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Poor prognosis of patients with coronary
microvascular dysfunction (CMD) (WISE Study)
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Rational approach to the management

of patients with CMD

Traditional Other Alternative
anti-ischemic anti-ischemic forms of therap
drugs drugs y
Symptom Symptom
persistenc persistence
B-blockers ACE-inhibitors Rehabilitation programs
Ca?*-antagonists ‘ Statins - Spinal cord stimulation
Nitrates lvabradine Imipramine
Ranolazine Shock wave therapy
Effective Estroges Others
Xanthines
Continue Effective
Continue

(Crea F et al., Coronary Microvascular Dysfunction, Springer-Verlag, Italy, 2014.)



Potential Therapies for CMD

Potential Therapies for CMD
Pharmacologic

* Nitrates * Exercise

« Statins * Cognitive behavioral therapy

* ACE-| * Transcendental meditation

« ACE-| + Aldosterone blockade *+ Transcutaneouselectrical nerve stimulation

Calcium antagonists
Low-dose tricyclic antidepressants

Estrogens

PDE-5 inhibitors
Exercise

L-arginine

Ranolazine

lvabradine

Ranolazine + Ivabradine

Metformin...
Rho-kinase inhibitors
* En i r blockers

(Merz CNB, Pepine CJ, et al. Circulation. 2017;135:1075-1092.)
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Roles of Rho-kinase Pathway in the Pathogenesis of CVD
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(Shimokawa H. Eur Heart J. 2014,;35:3180-93.) (Review)
(Shimokawa and Satoh K. ATVB. 2015;35:1756-69.) (Review)



Molecular Mechanisms of Coronary Spasm
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(Shimokawa H. Eur Heart J. 2014;35:3180-93.) (Review)
(Shimokawa H. ATVB. 2015;35:1756-69.) (Review)
(Shimokawa H, et al. Circ Res. 2016;80:352-66.) (Review)
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Enhanced Rho-kinase Activity of Circulating Leukocytes

Rho-kinase activity
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Rho-kinase Activity of Circulating Leukocytes in VSA Patients
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Rho-kinase Activity of Circulating Leukocytes in VSA Patients
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(Kikuchi, Shimokawa, et al. JACC. 2011;58:1231-7.)



Control Nirates=CCBs Fasudil

(Ito, Shimokawa et al. J Cardiovasc Pharmacol. 2004;44:275-7.)



Rho-kinase inhibition with intracoronary fasudil

prevents myocardial ischemia in patients with
coronary microvascular spasm

Baseline
Saline (n=5) Fasudil (n=13)
% %
100 ] ] 100 - — —
50 50
*
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0- 0 -
angina ECG, lactate angina ECG, lactate
production or production or
both both

(Mohri M, Shimokawa H et al. J Am Coll Cardiol. 2003;41:15-19.)
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Roles of Rho-kinase Pathway in the Pathogenesis of CVD
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Chemical Structure of Fasudil and Hydroxyfasudil

Fasudil Hydroxyfasudil
SO:N NH SO:N \g
N n__/
N N
A ~N
OH

(Shimokawa et al. Cardiovasc Res. 1999;43:1138-1141.)



Selective Inhibitory Effects of Hydroxyfasudil on Rho-kinase

Hydroxyfasudil 10 uM

Rho-kinase a

Rho-kinase B
Rafl

MEK1
Erk2
P38a
CaMKII
PKA
PKCa
PKCBI
PKCy

PKC6
AbI

Lck
Src
EGFR

PDGFRa 1 1 1 1 1
0] 20 40 60 80 100

Inhibition (%)

(Higashi, Shimokawa, et al. Circ Res. 2003;93:767-775.)



Rho-kinase inhibitors

1. Direct inhibitors
- Fasudil (CVR 1999, Circ 2000, Circ Res 2003)
- New drugs (under development)

2. Indirect inhibitors
- Estrogen (2004)
- Nifedipine (other CCBs) (EHJ 2012)
- Ezetimibe (Circ J 2012)
- Others
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Long-acting nifedipine improves
vasomotor function of coronary arteries
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Placebo
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(Luscher TF, et al. Eur Heart J. 2009;30:1590-7.)



Long-term treatment with nifedipine suppresses serotonin-
Induced coronary hyperconstriction at DES sites
In pigs in vivo

Control Nifedipine

*NIF was discontinued 24hrs before examination.

(Tsuburaya, Shimokawa, et al. Eur Heart J. 2012;33:791-9.)



Long-term treatment with nifedipine suppresses DES-
Induced hyperconstrictng responses iIn CAD patients

Control ISDN

Control
group

Control

(Tsuburaya, Shimokawa, et al. Eur Heart J. 2016;37:2713-21.)



Involvement of Rho-kinase in the effects of remnant-
lipoprotein to cause coronary spasm in pigs in vivo
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( Oi, Shimokawa, et al. ATVB. 2004;24:918-922.)



Remnant lipoproteins enhances Rho-kinase activity in
human coronary VSMC
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Comparable lipid-lowering effects of ezetimibe and
pravasatatin in humans

LDL-C (n=19) HDL-C (n=19) TG (n=19)
P=0.57
| |
(mg/dl) N P<0.001 (mg/dl) (mg/dI) P=082
140 - . 120 - 120 . | F):0.72I |IP:0.19I
120 T 100 P=0.37 100 -
'p=004 P=1.52
100 . 80 1 : I 80 J
80 A 60 - 60 -
60 - 40 - 40 -
40 1 20 20 1
0+ - — 0- 0- S—
Al % Al % Bl % Al % Bl % Al %
Ezetimibe Pravastatin Ezetimibe Pravastatin Ezetimibe Pravastatin

(Nochioka, Shimokawa, et al. Circ J. 2012;76:2023-2030.)



Long-term treatment with ezetimibe suppresses Rho-
Kinase activity of circulating neutrophils in humans
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Inhibitory relationship between NO

and Rho-kinase

Skeletal muscle
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y
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\HT Y,
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(Noda, Shimokawa, et al. PloS One. 2015.)

(Shimokawa, et al.

Circ Res. 2016.) (Review)



Roles of Rho-kinase Pathway in the Pathogenesis of CVD
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Plasma serotonin level

Increased plasma levels of serotonin in patients with CMD
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(Odaka, Shimokawa, et al. Eur Heart J. 2017;38:489-496.)



