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Mechanisms Underlying the cGMP-Mediated Cyclooxygenase-2
Expression in Human Pulmonary Epithelial Cells (A549)

FlI ﬁ%gl
YC-1 [3-(5 -hydroxymethyl-2' -furyl)-1-benzylindazole]ti— 7
soluble guanylate cyclase (sGC)i S p FITNIRE A | cGMP i%ﬁr’* fiY
e A i 2 BRLKE YC-1 95 ¢ zrpqﬁ R (ABA9) LA ok -2
(cyclooxygenase 2, COX 2)* . /%Flﬁlﬁ'é‘ﬁ” o YC-1 I'J3EH bEﬁF'EﬂlﬁrJ
“m N COX iF ML COX-2 %l - ZH ] sGC ﬂJﬁEW
1H (1,2,4)oxadiazolo[4,3-a]quinozalin-1-one (ODQ) - protein kinase
G (PKG)#ﬂﬁfoiﬁ'J KT-5823 5 protein kinase C (PKC)ﬁﬂﬁiWJ Go 6976 ¥
GF109203X iR EIA M ﬁﬁ‘]ﬁfﬂﬁjﬂ YC-1 ?Ea@: COX iﬁ‘[\ét@"{lﬂ COX-2 p4
F Iyt YC-1 4 [ AS49 A w1 PKC 3ﬁ‘l‘§pfj’,rg-vp, P35 i B ODQ-
KT-5823 % Go 6976 ﬁ’?ﬁﬂfﬁu o F|H Jp‘mg—n%ﬁ; » FY M3 AB49 AW
HFPKC-a, - ¢, -4, -0 -p DFEEE?(isoforms)- ') YC-1 5 phorbol
12-myristate 13-acetate (PMA)[jj3# A549 Af Vw55 7 | [”EJ PKC-a f 1t
T o SR wﬁufkwm 7 I I - i) PMA ST
(24 | Ef)mi' A e i 6 F “Fﬁi} PKC- g % ™[ - MAPK/ERK kinase
(MEK){Til%] PD 98059 (10~50 M)fi'! NEE ﬁlﬁwjé‘ﬁﬂﬁu YC-1 5[5
J COX iﬁ‘[@i@"{lﬂ COX-2 sl - I'J YC-1 m[ﬁ%’r A549 %E"iﬁ‘dﬁ’ EZE n44/42
mitogen-activated protein kinase (MAPK)EILJF, [~ 1 KT-5823 ~ Go
6976 - PD 98059 Fy[ (24 /| ). PMA f;;ﬂil ’ :ﬁ%”ﬁ (I paasaz
MAPK fiU35 (= - f[IEL p38 MAPK £]]fi{i#] SB 203580 fI]| - = '*‘ IO e
P ORI > T ABAO ALV 1> YC-1 Al 1 [ SGC/COMP/PKG Bt it
Rl PKC-a JAEYS [ 1 4255 p44/42 MAPK fuis [ » JtaX [ 58 COX-2 &
FIRH -
5 M ié%’%ﬁ@}%ﬁ]‘& A549 7{1uf[1 > Ras ~ phosphoinositide-3-OH-kinase
(PI3K) - Akt ~ifEiE&[A=" nuclear factor- k B (NF- x B)i+ YC-1 7 598 COX-2
sirf VAR SRTERBS I 3R 2 < e 25 5K Ras f[fP# manumycin
A~ PI3K ﬁﬂﬁjﬂ wortmannin - Akt ﬁﬂﬁjﬂiﬂ
1L-6-Hydroxymethyl-chiro-inositol2-[(R)-2-O-methyl-3-O-octadecyl
carbonate] » NF-x B TﬁﬂﬁiWJ pyrrolidine dithiocarbamate (PDTC)’F‘»“[FI‘J‘J
]ffﬂfﬁ[] YC-19]3% COX-2% -7 YC-19 |31 COXiﬁ‘[‘%EﬁJi‘g"{l—”‘J %’7?& manumycin
A ~ wortmannin » PDTC =~ ﬁﬂﬁjﬂﬁﬂﬁ?ﬂ Ras ~ Akt & | 1 B a fggil® g1 {42
Jﬁ%}(dominant negative mutants) RasN17 - Akt DN ¥ |k BaM ’:’Vﬁfﬂﬁjﬂ o
b19 YC-1 4[58V Ras iﬁ'[@i@‘up}%ﬁ@?u ODQ - KT-5823 ¥ manumycin A



I 1y YC-1 9[5E A5A49 711w Akt i Jig 'Wﬁgﬁu ODQ - KT-5823 -
manumycin A = wortmannin fi J?ﬂﬁfﬂ o yE— HIG SN YC-1 %’7 A e
*JFY NF- ¢ B F{IEIH £ % DNA 5] éﬁ | &% < B-luciferase 3H|$p I e ]
FIYC-14[38 £ B-luciferase iF[ [gkp ﬂrg JDEFM JZ ODQ ~ KT-5823 -
manumycin A ~ wortmannin ~ Akt T‘ﬂﬁfﬂ/ﬁ“' 1% PDTC %‘“ﬁﬂ RasN17 - Akt DN
K 1k BM F’ﬁ‘ﬂﬁfﬂ [ﬂ B YC-1 4[5 IKKa/ B8] Ji{ [+ % ODQ~KT-5823~
manumycin A - wortmannin » Akt #ﬂﬁfﬂ/ﬁ”ﬁﬂﬁfu o 3E— WM 5
manumycin A~RasN17-Akt DN-PDTC ¥ | x BM ﬁﬁ‘?ﬂﬁfu YC-1 4[5 COX-2
promoter Jf UL 5k 4 H1T B R NS MR T ABA9 5 E”ﬁﬁl?'{ﬂl »YC-1
el sGC/cGMP/PKG BRIV B  Ras M PISKIS = B
FIKK a/ 872 NF- £ B [IU1F [* » fit 57|58 COX-2 i 19H -
[ PKC- a /p44/42 MAPK ¥ Ras/PI3K/Akt/IKK a / 5 /INF- g BLF;M[’%E‘%I&’
b =5 g ﬁzkrﬁ ‘t A549 J[wr]1> PKC- ¢ ~Ras~Raf-1 ¥ p44/42 MAPK
+ YC-1 F; Fa IKKa/B ~NF-xB 3F'[ [*% COX-2 frf 1A PR ek EL rﬁfg&ﬁfu FIEA
PIFAVE] - 25 3R YC-1 7 Fg COX-2 I J%fﬂg?’fu PKC- afj E1%£]]
TFW’J Ro 32-0432-Raf-1 Tﬁﬂﬁ’[ﬁ’“ 1GW 5074 ¥ p44/42 MAPK ?ﬂﬁfﬁﬂj AG 126
’i’l’ﬂfﬁﬂﬁjﬂ > YC-1 4[58,V Raf-1 3ﬁ [’“ ﬁFM'T[J ODQ ~ KT-5823 » Ro 32-0432 -~
manumycin A * RasN17 ’i’ﬁiﬂﬁfu YC-1 J[4% Ras irl[_ip Jfgvprﬁ O
manumycin A ﬁnﬁju i g‘m\ #: Ro 32-0432 Eﬂﬁiﬂﬁjﬂ o HEIVMIEF YC-1 J]
3% p44/42 MAPK iﬁ f“‘ﬁ?ﬁé Ro 32-0432 - manumycin A ¥ GW 5074 =]
ﬁjWJﬂJﬁjﬂ > il YC-1 Ff‘aﬁzL IKKa/,Biﬁ (“% k B-luciferase if'\ipfﬁrgﬂpgﬁ AT
%] Ro 32-0432 - GW 5074 - PD 98059 » AG 126 Tl - i~ —W&ﬁ &l
= H7 YC-1 9[5E COX-2 promoter 3F[li‘r§rrvp%fé‘*?ﬂ Ro 32-0432 - GW
5074 -~ PD 98059 ¥ AG 126 %i Dﬁ:ﬂﬁiu s ﬂﬁ 73 W RSN T (MR E 7 AS49 At
Tl YC-1 Ui i - SGC/CGMP/PKG B4t 1 53|31 3% Ras 7 PKC-
airll B G [n l'ii'é‘#’ﬁﬁ (.4 38 Raf-1 - p44/42 MAPK ~ IKKa /B~
NF-x B ”F" 8 Eop ey COX-2 arf 1R e
'«\%f | AR 75 RS AR AR (ABAQ) 1 YC-1
*sGC/cGMP/PKG %% % i 35— H‘ﬂﬂi IKK a/ B HINF- g Biﬁ [~k ]38 COX-2
?ﬁiﬂ ’ ]1 i!f[ Fl155 H[J%x}ﬂl RaS/PI3K/Akt Ras/Raf-1/p44/42 MAPK & PKC-
a /Raf-1/pa4/42 MAPK = {57 [l Bk ey -

$Y jﬁgl

YC-1 [3-(5’-hydroxymethyl-2’-furyl)-1-benzylindazole], an activator of soluble
guanylate cyclase (sGC), has been shown to increase the intracellular cGMP
concentration. This study was designed to investigate the signaling pathway involved
in the YC-1-induced cyclooxygenase-2 (COX-2) expression in A549 cells. YC-1

caused a concentration- and time-dependent increase in COX activity and COX-2



expression in A549 cells. Pretreatment of the cells with the sGC inhibitor,
1H-(1,2,4)oxadiazolo[4,3-a]quinozalin-1-one, ODQ, the protein kinase G (PKG)
inhibitor (KT-5823), or the PKC inhibitors (Go 6976 and GF109203X), attenuated the
Y C-1-induced increase in COX activity and COX-2 expression. Exposure of A549
cells to YC-1 caused an increase in PKC activity; this effect was inhibited by ODQ,
KT-5823 or Go 6976. Western blot analyses showed that PKC-a, -1, -A, -C and —p
isoforms were detected in A549 cells. Treatment of A549 cells with YC-1 or PMA
caused a translocation of PKC-a, but not other isoforms, from the cytosol to the
membrane fraction. Long-term (24 h) treatment of A549 cells with PMA
down-regulated the PKC-a. The MAPK/ERK kinase (MEK) inhibitor, PD 98059
(10~50 uM), concentration-dependently attenuated the YC-1-induced increases in
COX activity and COX-2 expression. Treatment of A549 cells with YC-1 caused an
activation of p44/42 mitogen-activated protein kinase (MAPK); this effect was
inhibited by KT-5823, Go 6976, long-term (24 h) PMA treatment, or PD98059, but
not the p38 MAPK inhibitor, SB 203580. These results indicate that in human
pulmonary epithelial cells, YC-1 might activate PKG through an upstream
sGC/cGMP pathway to elicit PKC-a activation, which in turn, initiates p44/42 MAPK
activation, and finally induces COX-2 protein expression.

We continue to explore the role of Ras, phosphoinositide-3-OH-kinase (PI13K), Akt,
and transcription factor nuclear factor-kB (NF-xB) in YC-1-induced COX-2
expression in A549 cells. A Ras inhibitor (manumycin A), a PI3K inhibitor
(wortmannin), an Akt inhibitor
(1L-6-Hydroxymethyl-chiro-inositol2-[(R)-2-O-methyl-30-octadecylcarbonate]), and
an NF-«xB inhibitor (pyrrolidine dithiocarbamate, PDTC) all reduced YC-1-induced
COX-2 expression. The YC-1-induced increase in COX activity was also blocked by
manumycin A, wortmannin, PDTC, and the dominant negative mutants for Ras
(RasN17), Akt (Akt DN), and I £ B a (I K B @ M). TheYC-1-induced increase in Ras
activity was inhibited by ODQ, KT-5823, and manumycin A. YC-1-induced Akt
activation was also inhibited by ODQ, KT-5823, manumycin A, and wortmannin.
YC-1 caused the formation of an NF-kB-specific DNA-protein complex and an
increase in kB-luciferase activity. YC-1-induced «B-luciferase activity was inhibited
by ODQ, KT-5823, manumycin A, wortmannin, an Akt inhibitor, PDTC, RasN17, Akt
DN, and IkBaM. Similarly, YC-1 caused IKKo/p activation was inhibited by ODQ,
KT-5823, manumycin A, wortmannin, and an Akt inhibitor. Furthermore,

Y C-1-induced COX-2 promoter activity was inhibited by manumycin A, RasN17, Akt
DN, PDTC, and IxBaM. These results indicate that YC-1 might also activate the
sGC/cGMP/PKG pathway to induce Ras and PI3K/Akt activation, which in turn
initiates IKKa/B and NF-kB activation, and finally induces COX-2 expression in



A549 cells.

Except the PKC-a/p44/42 MAPK cascade and the Ras/PI3K/Akt/IKKao/B/NF-xB
cascade which involved in YC-1-induced COX-2 expression in A549 cells. We further
investigated the role of PKC-a, Ras, Raf-1, and p44/42 MAPK in YC-1-induced
IKKo/p and NF-«B activation, and COX-2 expression in A549 cells. YC-1-induced
COX-2 expression was attenuated by a specific PKC-a inhibitor (Ro 32-0432), a
Raf-1 inhibitor (GW 5074), and a p44/42 MAPK inhibitor (AG 126). YC-1-mediated
Raf-1 activation was inhibited by ODQ, KT-5823, Ro 32-0432, manumycin A, and
RasN17. The YC-1-induced increase in Ras activity was inhibited by manumycin A,
but not by Ro 32-0432. YC-1-induced p44/42 MAPK activation was inhibited by Ro
32-0432, manumycin A, and GW 5074. The YC-1-mediated increases in IKKa/3
activation and kB-luciferase activity were attenuated by Ro 32-0432, GW 5074, PD
98059, and AG 126. Furthermore, YC-1-induced COX-2 promoter activity was also
inhibited by Ro 32-0432, GW 5074, PD 98059, and AG 126. These results indicate
that in A549 cells, YC-1 might activate the sGC/cGMP/PKG pathway to
independently elicit Ras and PKC-a activation, which both in turn induce sequential
Raf-1, p44/42 MAPK, IKKo/B, and NF-«kB activations and ultimately cause COX-2
expression.

Taken together, all of our results show that treatment of A549 cells with YC-1 caused
sGC activation, cGMP accumulation, and PKG activation, which in turn caused
IKKo/p and NF-«B activation, and finally induced COX-2 expression through three
separate pathways: the Ras/PI3K/Akt cascade, the Ras/Raf-1/p44/42 MAPK cascade,
and the PKC-o/Raf-1/p44/42 MAPK cascade.



