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Atherosclerosis: A progressive process

PHASE I: Initiation PHASE IlI: Progression PHASE Ill: Complication

Disease progression



Regulatory Properties of Endothelium

Vascular tone: Nitric oxide
Inflammation

Hemostasis

Extracellular matrix

Local cell growth

Solute transport

Koh KK. Cardiovasc Res 2000;47:648 (Review)
Koh KK. Cardiovasc Res 2002;55:714 (Review)
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Verma et al. Circulation 2002;105:546.



Endothelial Function Tests

1. Functional Change:
Endothelial vasomotor function test

2. Anatomical Change: Carotid IMT, plaque

3. Mediators: Biomarkers
(IL, hs-CRP, TNF-a, CAMs, MCP-1, MDA,
MMP-9, CD40L, adiponectin, ..)



Endothelial Vasomotor Function Test

1. Coronary Endothelial Assessment
2. Peripheral Endothelial Assessment
- Non-invasive: Flow-Mediated Dilation

- Invasive: Plethysmography



Nitric Oxide

Regulates vasomotor tone

Inhibits inflammatory cell attachment
Inhibits platelet aggregation and attachment
Inhibits release of procoagulant factors

Inhibits release of growth factors

Koh KK. Cardiovasc Res 2000;47:648 (Review)
Koh KK. Cardiovasc Res 2002;55:714 (Review)



Flow-Mediated Dilation
(FMD)
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Sensitivity and Specificity of
FMD Tests in Predicting CAD

Test

Sensitivity (95% CI) Specificity (95% CI)

Angina Pectoris
(n=112)

Exercise ECG testing
(n=112)

Myocardial Perfusion
Imaging (n = 34)

FMD% (n = 122)

96/101; 95.1% (88.8-98.4) 5/21; 23.8% (8.2-47.2)
75/91; 82.4% (73.0-89.6) 12/21; 57.1% (34.0-78.2)

30/30; 100.0% (88.4-100.0) 0/4; 0.0% (0-60.2)

72/101; 71.3% 17/21; 81%
(61.4-79.6) (58.1-94.6)

Schroeder et al. Am Heart J 1999:138:731



Prognostic Value of Endothelial
Vasomotor Function

Test of Endothelial Mo, of  Follow-Up
vascular Bed Function Patients mao

157 28

Study Population
Al Stwadl et ar* CAD

Clinical Events

Coronary resistance vessels Acetylchaling MI, cardiovascular death, revasculanzation,

CHF
Schichinger et al” CAD MI, cardiovascular death, revascularization,
unstable anging, [schemic stroke

Epicardial coronary arleries Acetylcholine and 147 92

flow-mediated dilatlion

Epicardial coronary arterles and Acetylcholing 308 M, cardiovascular death, unstable angina,
resistance vessels slroke

Forearm resistance vessels

Halcox et al™ CAD

Perticone et al™ Hypertension

Haitzer et at"

Neuntefl et al™
Goke et al*

Modena et al™

Gokee et al*

CAD

CAD
PA

Hypertension,
postmenopausal

PAD

Forearm resistance vessels

Brachial arteres
Brachial arteries

Brachial arteries

Brachial arteries

Acetyicholine 225

Acetylchaline

Flow-mediated dilation
Flow-mediated dilation

Fiow-mediated dilation

Flow-mediated dilation

261

13

Cardiac, cerebrovascular, peripheral vascular

Ml cardiovascular deaths, ischemic stroke
revascularization

MI, revascularization

Cardiovascular death, MI, unstable anging,
slroke

Cardiovascular events

Cardiovascular death, M, unstable anging,
slroke

Risk factors, but normal
coronary arterias

Targonski et ar* Coronary resistance vessels Acetylcholing Cerebrovascular events

Ganz et al. Circulation 2003:108:2049




Endothelial Vasomotor Function Test had a
Long-Term Prognostic Value for CV Events

Flow-dependent dilation

T 2100%

oo
o

Follow-up)

L (10 yrs

proportion without
cardiovascular event (%)

0 20 40 80 80
months
number 3. tertile 40 32 27 27 23 16
expn:_used 2. tertile 40 34 31 29 25 17
tonsk: 1 tertile 39 32 28 26 20 15

Schachinger et al. Circulation 2000;101:1899




Carotid Intima-Media Thickness
(IMT)



B-Mode Ultrasound Examination
of the Carotid Artery

External carotid Internal carotid
Skin ﬁ, -{
1.0 cm

— Blfurcatlon 0.5-1.0 cm

= -

\ Comr_non 10cm

carotid

ERT Near Wall Far Walll
ultrasound Periadventitia-adventitia Adventitia-periadventitia

Media-adventitia
Lumen-intima

Adventitia-media
Intima-lumen




Example of B-Mode Ultrasound Imaging

Intima

m_edia Intima

thickness — (far wall)

(near wall)

Intima — Normal

(near wall) intima
media
thickness
(far wall)




Increased IMT Is an Independent Predictor
of Future Cardiovascular Events

B vaximal cCA IMT ™ Maximal ICA IMT [ Maximal CCA and ICA IMT

40 A

35 1
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25 -

15 -
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|
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Quintile of Intima-Media Thickness

Rate of Myocardial Infarction
or Stroke per 1000 Person - Years
N
o

High-resolution ultrasound measurements of the intima and media of the common and internal carotid artery made
in 5858 subjects =65 years of age. New Ml or stroke served as outcome variables in subjects without

clinical CVD (n=4476) over a median follow-up of 6.2 years.
O’Leary DH etal. N Engl J Med. 1999;340:14-22.



Plaque Size had the Greatest Prognostic
Value Among all Ultrasound Parameters
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1686 patients, CV events: Stroke, MI. Spence JD, et al. Stroke 2002;33:2916



High-sensitivity CRP
(hs-CRP)



PDGF

complement
thromboxane A,
metalloproteinases
tissue factor

PAI-1

oxygen free radicals

-1
\ Lymphocyte

Activation

Molecule
Expression

Cytokines Initiate
Hepatic Synthesis of
Some Proteins

' (Acute Phase Reactants)

( C-reactlvevn /@
amyloid A C3
haptoglobin _ ) amyloid A
< ceruloplasmin \G a,-acid glycoprotein

C3,C4

fibrinogen albumin .
VWF fansrern Koh KK. Cardiovasc Res.
| PA-L I, A-

Lp(a) 2002;55:714. (Review)



CRP Level and Cardiovascular Risk

CRP level
(mg/L)
10 —
3 _
1 - 8

Repeat test in one month
Exclude other process

High Risk

Intermediate Risk

Low Risk

Circulation 2003:107:499.
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Prospective Studies Relating Baseline
CRP Levels to the Risk of First CV Events

1.0 2.0 3.0 4.0 50

Relative Risk (upper vs lower quartile)

Ridker et al. Circulation 2003;107:363.



CRP iIs a Stronger Predictor of Risk
Than LDL Cholesterol Among
Apparently Healthy Women

Women’s Health Study
27939 women,

The median values:

CRP 1.52mgl/L,

LDL cholesterol 123.7mg/dl

=
=
=
—
-
:_;;.
LEX
o
=

Ridker PM, et al. N Engl J Med 2002;347:1557.




hsCRP Provides Prognostic Information
at all Levels of Framingham Risk Score
and LDL cholesterol
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Ridker PM, et al. Women’s Health Study. N Engl J Med 2002;347:1557.



CRP, Metabolic Syndrome, and Prediction of

140 124

3 dorb

Number of Components of the Metabolic Syndrome

Both CRP and MetS are independent predictors
of new CVD events over 7 years Circulation. 2004;110:380.



Elevated CRP Levels and Impaired Endothelial
Vasoreactivity in Patients with CAD

- —e— CRP <0.5mg/d|
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Fichtlscherer et al. Circulation 2000:;102:1000




CRP as a Mediator of Atherosclerosis
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CRP inhibits BM-derived endothelial progenitor cell
survival and differentiation. Szmitko et al.Circulation 2003;108:1917




CDA40L



CD40L on vascular endothelial, SMCs, and

Mononuclear phagocytes, mediates a broad
Gamut of proatherothrombotic functions
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Circulation
2003:108:1917



Patients with unstable angina have
Elevated Plasma Levels of sCD40L
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Aukrust P, et al. Circulation 1999:100:614.



sCD40L 1s an Important Prognostic
Indicator in Acute Coronary Syndromes

O Quartile 1 ® Quartile 2 W Quartile 3 © Quartile 4
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Varo N, et al. OPUS-TIMI 16 Trial. Circulation 2003;108:1049.



The Effects of Simvastatin, Losartan,
and Combined Therapy on sCD40L In
Hypercholesterolemic, Hypertensive Patients

Seung Hwan Han, Kwang Kon Koh,
Eak Kyun Shin, ....... Michael J. Quon

J Am Coll Cardiol (submitted)



Combined Therapy and Losartan
Reduces Plasma Levels of sCD40L

AN
o

P=0.023
by ANOVA

sCD40L Levels (%)
N
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Adiponectin



Adiponectin can directly stimulate NO production from

endothelium via activation of AMP-activated protein kinase

Adiponectin
Receptor

AMF\& eNOS . N
'dase
Pl 3-kinas ependent
Pathways

Adlpo ectin

tase

L Cltrullne NFKB

L- Arglnlne NO
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Han SH, Koh KK, et al. Circulation (Review, submitted)




Adiponectin has Anti-inflammatory
and Anti-atherogenic effects

NO

Adipocyte

NO production of endothelial cells

VCAM-1
ICAM-1

E-selectin Monocytes adhesion to

. the endofthelial cells

[ J

HB-EGF Activation of endothellal cells

'_-"'\.\_.\_‘
(:_-"““'1
{ = Macrophage to

foam cell formalion

)

Proliferation and migrafion
of smooth muscle cells

Shimada K et al. Clinica chimica Acta 2004:344:1.



Adiponectin and Endothelial Function
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Ouchi N, et al. Hypertension 2003;42:231.



Negative Relationship between
Adiponectin and CRP
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Ouchi N, et al. Circulation 2003:107:671.



High Plasma Adiponectin Concentrations are
Associated with Lower Risk of Ml in Men

6 yrs
follow-up

Relative
Risk

Health Professionals Follow-up Study
Pischon T, et al. JAMA 2004;291:1730.



Additive Beneficial Effects of Losartan
Combined with Simvastatin in Treatment of
Hypercholesterolemic, Hypertensive Patients

Kwang Kon Koh, Seung Hwan Han
Eak Kyun Shin, .. Michael J. Quon*

Cardiology, Gachon Medical School,
Incheon, Korea
Diabetes Unit, NIH, USA*

Circulation 2004:110:3687.



Combined Therapy or Losartan Alone
Significantly Increases Insulin Sensitivity

K{0) 20
Q P<0.001 P=0.029
< by ANOVA by ANOVA
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*QUICKI=Quantitative Insulin-Sensitivity Check Index, a surrogate index Koh KK, et al. Circulation

of insulin sensitivity, QUICKI = 1/[log(insulin)+log(glucose)]

2004;110:3687.



Additive Beneficial Effects of
Fenofibrate Combined with

Atorvastatin In Treatment of
Combined Hyperlipidemia

Kwang Kon Koh, Seung Hwan Han
Eak Kyun Shin, ....... Michael J. Quon*
Diabetes Unit, NIH, USA*

ACC 2005, Orlando, USA
JACC 2005 (May)



Combined Therapy or Fenofibrate Alone
Significantly Increases Adiponectin Levels
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Conclusions (I)

The endothelial dysfunction plays an
important role in the pathogenesis of
atherosclerosis.

Endothelial function tests such as endothelial
vasomotor function test, carotid artery IMT,
biomarkers (hs-CRP, CD40L, adiponectin,
etc..) are useful predictors of CV events.



Conclusions (Il)

The endothelial function tests are useful
research tools to evaluate mechanisms of
atherosclerosis and the effects of
cardiovascular drugs.

Further investigations for the development of
more simple, reliable, cost-effective
endothelial function tests are warranted.
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