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Cilostazol Suppresses Angiotensin II-Induced
Vasoconstriction via Protein Kinase A-Mediated
Phosphorylation of the Transient Receptor Potential
Canonical 6 Channel

Kinue Nishioka, Motohiro Nishida, Marina Ariyoshi, Zhong Jian, Shota Saiki, Mayumi Hirano,
Michio Nakaya, Yoji Sato, Satomi Kita, Takahiro Iwamoto, Katsuya Hirano,
Ryuji Inoue, Hitoshi Kurose

Objective—The goal of this study was to determine whether inhibition of transient receptor potential canonical (TRPC)
channels underlies attenuation of angiotensin II (Ang II)~induced vasoconstriction by phosphodiesterase (PDE)

3 inhibition.

Methods and Results—Pretreatment of rat thoracic aorta with cilostazol, a selective PDE3 inhibitor, suppressed
vasoconstriction induced by Ang II but not that induced by KCI. The Ang II-induced contraction was largely dependent
on Ca*" influx via receptor-operated cation channels. Cilostazol specifically suppressed diacylglycerol-activated TRPC
channels (TRPC3/TRPC6/TRPCT7) through protein kinase A (PKA)—dependent phosphorylation of TRPC channels in
HEK?293 cells. In contrast, we found that phosphorylation of TRPC6 at Thr69 was essential for the suppression of Ang
[l-induced Ca®" influx by PDE3 inhibition in rat aortic smooth muscle cells (RAoSMCs). Cilostazol specifically
induced phosphorylation of endogenous TRPC6 at Thr69. The endogenous TRPC6, but not TRPC3, formed a ternary
complex with PDE3 and PKA in RAoSMCs, suggesting the specificity of TRPC6 phosphorylation by PDE3 inhibition.
Furthermore, inhibition of PDE3 suppressed the Ang II-induced contraction of reconstituted ring with RAoSMCs,
which were abolished by the expression of a phosphorylation-deficient mutant of TRPC6.

Conclusion—PKA-mediated phosphorylation of TRPC6 at Thr69 is essential for the vasorelaxant effects of PDE3
inhibition against the vasoconstrictive actions of Ang II. (Arterioscler Thromb Vasc Biol. 2011;31:2278-2286.)

Key Words: angiotensin II m diacylglycerol @ phosphodiesterase m phosphorylation
@ transient receptor potential canonical

Peripheral vascular tone is controlled mainly by agonist
stimulation via the sympathetic nerve system, the renin-
angiotensin-aldosterone system, and inherent myogenic

contraction.! Increase in intracellular Ca®** concentration '

([Ca**];) in response to neurotransmitters and hormones
triggers contraction of vascular smooth muscle cells
(VSMCs).? Stimulation of G, protein-coupled receptor acti-
vates phospholipase C and induces production of 2 second
messengers, inositol-1,4,5-trisphosphate (IP,) and diacylglyc-
erol (DAG).3 IP, mobilizes Ca®>* release from the internal
Ca®* stores through stimulation of IP; receptors, leading to a
transient increase in [Ca>*],. Depletion of Ca®* stores by
IP;-mediated Ca®’ release then induces subsequent Ca®’
entry through activation of store-operated Ca®>" channels.4 A
variety of evidence has implied the important roles of

store-operated Ca*>" channels in vascular tone regulation.5 In
contrast, DAG is primarily thought to activate protein kinase
C, but it also plays a more direct role in activating Ca®"
entry,® and recent reports have implied that DAG-mediated
Ca®* influx also participates in vascular tone regulation.”™?
However, it is unclear which pathway is involved in agonist-
induced contraction of aortic VSMCs.

Cilostazol, a selective phosphodiesterase (PDE) 3 inhibi-
tor, is clinically used as an antiplatelet drug and is also
applicable to patients with intermittent claudication and
arteriosclerosis obliteration.'?~2 Cilostazol has been shown
to induce vascular relaxation through a protein kinase A
(PKA)-dependent decrease in [Ca®"]; of VSMCs.'34 Sey-
eral PKA target proteins responsible for suppression of
agonist-induced vascular contraction have been reported.!5-18

Received on: December 2, 2010; final version accepted on: July 12, 2011.

From the Department of Pharmacology and Toxicology, Graduate School of Pharmaceutical Sciences (K.N., M. Nishida, M.A., S.S., M. Nakaya, H.K.)
and Division of Molecular Cardiology, Research Institute of Angiocardiology, Graduate School of Medical Sciences (M.H., K.H.), Kyushu University,
Higashi-ku, Fukuoka, Japan; Departments of Physiology (Z.J., R.1.) and Pharmacology (S.K., T.1.), School of Medicine, Fukuoka University, Jyonan-ku,
Fukuoka, Japan; Division of Cellular and Gene Therapy Products, National Institute of Health Sciences, Setagaya, Tokyo, Japan (Y.S.).

Correspondence to Hitoshi Kurose, PhD, Department of Pharmacology and Toxicology, Graduate School of Pharmaceutical Sciences, Kyushu
University, 3-1-1 Maidashi, Higashi-ku, Fukuoka, Fukuoka 812-8582, Japan. E-mail kurose @phar.kyushu-u.ac.jp

© 2011 American Heart Association, Inc.

Arterioscler Thromb Vasc Biol is available at http://atvb.ahajournals.org

DOI: 10.1161/ATVBAHA.110.221010

Downloaded from http://atvb.ahajournaB7&g/ by YOII SATO on March 18, 2012



