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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, Staurcsporin) and protein tyrosine kinase inhibitors(Herbimycin, Genistein) on the endotoxin-stimulated
cytokines(IL-8 & TNF-a) 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-¢ 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, Staurosporin} and protein tyrosine kinase inhibitors
(Herbimycin, Genistein). The inhibitbry effect of each drugs was increased with increasing concentration. The
stimulatory effect of endotoxin on IL-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 inhibitordd H73 Stau-
rosporing Sigma Chemical CoollA] Feistgon,
H7& 2844 =ojA 10mMe] E& stock solu-
tiong& WE FHol olE M3t ARR3tUTh
Staurosporing DMSO< 100 M8 F:E=
stock solutiong & FHell Mt A3}
Protein tyrosine kinase inhibitor ¢! Herbimycin®}
Genistein’® Sigma Chemical Cool|4l F-¢stg.om
DMSO9  0.lmg/mle] FE&
stock solutiong §HE H 3Msle] ARESIF L, Ge-

Herbimycin-&
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nistein® DMSOo] <A 10mg/mle] FE=Z
stock solution®& THE ¥ XS] Algsiqch
stock LPS+ 200 g/mie] %2 RPMII6409)
FHAX] AN

2. gAY ool Ea|

Heparino 2 Azlg FA7|2 A4 ApdalolA] oF
100mle] FHHE A3t FHE Held 495
¢ 1:1 v]g2 3& 5 Ficoll-Hypagueo 2 g&jA]
EFE Gof Mg AFFATIL 2~33] AL ¥
10/ml2 AXFE 28 2 4& 35mm ¥
FAle) BFstn 147 olgste) GRANEE ol SR
Aol BZA7| G AASY JT ey ¢
YA EE Felstdt.

3. TNF-a mRNAS} IL-8 mRNA 28

3-1. 4% =4

W4 A5 o d5uMA cytokines] Hoj
secondary messenger systemolA] Q3% 43S
8= Ao® guid UE protein kinase C$} pro-

tein tyrosine kinaseo}] th3} inhibitorZ A X314
< o dEFHA gF9AA cytokinel TNF-o <
IL-89] mRNA 9] ®4do] o]9A geA= A& &<
a7] 9stel WE2E 7I8IA e 23 WH4(100
ng/m) & 74 2 18l2 528 748171 Rl pro-
tein kinase C inhibitorql H7(50M, 30249 A4
2] )7} Staurosporin (50 u M, 308Ad] H2)) 2
2]i  protein inhibitorg!
Herbimycin(1 z g/ml, 2A1748 AX%] )7} Geniste-
in(50 pg/ml, AAF A7Aglo] WEAel Lol Fo)
o2 AMXNE Foz Uren UyE4AE Ve A
4717 5ol RNAE 288l TNF-¢ mRNA¢} 1L
-8 mRNA ¢} @88 Northern blot analysis& %38}
o BM&tgict(Table 1).

tyrosine kinase

3-2. Northern Blot Analysis

Chomezynski®} Sacchi®) acid guanidium thiocy-
anate-phenol-chloroform F&%'9& o}&3}e] %
RNAE F&3l FFse 5 5% RNAE for-
maldehyde& 63k 1.2% agarose geldl] A7]%g
& Alaiste] Bz A7]9% ¥ 2854 185
rRNA band 9] =2 %o 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).
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AAA AR

RNA & A7k

Control

LPS

LPS + H7 PKC & PKA
LPS + Herbimycin PTK

LPS + Genistein PTK

LPS + Staurosporin PKC

WS4 F 442

308 ’
2A17k ”
EE NS ,
308 ”

*LPS ; lipopolysaccharide
PKC & PKA ; Protein'kinase C & A
PTK ; Protein tyrosine kinase



E #EslEn. 71958 gele) RNAE nylon ColA P2 labelingdt human TNF-¢ ¢} IL-8
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Fig. 1. The effect of protein kinase C inhibitors(H7, Staurosporin) and protein tyrosine kinase
inhibiters(Herbimycin, Genistein) pretreatment on LPS induced [L.-8 and TNF-a¢ mRNA
expression. The upper panel represents autoradiography results of Northern blot analysis
for IL-8, TNF-g@ and B-actin mRNA respectively. The lower panel represents the rela-
tive radiodensitometry value of 1L-8/8-actin and TNF-@/#-actin ratio. Pretreatment
with each drug before the LPS stimulation decreased the expression of TNF-8 mRNA.
The expression of IL~8 mRNA after LPS was also decreased with pretreatment of H7,
Herbimycin, Genistein, but pretreatment with Staurosporin did not decrease the expres-
sion of [L-8 mRNA.

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

5S : Staurosporin (50nM)
Herb : Herbimycin (1 pg/ml)
Gen : Genistein (50 z g/ml)
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IL-8 mRNA

TNF-o. mRNA

B-actin mRNA

Relative radiodensitometry value

31L-8/ 8 -actin
BTNF-ao /B -actin

Radiodensitometry ratio

Control LPS

H(0.125)+LPS

H(0.25)+LPS H(0.5)+.PS H(1.0)+LPS

Fig. 2. The effect of H7 pretreatment on LPS induced IL-8 and TNF-& mRNA expression with
increasing concentration. IL~8 and TNF-o¢ mRNA expressions were supressed only In
high concentration of H7(50 x M) pretreatment.

Primed DNA Labeling Kit(StratageneR)& o]&
3}gdch. Hybridization& A131% & nylon mem-
brane& intensifying screeno] 9] 9= X-ray
film cassetteo] I —70CA 1~2¢7t
autoradiography & AJ383}1L laser densitometry 2
AFstaict.
4 7

1. Protein kinase C inhibitor(H7, Staur-
osporin) 2} Protein tyrosine kinase inhibitor
(Herbimycin, Genistein)2] MMx[7} LHEA X}
=0i 2|8} TNF-o mRNA 8ol ojxje H%

WEA(100 ng/ml) 2 A58 oA iz ¥
3% TNF-o mRNA #do] 843 Z7455ich. o]
23k =4 98t TNF-¢ mRNA expression?]
27} a3= protein kinase C inhibitor¢l H7(50
2 M) 3} Staurosporin(50nM) o2 304 Ao Ax]
239 e W da=A dA=Ed e, %3 protein
tyrosine kinase inhibitoré} Herbimycin(1 x g/
ml) o2 § A7t Holl AAXT -9} L protein
tyrosine kinase inhibitor¢! Genistein(50 z g/ml)
& YEA9 Zo] FAF ASdn UESid] 9%
TNF-a mRNA¢9] %3o] d&sA A4 =t Fig.
1). 2 AlEl 3t ol2jd dAaTE TR 3t
o wel AAEAE FHEe] FUHUE, protein
kinase C inhibitor 2 AXx|§ H79 =& Z
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IL-8 mRNA

TNF-a mRNA

B-actin mRNA

Relative radiodensitometry value

OIL-8/ B -actin
BTNF-« /B -actin

O = DNW O 3

Rat iodensitometry ratio

Control LPS

$S(25)+LPS

SS(100)+LPS

SS(50)+LPS SS(200}+LPS

Fig. 3. The effect of Staurosporin pretreatment on LPS induced IL-8 and TNF-a 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, 50 u M2 5wl ¥ Z718198 o), A
<9 Al = HYdlME dAast vehlz) oot
504 M9l FroiXE AR anrt Jelton(Fig. 2
), E& AAAE Staurosporin®] FEE 25nMEH
Al&ste] 50, 100,200nM2 % w4 Z7)s1gle o)
g 25nMe] FEAAME dAaHzt giglet v
79 #& FEEAAe dAERrE vebdth(Fig. 3
). Protein tyrosine kinase inhibitorz Zxxjgt
Herbimycin®] ¥%2 0.125ug/miEy Azsid
0.25, 0.5, 1.0pg/ml2 27t T wWix Z718198
B, A& 22 F N0 U ke F ¥R

AHA Ao AR =7 2 Aol A=A (Fig. 4),
Genistein®} ¥ & 6.25, 12.5, 25, 50z g/ml & v}
ZvetaA FUE o wxo Fil wel JARETF
g 2 o) BRISUH(Fig. 5).

2. Protein  kinase C inhibitor(H7, Staur-
osporin}2l Protein tyrosine kinase inhibitor
(Herbimycin, Genistein) 2| Mx{x{7} HEA &
2ol 2i8t IL-8 mRNA 2| délo) o|xjs g8

W52 (100ng/m) 2 258 FollA dfE2Fo) 8
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IL-8 mRNA

TNF-a mRNA

B-actin mRNA

Relative radiodensitometry value
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Contrel LPsS

H7(6.25)+LP3

H7(12.5)+LPS

H7(25)+LPS H7(S0)+LPS

Fig. 4. The effect of Herbimycin pretreatment on LPS induced IL-8 and TNF-a mRNA expres-
sion with increasing concentration. The expressions of both IL-8 and TNF-¢ mRNA
after LPS stimulation were supressed with 2 hour preincubation of Herbimycin and the

effect was dose-dependent.

- 3le] IL-8 mRNA 2#e] #A3| Zvksldt). ol
& UEao] 23k IL-8 mRNA expressione] &7}
&3 protein kinase C inhibitor¢! H7(50 z M)
oz 308 Ao AHANAE | dF=HA JAHA
o1} 7+ protein kinase C inhibitorQl Staur-
osporin(50nM) 2. 2 30% Aol AANAEHFE wE=
olgig AAgrt JehtA] Urh. = protein
tyrosine kinase inhibitor¢! Herbimycin(l u g/
ml) 08 5§ AIZF Aofl AAHg 749} 28 protein
tyrosine kinase inhibitorQl Genistein{50 2 g/ml)
& U5ae) 2o] 5o ZFoE WEAd 2F IL
-8 mRNA¢| Lo} daA=A A=A (Fig. 1).
7z A g 2t ojeldt A EI= TE FTi
w2t A ans F7Hgel &=, protein ki-

nase C inhibitor2 A xg H79 =& 424 6.
25, 12.5,25, S0 M2 F vy Z718t0¢ 9, A&
o] @& F ERoMe AAadr} FEA Wt
25 1 M9] FEME A5} Yo S504M
o] FxoMe A g dAEIHrt deidt
(Fig. 2). Protein tyrosine kinase inhibitor 2 F3]
28t Herbimycine] ®%& 0.125 z g/ml¥-E A%
3ol 0.25, 0.5, 1.0z g/ml2 247 F wid J71814
< o, g9 ¥e F yERD UFY 52 F 5E
o} AR AAFET} & Ao] HAHAUA(Fig.
4), Genistein®] 58 6.25, 12.5, 25, 50 u g/ml
2 uristas FA& o Fxe] Frid wet dAA
=7t ©e 8 Aol #IYFUcH(Fig. 5). Staur-
osporin-& IL-8 mRNA @&¥d] g dAadE
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Fig. 5. The effect of Genistein pretreatment on LPS induced IL-8 and TNF-o¢ mRNA expression
with increasing concentration. The expressions of both IL-8 and TNF-¢ mRNA after
LPS stimulation were supressed by the treatment of Genistein with LPS and the effect

was dose-dependent.

UehiA] egkom gl g A adte] Aolx
EhiA] gkt (Fig. 3).

&

Kl

HES3 fde 84 53] B39 A& At
Asks 7P 583 A 28 Fo] shvoln, b
HEFA &3 e L£3EOE 498 3FEE 5
o S e fdske Vvt o Bobd 5§71
o5} EolollMs ofe] HejAlels}t FFHo2E A=
el el dE A% Bado) delsirt. A
7HA @3 w2 E kgl oF H8Ze) 24
dle 2FEATY Az FHR 9 s

E4(LPS ; lipopolysaccharide) 7} GFAEE AF=
g 5 o] @A EoA FuEE 2 cytokineE
¢l TNF-¢, IL-1, IL-6, IL.-8 53} 3 EH42ul
zke} HAAE Lela kinin system To] AAH &4
BHEY 2gol a3 8L 3= Aoz o=
AT, olzjgt HEZF FHle Mgde £59 4
AAAQL wrolakg o] Yoz AlFE gt ojE 7S
= A9 FoE Tl Aol AAE Holx
&39] ¥hgo] A& FFHo] AFdle 539 A}
YA 2A;E F Ue Ao ofslE L gl whekA
ol#g FFrE-g HAs FFor AFoBN &
F5 B3 § & Aolgke Mol 7hedhH ol&
A s WFLel oste] BAg 50| ofd A2E
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Eote] @Fhgel ¥ 9 &g HeE Ao o
g o] daEolop & Zlog AAdd. AF7A
g2z w2 e Alge] AEESAE AET
34 CD14olghe g do] US4} WS44G
93 (LPS binding protein)ol ti@ 444 4ge
e oz gejA ow'™ ', YEA-Us4Ed
g el Bzt =84¢0 CDI4o] Zg=HA of
o tigh jhg-o] Al Eol A AEEo] 4F& doglE
cytokine®] AL F7AIIE Aoz JHHAIn
it 8RRk CD142 A9} vho 2vt B85 0]glL
Polil ¥l 2E EF0] SolAx ¥& ez &
HA UM BE49 EA9e] Aol oA Ms
A A Ado] He Ao digt o2 o} 2
ol 5 &z glom, &g ofH AogE o] AF}
o] vt xzte b3 ASAZAA o oo
e oy ASEA AT ofH Ao 2Jdld o]F
oA e obF FHdtA FHol HA ¥ Aol
o} xE7HA &2l#] vi2= CD142] immunopre-
cipitates’} protein tyrosine kinase¢] #4& g}
Ui Aol &glo] HolA'9, o] AAAFT Aol
0] ARHE vt glom, Alge] EAUMEE Sal-
monella Minnesota Re5959] €42 AF3l9E&
7399l protein kinase C7} @485 Aol &<l
v} AT, ol AREE AlRe] gFukgel W
A 2 ZERYGA Fa8 A8 FYsi= Ao
457 ARENRHETE RIS Us9) 9
3 ASo] MEUR Agde FFM 3713 pro-
tein tyrosine kinase$} protein kinase C2} /o)
ojFoAE AE AR o, o g
A5l protein tyrosine kinase9} protein kinase
Col g4 Waiele Ao 2uld Uk Al 9
g AAA | elste] A WEA ot AFol 9fst
of Bl ZrtEe Aoz g TNF-¢ 9 IL-8
mRNA o] Wo| A== A& e, W54 &}
= Az AEAAAA 47T F a4 d4Ee T
BHog golrtt. oA bt uiel o)

protein kinase C inhibitor¢] H73} Staurosporin

I8 protein tyrosine kinase inhibitorql
Herbimycin # Genistein 25 US4 =] 93t
TNF-a mRNA ¢} L& & oA gl on, olg{g A
7= ANHH o2 o] F7id wet A anst =
gk 715l &AE%h. TNF-a9t 4] GF4d-gol
A BF5F diE F3AE T& X/ FoF 9
& F3fsie Aoz 22d IL-8 mRNAS U
ek 4713 HAlEY AAEAE AT A8 2ol
Ao tE A35e TNF-ed 7H$e} ke Zis
Belor}, protein kinase C inhibitor & 3htiel
Staurosporin® TNF-a2] A9t g8 WS4
oJgt IL-8 mRNA 2] ¥&Z7td] digt A 578
ez grsith. o] Ae Staurosporin A7} IL-8
mRNA 9] H&d& FIJA7= &7t ] WESR
AzrElc. Cassatella 5o 23P8* human neu-
trophilelAl  Staurosporin® A eg IL-8
mRNA #3g& Z7M7le a3V} e Ae= et
o, Staurosporin Ao WAjsl= ol g
o} protein kinase C inhibitor 24} IL-8 mRNA &
& AAATIE a2 AFEH0 HFHo2e IL-8
mRNA Hde ¥rE 93 wXA Rehes d3p}
U Aog g, ool AHE 99t £ of
Alge] dxEAGHATFA] WFLo ot A=Fe
protein tyrosine kinase9} protein kinase C2] &4
& Eslof o]FWE FEo] Mg, B AT
A g0 AAE vig o gsle] YEhd 9t dof
U 959 22088 I9AE 5 e 3 &
92 gopd 5= dvhs UEuiRe oot gloa 4
Zrgt}. AT AadiMn BEHIRC) B3 oA
Sl o3 AdAED= 8 o}8% A B2 B
M= A3 A aE JeplA Rekn FEHY
23R JeRlisiths Hol FAlvE B 401 lew, o)
2§l in vitro Aol AnE uiglo g sk AUIE
fAlEo] dAR T HfBZY 2 FPAe] A8
A2A AT F IAE o dddor 2 B4
7t B8 Aoz Azpdd.
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