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Ahstract

Previously, we have reported that
protein kinase C (PKC) and NF-xB are
involved in the COX-2 expression stimulated
by Staphylococcus aureus lipoteichoic acid
(LTA) in human pulmonary epithelial cell
line {A549). The role of p44/42 and p38
mitogen-activated protein kinase (MAPK) in
the LTA-induced COX-2 expression was
studied in the present research. The LTA-
induced increases in COX activity and COX-
2 expression were attenuated by the tyrosine
kinase inhibitors (genistein and tyrphostin
AG126), MEK inhibitor (PD 98059), or p38




MAPK inhibitor (SB 203580). The adenylate
cyclase inhibitor (2°, 5°-dideoxyadenosine),
and PKA inhibitors (KT-5720 and H-8) also
prevented the LTA-induced increases in
COX activity and COX-2 expression. The
LTA-induced p44/42 MAPK activation was
inhibited by genistein or PD 98059, but not
by the PKC inhibitor (Ro 31-8220), KT-5720,
or SB 203580. On the other hands, the LTA-
induced activation of p38 MAPK was
inhibited by Ro 31-8220, genistein, KT-5720
or SB 203580, but not by PD 980509.
Treatment of  AS49  cells  with
LTA stimulated  NF-xB-specific  DNA-
protein complex formation in nuclear extracts;
the effect was inhibited by genistein, KT-
5720, PD 98059 or SB 203580. These results
suggest that the activations of p44/42 and
p38 MAPK by LTA resulted in the
stimulation of NF-kB-specific DNA-protein
binding and the subsequent COX-2
expression in A549 cells. Both events
required the activation of an upstream protein
tyrosine kinase. The activation of p38 MAPK
was downstream signal of the LTA-mediated
activation of PKC or PKA, whereas
activation of p44/42 MAPK was mainly
PKC- and PK A-independent.

Lipoteichoic acid,
pd4/42 MAPK, p38

Keywords:
Cyclooxygenase-2,
MAPK, A549 cells.

—&aREH

# 8.8 E (cyclo-oxygenase, COX) &
FEn—EEEHEE LEB24/ARAR
Y% it & m %L (arachidonic acid) 4%t AL AT
FIag £ (prostaglandin) © &.4% prostaglandin
E; (PGEp), prostacyclin (PGL) =
thromboxane A; (TxAz)° B # 4R A8 &
B A mIERFE AR B (isoforms) 7 5l
2 COX-1 & COX-2'-COX-1 BB X
f7 4 A (constitutive form) K 7R % 48
thim e 0 B3 R miR R b BT
AL ZRMIBREEITSHFEBFBELH
e 2o COX-2 #% A3 %4 (inducible

form) » & % B — % HF XM MY o
lipopolysaccharide (LPS) # cytokines +u
IL-1B, TNF-o #&d# s 4S54 8450
Mot L AmBAENFRAKRS R
B mB-RVACATRESEERE
BEEBHNEGAL X EREHAELN
itk - —RILE - cytokines ENE A
WmRM Yy FERR -
HEHNEHREEE AT ARy RL
AL CEFRIGAREEET AW
HERRKEEEAMII RO oA E > H
SRR EHE I B HE Y R
FRIPH R o AN LPS (R RIEHHE
EZHFNRR) BHARELEEERL
AFMREN BB REOYES OB
(lipoteichoic acid, LTA)T & % % 3 k.5
MAABRE A 2R - sbo8
(LTA) » £ & & & & i (glycerol) o 2 85 40 5
M A RERAZHBERSH—
Wit hminB B L > BBl AR
Hh-4uoBES8 FEAERE
(peptidoglycan layers) f s & 4o B 2% £ B A%
trz— %o g LTA SHRMEEH(EH
A)  UTRERBEGRETZENH M
B B LTA LHEBRARBREHREE
EHAEBNE S SFERLEHASHY
% LTA €t RS Mo BERER » &
mEREF XmppL -
WERGHFHER  LTA /504
BREdE CDIS #AwBERER’ &
e LTA T #I E 4 bm B R o 108
Wltmfpz INOS R WAERARBERER
KRB Szt httnhiH &AM
0. g BT REERT LTA ¢4
—ib o B B R AR LR E5
B8 R 6 R » 18k 85 R IG3 B 8L iNOS
EBAEH 'Y @ LTA &5 B A
# B arachidonic acid &58% - RATHAR
ARCEEENRGRGaBRERY
lipoteichoic acid (LTA) i $x AR AR L &
i, (AS49) cyclooxygenase-2 (COX-2)
2R GRS EBRELEHFEIL PC-PLC
& PC-PLD #5#44% 3] 4 PKC #4754k » #LiE
#7] 8 NF-xB #7&1b » & ¥z COX-2




GRBR PGE; 9K - At EHIE
p44/42MAPK. B p3SMAPK Z4L2 & &4
42 LTA 314 NF-B 4R COX-2 £3.89
MG EBE - LR p4d/42MAPK &
pIBMAPK Fib X £ 2] LM a4

=N 33

1. Adenylate cyclase 34| & & PKA #p %
Bl LTA #)3% COX ZH#wB COX-
2EARGEE

WM MR EERER T DAG-
PKC &5 iF 1L 3842 4+ > adenylate cyclase-
CAMP-PRKA th¥s 8 ta € €& - HMHH
£ B adenylate cyclase 4 %) #] 2,5-
dideoxyadenosine ( DDA, 300 puM Fv 500
M) Tipd] LTA i COX 5 d a8
fa > DDA # 500 pM &9 & F 7 4 )
71.1% » ¥ Western blotting &) 4& R .50 38,
DDA (500 uM) =T sa 4] LTA 73l sz
COX-2 %3, PKAHpH B KT-5720 (3 uM)
& H-8 (60 uM) % <Tdp4] LTA ##
COX-2 B3 ey KT-5720 # 3 uM 8%
RETF o ST#rd 92.3% 0 H-8 # 60 uM &
BT THp#) 58.6% « & Western blotting
& R 43 KT-5720 (3 uM )R H-8 (60
uM) T idrd] LTA Fi5l52z COX-2 &
& #, o Bt adenylate cyclase-cAMP-PKA
BAGHFELLL S LTA 514 COX-2
FRGYAREABRES -

2. Tyrosine kinase ¥#p#| %% LTA 2|
COX EWHimE COX-2 ARHLE

A& 4w BE B4 tyrosine kinase ¥p %) B
genistein (10 # 30 pM) &K tyrphostin
AGI126 (10 $v 30 pM)RT & 32 30 4484 0 &
e LTA (30pg/ml) 48 24 ef » &
3, genistein A& tyrphostin AG126 % xA %]
Moy X#H LTA #g COX %4
3 fo i 1 genistein Fr 30 uM BB ETF T
] 83.2% > Tyrphostin AG126 # 30 uM
B8 BT THpa] 49.8%d3 Western blot
Gy & R b 3 3 genistein (30 uM ) &

tyrphostin AGI26( 30 uM )T #p 4] LTA A
3l 8z COX-2 23 - i gb & £ 9
tyrosine kinase #);&iba s &4 45 LTA 2
# COX-2 RBMBIEME w2 MEE RS

-

3. MEK ##{#] & p38 MAPK 4] & #
LTA ¥ COX ZE#MH¥mA COX-2
ARHBE

it — & KA BHE MAPK family £

F a4 LTA 314 COX-2 &IRaymik

B384 F < % FH & A MEK 65494/ #] PD

98059 (10 #0 30 pM) % p38 MAPK 41

# SB 203580 (142 10 uM) ATE 2 30 4

818 0 HiwA LTA (30 pg/mi) )ik 24

) B5 0 2538, PD 98059 & SB 203580 % 37 #p

$) LTA #l# COX EM¥iwtER - ®

PD 98059 # 30 pM ByBRE T » Tip

95.2% > SB 203580 # 10 uM 89 R ETF » 9T

HpF) 86.1% - &g Western blotting 654 £ 4,

#3, PD98059(30 uM) & SB 203580( 10

pM) F3THpd] LTA A3l 8 2z COX-2 &

B B ERTH 4 MEK & p38

MAPK #978lbR 2% LTA 34 COX-

2 RBEAE R REREEL T -

4. LTA 3] % pd44/42 MAPK Z E iR
p38 MAPK % M 3 fu

#4194/ A anti-phospho-p44/42 MAPK
Z HLEE R i 47 Western blot » DR E p44/42
MAPK #ZF L RE - EUARRAZ
LTA (1- 30 pg/ml) #3t AS49 4mfe 10 4
874 B3 pd4/42 MAPK 89 8L THB| &
A A X miksg o 30 pg/ml #E A F
REBEDEA - 1 LTA (30 ug/ml) )%
A549 tmi 10, 30,60 #u 120 44844 » R
p44/42 MAPK #7514 10 Séa & X
R+ 7 30 405874 Prig bk b - EFAL
B4 genistein (30 uM) > Ro 31-8220 (i
puM)+ SB 203580 (10 uM) »PD 98059 (30
uM) A& KT-5720 (3 uM) » ATEIE 30 442
1% B LTA(30 pg/mi)#ld 10 548 -
8 3 genistein AR H] LTA sl
Z_ p44/42 MAPK #4574k » PD 98059 # %




TR eeipd LTA 6548 > 2 Ro 31-
8220 SB 203580 & KT-5720 i&sbiph A
N REBE LTA #1ER - b & RT
400 LTA #7582 p4d/42 MAPK #97% 1k
W 4 #] L% tyrosine kinase Z i {23 K
4% % PKC - PKA & p38 MAPK #4#i% -

B 4h 0 £.49%) B Immunopreciptation &
F ik e B8 W % B] & 1L 6% phospho p38
MAPK B TR BT ATF2 4 ART
Rg4THF M > AW anti-phospho-ATF-2
Z B AR 47 Western blot » BUBE p38
MAPK & & - $AREREZ LTA (3-
100 pg/ml) R]# AS49 fagh 10 44814
B35 pIS MAPK 89 & TR B &AM &
K fkd B 30 pg/ml #RE SRR
A o & LTA (30 pg/mif AS49 B S,
10 Fo 30 54kt B0 54848 p38
MAPK &5 M m AR 7 30 448 B
#odF R Y o AL M Ro 31-8220 (1
uM) » genistein (30 pM) > PD 98059 (30
uM) > SB 203580 (10 uM) A KT-5720(3
uM) » AR IR 30 4484 > FBae A LTA (30
ug/ml) )5 10 448 TR sbdp 418
BT PD 98059 RH % LTA 5l 52 p38
MAPK &1L ah38 o » EAedph] BIR] S 5 49
BVER o st RTHA - LTA p3lHx
p38 MAPK 7& 14 893 o ¥ % 2] L% PKC -
tyrosine kinase & PKA 23> 2EX®
% % MEK #3#E -

5.LTA 3|4 NFxB #9754t

ARMOEE NFxB g5t
LTA #l# COX-2 &R MBFRBAE -
% shdg EMSA s R 53 LTA 7F1L
NF-xB #n DNA 284 - i— F RKIHE
tyrosine kinas * protein kinase A #» MAP
kinase # LTA 3% NF-«xB E4LZE % -
4% 4m i A7 AL 28 genistein (30 uM) » KT-5720
(3 uM) ~ PD 98059 (30 uM)#= SB 203580
(10 uM) 30 248 > & EMSA s RER -
bl 8] T4 ) LTA i3 NF-«xB &
AL o o sbdE T R] - LTA A7 3148 NE-
kB #9549 & 3] L% tyrosine Kinase -
pratein kinase A ~ MEK & p38 MAPK 2 A

o

A BAULHERUREESEHHE
BRI —48 LTA 54t AD4S iR
COX-2 £z XH :

. -
o .
ero ¥ AT
AC
DAG AP, camr j
/ MEK 172
PiA i

P42 MAPK
" /
oa
G Wt
" X
cxpernien T

Naclewt:

W HEAREF

— b3t EE LTA S[ AT RE LR
mp, COX-2 ARMEFRABAE -
SRR AERRERAIERE
RERE—ETHEHRBRAR LA
REIEHOMBRB{ —ENGAS
Gy o

= v AREFE 6 R E.4% 45 % British Journal

of Pharmacology - %8 8 % Lipoteichoic
acid-induced cyclooxygenase-2
expression in  human  pulmonary
epithelial cells requires activations of
p44/42 and p38 MAPK signal pathways

CAH R E RS AR A TR

i - Z 8 A LTA 3[4 Af%
R b emie COX-2 &MWL
R IRAS

I

kAR 5 d

I. Xie, WL., Chipman, 1G., Robertson,
D.L., Erikson, R.L. and Simmons, D.L.
(1991) Expression of a mitogen-response
gene encoding prostaglandin synthase 1s
regulated by mRNA splicing. Proc. Natl.
Acad. Sci. U.S.A,, 88, 2692-2696.

2. Mitchell, J.A., Larkin, S. and Williams,




T.J. (1995) Cyclooxygenase-2: regulation
and revelance in inflammation. Biochem,
Pharmacol. 50, 15353-1542.

3. Mitchell, LA, Belvisi, M.G.,
Akaresereenont, P. Robbins, R.A., Kwon,
0.]., Croxtall, J., Barnes, P.J. and Vane,
J R. (1994) Induction of cyclo-oxygenase-
2 by cytokines in human pulmonary
epithelial cells: regulation by
dexamethasoner. Br. J. Pharmacol. 113,
1008-1014.

4. Vane, L.R., Mitchell, J.A., Appleton, [,
Tomlinson, A., Bishop-Bailey, D.A.,
Croxtall, J. and Westwick, J. (1996)
Inducible isoforms of cyclooxygenase and
nitric oxide synthase in inflammation.
Proc. Natl. Acad. Sci. U.8.A. 91, 2046-
2050.

5. Knight, D.A., Stewart, G.A. and
Thompson, PJ. (1994) The respiratory
epithelium and airway smooth muscle
homeostasis. Clin. Exp. Allergy, 24, 698-
706.

6. Bone, R.C. (1994) Gram-positive
organisms and sepsis. Arch Intern. Med.
154, 26-34.

7. Ken, MK, Sjef, DK, Caroline, R,
Simon, J.F. and Christoph, T. {(1998)
Mechanism of gram-positive shock:
Identification of peptidoglycan and
lipoteichoic acid moieties essential in the
induction of nitric oxide synthase, shock,
and multiple organ failure. J. Exp. Med.
188, 305-315.

8. Wicken, A.J. and Knox, KW (1975)
Lipoteichoic acids: a new class of
bacterial antigen. Science 187, 1161-
1167.

9. Dziarski, R., Ulmer, A. and Gupta, D.
(2000) Interaction of CD14 with
components of gram-positive  bateria.
Chem. Immuno. 74, 83-107.

10. Hattor, Y., Kasai, K., Akimoto, K. and
Thiemermann, C. (1997) Induction of NO
synthesis by lipoteichoic acid from
Staphylococcus ~ aureus in 1774
macrophages: involvement of a CDl4-
Dependent pathway. Biochem. Biophy.
Res. Com. 233,375-379.




