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Objectives The aim of this study was to examine whether Rho-kinase activity is systemically enhanced in patients with vasospas-
tic angina (VSA) and, if so, whether a noninvasive diagnostic method could be developed to improve practice.

Background The activated Rho-kinase pathway plays a central role in the molecular mechanism of coronary vasospasm in
animal models and patients with VSA. Recently, it has been reported that Rho-kinase activity in circulating leu-
kocytes is associated with various diseases.

Methods Fifty-three consecutive patients with chest pain who underwent acetylcholine provocation testing for coronary
spasm were examined. Patients were divided into 2 groups depending on their response to the test: VSA (n =
33) and non-VSA (n = 20) groups. Venous blood samples were collected to measure Rho-kinase activity in circu-
lating neutrophils, determined by the extent of phosphorylation of myosin-binding subunit (MBS), a substrate of
Rho-kinase.

Results Rho-kinase activity was significantly higher in the VSA group than in the non-VSA group (phosphorylated MBS/

total MBS ratio 1.33 = 0.37 vs. 0.95 + 0.22, p < 0.001). In the VSA group, no correlation was noted between
Rho-kinase activity and high-sensitivity C-reactive protein, smoking, or accumulated number of coronary risk fac-
tors. After the 3-month medical treatment, Rho-kinase activity in the VSA group was significantly decreased to

1.08 = 0.31 (p < 0.001). On receiver-operating characteristic curve analysis, a phosphorylated MBS ratio of
1.18 was identified as the best cutoff level to predict the diagnosis of VSA.

Conclusions

These results indicate that Rho-kinase activity in circulating neutrophils is enhanced in patients with VSA and

may be a useful biomarker for diagnosis and disease activity assessment of the vasospastic disorder. (J Am
Coll Cardiol 2011;58:1231-7) © 2011 by the American College of Cardiology Foundation

Coronary artery spasm plays an important role in the
pathogenesis of a wide variety of ischemic heart diseases,
including myocardial infarction and sudden cardiac death
(1-5). However, the diagnosis of vasospastic angina (VSA)
is not always easy on the basis of symptoms alone and often
requires invasive provocation testing. Importantly, medical
treatment with calcium-channel blockers (CCBs) could
reduce symptomatic angina but did not completely nor-
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malize coronary vasoconstricting responses to acetylcho-
line (ACh) (6). These findings indicate the limitation of
symptom-oriented diagnosis and treatment in patients
with VSA and warrant a reliable biomarker representing
the pathogenesis and severity of coronary spasm in clinical
practice.

See page 1238

We have previously demonstrated that the activated
Rho-kinase pathway plays a central role in the molecular
mechanism of coronary vasospasm (7-14). Rho-kinase, 1 of
the effectors of small guanosine triphosphate—binding pro-
tein Rho (15,16), enhances myosin light chain phosphory-
lation through the inhibition of the myosin-binding subunit
(MBS) of myosin phosphatase, leading to vascular hyper-

constriction or vasospasm (17,18).
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Abbreviations
and Acronyms

ACh = acetylcholine

Recently, we and others have
demonstrated that systemic acti-
vation of Rho-kinase, measured
by Rho-kinase activity in periph-
eral blood leukocytes, is associ-
ated with coronary artery disease
(19), acute ischemic stroke (20),
pulmonary artery hypertension
(21), smoking (22), metabolic
syndrome (23), and essential hy-
pertension (24). We also have
demonstrated that activities of
small G proteins (including Rho)
and Rho-kinase in circulating
leukocytes could be used for the assessment of medical
treatment (25). However, it remains to be examined whether
Rho-kinase activity is systemically enhanced in patients with
VSA and, if so, whether Rho-kinase activity measured in
circulating leukocytes could reflect the disease activity.

In the present study, we addressed these important issues
in patients with VSA using the method developed in our
laboratory (21,25).

CCB = calcium-channel
blocker

hsCRP = high-sensitivity
C-reactive protein

MBS = myosin-binding
subunit

ROC = receiver-operating
characteristic

VSA = vasospastic angina

Methods

All procedures were performed according to protocols
approved by the Institutional Review Board of Tohoku
University (No. 2008-470). Written informed consent was
obtained from all patients before study entry.

Study population. From January 2009 to June 2010, a total
of 702 patients were consecutively referred for diagnostic
catheterization for evaluation of chest pain and/or electro-
cardiographic abnormalities at Tohoku University Hospital.
Of these, 60 patients did not have significant coronary
lesions (luminal narrowing <50%) on control angiography
of the major coronary arteries. Because 4 patients did not
give informed consent for ACh provocation testing and 3
patients had insufficient isolation of leukocytes, the remain-
ing 53 patients were ultimately enrolled and divided into the
2 groups, depending on their response to the provocation
test: the VSA group (n = 33) and the non-VSA group (n =
20). Hypertension, diabetes mellitus, dyslipidemia, and
obesity were diagnosed on the basis of the guidelines of the
Japanese Society of Hypertension (26), the Japan Diabetes
Society (27), the Japan Atherosclerosis Society (28), and the
Japan Society for the Study of Obesity (29), respectively.
Obesity was defined as a body mass index >25 kg/m? (29).
Coronary risk factors included hypertension, diabetes mel-
litus, dyslipidemia, smoking habit, obesity, and family
history. Serum high-sensitivity C-reactive protein (hsCRP)
levels were measured using a highly sensitive latex aggrega-
tion immunoassay with a biochemical analyzer.
Provocation test and diagnosis of VSA. All vasoactive
drugs, including long-acting nitrates, CCBs, and beta-
receptor blockers, were discontinued at least 24 h before
catheterization, except for sublingual nitroglycerin when
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needed, whereas angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and statins were not discon-
tinued in the present study. Our protocol has been described
previously (30). Briefly, ACh was administrated into the
coronary artery (12.5, 25, 50, and 100 ug) with careful
monitoring of arterial pressure and 12-lead electrocardio-
grams and serial coronary angiograms at 1-min intervals.
The diagnosis of VSA was made on the basis of the
“Guidelines for Diagnosis and Treatment of Patients With
Vasospastic Angina” of the Japanese Circulation Society
when patients had total or subtotal coronary artery narrow-
ing (>>90% stenosis) during the provocation test, accompa-
nied by chest pain and/or transient ST-segment elevation or
depression of more than 0.1 mV or new appearance of a
negative U-wave in at least 2 related leads (31).
Rho-kinase activity in circulating neutrophils. Venous
blood samples were collected just before the provocation
test. To measure Rho-kinase activity, Western blot analysis
was performed by an independent physician who was
blinded to the clinical information of the patients, as
previously described (21,25,32). NIH 3T3 cell lysates were
used as a positive control and to standardize the results of
Western blot analyses from several membranes. Finally,
Rho-kinase activity was determined by the extent of phos-
phorylation of MBS, a substrate of Rho-kinase (21,25,32).
The interobserver and intraobserver correlation coefficients
were 0.97 and 0.98, respectively. We have previously re-
ported that the level of Rho-kinase activity in circulating
neutrophils was 0.58 = 0.22 in healthy subjects (8 men, 32
women; mean age 44 = 7 years) (21). Also, in a pilot study
of 11 patients with stable effort angina due to severe organic
stenosis who required coronary stent implantation (6 men, 5
women; mean age 65 * 12 years; mean number of coronary
risk factors 3.0 = 1.4), the level was 1.31 * 0.44.

In the present study, MBS phosphorylation was also
measured with and without 10 pwmol/l fasudil, to which
isolated leukocytes were exposed for 5 min. Because fasudil
is a potent and selective inhibitor of Rho-kinase and has an
inhibitory effect on Rho-kinase 10 and 100 times more than
on protein kinase C and myosin light-chain kinase, respec-
tively (8), Rho-kinase activity could be defined to assess the
component of MBS inhibited by fasudil, which was deter-
mined as a difference in the phosphorylated MBS/total
MBS ratio between the absence and the presence of fasudil
(21,25,32).

Follow-up study. Three months after the medical treat-
ment, 21 of the 33 patients with VSA underwent venous
blood sampling and were then examined using a question-
naire of anginal stability, in a prospective manner as per-
formed at admission (blood sampling and then the provo-
cation test). The questionnaire included the number,
duration, and frequency of chest pain episodes, the fre-
quency of nitroglycerin use, and the circumstances of pain
appearance.

Statistical analysis. Continuous variables are expressed as
mean * SD and categorical variables as percents. Unpaired
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I CRB Baseline Clinical Characteristics

Variable Non-VSA (n = 20) VSA (n = 33) p Value
Age (yrs) 60 = 14 58 + 12 0.54
Men/women 11/9 21/12 0.53
BMI (kg/m?) 239 *+29 241+ 3.6 0.86
Waist circumference (cm) 87.0 x10.1 87.5+*10.1 0.86
HT 11 (55%) 15 (45%) 0.50
DM 4 (20%) 4 (12%) 0.35
Dyslipidemia 12 (60%) 23 (70%) 0.47
Smoking habit 6 (30%) 15 (45%) 0.27
Current smoking 1 (5%) 12 (36%) 0.01
Number of coronary aL) s= GLLS 22+11 0.49
risk factors
LVEF (%) 765+ 73 70.6 =128 0.08
Statin use 7 (35%) 10 (30%) 0.98
hsCRP (mg/dl) 0.072 (0.034/0.220) 0.074 (0.031/0.187) 0.98

Values are mean * SD, n, n (%), or median (25th percentile/75th percentile).
BMI = body mass index; DM = diabetes mellitus; hsCRP = high-sensitivity C-reactive protein;
HT = hypertension; LVEF = left ventricular ejection fraction; VSA = vasospastic angina.

Student # tests for normal distribution and Mann-Whitney
U tests for asymmetric distribution were used to analyze
differences in continuous variables. Fisher and chi-square
tests were used to analyze differences between categorical
variables. One-way analysis of variance followed by the
Tukey test was used to test difference between multiple
variables. Test for trend was used to assess the trend in
multiple variables. The McNemar test for correlated pro-
portions was performed to determine whether significant
changes existed in medication from the baseline to follow-
up. Paired Student # tests were used to compare Rho-kinase
activity before and after intensive medical treatment.
Receiver-operating characteristic (ROC) curve analysis was
performed to determine the best cutoff value of Rho-kinase
activity to differentiate patients with from those without
VSA. Cutoff values were determined as the sum of sensi-
tivity and specificity. Statistical analysis was performed
using SPSS (SPSS Inc., Chicago, Illinois), and p values

<0.05 were considered statistically significant.

Results

Clinical characteristics. Baseline clinical characteristics
are shown in Table 1. There was no difference in the
prevalence of coronary risk factors between the 2 groups,
except for current smoking habit (non-VSA 5% vs. VSA
36%, p = 0.01). The mean number of coronary risk factors
was relatively small and comparable between the 2 groups
(non-VSA 1.9 = 1.5 vs. VSA 2.2 * 1.1). Left ventricular
ejection fractions were within the normal range in both
groups. In the VSA group, coronary spasm was induced at
41 =+ 32 pg of ACh in the left anterior descending (n = 19),
left circumflex (n = 9), or right (n = 14) coronary artery,
including 9 patients with multivessel spasm. Also, the type
of spasm was characterized as focal (n = 9), diffuse (n =
21), or mixed (n = 3). In the non-VSA group, 5 patients

showed vasodilating responses, and the remaining 15 pa-
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tients showed no changes or insignificant vasoconstricting
responses.

Rho-kinase activity in the non-VSA and VSA groups.
Rho-kinase activity in circulating neutrophils was normally
distributed and significantly higher in the VSA group than
that in the non-VSA group (non-VSA 0.95 = 0.22 vs. VSA
1.33 = 0.37, p < 0.001) (Fig. 1A). In both groups, there
was no significant correlation between Rho-kinase activity
and the number of risk factors, and no effect of smoking
habit was noted on the Rho-kinase activity (data not
shown). Also, there was no difference between current
smoking group and noncurrent smoking group (including
previous smokers and nonsmokers) (1.41 * 0.45 vs. 1.29 =
0.32) in the VSA group. Levels of hsCRP were comparable
between the 2 groups (T'able 1) and tended to correlate with
the Rho-kinase activity in the VSA group (R = 0.34, p =
0.08). Importantly, Rho-kinase activity was significantly asso-
ciated with anginal duration and frequency (Figs. 2A and 2B).
Diagnostic significance of Rho-kinase activity for VSA.
We then examined whether Rho-kinase activity in circulat-
ing neutrophils could predict the coronary response to ACh
provocation testing using ROC curve analysis. As shown in
Figure 1B, Rho-kinase activity was a powerful predictor of
VSA, with an area under curve of 0.85 (95% confidence
interval: 0.74 to 0.96). In this ROC curve analysis, a ratio of
1.18 was identified as the best cutoft level for the diagnosis
of VSA. The sensitivity and specificity of this ROC curve
analysis for detecting VSA were 82% and 90%, respectively.
Also, the positive and negative predictive values were 93%
and 75%, respectively.

Validation of Rho-kinase activity using fasudil, a selective
Rho-kinase inhibitor. Rho-kinase activity was also vali-
dated by using fasudil, a selective Rho-kinase inhibitor, in
48 of 53 patients, 18 in the non-VSA group and 30 in the
VSA group. The ratio of phosphorylated MBS to total
MBS was well correlated, with a difference in the phosphor-
ylated MBS/total MBS ratio between the absence and the
presence of fasudil (R = 0.82, p < 0.001). Rho-kinase activity
measured in isolated leukocytes using fasudil was significantly
higher in the VSA group than in the non-VSA group
(non-VSA 0.56 = 0.31 vs. VSA 1.01 = 0.44, p < 0.001).
Rho-kinase activity before and after intensive medical
treatment. In the VSA group (n = 21), we compared
Rho-kinase activity before and 3 months after the intensive
medical treatment. Medications are shown in Table 2.
Although 8 patients (38%) had already been treated with
CCBs, there was no difference in baseline Rho-kinase
activity between patients with and those without CCBs
(1.56 = 0.34 vs. 1.35 £ 0.35, p = 0.20). After the diagnosis
of VSA was made, all patients were treated with CCBs, 14
with dihydropyridine agents alone, 1 with diltiazem, and 6
with combinations of CCBs. The use of nicorandil and
aspirin was increased, whereas that of statins was unaltered
between baseline and 3-month follow-up (Table 2). There
was no difference in baseline Rho-kinase activity between
patients with and those without statins (1.29 * 0.29 vs.
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(A) Rho-kinase activity was determined by the extent of phosphorylation of myosin-binding subunit (MBS), a substrate of Rho-kinase, and was expressed as the ratio of phos-
phorylated myosin-binding subunit (p-MBS) to total myosin-binding subunit (tMBS). Results are expressed as box-and-whisker plots in Figures 1 to 3; the central box covers the
interquartile range, with the median indicated by the line within the box. The whiskers extend to the most extreme values within 1.5 interquartile ranges. More extreme values
are plotted individually. (B) In the present receiver-operating characteristic (ROC) curve analysis, a ratio of 1.18 was identified as the best cutoff level for Rho-kinase activity, with
82% sensitivity and 90% specificity. The calculated area under the curve (AUC) was 0.85 (95% confidence interval [Cl]: 0.74 to 0.96). VSA = vasospastic angina.

Moreover, there was a trend toward an association between
percent change in Rho-kinase activity and the reduction of
symptoms at 3-month follow-up (Fig. 3B).

1.54 = 0.37, p = 0.11). Importantly, Rho-kinase activity
was significantly decreased after 3-month medical treatment

from 1.43 = 0.36 to 1.08 = 0.31 (p < 0.001) (Fig. 3A).
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gory. Abbreviations as in Figure 1.
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Table 2 Medical Treatment at Baseline and
3-Month Follow-Up in Patients With VSA (n = 21)

Medication Baseline 3 Months p Value
CCBs 8 (38%) 21 (100%) <0.01
Dihydropyridine 6 (29%) 20 (95%) <0.01
Diltiazem 4 (19%) 7 (24%) 0.25
Nitrates 1 (5%) 4 (19%) 0.25
Nicorandil 1 (5%) 7 (24%) 0.03
Statins 8 (38%) 12 (57%) 0.25
ACE inhibitors/ARBs 7 (24%) 8 (38%) 1.00
Aspirin 2 (10%) 8 (38%) 0.07

Values are n (%).
ACE = angiotensin-converting enzyme; ARB = angiotensin Il receptor blocker; CCB = calcium-
channel blocker; VSA = vasospastic angina.

Discussion

The major findings of this study were that: 1) Rho-kinase
activity in circulating leukocytes, determined by 2 different
assessments, was significantly higher in the VSA group than
in the non-VSA group; 2) the level of Rho-kinase activity
was associated with vasospastic activity and decreased at 3
months after the medical treatment; and 3) a phosphory-
lated ratio of Rho-kinase of 1.18 was identified as the best
cutoff level for the diagnosis of VSA. To the best of our
knowledge, this is the first study to demonstrate the clinical
significance of Rho-kinase activity in circulating leukocytes
as a biomarker for diagnosis and assessment of disease
activity in patients with VSA.
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Measurement of Rho-kinase activity in circulating leukocytes.
Accumulating evidence indicates that Rho-kinase activity in
circulating leukocytes is associated with cardiovascular dis-
eases and their risk factors, including coronary artery dis-
eases (19), acute ischemic stroke (20), pulmonary artery
hypertension (21), smoking (22), metabolic syndrome (23),
and essential hypertension (24). Nohria et al. (19) reported
that the functional improvement in flow-mediated vaso-
dilation by fasudil, a selective Rho-kinase inhibitor, was
related to the extent of Rho-kinase inhibition of circu-
lating leukocytes in patients with coronary artery dis-
eases, of which inflammation is a well-recognized com-
ponent. In histological studies of coronary plaque in
VSA, neointimal hyperplasia with infiltration of inflam-
matory cells was reported (33).

In patients with VSA, plasma levels of hsCRP, a sensitive
marker of inflammation, are increased compared with those
without spasm (34,35). A recent study demonstrated that
6-month treatment with a statin (fluvastatin) significantly
reduced the occurrence of coronary spasm along with the
decrease in hsCRP levels (6). Our previous findings with
porcine models of spasm induced by long-term treatment
with interleukin-1-beta (9,10,36) also indicate that chronic
low-grade inflammation may be involved in the pathogen-
esis of coronary spasm. However, in the present study,
hsCRP levels were comparable between the 2 groups,
whereas Rho-kinase activity in circulating leukocytes was

A

25 4 P<0.001

2.0

1.5 1

1.0

Rho-kinase activity
(p-MBS / t-MBS)

0.5

Baseline 3 months

m Rho-Kinase Activity in Circulating Leukocytes of Patients With VSA After 3-Month Medical Treatment

(A) After 3-month medical treatment, Rho-kinase activity in circulating leukocytes was significantly reduced in patients with vasospastic angina (VSA). (B) Patients’ symp-
toms at 3 months were classified into the following 3 grades: disappeared, decreased, and unchanged. There was a linear trend between percent decrease in Rho-kinase activ-
ity in circulating leukocytes and symptom reduction during 3-month follow-up in patients with VSA. Abbreviations as in Figure 1.
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significantly increased in the VSA group, suggesting that
the Rho-kinase activity could be a more sensitive serological
marker of coronary spasm than hsCRP.

Potential association of Rho-kinase activity with disease
activity of coronary spasm and CCBs. Rho-kinase activity
was significantly associated with anginal duration and fre-
quency. After 3-month medical treatment, there was a trend
between the extent in the decrease of Rho-kinase activity
and the reduction of symptoms. These findings indicate that
Rho-kinase activity in circulating leukocytes could be po-
tentially associated with disease activity of coronary spasm as
well. Also, the level of Rho-kinase activity in the patients
with VSA seems to be comparable with that in patients with
stable angina with severe organic stenosis, suggesting that
the presence of active coronary spasm is equivalent to that of
significant coronary stenosis in terms of Rho-kinase
activation.

In the present study, Rho-kinase activity was significantly

decreased after 3-month medical treatment with CCBs, the
mainstay of current clinical practice in VSA. In a recent
double-blind, randomized study of patients with hyperten-
sion (24), after 4 and 12 weeks of treatment, Rho-kinase
activity in circulating neutrophils was significantly decreased
in the CCB group but not in the renin-angiotensin system
inhibitor group, whereas the antihypertensive effects were
similar in the 2 groups. Although the precise mechanisms
remain unclear and further studies are needed, long-term
treatment with CCBs may have potential inhibitory effects
on Rho-kinase.
Rho-kinase activity in circulating leukocytes as a possible
diagnostic tool for VSA. The diagnosis of VSA is not
necessarily easy (37). The attack is transient, often lasts only
a few seconds to minutes, and is unpredictable. Even with
24-h ambulatory electrocardiographic monitoring, the at-
tacks may not appear during the recording period, especially
when the disease activity appears not to be high and the
attacks are not frequent. Therefore, most patients with
suspected VSA undergo provocation testing with ACh or
ergonovine, which might cause complications such as ven-
tricular fibrillation, myocardial infarction, or even death
(38—-40).

In the present study, we were able to demonstrate that
Rho-kinase activity (as expressed by the ratio of phosphor-
ylated to total Rho-kinase) of 1.18 is the best cutoff level to
predict the diagnosis of VSA. Because the sensitivity and
specificity of this ratio were reasonably high, Rho-kinase
activity in circulating leukocytes may be a useful diagnostic
biomarker for VSA. The advantages of the present method
are that it is noninvasive and requires only a small volume of
blood and thus can be easily performed in the clinical
setting.

To date, only 1 study has reported that the best cutoff
value for Rho-kinase activity in circulating neutrophils is
0.39 to predict the diagnosis of metabolic syndrome (23), a
much lower value compared with patients with VSA.
Further studies are needed to determine whether the anal-
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ysis might be related to the specific diseases or the experi-
mental conditions.

Study limitations. First, the present study was a single-
center, exploratory study whose sample size was not calcu-
lated beforehand and consequently consisted of a relatively
small number of patients. Second, medications after diag-
nosis were individualized at the discretion of each attending
physician on the basis of symptoms and risk factors. Third,
for ethical reasons, we were unable to follow the time course
of Rho-kinase activity in patients with VSA without CCBs
and to perform second ACh provocation tests after intensive
medical therapy. Fourth, in the present study, there was no
correlation between Rho-kinase activity and risk factors,
which differs from previous studies (22-24). The difference
may be related in part to the relatively small number of study
patients and accumulating risk factors in the present study.
Fifth, the present results suggest that the measurement of
Rho-kinase activity does not distinguish between patients
with different causes of angina.

Conclusions

The present study demonstrates that the noninvasive mea-
surement of Rho-kinase activity in circulating leukocytes
may be useful for diagnosis and disease activity assessment
in patients with VSA.

Acknowledgments
The authors thank Fumie Natsui and Dr. ZhuLangigigo
Do.e for technical assistance in this study.

Reprint requests and correspondence: Dr. Satoshi Yasuda, De-
partment of Cardiovascular Medicine, National Cerebral and
Cardiovascular Center, Fujishiro-dai, Suita, Osaka 565-8565,
Japan. E-mail: syasuda@hsp.ncve.go.jp.

REFERENCES

1. Maseri A, L’Abbate A, Baroldi G, et al. Coronary vasospasm as a
possible cause of myocardial infarction—a conclusion derived from the
study of preinfarction angina. N Engl ] Med 1978;299:1271-7.

2. Nakamura M, Takeshita A, Nose Y. Clinical characteristics associated
with myocardial infarction, arrhythmias, sudden death in patients with
vasospastic angina. Circulation 1987;75:1110-6.

3. Shimokawa H, Nagasawa K, Irie T, et al. Clinical characteristics and
long-term prognosis of patients with variant angina. A comparative
study between Western and Japanese populations. Int ] Cardiol
1988;18:331-49.

4. Myerburg RJ, Kessler KM, Mallon SM, et al. Life-threatening
ventricular arrhythmias in patients with silent myocardial ischemia due
to coronary-artery spasm. N Engl ] Med 1992;326:1451-5.

5. Maseri A, Beltrame JF, Shimokawa H. Role of vasoconstriction in
ischemic heart disease and search for novel therapeutic targets. Circ ]
2009;73:394-403.

6. Yasue H, Mizuno Y, Harada E, Itoh T, et al., for the SCAST (Statin
and Coronary Artery Spasm Trial) Investigators. Effect of a
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, fluva-
statin, on coronary spasm after withdrawal of calcium-channel block-
ers. ] Am Coll Cardiol 2008;51:1742-8.

7. Katsumata N, Shimokawa H, Seto M, et al. Enhanced myosin light chain
phosphorylations as a central mechanism for coronary artery spasm in a
swine model with interleukin-1b. Circulation 1997;96:4357—63.


mailto:syasuda@hsp.ncvc.go.jp

JACC Vol. 58, No. 12, 2011
September 13, 2011:1231-7

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Shimokawa H, Seto M, Katsumata N, et al. Rho-kinase-mediated
pathway induces enhanced myosin light chain phosphorylations in a swine
model of coronary artery spasm. Cardiovasc Res 1999;43:1029-39.

. Kandabashi T, Shimokawa H, Miyata K, et al. Inhibition of myosin

phosphatase by upregulated Rho-kinase plays a key role for coronary
artery spasm in a porcine model with interleukin-1b. Circulation
2000;101:1319-23.

Shimokawa H. Cellular and molecular mechanisms of coronary artery
spasm. lessons from animal models. Jpn Circ J 2000;64:1-12.
Masumoto A, Mohri M, Shimokawa H, Urakami L, Usui M,
Takeshita A. Suppression of coronary artery spasm by the Rho-kinase
inhibitor fasudil in patients with vasospastic angina. Circulation
2002;105:1545-7.

Mohri M, Shimokawa H, Hirakawa Y, Masumoto A, Takeshita A.
Rho-kinase inhibition with intracoronary fasudil prevents myocardial
ischemia in patients with coronary microvascular spasm. ] Am Coll
Cardiol 2003;41:15-9.

Oi K, Shimokawa H, Hiroki ], et al. Remnant lipoproteins from
patients with sudden cardiac death enhance coronary vasospastic
activity through upregulation of Rho-kinase. Arterioscler Thromb
Vasc Biol 2004;24:918-22.

Hizume T, Morikawa K, Takaki A, et al. Sustained elevation of serum
cortisol level causes sensitization of coronary vasoconstricting re-
sponses in pigs in vivo: a possible link between stress and coronary
vasospasm. Circ Res 2006;99:767-75.

Ishizaki T, Maekawa M, Fujisawa K, et al. The small GTP-binding
protein Rho binds to and activates a 160 kDa Ser/Thr protein kinase
homologous to myotonic dystrophy kinase. EMBO ] 1996;15:1885-93.
Amano M, Chihara K, Kimura K, et al. Formation of actin stress fibers
and focal adhesions enhanced by Rho-kinase. Science 1997;275:1308-11.
Shimokawa H, Takeshita A. Rho-kinase is an important therapeutic
target in cardiovascular medicine. Arterioscler Thromb Vasc Biol
2005;25:1767-75.

Liao JK, Seto M, Noma K. Rho kinase (ROCK) inhibitors. ] Cardio-
vasc Pharmacol 2007;50:17-24.

Nohria A, Grunert ME, Rikitake Y, et al. Rho kinase inhibition
improves endothelial function in human subjects with coronary artery
disease. Circ Res 2006;99:1426—32.

Feske SK, Sorond FA, Henderson GV, et al. Increased leukocyte
ROCK activity in patients after acute ischemic stroke. Brain Res
2009;1257:89-93.

Do.e Z, Fukumoto Y, Takaki A, et al. Evidence for Rho-kinase
activation in pulmonary arterial hypertension. Circ J 2009;73:1731-9.
Hidaka T, Hata T, Soga J, et al. Increased leukocyte Rho kinase
(ROCK) activity and endothelial dysfunction in cigarette smokers.
Hypertens Res 2010;33:354-9.

Liu P-Y, Chen J-H, Lin L-J, Liao JK. Increased Rho kinase activity
in a Taiwanese population with metabolic syndrome. ] Am Coll
Cardiol 2007;49:1619-24.

Hata T, Soga ], Hidaka T, et al. Calcium channel blocker and
rho-associated kinase activity in patients with hypertension. ] Hyper-
tens 2011;29:373-9.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

Kikuchi et al.
Rho-Kinase Activation in Coronary Spasm

1237

Rashid M, Tawara S, Fukumoto Y, Seto M, Yano K, Shimokawa H.
Importance of Racl signaling pathway inhibition in the pleiotropic
effects of HMG-CoA reductase inhibitors. Circ J 2009;73:361-70.
Japanese Society of Hypertension. Japanese Society of Hypertension
guidelines for the management of hypertension (JSH 2004). Hyper-
tens Res 2006;29(suppl):51-105.

Japan Diabetes Society of Guidelines for Treatment of Diabetes Mellitus
20062007 (in Japanese). Hongo, Tokyo: Bunkodo Co., Ltd, 2006.
Saito Y. Editorial: guidelines for diagnosis and treatment of athero-
sclerotic cardiovascular diseases 2002. J Atheroscler Thromb 2004;11:
101-3.

The Examination Committee of Criteria for “Obesity Disease” in
Japan, Japan Society for the Study of Obesity. New criteria for “obesity
disease” in Japan. Circ ] 2002;66:987-92.

Takagi Y, Yasuda S, Takahashi ], et al. Importance of dual induction
test for coronary vasospasm and ventricular fibrillation in patients
surviving out-of-hospital cardiac arrest. Circ J 2009;73:767-9.

JCS Joint Working Group. Guidelines for diagnosis and treatment of
patients with vasospastic angina (coronary spastic angina) (JCS2008):
digest version. Circ ] 2010;74:1745-62.

Liu PY, Liao JK. A method for measuring Rho kinase activity in tissue
and cells. Methods Enzymol 2008;439:181-9.

Suzuki H, Kawai S, Aizawa T, et al. Histological evaluation of
coronary plaque in patients with variant angina: relationship between
vasospasm and neointimal hyperplasia in primary coronary lesions.
J Am Coll Cardiol 1999;33:198-205.

Hung MJ, Cherng WJ, Yang NI, Cheng CW, Li LF. Relation of
high-sensitivity C-reactive protein level with coronary vasospastic
angina pectoris in patients without hemodynamically significant cor-

onary artery disease. Am ] Cardiol 2005;96:1484-90.

. Itoh T, Mizuno Y, Harada E, Yoshimura M, Ogawa H, Yasue H.

Coronary spasm is associated with chronic low-grade inflammation.
Circe J 2007;71:1074-8.

Kandabashi T, Shimokawa H, Miyata K, et al. Evidence for protein
kinase C-mediated activation of Rho-kinase in a porcine model of
coronary artery spasm. Arterioscler Thromb Vasc Biol 2003;23:2209-14.
Yasue H, Nakagawa H, Itoh T, Harada E, Mizuno Y. Coronary artery
spasm—clinical features, diagnosis, pathogenesis, and treatment.
J Cardiol 2008;51:2-17.

Buxton A, Goldberg S, Hirshfeld JW, et al. Refractory ergonovine-
induced coronary vasospasm: importance of intracoronary nitroglyc-
erin. Am ] Cardiol 1980;46:329-34.

Bertrand ME, LaBlanche JM, Tilmant PY, et al. Frequency of
provoked coronary arterial spasm in 1089 consecutive patients under-
going coronary arteriography. Circulation 1982;65:1299-306.

. Sueda S, Saeki H, Otani T, et al. Major complications during spasm

provocation tests with an intracoronary injection of acetylcholine.

Am ] Cardiol 2000;85:391-4.

Key Words: acetylcholine ® inflammation ® leukocytes ® vasospasm.



	Enhanced Rho-Kinase Activity in Circulating Neutrophils of Patients With Vasospastic Angina
	Methods
	Study population
	Provocation test and diagnosis of VSA
	Rho-kinase activity in circulating neutrophils
	Follow-up study
	Statistical analysis

	Results
	Clinical characteristics
	Rho-kinase activity in the non-VSA and VSA groups
	Diagnostic significance of Rho-kinase activity for VSA
	Validation of Rho-kinase activity using fasudil, a selective Rho-kinase inhibitor
	Rho-kinase activity before and after intensive medical treatment

	Discussion
	Measurement of Rho-kinase activity in circulating leukocytes
	Potential association of Rho-kinase activity with disease activity of coronary spasm and CCBs
	Rho-kinase activity in circulating leukocytes as a possible diagnostic tool for VSA
	Study limitations

	Conclusions
	Acknowledgments
	References


