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Circulatory failure in septic shock is due to vascular hyporesponsiveness, in which a massive amounts of nitric oxide
(NO) derived from inducible NO synthase (iNOS) plays a major role. In response to various inflammatory stimuli,
prostanoids are also derived from inducible isoform of cyclooxygenase-2 (COX-2) . Several reports on the cross talk be-
tween NO and prostanoids have been published; vasodilator prostanoids such as prostacyclin (PGI,) and prostaglandin
E, enhance iNOS expression in cultured cells. However, the details of the cross talk between prostanoids and the iNOS-
NO system remains unknown. We examined inflammatory cytokine-induced iNOS expression and NO production in
cultured vascular smooth muscle cells (VSMCs) and cytokine-induced hyporesponsiveness of the aorta from mice lack-
ing the thromboxane A, (TXA,) receptor (TP~/~ mice). The cytokine-induced iNOS expression and NO production
were significantly augmented in TP~/~ VSMCs. Furthermore, U-46619, a TP agonist, inhibited the cytokine-induced
iNOS expression and NO production. The cytokine-induced hyporesponsiveness of aortas to vasoconstrictor was sig-
nificantly augmented in TP~/ aorta. Finally, U-46619 significantly suppressed lipopolysaccharide-induced NO produc-
tion in vivo in wild-type mice, however, this effect was not observed in TP ~/~ mice. These results suggest that TXA, has
a protective role against the development of the vascular hyporesponsiveness via its inhibitory action on iNOS-NO sys-
tem under pathological conditions such as sepsis. Thus, it seems that the cross-talk between PG and NO works to main-
tain the vascular homeostasis in the systemic inflammatory reactions such as sepsis.
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Fig. 1. Expression of iNOS Protein and NO Production in
VSMCs

(A) Time course of cytokine-induced expression of iNOS protein in
VSMCs from wild-type mice. VSMCs were stimulated for indicated periods
with cytokine mixture: IL-18 (20 ng/ml) , TNF-a (20 ng/ml), and IFN-y (10
ng/ml). (B) Expression level of iNOS protein and (C) NO production after
24 hours of treatment with cytokines in VSMCs from wild-type (WT) and
TP/~ mice. *p<{0.05 vs. VSMCs from WT mice. (D) Inhibitory effects of
U-46619 on cytokine-induced expression of iNOS protein in VSMCs. VSMCs
were incubated with vehicle or U-46619 in the presence of cytokines and in-
domethacin for 24 h. *p<{0.05 vs. VSMCs treated with cytokines alone.
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Fig. 2. Roles of Endogenous TXA, in Cytokine-induced NO
Production and Hyporesponsiveness of Aorta ex Vivo, and
Effect of TXA, in a Septic Model in Vivo

(A) Increased production of NO in cytokine-stimulated aorta from

TP/~ mice. Aortas were treated with vehicle or cytokines for 24 h. *p<{0.05

vs. cytokine-treated aorta from WT mice. (B) Effects of aminoguanidine on

cytokine-induced decrease in maximum tension of phenylephrine-contracted
aortas. Values are percentage of maximum tension obtained in respective

cytokine-untreated aorta. *p<C0.05 vs. respective aorta from WT mice. (C)

Inhibitory effect of U-46619 on LPS-induced NO production in a septic

model in vivo. Plasma levels of NOx were determined 20 h after injection of

LPS alone or LPS plus U-46619. *p<0.05 vs. mice group treated with LPS

alone.

R EFRICHIH L [Fig. 2(0)].

5. BHYIC

TOAY ) A RIZKIERFIC NO [k BICHEE
INBM, TNETOHELDOHEMNS, Gs ¥ 2N
8 EHEL 2R ERITEMNT % PGL, PGE, 7%
EDIMEMBIET O RS /A RiZ, INOS 78 & 4
U, MEILEIER A EICEEMRT 2 HAICERT %
—F T, MENFEETOZXY /)1 RTH 3 TXA,
1%, INOS RHZAICHE T I ENGEBASMHE
Isolz. ULEDN->T, TXA X, MBI 2ER
TEFIZIN A, INOS FEEMH & W\ S MBNERICX
> CMERROMENCHEREEZR L TWE &
EZoNnb.

HEE  AMREERTIDICHRED, RIRTHEY
2 0 U NERRZERFBLE SRR S
S PR SRR, TR S Bt S8 AR AR 5
IR, AR FERFBLE LR U IR e R
A ERE BRI W 2 LR T, K, AR



1214

Vol. 129 (2009)

JENTEERFR R e 2 22 R W FT R R B3 BRI B W
THOLNEDBDOTHD, FBRITTH W ZWSE
5, MNTBIFRE DEARITD K D NWZ L X7

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

REFERENCES

Macmicking J. D., Nathan C., Hom G., Char-
train N., Fletcher D. S., Trumbauer M.,
Stevens K., Xie Q.-W., Sokol K., Hutchinson
N., Chen H., Mudgett J. S., Cell, 81, 641-650
(1995) .

Petros A., Lamb G., Leone A., Moncada S.,
Bennett D., Vallance P., Cardiovasc. Res., 28,
34-39 (1994).

Wei X.-Q., Charlies I. G., Smith A., Ure J.,
Feng G.-J., Huang F.-P., Xu D., Muller W.,
Moncada S., Liew F. Y., Nature, 375, 408-411
(1995).

Titheradge M. A., Biochim Biophys Acta,
1411, 437-455 (1999).

Okusawa S., Gelfand J. A., Ikejima T., Con-
nolly R. J., Dinarello C. A., J. Clin. Invest.,
81, 1162-1172 (1988).

O’Banion M. K., Winn V. D., Young D. A.,
Proc. Natl. Acad. Sci. USA, 89, 4888-4892
(1992).

GaleaE., Fenstein D. L., FASEB J., 13, 2125
2137 (1999).

Salvemini D., Misko T. P., Masferrer J. L.,
Seibert K., Currie M. G., Needleman P., Proc.
Natl. Acad. Sci. USA, 90, 7240-7244 (1993).
Swierkosz T. A., Mitchell J. A., Warner T.
D., Botting R. M., Vane J. R., Br. J. Phar-
macol., 114, 1335-1342 (1995).

Koide M., Kawahara Y., Nakayama I., Tsuda

11)

12)

13)

14)

15)

16)

17)

18)

19)

T., Yokoyama M., J. Biol. Chem., 268,
24959-24966 (1993).

Pang L., Hoult J. R. S., Biochem. Phar-
macol., 53, 493-500 (1997).

Hanasaki K., Nakano T., Arita H., Biochem
Pharmacol., 40, 2535-2542 (1990).

Fujino T., Yuhki K., Yamada T., Hara A.,
Takahata O., Okada Y., Xiao C.-Y., Ma H.,
Karibe H., Taniguchi T., Narumiya S.,
Ushikubi F., Br. J. Pharmacol., 136, 530-539
(2002) .

Nakayama I., Kawahara Y., Tsuda T., Okuda
M., Yokoyama M., J. Biol. Chem., 269,
11628-11633 (1994) .

Ikeda U., Yamamoto K., Maeda Y., Shimpo
M., Kanbe T., Shimada K., Hypertension, 29,
65-69 (1997).

Sellers M. M., Stallone J. N., Am. J. Physiol.
Heart Circ. Physiol., 294, 1978-1986 (2008).
Takayama K., Yuhki K., Ono K., Fujino T.,
Hara A., Yamada T., Kuriyama S., Karibe
H., Okada Y., Takahata O., Taniguchi T.,
Iijima T., Iwasaki H., Narumiya S., Ushikubi
F., Nat. Med., 11, 562-566 (2005) .

Xiao C. Y., Yuhki K., Hara A., Fujino T.,
Kuriyama S., Yamada T., Takayama K.,
Takahata O., Karibe H., Taniguchi T.,
Narumiya S., Ushikubi F., Circulation, 109,
2462-2468 (2004) .

Yamada T., Fujino T., Yuhki K., Hara A.,
Karibe H., Takahata O., Okada Y., Xiao C.
-Y., Takayama K., Kuriyama S., Taniguchi
T., Shiokoshi T., Ohsaki Y., Kikuchi K.,
Narumiya S., Ushikubi F., Circulation, 108,
2381-2386 (2003).



