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How to Reduce Ischemic Heart FailureHow to Reduce Ischemic Heart Failure
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The Annual Health Examination

( Interview, Weight / Height, ECG, Blood test, 

Urine analysis )

The Special Variables

(Waist circumference, UCG, the plasma BNP, 

adiponectin and NO levels, SNP etc.)

Nishiarita Cohort StudyNishiarita Cohort StudyNishiarita Cohort Study

1700Apr 2004- Mar2005

1570Apr 2003- Mar2004

1823Apr 2002- Mar2003

1724Apr 2001- Mar2002

totalyear

Study PopulationsStudy Populations

Nishiarita Population;Nishiarita Population;
9350 ( Male 4513, Female 4837 )

Apr 2005- Mar2006 1435

Apr 2006- Mar2007 1616
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Variables Odds ratio (95% CI) P-value

Age 1.184 (1.145-1.224) <.0001

Hypertension 3.169 (2.045-4.910) <.0001

Woman 2.587 (1.630-4.016) <.0001

Diabetes 2.017 (0.999-4.072) .05

Contributors of Diastolic DysfunctionContributors of Diastolic Dysfunction



Predictive Factors of Cardiovascular Events 

（（（（multivariate analysis））））

Predictive Factors of Cardiovascular Events 

（（（（multivariate analysis））））

• hypertension（>130/85） 5.2（1.1-24.9）

• FPG>110                                  3.5（1.0-12.4）

• BMI>25         3.3（1.4-7.9）

• walking time > 2 hrs                0.25（0.07-0.88）

Hazard ratio



TNFTNF--aa

AdipocyteAdipocyte

ILIL--66

angiotensinogenangiotensinogen

AdiponectinAdiponectinLeptinLeptin

Deleterious Beneficial

ObesityObesity

（（（（（（（（Visceral Fat ObesityVisceral Fat Obesity））））））））

Relationship between Obesity and Adipocytokines

Nitric OxideNitric Oxide



１１１１．．．．It is well known that RAS activation, which is 
mediated from adipose tissue of obesity 

people,  is responsible for the progression 

of hypertension and diabetes mellitus。。。。

２２２２．．．．On the other hand, RAS activation down-
regulates both endothelial NOS function and 

adiponectin。。。。



The Effects of Chronic NOS Inhibition on Coronary Artery in Rats

L-NAME

Control L-NAME + hydralazine

L-NAME + rapamycin

100μm



Anti-atherosclerotic Effects of AdiponectinAnti-atherosclerotic Effects of Adiponectin

Endothelial cells ：：：： inhibition of expression of adhesion molecules

Macrophages：：：： inhibition of expression of scavenger receptors

Smooth muscles：：：： inhibition of proliferation os smooth muscle cells

Platelets：：：： inhibition of platelets aggregation 

The Mechanisms for Anti-atherosclerotic effects of adiponectin

Recombinant-adiponectin inhibits 

plaque formation （（（（ApoE-/- mice））））
Adiponectin inhibits intimal thickening 

（（（（Adiponectin-/- mice））））

Okamoto Y et al. Circulation 2002

Matsuda M et al. JBC 2002
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CAD and Adiponectin in the NCVC Cohort StudyCAD and Adiponectin in the NCVC Cohort Study
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The factors that Affects Plasma NOx 

Levels in Nishiaritacho Cohort Study

The factors that Affects Plasma NOx 

Levels in Nishiaritacho Cohort Study

tttt P valueP valueP valueP valuebeta

BMIBMIBMIBMI ----0.0560.0560.0560.056 ----2.4032.4032.4032.403 0.0160.0160.0160.016

T_CHO(mg/dl)T_CHO(mg/dl)T_CHO(mg/dl)T_CHO(mg/dl) ----0.0860.0860.0860.086 ----3.6083.6083.6083.608 <0.001<0.001<0.001<0.001

TG(mg/dl)TG(mg/dl)TG(mg/dl)TG(mg/dl) 0.0260.0260.0260.026 1.1091.1091.1091.109 0.2680.2680.2680.268

CRE(mg/dl)CRE(mg/dl)CRE(mg/dl)CRE(mg/dl) 0.2200.2200.2200.220 8.6848.6848.6848.684 <0.001<0.001<0.001<0.001

SBP(mmHg)SBP(mmHg)SBP(mmHg)SBP(mmHg) ----0.1400.1400.1400.140 4.2734.2734.2734.273 <0.001<0.001<0.001<0.001

DBP(mmHg)DBP(mmHg)DBP(mmHg)DBP(mmHg) ----0.1870.1870.1870.187 ----6.2186.2186.2186.218 <0.001<0.001<0.001<0.001

log_BNPlog_BNPlog_BNPlog_BNP 0.0490.0490.0490.049 1.8291.8291.8291.829 0.0680.0680.0680.068

RBCRBCRBCRBC 0.0620.0620.0620.062 2.3242.3242.3242.324 0.0200.0200.0200.020

AgeAgeAgeAge ----0.5810.5810.5810.581 ----20.07520.07520.07520.075 <0.001<0.001<0.001<0.001

SEXSEXSEXSEX 0.1010.1010.1010.101 3.4423.4423.4423.442 0.0010.0010.0010.001

Dependent variable variables: log_NOx
ββββ
:Standardized Coefficient



The factors that Affects Plasma Adiponectin  

Levels in Nishiaritacho Cohort Study

The factors that Affects Plasma Adiponectin  

Levels in Nishiaritacho Cohort Study

ββββ:Standardized CoefficientDependent variable: Log adiponectin

ββββ p ββββ p

Age 0.22 <0.001 AST -0.03 NS

Male -0.36 <0.001 ALT -0.23 <0.001

BMI -0.32 <0.001 γγγγ -GTP -0.25 <0.001

Waist -0.29 <0.001 T-chol. -0.01 NS

Log BNP 0.30 <0.001 HDL -chol. 0.28 <0.001

HbA1C -0.10 <0.001 TG -0.32 <0.001

Insulin -0.16 <0.001 UA -0.29 <0.001

FBS -0.11 <0.001 Cr -0.16 <0.001

mean BP -0.08 0.003 Hb -0.39 <0.001
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Adiponectin Increases NOx ProductionAdiponectin Increases NOx Production

Chen H et al. J Bio Chemist;278(45):45021-45026,2003

LPA: lysophosphatidic acid (a calcium-releasing agonist)LPA: lysophosphatidic acid (a calcium-releasing agonist)

- in Bovine aortic endothelial cell -
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The factors that Affects Plasma Adiponectin  

Levels in Aritacho Cohort Study

The factors that Affects Plasma Adiponectin  

Levels in Aritacho Cohort Study

ββββ:Standardized CoefficientDependent variable: Log adiponectin

ββββ p ββββ p

Age 0.22 <0.001 AST -0.03 NS

Male -0.36 <0.001 ALT -0.23 <0.001

BMI -0.32 <0.001 γγγγ -GTP -0.25 <0.001

Waist -0.29 <0.001 T-chol. -0.01 NS

Log BNP 0.30 <0.001 HDL -chol. 0.28 <0.001

HbA1C -0.10 <0.001 TG -0.32 <0.001

Insulin -0.16 <0.001 UA -0.29 <0.001

FBS -0.11 <0.001 Cr -0.16 <0.001

mean BP -0.08 0.003 Hb -0.39 <0.001



Effects of BNP on mRNA Levels of AdiponectinEffects of BNP on mRNA Levels of Adiponectin

Incubation with BNP enhanced adiponectin mRNA expression 

in 3T3-L1 adipocytes in a time/ dose-dependent manner (Real-time PCR).

Adiponectin / GAPDH mRNA ratio

BNP 10 nmol/L
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HS142-1: a GC-A type receptor antagonist

3T3-L1

adipocytes
Heart

3T3-L1 adipocytes express mRNA 

coding for GC-A type receptors 

(RT-PCR).

P<0.01

P<0.01 P<0.05

P<0.05

Tsukamoto et.al. Circulation 2006; 114: II-486



The important issues for primary prevention The important issues for primary prevention The important issues for primary prevention The important issues for primary prevention 
isisisis

1.1.1.1.Metabolic syndromeMetabolic syndromeMetabolic syndromeMetabolic syndrome
2.2.2.2.RAS systemRAS systemRAS systemRAS system
3.3.3.3.Endothelial dysfunctionEndothelial dysfunctionEndothelial dysfunctionEndothelial dysfunction
4.4.4.4. Adiponectin Adiponectin Adiponectin Adiponectin 
5.5.5.5.BNPBNPBNPBNP
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The Reason Why the Infarct SizeThe Reason Why the Infarct SizeThe Reason Why the Infarct SizeThe Reason Why the Infarct Size----
limitation is Difficult to be limitation is Difficult to be limitation is Difficult to be limitation is Difficult to be 

ObtainedObtainedObtainedObtained



Ischemia
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ProteolyticProteolytic

enzymesenzymes
ChemotacticChemotactic

FactorsFactors
AntiAnti--inflaminflam

reservereserve
MembraneMembrane

changeschanges
VasodilatorVasodilator

reservereserve
WBCWBC↑↑↑↑↑↑↑↑ NENE

LipidLipid

peroxidationperoxidation
Ca influxCa influx ATPATP↓↓↓↓↓↓↓↓

CaCa--Mg Mg 

ATPaseATPase↓↓↓↓↓↓↓↓

NeutrophilNeutrophil

ActivationActivation
MicrovascularMicrovascular

ChangesChanges
Free RadicalFree Radical

FormationFormation
IntracellularIntracellular

CalciumCalcium
High EnergyHigh Energy

StoresStores

Myocardial Damage

The Mechanisms of Ischemia and Reperfusion Injury





Time Course of Cardioprotection

Afforded by Ischemic  Preconditioning

Time after the  Onset of Ischemic Preconditioning
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Cardioprotective effect of ANP / NicorandilCardioprotective effect of ANP / Nicorandil

ANP

P < 0.05

Nicorandil

P < 0.05

ーーーーcanine infarction-reperfusion modelーーーー



Cardioprotective effect of ANP / Nicorandil 2Cardioprotective effect of ANP / Nicorandil 2

(J Am Coll Cardiol 2001 Jun 1;37(7):1820-1826) (J Am Coll Cardiol 1999 Mar 1;33(3):654-660)

ANP Nicorandil

ーーーーclinical trial, single centerーーーー



Large-Scale Trial Using Atrial Natriuretic 

Peptide or Nicorandil as an Adjunct to 

Percutaneous Coronary Intervention for ST-

Segment Elevation Acute Myocardial 

Infarction

Large-Scale Trial Using Atrial Natriuretic 

Peptide or Nicorandil as an Adjunct to 

Percutaneous Coronary Intervention for ST-

Segment Elevation Acute Myocardial 

Infarction

Masafumi Kitakaze*, M.D., Ph.D.

For the J-WIND Study Group

*National Cardiovascular Center, Osaka, Japan



Study DesignStudy Design

Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will 

continues until September 30, 2005. continues until September 30, 2005. continues until September 30, 2005. continues until September 30, 2005. 

Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.

Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will Patients enrollment started on November, 2001, and will 

continues until September 30, 2005. continues until September 30, 2005. continues until September 30, 2005. continues until September 30, 2005. 

Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.Enrolled patients are followed until September 30, 2007.

JWIND ANP JWIND KATP

ANP Nicorandilplacebo

N= 600 N= 600

placebo



Primary EndpointsPrimary Endpoints
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(Lancet Oct 27 issue 2007)



Primary EndpointsPrimary Endpoints
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Secondary EndpointsSecondary Endpoints

Incidence of Reperfusion Injury
-malignant ventricular arrhythmia, re-elevation of ST-segment, 

worsening of chest pain-

Carperitide study Nicorandil study
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Sub-analysis -1-Sub-analysis -1-

Carperitide study Nicorandil study
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Cardiac Myocyte Cardiac Myocyte 

ApoptosisApoptosis

Failing HeartFailing HeartNormal HeartHeart Ischemic HeartIschemic Heart

Cardiac Remodeling
-Transition From Ischemic to Failing Heart -

Cardiac RemodelingCardiac Remodeling
--Transition From Ischemic to Failing Heart Transition From Ischemic to Failing Heart --
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The Hypothesis for Cellular Mechanisms The Hypothesis for Cellular Mechanisms 
of Cardiac Hypertrophyof Cardiac Hypertrophy

ETET--11Ang IIAng IIPhePhe

GPCRGPCR

HBHB--EGFEGF
s HBs HB--EGFEGF

Cardiac hypertrophyCardiac hypertrophy

EGF EGF 

receptorreceptorMPMP

MP:metalloproteinase
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EGFR Transactivation in Rat CardiomyocytesEGFR Transactivation in Rat Cardiomyocytes

EGFR phosphorylation
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Neutralizing Antibody against HBNeutralizing Antibody against HB--EGF Abolishes Cardiac EGF Abolishes Cardiac 
Hypertrophic Signaling in Rat CardiomyocytesHypertrophic Signaling in Rat Cardiomyocytes
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The Metalloproteinase Inhibitor KBThe Metalloproteinase Inhibitor KB--R7785 Abolishes Cardiac R7785 Abolishes Cardiac 
Hypertrophic Signaling in Rat CardiomyocytesHypertrophic Signaling in Rat Cardiomyocytes
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Heart weight/Body weight
(mg/g)

KBKB--R7785 Attenuates Cardiac Hypertrophy Induced by R7785 Attenuates Cardiac Hypertrophy Induced by 
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The Hypothesis for Cellular Mechanisms The Hypothesis for Cellular Mechanisms 
of Cardiac Hypertrophyof Cardiac Hypertrophy

ETET--11Ang IIAng IIPhePhe

GPCRGPCR

HBHB--EGFEGF
s HBs HB--EGFEGF

Cardiac hypertrophyCardiac hypertrophy
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receptorreceptorADAM12ADAM12



IRE1IRE1 ATF6ATF6
PERKPERK

ERER

ischemiaischemia
hypoxiahypoxia oxidative oxidative 

stressstress

upup--regulated protein synthesisregulated protein synthesisgene mutationgene mutation

prolonged or excessive ER stressprolonged or excessive ER stress

ERER--initiated apoptotic signalinginitiated apoptotic signaling

unfolded proteinunfolded protein

JNK PhosphorylationJNK Phosphorylation cleavage of Caspasecleavage of Caspase--1212 induction of CHOPinduction of CHOP

ApoptosisApoptosis



Induction of ER Stress in Failing Human 
Hearts with Dilated Cardiomyopathy

Induction of ER Stress in Failing Human 
Hearts with Dilated Cardiomyopathy

GRP78

DCM 1 DCM 2
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Control 1

HE

CHOP

Control 2

National Cardiovascular Center



TUNELTUNEL--Positive CellsPositive Cells

ControlControl ThapsigarginThapsigarginTunicamycinTunicamycin
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TUNEL AssayTUNEL Assay

Either Tunicamycin or Thapsigargin Induced 

Apoptosis  in Neonatal Rat Cardiac Myocytes

Either Tunicamycin or Thapsigargin Induced Either Tunicamycin or Thapsigargin Induced 

Apoptosis  in Neonatal Rat Cardiac MyocytesApoptosis  in Neonatal Rat Cardiac Myocytes

National Cardiovascular Center



TAC     TAC     

1week1weekSham Sham 
TAC  TAC  

4weeks4weeks

LVLV

IVSIVS

PWPW

*P<0.05 vs. sham*P<0.05 vs. sham--operation. Data are expressed as means operation. Data are expressed as means ±±±±±±±± SEM. SEM. 

LVDd (mm)LVDd (mm)

LVDs (mm)LVDs (mm)

PW (mm)PW (mm)

IVS (mm)IVS (mm)

Sham Sham 

(n=7)(n=7)

46.446.4±±±±±±±±1.81.8

0.530.53±±±±±±±±0.010.01

2.852.85±±±±±±±±0.050.05

1.521.52±±±±±±±±0.070.07

0.520.52±±±±±±±±0.010.01
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The Mice Model of Hypertrophic and Failing HeartsThe Mice Model of Hypertrophic and Failing HeartsThe Mice Model of Hypertrophic and Failing Hearts
Echocardiographic dataEchocardiographic data
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Primary and Secondary Screenings of the Genes 

Responsible for Chronic Heart Failure

Primary and Secondary Screenings of the Genes 

Responsible for Chronic Heart Failure
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Morpholino Antisense Oligonucleotides Targeted UG 

gene Induced Ventral-swelling Phenotype in Zebrafish

Morpholino Antisense Oligonucleotides Targeted UG 

gene Induced Ventral-swelling Phenotype in Zebrafish
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The grouping of the plaquesThe grouping of the plaques
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77--Ketocholesterol (7Ketocholesterol (7--KC) in the Thin Fibrous KC) in the Thin Fibrous 
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77--KC Increased ER Stress through the Production of ROSKC Increased ER Stress through the Production of ROS
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• # P < 0.05 vs. 7-KC

NAC, GSH : antioxidants

control NAC GSH 7K 7K

+ 

NAC

7K

+

GSH                  

control NAC GSH 7K 7K

+

NAC

7K

+

GSH

*

GRP78 / GAPDH CHOP / GAPDH

#

#

#

#

*

0

2

4

6

] ]
]

]

]

]

0

5

10

15

20

]

]
]

]

]

]



77--KC Induces Apoptosis of SMCs and MacrophagesKC Induces Apoptosis of SMCs and Macrophages
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How to Reduce Ischemic Heart FailureHow to Reduce Ischemic Heart Failure

1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction1. The reduction of incidence of myocardial infarction

2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size2. Reduction of  infarct size

→antiplatelet, statin, pioglitazone、ACEI→antiplatelet, statin, pioglitazone、ACEI

→ACEI, ARB, beta-blocker, adenosineadenosineadenosineadenosine→ACEI, ARB, beta-blocker, adenosineadenosineadenosineadenosine
3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling3. Inhibition of ventricular and vascular remodeling

→betabetabetabeta----blocker,blocker,blocker,blocker, adenosine, nicorandil, ANPadenosine, nicorandil, ANPadenosine, nicorandil, ANPadenosine, nicorandil, ANP→betabetabetabeta----blocker,blocker,blocker,blocker, adenosine, nicorandil, ANPadenosine, nicorandil, ANPadenosine, nicorandil, ANPadenosine, nicorandil, ANP
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