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Ang II and mechanisms of 
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Jacoby DS, Rader DJ. Arch Intern Med. 2003;163:1155-64.
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Mechanisms of Atrial Distension
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Myocardial Stretch and RAS Activation  

Malhotra et al., Circ Res 1999;85:137-146 
Leri et al., J Clin Invest 101:1326-1346
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Serum

ACE-Activity in
Acute Coronary Syndromes

Hoshida et al, Circulation 103 (2001): 630-633
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Circulating and Tissue RAS influence 
cardiovascular system

Angiotensin II

Dzau VJ. Arch Intern Med 1993;53:937-42

Circulating RAS

Short-term effects

Tissue  RAS

Long-term effects

Na/H2O 
reabsorption
via aldosterone
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Vascular 
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Stroke
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RAS-Inhibition by ACE-Inhibitors

Steckelings UM, Kaschina E, Unger T. Peptides 26: 1401-1409, 2005
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ACE inhibitor-induced changes in blood pressure and plasma 
converting enzyme activity in spontaneously hypertensive rats

Unger T. et al. 1984 J Cardiovasc Pharmacol. 6:872-880

Hoe 498 - Ramipril

MK 421  - Enalapril
BP

ACE
activity
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Chymase-dependent vs ACE-dependent A II 
Formation in Hearts of Various Species

Reprinted with permission from Balcells E, et al. Am J Physiol. 1997;273:H1769–H1774.
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Huang XR et al. 2003 JASN 14:1738-1747

Control        Hyp DN     Norm DN

Chymase is upregulated in diabetic nephropathy

Human biopsy in 44 patients 
with 4 mg/dl serum creatinine 

Hyp DN – hypertensive diabetic nephropathy 
Norm DN – normotensive diabetic nephropathy



ACE and AT1-Regulation
Following ACE-Inhibitor in CHD

Zhuo et al, Hypertension 39 (2002): 634-638
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CCRCCR

Angiotensin II Reactivation / Aldosterone Escape

Plasma ACE-, Ang II- and Aldosterone-Levels 
under chronic ACE-Inhibition

n.d.             lowered / increased 
normal    

ACE 33% 34%             34%
Ang II                      31%                  49%            15%

Aldosterone 61%             38%

MacFayden et al. 1999 Heart. 82:57-61

-

In at least one-third of patients, plasma-RAS 
is not suppressed ! 



Selective AT1-blockade

Adapted from: Steckelings UM, Kaschina E, Unger T. Peptides 26: 1401-1409, 2005
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Suzuki et al. 2003 Int J Biochem Cell Biol 35:881-900

Angiotensin Receptors and Inflammation 

IL-6 ↓ IL-10 ↑
MCP-1 ↓
NFκ-B ↓↑

Anti-Inflammation

AT2

ANG II

Il-1 , IL-6,  IL-8 
MCP-1  
NFκ-B 
ICAM-1 , VCAM-1 
Integrins, Selectins

Inflammation

AT1

ANG II ARBs



Class Effects of ARB

•Blood Pressure Lowering Effect

•Regression of LVH

•Prevention of New-onset DM

•Prevention of New-onset AF

•Renoprotective effects in DM

•Anti-atherosclerotic effects

•Neuroprotective effects 
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Reduction in LVM with Enalapril and 
Losartan Combination Therapy in Dialysis 

Patients

Suzuki et al. Ther Apher Dial 2004;8:320–327 

+P<0.05 vs baseline; 
*P<0.05 vs monotherapies

**
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Brenner et al. N Engl J Med 2001;345:861–869. 
Lewis et al. N Engl J Med 2001;345:851–860.
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CCR

Comparisons of ARB-Based
Regimens With Control Regimens

BPLT Trialists’ Collaboration. Lancet. 2003;362:1527–35.
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CCR

Anti-inflammatory Effects of RAS Blockade
in Coronary Artery Disease

Schieffer B et al. J Am Coll Cardiol 2004; 44:362-368

ACE 
inhibition

AT1-receptor 
blockade

IL-10

MMP-9

IL-6

hsCRP

TXA2-induced 
platelet aggregation

Anti-atherosclerotic 
effects

Pro-atherosclerotic 
surrogate markers
elevated in CAD

Amplify inflammation 

Contribute to plaque’s 
fibrous cap decomposition

Atherosclerotic plaque progression and instability
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~
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More complete blockade of 
ANG II-proinflammatory 

and procoagulatory effects



Study Population 
(age)*

Mean follow-up 
(years)

Incidence of type 2 diabetes 
RR (95% CI)

LIFE 9,193 patients with essential 
hypertension and left 
ventricular hypertrophy 
(55-80 years) 

4.8 Losartan (6.0%) vs. 
Atenolol (8.0%) 
0.75 (0.63-0.88)

CHARM 7,601 patients from 26 countries 
NYHA II-IV 
(≥18 years)

≥ 2 Candesartan (6.0%) vs. 
Placebo (7.4%) 
0.78 (0.64–0·96) 

ARBs and New-Onset Diabetes: Clinical Trials

VALUE 15,245 patients of high risk 
For cardiovascular events 
≥ 50 years

≥ 4.2 Valsartan (13.1%) vs. 
Amlodipine (16.4%) 
0.77 (0.69–0.86) 



CCR

EC50 Telmisartan 5.02  μmol/L
EC50 Pioglitazon 0.2  μmol/L

EC50 Irbesartan 26.97  μmol/L

Interaction of ARBs with the PPARγ Ligand Binding 
Domain (LBD) 
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AII antagonists have molecular 
specific effects which do not involve 

angiotensin II blockade?

• Inhibition of thromboxane A2-induced platelet 
aggregation

Losartan, irbesartan

• PPARgama partial agonist activity

Telmisartan, irbesartan, losartan (EXP3179)

• Inhibition of renal urate transport

Losartan



Drug-specific Effects of Losartan

•Uricosuric effect

•Neuroprotective effect

•Anti-thrombotic effect

•Others



Losartan Increases Urate Excretion by 
Inhibiting Urate/Anion Exchange 

Proximal renal tubule

x=lactate, alpha-ketoglutarate, succinate beta-hydroxybutyrate, acetoacetate, nicotinate, etc.
Adapted from Burnier et al Kidney Int 1996;49:1787–1798.
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Serum Uric Acid at Year 4 in LIFE and 
Subsequent New-Onset AF (N=130)
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LIFE: Losartan vs. Atenolol Reduced the Rise in 
Serum Uric Acid without Affecting Renal Function

Adapted from Høieggen A et al Kidney Int ;65:1–9, 2004
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Uricosuric effect-Only Losartan

• Serum uric acid (SUA) :

Independent risk factor for cardiovascular morbidity and death

• The contribution of SUA to the treatment effect of losartan

in terms of the primary composite endpoint was 29% (p=0.004)

Without relevant metabolic 
alterations: Hyperuricemia



LIFE: Losartan Was Superior to Atenolol in 
Reducing the Risk of Fatal/Nonfatal Stroke

Losartan (n=4805)

Atenolol (n=4588)

Adjusted risk reduction 24.9% (p=0.001)
Unadjusted risk reduction 25.8% (p=0.0006)
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Dahlöf et al. Lancet 2002;359:995–1003
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Reduction in Risk of Stroke in
Patients with AF

Dalhöf B et al. Presented at the European Society of Cardiology Congress; Berlin, 
Germany; August 31–September 4, 2002. Poster 2163.
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Losartan-Dependent Inhibition of 
Platelet Aggregation in vivo

Adapted from Krämer C et al Circ Res 2002;90:770–776.
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Losartan Had Effects on Platelet 
Aggregation and Thrombus Formation

• Losartan
– Reduced TXA2–dependent platelet activation (platelets 

from 15 healthy men)
– Reduced plasma levels of PAI-1 antigen, PAI-1 activity, 

and sTM level in 12 hypertensive patients
– Increased the concentration of thrombin receptor-

activating peptide (SRLRRN-NH2) required to induce 
platelet aggregation in 10 hypertensive patients 

– Reduced plasma PAI-1 levels in hypertensive
postmenopausal women

– Reduced the aggregatory response to thromboxane but 
not thrombin in hypertensive patients

Please refer to notes page for reference citations.



CONCLUSIONS “There was a statistical interaction between 
Treatment and aspirin in the LIFE study, with significantly 
greater reductions for the CEP and MI with losartan in patients 
using aspirin than in patients not using aspirin at baseline. 
Further studies are needed to clarify  whether this represents 
a pharmacologic interaction or a selection by aspirin use of 
patients more likely to respond to losartan treatment.”

Fossum et al J Am Coll Cardiol 46:770-775, 2005



Endpoint Rate %

A Kaplan-Meier curves for the primary end point; p  0.016 for aspirin interaction. 
B Kaplan-Meier curves for cardiovascular death.

Fossum et al J Am Coll Cardiol 46:770-775, 2005



Endpoint Rate %

C Kaplan-Meier curves for stroke. 
D Kaplan-Meier curves for myocardial infarction; p  0.037 for aspirin interaction.

Fossum et al J Am Coll Cardiol 46:770-775, 2005





Genomic structure of TGFBR2 and mutations found 
in Marfan syndrome type II (MFS2) and 

Loeys-Dietz aortic aneurysm syndrome (LDAS). 

Boileau C et al Curr Opin Cardiol 2005:20:194-200



Ikonomidis, J. S. et al. Circulation 2006;114:I-365-I-370

Analysis for TGFBR2 in aortic samples



Ikonomidis, J. S. et al. Circulation 2006;114:I-365-I-370

Collagenase analysis











CONCLUSIONS
• Current data continue to support the 

therapeutic use of Losartan to lower 
blood pressure, beneficially modify tissue 
changes in hypertension and alter 
outcomes in hypertensive patients. 

• Losartan continues to lead the clinical 
exploration of the pathological role of 
angiotensin II  in cardiovascular morbidity 
and mortality.
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