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Abstract

Recent studies have demonstrated that up-regulated Rho-kinase plays an important role in the pathogenesis of coronary arte-
riosclerosis and vasospasm. We have shown that inflammatory stimuli, such as angiotensin II and interleukin-1b, up-regulate
Rho-kinase expression and activity in human coronary vascular smooth muscle cells, for which intracellular signal transduction
mediated by protein kinase C and NF-jB is involved. Here, we show that estrogen down-regulates while nicotine up-regulates
Rho-kinase and that nicotine counteracts the inhibitory effect of estrogen on angiotensin II-induced Rho-kinase expression. Fur-
thermore, we demonstrated that the intracellular signal transduction of the inhibitory effect of estrogen is mediated by an estrogen
receptor. These results demonstrate that inflammatory stimuli up-regulate Rho-kinase, for which estrogen (mediated by an estrogen
receptor) and nicotine exert divergent inhibitory and stimulatory effects on the Rho-kinase expression, respectively, and may explain
in part why the incidence of arteriosclerotic and vasospastic disorders is increased in postmenopausal women and smokers.
� 2004 Elsevier Inc. All rights reserved.
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Recent studies in vitro have demonstrated that the
small GTP-binding protein Rho and its effector Rho-ki-
nase/ROK/ROCK [1–3] play an important role in vari-
ous cellular functions, including smooth muscle
contraction [4,5], actin cytoskeleton organization [6,7],
cell adhesion and motility [8], cytokinesis [9], and gene
expressions [10], all of which may be involved in the
pathogenesis of arteriosclerosis. There are two isoforms
of Rho-kinase, Rho-kinase/ROKa/ROCKII and
ROKb/ROCKI [2,3,11]. Hereafter, we will refer to them
as Rho-kinase a and Rho-kinase b, respectively. Re-
cently, we have demonstrated that Rho-kinase is upreg-
ulated at inflammatory arteriosclerotic lesions and
causes coronary vasospastic responses through inhibi-
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tion of myosin light chain phosphatase in both a porcine
model of coronary artery spasm [12,13] and arterioscle-
rotic human arteries [14]. We have also demonstrated
that Rho-kinase is substantially involved in the patho-
genesis of arteriosclerosis in general [15]. Furthermore,
the long-term inhibition of Rho-kinase causes a marked
regression of coronary arteriosclerosis and disappear-
ance of coronary vasospastic activities in vivo [16,17].
These results suggest that Rho-kinase is a novel thera-
peutic target for the treatment of arteriosclerotic cardio-
vascular diseases [15]. Furthermore, we have recently
demonstrated that inflammatory stimuli, such as angio-
tensin II and interleukin-1b, up-regulate Rho-kinase
expression and activity in human coronary vascular
smooth muscle cells (hcVSMC), for which intracellular
signal transduction mediated by protein kinase C
(PKC) and NF-jB is involved [18]. Indeed, coronary
vascular lesion formation induced by long-term
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treatment with angiotensin II was markedly suppressed
in NF-jB-deficient mice with reduced expression and
activity of Rho-kinase in vivo [18]. Thus, our series of
studies in animal models and humans suggest that the
Rho-kinase expression is linked to inflammatory re-
sponses [12–18].

It is well known that premenopausal women with
normal estrogen levels rarely manifest coronary artery
disease. In addition, the administration of exogenous
estrogens to healthy postmenopausal women may re-
duce the incidence of coronary events [19]. However,
the mechanisms underlying the beneficial effects of estro-
gen remain to be examined. The modest cholesterol-low-
ering effect of estrogens does not explain their
substantial protective effects [20]. An alternative hypoth-
esis is that estrogens exert protective effects against cor-
onary artery disease through genomic mechanisms in
blood vessels. Estrogens inhibit the growth of vascular
smooth muscle cells (VSMC) that characterizes obstruc-
tive atherosclerotic lesions [21,22]. Functional estrogen
receptors (ERs) are present in VSMC [23]. Furthermore,
in addition to menopause, cigarette smoking also is a
major risk factor for coronary artery disease [24,25].
Although the underlying mechanisms for the adverse ef-
fects of smoking are not completely understood, there is
substantial evidence indicating that the primary role of
cigarette smoking in coronary artery disease is due in
part to vascular injury by its direct cytotoxicity, leading
to endothelial and VSMC dysfunction, and thereby ini-
tiating the process of coronary atherosclerosis [26–28].

Thus, the present study was designed to examine how
estrogens and nicotine modulate Rho-kinase expression
in human coronary VSMC (hcVSMC).
Materials and methods

This experiment was reviewed by the Committee of Ethics on
Animal Experiments of the Kyushu University and was carried out
according to the Guidelines for Animal Experiments of the Kyushu
University, and the Law (No.105) and the Notification (No.6) of the
Japanese Government.

Reagents. The reagents used in this study were as follows: angio-
tensin II (the Peptide Institute, Osaka, Japan); PD98059 (Research
Biochemicals International, Natick, USA), [a-32P]dCTP (DuPont
NEN, Boston, USA), ICI182780 (Tocris Cookson, Ballwin, USA), and
PD123319 (Takeda Chemical Industries, Osaka, Japan). Other re-
agents were purchased from WAKO Pure Chemicals (Osaka, Japan).

Cell culture. hcVSMC were obtained from Amersham (Piscataway,
USA) and maintained as previously described [18,29]. Passages 4–10
were used for the experiments. Cells were grown to confluence in
Dulbecco�s modified Eagle�s medium (DMEM) with 10% fetal bovine
serum (FBS), growth-arrested in DMEM with 0.1% bovine serum
albumin (BSA) for 1 day, and used for the experiments.

Northern blot analysis. Total RNA was prepared by an acid
guanidinium–phenol–chloroform extraction method [30]. Since we
confirmed in the previous study that Rho-kinase a is a major isoform
in hcVSMC as compared with Rho-kinase b [18], we examined the
expression of Rho-kinase a in the present study. The sequence of the
primer for RT-PCR analysis of human Rho-kinase a was amplified
from a human blood cDNA library. We obtained direct purification
products of DNA from these PCR amplifications used by the Wizard
PCR Preps DNA purification system (Promega, Madison, USA). A
human Rho-kinase a cDNA was used as a probe. Northern blot
analysis (with 10 lg total RNA) was performed as previously described
[18,29]. The radioactivity of hybridized bands of Rho-kinase a mRNA
and a-actin mRNA was quantified by a MacBAS Bioimage Analyzer
(Fuji film, Tokyo, Japan). For quantitative analysis, the density of the
bands was measured by an NIH image analyzer, and the levels of
Northern products for Rho-kinase a were normalized to those for a-
actin as an internal control [18,29].

Statistical analysis. Statistical analysis was performed using one-
way ANOVA followed by Fisher�s post hoc test. Results are shown as
means ± SEM. A value of P < 0.05 was considered to be statistically
significant.
Results and discussion

Estrogen concentration-dependently inhibits Rho-kinase

mRNA expression in cultured human coronary VSMC

It is well known that the incidence of coronary arte-
riosclerosis and vasospasm is increased in postmeno-
pausal women [17]. Furthermore, our series of studies
in animal models and humans have suggested that the
Rho-kinase expression is linked to inflammatory re-
sponses at coronary atherosclerotic lesions [12–18].
Accordingly, we examined how estrogen modulates
Rho-kinase expression in hcVSMC. We have previously
demonstrated that angiotensin II and IL-1b up-regulate
Rho-kinase mRNA expression in a time- and concentra-
tion-dependent manner, with a peak response noted at
0.5 and 1 h after stimulation with angiotensin II and
IL-1b, respectively [18]. Thus, in the present study,
hcVSMC were treated for 24 h with 17b-estradiol before
the treatment with either angiotensin II or IL-1b and the
Rho-kinase mRNA expression was examined at 0.5 and
1 h after the stimulation with angiotensin II and IL-1b,
respectively. The results showed that the Rho-kinase a
mRNA expression induced by angiotensin II or IL-1b
was concentration-dependently inhibited by 17b-estradi-
ol at its concentration in premenopausal (10�7 mol/L)
and pregnant (10�4 mol/L) women (Figs. 1A and B).
Considerable clinical information has supported the no-
tion that estrogens exert protective effects against ath-
erosclerosis in general and coronary artery disease in
particular [19,20]. Although the relationship between
estrogen deficiency and vascular disease is poorly under-
stood, estrogens may have genomic effects on the vascu-
lar wall, which are probably mediated through estrogen
receptors. These effects include the inhibition of VSMC
growth and migration in vitro, and the inhibition of
arterial intimal hyperplasia in vivo [21,22]. It has been
reported that the newly discovered estrogen receptor b
subtype is the most prevalent receptor in human VSMC,
which may explain, at least in part, the differences in the



Fig. 1. Estrogen concentration-dependently inhibits Rho-kinase mRNA expression in cultured human coronary VSMC. (A) The Rho-kinase a
mRNA expression induced by angiotensin II (10�6 mol/L, for 0.5 h) was inhibited by 17b-estradiol (E2) at its physiological concentration in
premenopausal (10�7 mol/L, adult) and pregnant (10�4 mol/L, pregnant) women. (B) The Rho-kinase a mRNA expression induced by IL-1b
(10�6 mol/L, for 1 h) was inhibited by 17b-estradiol (E2) at its physiological concentration in premenopausal (10�7 mol/L, adult) and pregnant
(10�4 mol/L, pregnant) women, n = 6 each.

Fig. 2. Nicotine up-regulates Rho-kinase mRNA expression in
cultured human coronary VSMC. Nicotine, at its average concentra-
tion in smokers (10�7 mol/L, for 24 h), markedly enhanced the
Rho-kinase a mRNA expression induced by low doses of angiotensin
II (for 0.5 h), n = 4 each.
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effects of estrogens between the vascular bed and other
organs [31].

Nicotine up-regulates Rho-kinase mRNA expression in

cultured human coronary VSMC

Cigarette smoking is a major risk for coronary artery
disease [24,25]. Accordingly, we examined how nicotine
modulates Rho-kinase expression in hcVSMC.
hcVSMC were pretreated for 24 h with and without nic-
otine (10�7 mol/L, an average concentration in smokers)
for 24 h and thereafter were stimulated with angiotensin
II (10�10–10�8 mol/L). The Rho-kinase mRNA expres-
sion was examined 30 min after the stimulation with
angiotensin II. The results showed that nicotine signifi-
cantly enhanced the angiotensin II-induced Rho-kinase
mRNA expression (Fig. 2). It is noteworthy that the
Rho-kinase mRNA expression induced by a low concen-
tration of angiotensin II (10�8 mol/L, Fig. 2) in the pres-
ence of nicotine was greater than that induced by a
higher concentration of angiotensin II alone
(10�6 mol/L) [18], indicating that nicotine enhances the
angiotensin II-induced Rho-kinase mRNA expression
by more than 100 times.

Cigarette smoking has been implicated as a major
risk factor for atherosclerosis and related cardiovascular
diseases. The mechanism for the nicotine-induced in-
crease in the risk of cardiovascular diseases is not well
understood. It has been postulated that tobacco smoke
constituents may adversely affect cell function but the
true mediator(s) remains to be elucidated. Endothelin-
1 is a potent vasoconstrictor and mitogenic agent [32].
In humans, cigarette smoking results in a significant in-
crease in plasma endothelin-1 levels [33], and regular cig-
arette smoking is associated with functional and
morphological changes [34–37]. PKC has been impli-
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cated in the regulation of endothelin-1 production by
endothelial cells, and recent studies have shown that cig-
arette smoke condensate activates PKC in endothelial
cells [38] and that the extract stimulates endothelin-1
gene expression via PKC-mediated pathway in endothe-
lial cells [39].

Estrogen inhibits Rho-kinase mRNA expression via the

estrogen receptor in cultured human coronary VSMC

We have shown that estrogen inhibits Rho-kinase
mRNA expression induced by angiotensin II. To exam-
ine whether the effect of estrogen is genomic or non-ge-
nomic, we used the estrogen receptor antagonist, ICI
182,780. hcVSMC were treated for 24 h with
10�7 mol/L ICI 182,780 before the treatment with estro-
gen followed by that with angiotensin II. ICI 182,780 re-
versed the inhibitory effect of estrogen, indicating that
the effect of estrogen was mediated by estrogen receptors
(Fig. 3). Importantly, nicotine also completely reversed
the inhibitory effect of estrogen (Fig. 3). These results
may explain, at least in part, why the incidence of coro-
nary arteriosclerosis and vasospasm is increased in post-
menopausal women and smokers.

The molecular mechanism for the inhibitory effect of
estrogen on the angiotensin II-induced up-regulation of
Rho-kinase remains to be fully elucidated. ICI 182,780
can reverse the inhibitory effect of estrogens on VSMC
growth in vitro [22]. This observation supports the no-
tion that the effects of estrogens on VSMC are primarily
Fig. 3. Estrogen inhibits Rho-kinase mRNA expression via the
estrogen receptor in cultured human coronary VSMC. The cells were
treated with ICI 182,780 (10�6 mol/L, for 24 h, ICI) before the
treatment with estrogen (E2, 10�7 mol/L, for 24 h). ICI 182,780
reversed the inhibitory effect of estrogen, indicating that the effect of
estrogen was mediated by estrogen receptors. Furthermore, nicotine
(N, 10�7 mol/L, for 24 h) completely reversed the inhibitory effect of
estrogen, n = 4 each.
mediated through classic estrogen receptor-dependent
transcriptional mechanisms. It has been previously dem-
onstrated that a selective PKC inhibitor can suppress
the actions of estrogens [40], suggesting an involvement
of the PKC-mediated pathway in the effect of estrogens.
Furthermore, it has been reported that contraction and
PKC activity of rat VSMC were greater in males com-
pared with females, suggesting an involvement of the
PKC-mediated pathway in the gender differences in
VSMC contraction [41]. There is a gender difference in
the sensitivity of the PKC-mediated pathway to endog-
enous sex hormones in VSMC [42]. A gender-specific
reduction in VSMC reactivity in female rats with intact
gonadal function compared with males is associated
with a reduction in the expression and activity of vascu-
lar PKC [43]. On the other hand, it also has been re-
ported that activation of estrogen receptor a inhibits
NF-jB activation and VSMC proliferation in aged fe-
male rats, demonstrating the importance of classical
estrogen receptor a in regulating inflammatory and
growth-promoting genes implicated in atherogenesis
[44].

In summary, we were able to demonstrate that estro-
gen and nicotine exert divergent effect on Rho-kinase
expression in hcVSMC, which may explain, at least in
part, why the incidence of arteriosclerotic and vasospas-
tic disorders is increased in postmenopausal women and
smokers.
Acknowledgments

We thank M. Sonoda, M. Motoishi, and S. Masuda
for excellent technical assistance. This study was sup-
ported in part by the grant for the 21st Century COE
Program and the Grants-in-Aid from the Japanese Min-
istry of Education, Culture, Sports, Science and Tech-
nology, Tokyo, Japan (Nos. 10177223, 10357006,
12032215, 12470158, 12877114, 13307024, and
13557068) and the Program for Promotion of Funda-
mental Studies in Health Sciences of the Organization
for Pharmaceutical Safety and Research of Japan.
References

[1] T. Matsui, M. Amano, T. Yamamoto, K. Chihara, M. Nakafuku,
M. Ito, T. Nakano, A. Iwamatsu, K. Kaibuchi, Rho-associated
kinase, a novel serine/threonine kinase, as a putative target for
small GTP binding protein Rho, EMBO J. 15 (1996) 2208–2216.

[2] T. Leung, E. Manser, Z. Tan, L. Lim, A novel serine/threonine
kinase binding the Ras-related RhoA GTPase which translocates
the kinase to peripheral membranes, J. Biol. Chem. 270 (1992)
29051–29054.

[3] T. Ishizaki, M. Maekawa, K. Fujisawa, K. Okawa, A. Iwamatsu,
A. Fujita, N. Watanabe, Y. Saito, A. Kakizuka, N. Morii, S.
Narumiya, The small GTP-binding protein Rho binds to and



158 J. Hiroki et al. / Biochemical and Biophysical Research Communications 326 (2005) 154–159
activates a 160 kDa Ser/Thr protein kinase homologous to
myotonic dystrophy kinase, EMBO J. 15 (1996) 1885–1893.

[4] K. Kaibuchi, S. Kuroda, M. Amano, Regulation of the cytoskel-
eton and cell adhesion by the Rho family GTPases in mammalian
cells, Annu. Rev. Biochem. 68 (1999) 459–486.

[5] A.P. Somlyo, A.V. Somlyo, Signal transduction by G-proteins,
rho-kinase and protein phosphatase to smooth muscle and non-
muscle myosin II, J. Physiol. 522 (2000) 177–185.

[6] M. Amano, K. Chihara, K. Kimura, Y. Fukata, N. Nakamura, Y.
Matsuura, K. Kaibuchi, Formation of actin stress fibers and focal
adhesions enhanced by Rho-kinase, Science 275 (1997) 1308–1311.

[7] A. Hall, Rho GTPases and the actin cytoskeleton, Science 279
(1998) 509–514.

[8] A.R. Horwitz, J.T. Parsons, Cell migration: movin� on, Science
286 (1999) 1102–1103.

[9] S. Narumiya, The small GTPase Rho: cellular functions and
signal transduction, J. Biochem. (Tokyo) 120 (1996) 215–228.

[10] K. Chihara, M. Amano, N. Nakamura, T. Yano, M. Shibata, T.
Tokui, H. Ichikawa, R. Ikebe, M. Ikebe, K. Kaibuchi, Cytoskel-
etal rearrangements and transcriptional activation of c-fos serum
response element by Rho-kinase, J. Biol. Chem. 272 (1997) 25121–
25127.

[11] O. Nakagawa, K. Fujisawa, T. Ishizaki, Y. Saito, K. Nakao, S.
Narumiya, ROCK-I and ROCK-II, two isoform of Rho-associ-
ated coiled-coil forming protein serine/threonine kinase in mice,
FEBS Lett. 392 (1996) 189–193.

[12] H. Shimokawa, M. Seto, N. Katsumata, M. Amano, T. Kozai,
T. Yamawaki, K. Kuwata, T. Kandabashi, K. Egashira, I.
Ikegaki, T. Asano, K. Kaibuchi, A. Takeshita, Rho-kinase-
mediated pathway induces enhanced myosin light chain phospho-
rylations in a swine model of coronary artery spasm, Cardiovasc.
Res. 43 (1999) 1029–1039.

[13] T. Kandabashi, H. Shimokawa, K. Miyata, I. Kunihiro, Y.
Kawano, Y. Fukata, T. Higo, K. Egashira, S. Takahashi, K.
Kaibuchi, A. Takeshita, Inhibition of myosin phosphatase by
upregulated rho-kinase plays a key role for coronary artery spasm
in a porcine model with interleukin-1b, Circulation 101 (2000)
1319–1323.

[14] T. Kandabashi, H. Shimokawa, Y. Mukai, T. Matoba, I.
Kunihiro, K. Morikawa, M. Ito, S. Takahashi, K. Kaibuchi, A.
Takeshita, Involvement of Rho-kinase in the agonists-induced
contractions of arteriosclerotic human arteries, Arterioscler.
Throm. Vasc. Biol. 22 (2002) 243–248.

[15] H. Shimokawa, Rho-kinase as a novel therapeutic target of
cardiovascular diseases, J. Cardiovasc. Pharmacol. 39 (2002) 319–
327.

[16] K. Morishige, H. Shimokawa, Y. Eto, T. Kandabashi, K. Miyata,
Y. Matsumoto, M. Hoshijima, K. Kaibuchi, A. Takeshita,
Adenovirus-mediated transfer of dominant-negative Rho-kinase
induces a regression of coronary arteriosclerosis in pigs in vivo,
Arterioscler. Thromb. Vasc. Biol. 21 (2001) 548–554.

[17] H. Shimokawa, K. Morishige, K. Miyata, T. Kandabashi, Y.
Eto, I. Ikegaki, T. Asano, K. Kaibuchi, A. Takeshita, Long-term
inhibition of Rho-kinase induces a regression of arteriosclerosis
coronary lesions in a porcine model in vivo, Cardiovasc. Res. 51
(2001) 169–177.

[18] J. Hiroki, H. Shimokawa, M. Higashi, K. Morikawa, T.
Kandabashi, N. Kawamura, T. Kubota, T. Ichiki, A. Mutsuki,
K. Kaibuchi, A. Takeshita, Inflammatory stimuli upregulate
Rho-kinase in human coronary vascular smooth muscle cells, J.
Mol. Cell. Cardiol. 37 (2004) 537–546.

[19] M.J. Stampfer, G.A. Colditz, Estrogen replacement therapy and
coronary heart disease : a quantitative assessment of the epide-
miologic evidence, Prev. Med. 20 (1991) 47–63.

[20] D.F. Skafer, R. Xu, J. Ram, J.R. Sowere, Female sex hormones
and cardiovascular disease in women, J. Clin. Endocrinol. Metab.
82 (1997) 3913–3918.
[21] S. Chen, H. Li, J. Durand, S. Oparil, Y-.F. Chen, Estrogen
reduced myointimal proliferation after ballon injury of rat carotid
artery, Circulation 93 (1996) 577–584.

[22] F.D. Kolodgie, A. Jacob, P.S. Wilson, G.C. Carlson, A. Frab, A.
Verma, R. Virmantimal, Estradiol attenuates directed migration
of vascular smooth muscle cells in vitro, Am. J. Pathol. 148 (1996)
969–976.

[23] K.B. Horwitz, L.D. Horwitz, Canine vascular tissues for andro-
gens, estrogens, progestins, and glucocorticoids, J. Clin. Invest. 69
(1982) 750–758.

[24] J.B. Lakier, Smoking and cardiovascular disease, Am. J. Med. 93
(1992) S8–S12.

[25] H. Tunstall-Padoe, M. Woodward, R. Tavendale, R. A�Brook,
M.K. McCluskey, Comparison of the prediction by 27 different
factors of coronary heart disease and death in men and women of
the Scottish Heart Health Study: Cohort study, Br. Med. J. 315
(1997) 722–729, published erratum appears in Br. Med. J. 316
(7148) (1998) Jun 20 1881.

[26] R. Ross, The pathogenesis of atherosclerosis: a perspective
for1990s, Nature 362 (1993) 801–809.

[27] C.J. Pepine, Clinical implications of endothelial dysfunction, Clin.
Cardiol. 21 (1998) 795–799.

[28] A.A. Quyyumi, Endothelial function in health and disease: new
insights into the genesis of cardiovascular disease, Am. J. Med.
105 (1998) 32S–39S.

[29] T. Ichiki, M. Usui, M. Kato, Y. Funakoshi, K. Ito, K. Egashira,
A. Takeshita, Downregulation of angiotensin II type I receptor
gene transcription by nitric oxide, Hypertension 31 (1998) 342–
348.

[30] P. Chomczynski, N. Sacchi, Single-step method of RNA isolation
by acid guanidinium thiocyanate–phenol–chloroform extraction,
Anal. Biochem. 162 (1987) 156–159.

[31] K.H. Yvonne, T. Lin, Y. Xiangs-Dong, G. Dinny, B.H.
Kathryn, D.H. Lawrence, Estrogen receptors a and b Preva-
lence of Estrogen receptor b mRNA in human vascular smooth
muscle and transcriptional effects, Circulation 101 (2001) 1792–
1798.

[32] M. Yanagisawa, T. Masaki, Endothelin, a novel endothelium
derived peptide. Pharmacological activities, regulation and possi-
ble roles in cardiovascular control, Biochem. Pharmacol. 38 (1989)
1877–1883.

[33] T. Haak, E. Jungmann, C. Raab, K.H. Usadal, Elevated
endothelin-1 levels after cigarette smoking, Metabolism 43
(1994) 267–269.

[34] D.S. Calermajer, M.R. Adams, P. Clarkson, J. Robinson, R.
McCredie, A. Donald, J.E. Deanfield, Passive smoking and
impaired endothelium-dependent dilatation in healthy young
adults, N. Engl. J. Med. 334 (1996) 150–154.

[35] D.S. Celemajer, K.E. Sorensen, D. Gergakopoulos, C. Bull, O.
Thomas, J. Robinson, J.E. Deanfield, Cigarette smoking is
associated with dose-related and potentially reversible impairment
of endothelium-dependent dilatation in healthy young adults,
Circulation 88 (1993) 2149–2155.

[36] A.T. Diah-Xuan, T.W. Higenbottam, C.A. Colland, J. Pepkez-
aba, G. Cremona, A.Y. Butt, S.R. Large, F.C. Wells, J. Wallwork,
Impairment of endothelinm-dependent pulmonary-artery relaxa-
tion in chronic obstructive lung disease, N. Engl. J. Med. 324
(1991) 1539–1547.

[37] W. Kiowski, L. Linder, K. Stoschitzky, M. Phisterer, D. Burck-
hardt, F. Burkart, F.R. Buhler, Diminished vascular response to
inhibition of endothelium-derived nitric oxide and enhanced
vasocontraction to exogenously administered endothelin-1 in
clinically healthy smokers, Circulation 90 (1994) 27–34.

[38] V. Kalra, Y. Ying, K. Deemer, R. Natarajan, J.L. Nadler, T.D.
Coates, Mechanism of cigarette smoke condensate induced
adhesion of human monocytes to cultured endothelial cells, J.
Cell Physiol. 160 (1994) 154–162.



J. Hiroki et al. / Biochemical and Biophysical Research Communications 326 (2005) 154–159 159
[39] D.L. Sang, S.L. Dong, G.C. Yong, S.S. Tae, M.L. Chae, K.
Younsuck, S.K. Woo, S.K. Dong, D.K. Won, Cigarette smoke
extract induces endothelin-1 via protein kinase C in pulmonary
artery endothelial cells, Am. J. Physiol. Lung Cell Mol. Physiol.
281 (2001) L403–L411.

[40] H. Niwa, K. Yamamura, J. Miyazaki, Efficient selection for high-
expression transfectants with a novel eukaryotic vector, Gene 108
(1991) 193–200.

[41] A. Celia, A.K. Kanashiro-Raouf, Gender-related distinctions in
protein kinase C activity in rat vascular smooth muscle, Am. J.
Physiol. Cell Physiol. 280 (2001) C34–C45.
[42] Y.M. Liou, K.G. Morgan, Redistribution of protein kinase C
isoforms in association with vascular hypertrophy of rat aorta,
Am. J. Physiol. Cell Physiol. 267 (1994) C980–C989.

[43] M.B. Turia, R.C. Webb, Enhanced vascular reactivity to protein
kinase C activators in genetically hypertensive rats, Hypertension
9 (1987) III150–III154.

[44] V.S. Ram, V.G. Milind, C.B. Ramesh, Genome and hormones:
gender differences in physiology selected contribution: estrogen
receptor-a gene transfer inhibits proliferation and NF-kB activa-
tion in Vascular smooth muscle cells from female rats, J. Appl.
Physiol. 91 (2001) 2400–2406.


	Divergent effects of estrogen and nicotine on Rho-kinase expression in human coronary vascular smooth muscle cells
	Materials and methods
	Results and discussion
	Estrogen concentration-dependently inhibits Rho-kinase mRNA expression in cultured human coronary VSMC
	Nicotine up-regulates Rho-kinase mRNA expression in cultured human coronary VSMC
	Estrogen inhibits Rho-kinase mRNA expression via the estrogen receptor in cultured human coronary VSMC

	Acknowledgments
	References


