylon ColA P2 labeling® human TNF-o $} IL-8

membraneo)] transferA]7]1, RNA7} transfer® cDNA & ¥EX#}=2 AME-3l hybridizationg- A|3)&}+
membrane$& UV crosslinking& Aj388l) RNA& 9}, IL-8 ¢cDNA= u]= NIH9 Dr. CrystaloA
membraneo)] 31ZA|Fc}. Prehybridization¥ 65° Al 71Zwgktt. cDNA 9] labeling & Random
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Fig. 1. The effect of protein kinase C inhibitors(H7, Staurosporin) and protein tyrosine kinase
inhibitors( Herbimycin, Genistein) pretreatment on LPS induced IL.-8 and TNF-# mRNA
expression. The upper panel represents autoradiography results of Northern blot analysis
for IL-8, TNF-a@ and B-actin mRNA respectively. The lower panel represents the rela-
tive radiodensitometry value of IL.-8/8-actin and TNF-a/g8-actin ratio. Pretreatment
with each drug before the LPS stimulation decreased the expression of TNF-8 mRNA.
The expression of 11.-8 mRNA after LPS was also decreased with pretreatment of H7,
Herbimycin, Genistein, but pretreatment with Staurosporin did not decrease the expres-
sion of IL~-8 mRNA.

LPS : Lipopolysaccharide (100 ng/ml)
H7 : H7 (50 M)

SS : Staurosporin (50nM)
Herb : Herbimycin (1 zg/ml)
Gen : Genistein (50 £ g/ml)
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Fig. 2. The effect of H7 pretreatment on LPS induced IL-8 and TNF-# mRNA expression with
increasing concentration. IL.-8 and TNF-¢ mRNA expressions were supressed only in
high concentration of H7(50 z M) pretreatment.

Primed DNA Labeling Kit(StratageneR )& o]&
&9}, Hybridizationg€ A|3% ¥ nylon mem-
brane€ intensifying screen¢] o] + X-ray
Wi —70CoHNA  1~2¢7
autoradiography & A]33}1 laser densitometry 2
st

film cassetted]]

2

1. Protein inhibitor (H7,
osporin) @ Protein tyrosine kinase inhibitor
{Herbimycin, Genistein)2| MX{x|7} LS4 X}
Sol| 2|8t TNF-o mRNA 3ol ojxl= 9%

kinase C Staur-

WEA(100 ng/ml) 2 =g FolA 23 ¥
3le] TNF-@ mRNA o] dA3) Fvleie). of
e US4 2§k TNF-a mRNA expressiono]
%7} &3+ protein kinase C inhibitor¢l H7(50
1 M)3} Staurosporin(50nM) 0.2 30% Ao X
2314 E W dT|EHA AR, £FF protein
tyrosine kinase inhibitoré,’l Herbimycin(1 z g/
ml) o2 5 A7t Ho] WAAF F$h 2& protein
tyrosine kinase inhibitor¢l Genistein(50 xz g/ml)
& WER9 o] FofF Ao WSio] 9%
TNF-a mRNA €] Z8o] d@=A QA= Yrh(Fig.
D). 2zt epAlEl 9% ol2ld A ah= F=o 7t
o mgt JAEFHAE F7Hgol A=A, protein
kinase C inhibitor2 #XX§ H79 Fx= & Zzt
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Fig. 3. The effect of Staurosporin pretreatment on LPS induced IL-8 and TNF-o mRNA expres-
sion with increasing concentration. The expression of TNF-& mRNA expression after
LPS stimulation was supressed by 30 minute pretreatment with Staurosporin and the
supressive effect was increased with increasing concentration of Staurosporin. But even
with the highest concentration of Staurosporin we used, IL.-8 mRNA expression was not

supressed.

6.25,12.5, 25, S0 p M2 5 wi¥ F718td g of, A
29 Al = M dA a7 JehRA fort
50 Me] FmolAe dAl a2t el o (Fig. 2
), T3 A= Staurosporing FE& 25nMHE
AlZslked 50, 100,200nM 2 F uid 27181 o
& 25nM 9] FEAAME dAa#7) et vy
A9 B FEEINE LA Uehdeh(Fig. 3
). Protein tyrosine kinase inhibitor2 H3]x]%h
Herbimycin®] =& 0.125uxg/mlEE Azt
0.25, 0.5, 1.0ug/mz Z7 5 wi¥ Z71819&
o, Ao @& ¥ prHb e & F TR

AA R Ao JAAE7E S Ho] FAHA(Fig. 4),
Genistein®] F%& 6.25, 12.5, 25, 50z g/ml 2 vl
7FPEA F0E W BEe FUl wet AP =s}
tE & o] FAHUH(Fig. 5).

2. Protein kinase C inhibitor(H7, Staur-
osporin)2} Protein tyrosine kinase inhibitor
(Herbimycin, Genistein) 2| XX} =4 X}
2of| 2j#t IL-8 mRNA2| 4ol ojx|= Hg

WE2(100ng/ml) 2 A=% FollA df2Fd v
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Fig. 4. The effect of Herbimycin pretreatment on LPS induced IL-8 and TNF-g mRNA expres-
sion with increasing concentration. The expressions of both IL-8 and TNF-a mRNA
after LPS stimulation were supressed with 2 hour preincubation of Herbimyecin and the

effect was dose-dependent.

#ted IL-8 mRNA #¥o] #A3] Fvlsislnt. ol
g US40 €)% IL-8 mRNA expression®] Z7}
A= protein kinase C inhibitor¢! H7(50 u M)
o2 308 AHo ANASAUE o A=A A=A
o1} 7+ protein kinase C inhibitorQl Staur-
osporin(50nM) o2 308 Aol AAMx3IE& =
ol2|g AAET7 JehtX] ekstrh. E§ protein
tyrosine kinase inhibitor¢! Herbimycin(l zg/
ml) o2 F A7t Aol AAX# H¢-2 22 protein
tyrosine kinase inhibitor?] Genistein(50 z g/ml)
& WS} go] T3 Aoz WS o8 IL
-8 mRNAS2] #go] A=A AHUAT(Fig. 1).
Z} Aol 9%t o]F A AAE Fxe] FUi
et JAEHE F715te] ElEUEH, protein ki-

nase C inhibitor2 AXXg H79 =& Z44 6.
25, 12.5, 25, 50 u M2 5wy F715td& o, A&
o Yo % FoAde dAERt FREA 4kt
25 M9} FoME JA AR Jebsten S04 M
9] ¥xdiME Ao 9Hd JAEIWNV el
(Fig. 2). Protein tyrosine kinase inhibitor 2 A
28+ Herbimycin®] ¥%& 0.125 ¢ g/mlFE A%
3l 0.25, 0.5, 1.0u g/ml= 242 5wy F71549
& o, e e F FrHO UFY 2 F Bk
o] AMAA dAAES & Aol FASUL(Fig.
4), Genistein®] & 6.25, 12.5, 25, 50z g/ml
2 H7plEA e o sEe F7ie we JA
=7t g% & Hol FAFHUT(Fig. 5). Staur-
osporin€ IL-8 mRNA & i3l gAaxE
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Fig. 5. The effect of Genistein pretreatment on LPS induced IL.-8 and TNF-& mRNA expression
with increasing concentration. The expressions of both IL-8 and TNF-¢ mRNA after
LPS stimulation were supressed by the Lreatment of Genistein with LPS and the effect

was dose-dependent.

e ston sEd e AlETie] Aol= 1t
ehA] giskch(Fig. 3).

o

AEFA 23t YA 53] F5o $AE ATt
Asts 7Vg 388 949 48 39 shteln, =
HEZAH 43+ O 380 U 3FTE T
F29 $PFE FEsks UEst BS gobd 587
o8} RopoME ]9 Hejgeier TFHo2E AR
uhgo] o tiE &AL Bl Aoy AF
742 g viae aggdTel oF fEFe] 2
dE 2PATe Axeel FAEE Fof s W

= (LPS ; lipopolysaccharide) 7} &4 X E A=
g 5 o] dFAM XA Eulde & cytokineE
¢l TNF-g, IL-1, IL-6, IL-8 %3} 3 ¥H4-$31
A} BAAE 283 kinin system 2| AA B4
BAE9] Zgo| o AL = Aoz oF=EHT
qrio. oleig HPFY FHs Hgdes £79 3
Q) wrolzhg-o] d@go s AIZEAY ofH Lo
= gAY FoE il ATl AAR A=
&30] ¥hgo] A& FEE o] AFqe £F9 A
Y7z 2R ¢ e Aoz o= Ak wekd
ol2jg e HAY FFo s 2P0 IN =
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AME WE L) olste] BB ATo] oW AEE
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B3t A3Vl M A FFE 7KL Ao o
g 7ol Mdsolof & Aoz AztEd. AF7HA
g vz YT Alge] AEEdAs Axgtl
F29 CD140l2hs & o] 549 yEAdgY
WA (LPS binding protein)ol] tjgt 48 H&e
3 AoE 48A Jom'™, Ysi-USs22AY
@l o] B3z} 4490 CD14¢f AFEHHEA] o]
o tig ghg-o] A ZUolA e o] 4358 dodle
cytokine®] A& F7H7IE Ao 7HgsoiAn
ot A9 CD14& M2t ¥ho 29t §25ole
Boln MErhEs EF0] HoAR & Hew &
A AolA W Fae} S48 ote] Afo] oEA AE
AGA A Ao == Ao tigh o2 obF 82
o] Sjx] @il glor, g o]F Ao 2E o] T}
Ao} Hrin gAlgte thFst AT AGA Aol o
ke o8] AEER FAR ofF A 9l o)%
ARE A obF FAstA ol HA e el
th ZF7kA] 42lx] vk2& CD149] immunopre-
cipitates’} protein tyrosine kinase2 #4& }e}
Uls Aol &Rlo] =HolA'0, o] a1AF2 Aol A
o] AJAE upr} lon, Algte] AWM EE Sal-
monella Minnesota Re5959] WEAZ 2314 &
799l protein kinase C7} 843}5= Zeo] &<l
g v7h A0, oo ARES Algte] GFNrEe] W
A o2 ZEAA Fa3 4L £l Aoz
¢ YERENGYTE dFozle Ysid 9
& ATl Axz AgEe FAdA 4r1E pro-
tein tyrosine kinase®} protein kinase C&] #4jo]
ojfolAE A& AHHuz s%oH, o9 g
98} protein tyrosine kinase$} protein kinase
Col g4¢& Heishs Aoz d8A ds Al 9
A x]ef) oste] A EFol o AT <3}
of Bol Frkss Aoz Eld TNF-a ¢ IL-8
mRNA o] @¥e] A=l A& FQlsl, s #}
T Az dEAgelA] Fr1e T 54 8L 2
HHoz dolrsirt. AdolA veld uiel goj

protein kinase C inhibitor¢l H73} Staurosporin

2]3L’ protein tyrosine kinase inhibitorgl
Herbimycin 3} Genistein 25 US4 =] 9%
TNF-a mRNA o] W@ & dAsleion, o]gjg oA
A= AvFo g Fxo 7l wel dAEN) £
3 F713te] #UE%itl. TNF-a9) 37 g5ylkgq|
A 357 dE F31E F& XRT 2% A4
& 3= Aoz gl IL-8 mRNAS<] 23
W 4718 oFAEe JAlETE AT A Yo
Me g8 2952 TNF-a9 A% 22 Fdzs
Bgor}, protein kinase C inhibitor 3 3lttdd
Staurosporin TNF-¢9] Z$el= g US4
2]§ IL-8 mRNA S| #3837} d& JA&aHE o}
Eli=] gkttt olAL& Staurosporin AFA7F IL-8
mRNA 9] &g A& a3} 7] HEe=
ztert. Cassatella Foll <J3ld* human neu-
trophilellA]  Staurosporing uUAHez IL-8
mRNA 2d-& 377 23t e Aoz JE
wron, Staurosporin ZHAle] WAEH= o]eidt 24
o] protein kinase C inhibitor24] IL-8 mRNA
L A= anel 43Hol AFHozE IL-8
mRNA 23] g 4% vAx R 37}
U Aoz godn. olde] A9E sty & of
Abge] ZREAGHTN UiFsd] o RS
protein tyrosine kinase£} protein kinase C2] &4
& 53l ojFolRrhs F&0] 7Hs3in, £ A7)
A oz Aa}E ulgho z2dte] B4 2l o
U 459 FF598E A8 5 e E sl 4
g dobd F ks YEd29 9oy} vt 4
Zrech. AT oA E FEEUSEC) 4715 A
Bl 2F dAaT= AP o)E% Y B2 =
M= A IR &S UEMR] Eln F2FHU
Bk JeR ks Ho] 2471 8 47t led, o
21§ in vitro A¥e] g vioz st |
oFAlEo] HAFoz HPZH e AP X7
AZA AT F 717 o} dAsoF E BA
7t B& 3o s Azt
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