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Underlying Culprit: Inflammation

“…a pivotal role for inflammation in all phases of 
atherosclerosis from the initiation of the fatty streak 

to the culmination in acute coronary syndrome 
(plaque rupture).”
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• Increase in superoxide anion production;
• Smooth muscle proliferation;
• Decrease in EDRF
• Increase monocyte adherence to endothelium
• Inhibition of plasminogen activation;
• Lipoxygenase production by macrophages;
• increase oxidase LDL;
• Increase activity of NADH/NADPH oxidase.
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Statins Reduced Vasoconstrictor 
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• Spontaneous atherosclerosis (Prathap, 1973);

• Diet-induced atherosclerosis bears high 
similarity with human lesions;

• Coronary lesions similar to humans (Stary and 
Manilow, 1982)

• Lesion progression from initial foam cell 
accumulation (Small et al., 1984)

• Carotid atherosclerosis correlates with plasma 
lipid concentrations (Kaplan et al., 1984)

• Plasma LDL uptake increased in aortas with 
diet-induced fatty streaks (Ghosh et al. 1987)
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Losartan and Prevention of AtherosclerosisLosartan and Prevention of Atherosclerosis
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Monocyte-Derived Macrophages from 
Hypercholesterolemic Patients
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Angiotensin II AT1 Receptor Blockade Reduces 
Monocyte CD11b Expression in 

Patients with Coronary Artery Disease
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EVIDENCE BASED
MEDICINE

EVIDENCE BASED
MEDICINE

Can we translate basic mechanisms
of the role of Ang II 

in atherogenesis to prevention of vascular disease?
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THE LIFE TRIAL: 
Stroke End-Points

Comparative Adjusted Risk Reduction (%)
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Understanding Vascular Atherosclerotic Disease
“STROKE: Mosaic of Interacting Factors”
Understanding Vascular Atherosclerotic Disease
“STROKE: Mosaic of Interacting Factors”
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footnote

Angiotensin II (AII) and LVHAngiotensin II (AII) and LVH

Angiotensin IIAngiotensin II
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1) Proliferation
DNA synthesis ↑
protein synthesis ↑

2) Gene upregulation
TGF-ß1 ↑
collagen type I ↑
collagen type III ↑
fibronectin ↑
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Adapted from Kim S et al. Pharmacological Reviews. 2000;52:11–34.Adapted from Kim S et al. Pharmacological Reviews. 2000;52:11–34.
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LIFE Echo: Change in LV Mass IndexLIFE Echo: Change in LV Mass Index
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Association of Carotid Atherosclerosis with 
LV Mass in Employed Adults
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LIFE: Losartan vs. Atenolol Reduced Carotid 
Artery Hypertrophy
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Losartan but not Candesartan Losartan but not Candesartan 
Interacts with the Platelet Interacts with the Platelet 
TxATxA22 receptorreceptor

0

25

50

75

*

**

**

0.1 1 10
0

25

50

75

U46619 (µM)

%
 A

gg
re

ga
tio

n

0

25

50

75

*

**

**

0.1 1 10
0

25

50

75

U46619 (µM)

%
 A

gg
re

ga
tio

n ControlControl
LosartanLosartan

CandesartanCandesartan

Li et al. J Pharmacol Exp Ther 1997; 281(3):1065-1070.
Li et al J Cardiovasc Pharmacol 1998; 32(2):198-205.

Li et al J Pharmacol Exp Ther 2000; 292(1):238-246.

Li et al. J Pharmacol Exp Ther 1997; 281(3):1065-1070.
LiLi et al J Cardiovasc et al J Cardiovasc PharmacolPharmacol 1998; 32(2):1981998; 32(2):198--205.205.

LiLi et al J et al J PharmacolPharmacol ExpExp TherTher 2000; 292(1):2382000; 292(1):238--246.246.CMFThromboxane.ppt
Copyright CMF Learning Systems
CMFThromboxane.ppt
Copyright CMF Learning Systems

Losartan but not Candesartan Losartan but not Candesartan 
Interacts with the Platelet Interacts with the Platelet 
TxATxA22 receptorreceptor

0

25

50

75

*

**

**

0.1 1 10
0

25

50

75

U46619 (µM)

%
 A

gg
re

ga
tio

n

0

25

50

75

*

**

**

0.1 1 10
0

25

50

75

U46619 (µM)

%
 A

gg
re

ga
tio

n ControlControl
LosartanLosartan

CandesartanCandesartan

Li et al. J Pharmacol Exp Ther 1997; 281(3):1065-1070.
Li et al J Cardiovasc Pharmacol 1998; 32(2):198-205.

Li et al J Pharmacol Exp Ther 2000; 292(1):238-246.

Li et al. J Pharmacol Exp Ther 1997; 281(3):1065-1070.
LiLi et al J Cardiovasc et al J Cardiovasc PharmacolPharmacol 1998; 32(2):1981998; 32(2):198--205.205.

LiLi et al J et al J PharmacolPharmacol ExpExp TherTher 2000; 292(1):2382000; 292(1):238--246.246.



Thrombosis 2003.ppt
Copyright CMF Learning Systems
Thrombosis 2003.ppt
Copyright CMF Learning Systems

Changes in TRA-EC50 ExtentChanges in TRAChanges in TRA--ECEC50 Extent50 Extent

Placebo Losartan
-20

-10

0

10

20

30

40
Pe

rc
en

t C
ha

ng
e

Placebo Losartan
-20

-10

0

10

20

30

40
Pe

rc
en

t C
ha

ng
e

Pe
rc

en
t C

ha
ng

e
Pe

rc
en

t C
ha

ng
e

P < 0.001P < 0.001

Levy et al. Am J of Cardiology, 2000



Thrombosis 2003.ppt
Copyright CMF Learning Systems
Thrombosis 2003.ppt
Copyright CMF Learning Systems

LosartanLosartan
EXP-3174

P-450
Pathway
P-450

Pathway

Novel Metabolite Inhibits 
TxA2 and COX-2
Novel Metabolite Inhibits Novel Metabolite Inhibits 
TxATxA22 and COXand COX--22

EXP-3179

Ferrario, 2003Ferrario, 2003



Thrombosis 2003.ppt
Copyright CMF Learning Systems
Thrombosis 2003.ppt
Copyright CMF Learning Systems

Effect of EXP3179 on Platelet 
Aggregation and COX-2
Effect of EXP3179 on Platelet Effect of EXP3179 on Platelet 
Aggregation and COXAggregation and COX--22

Krämer et al. Circulation Res 2002;90:770-776Krämer et al. Circulation Res 2002;90:770-776

Losartan Inhibits Platelet Aggregation in Man (via 
EXP-3179?)
Losartan Inhibits Platelet Aggregation in Man (via 
EXP-3179?)

P < 0.001

TxA2-induced Platelet AggregationTxA2-induced Platelet Aggregation

0%0%
10%10%
20%20%
30%30%
40%40%
50%50%
60%60%
70%70%
80%80%
90%90%

100%100%

Pre-treatment 6-hr post-
treatment

Placebo
Losartan



Thrombosis 2003.ppt
Copyright CMF Learning Systems
Thrombosis 2003.ppt
Copyright CMF Learning Systems

Differential Actions 
Blockade of TxA2 Receptors
Differential Actions Differential Actions 
Blockade of TxABlockade of TxA22 ReceptorsReceptors

ControlControl CandesartanCandesartan ValsartanValsartan LosartanLosartan EXP-3174EXP-3174 IrbesartanEXP-31790

25

50

75

100

EC
50

, n
M

Ferrario, CM. Current Medical Research and Opinions 20, 1797-1804, 2004.Ferrario, CM. Current Medical Research and Opinions 20, 1797-1804, 2004.



Copyright 2000, CMF Learning Systems
Strategies for Atherosclerosis.ppt

The Origin of AtherosclerosisThe Origin of Atherosclerosis

British Journal of Haematology, 126, 120–126, 2004British Journal of Haematology, 126, 120–126, 2004

Monocytes
Bone Marrow Origin 

Monocytes
Bone Marrow Origin 

Monocytes leave the blood stream
to become macrophages engulfing 

antigens, debrids, and lipids



Copyright 2000, CMF Learning Systems
Strategies for Atherosclerosis.ppt

Is the BONE MARROW the 
SOURCE of Atherogenesis?
Is the BONE MARROW the 

SOURCE of Atherogenesis?

LDLLDLLDL

LDLLDLLDL
EndotheliumEndotheliumEndothelium

Vessel LumenVessel Lumen

IntimaIntima

MonocyteMonocyteMonocyte

Modified LDLModified LDLModified LDL

Bone marrow RAS
promotes

differentiation of
monocytes into
Macrophages

Bone marrow RASBone marrow RAS
promotespromotes

differentiation ofdifferentiation of
monocytes intomonocytes into
MacrophagesMacrophages

MCP-1MCPMCP--11

MacrophageMacrophageMacrophage

Ang IIAng II



Copyright 2000, CMF Learning Systems
Strategies for Atherosclerosis.ppt

STEPS TO EVALUATING THE 
HYPOTHESIS

STEPS TO EVALUATING THE 
HYPOTHESIS

1. Does Ang II modulate hematopoiesis?
2. Is it a function of a local RAS?

3. Do dyslipidemia affect the bone marrow 
RAS?

1. Does Ang II modulate hematopoiesis?
2. Is it a function of a local RAS?

3. Do dyslipidemia affect the bone marrow 
RAS?



Copyright 2000, CMF Learning Systems
Strategies for Atherosclerosis.ppt

Hematopoietic
Lineage

Hematopoietic
Lineage

Stroma 
Osteoclasts

Stroma 
Osteoclasts

Ang II Immuno Reactive Products
Rat Bone Marrow

Ang II Immuno Reactive Products
Rat Bone Marrow



Copyright 2002, CMF Learning Systems
Metabolic Syndrome.ppt

Expression of RAS Components
RAT BONE MARROW

Expression of RAS Components
RAT BONE MARROW

0

10

20

30

40

50

%
 c

el
ls

 e
xh

ib
iti

ng
 A

ng
 

II 
bi

nd
in

g

AT1-R AT2-R
0

10

20

30

40

50

%
 c

el
ls

 e
xh

ib
iti

ng
 A

ng
 

II 
bi

nd
in

g

AT1-R AT2-R

Strawn et al.  British Journal of Haematology, 126, 120–126, 2004Strawn et al.  British Journal of Haematology, 126, 120–126, 2004



Copyright 2000, CMF Learning Systems
Strategies for Atherosclerosis.ppt
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Hyperlipidemia alters hematopoiesis, generating 
activated monocytic phenotypes

The bone marrow RAS is activated by 
hyperlipidemia

One result of bone marrow RAS activation by 
hyperlipidemia is the generation of activated 
monocytes that participate in atherogenesis

The bone marrow RAS may be a target for 
diminishing end-organ pathology where 
inflammation is an early initiator
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