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Thrombotic events: the link to
blood pressure

Coronary Heart Disease and usual DBP
(in 5 categories defined by bassline DBP)
9 prospective cbservational studies: 4856 events

Stroke and usual DBP
(in 5 categories defined by baseline DBP)
7 prospective observational studies: 843 events
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Essential hypertension and arterial thrombosis:
putative pathogenetic mechanisms
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 Disturbances in blood flow — secondary to:
» Atherosclerosis
»Elevated blood viscosity

» Platelet activation



Possible routes leading to and from
platelet activation in hypertension

Hypertension

‘./

1 catecholamines Atherosclerotic TViscosity  Renin-angiotensin
Lesions \ system activation

Co-morbidity
e.g. smoking,
diabetes
Platelet activation

leading to....

Thrombosis Atherosclerotic lesions

Blann AD et al. Hypertension 2003;42:1-7



Platelets are enlarged in hypertension
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MPYV Is correlated with incidence of CVA

L Any stroke

NI

* Ischaemic stroke
4 Intracerebral haemorrhage

Event rate (%)

Quintile of mean platelet volume

Bath P et al. Stroke 2004:35:622-6



Platelets from hypertensive men swell
faster, through Na*/H* exchange

rate constant
of platelet
swelling

(x 10— g-1)

Wwormen

Stratton PD & Ritter JM. J Hypertens 1997;15:1403-6



Markers of activation are increased
In platelets from hypertensives

Table 1. Baseline Characteristics of Patients and Controls

Healthy Controls All Hypertensives
{n = 59) (n = 194} p Value*

Age (yrs) 68 + 11 a8 + 10 0.7
Males 41 (A9%) 151 (76%) 0.3
SBF {mm Hg) 130 + 10 147 + 22 0,001
DEP (mm Hg) 805 £ 0 801 £ 11 0.9
smokers (% admitting) 0 12.5 = (0,001
Platelet indexes
Platelet count » 10f/ml 227+ 49 239 *+ A5 0.2
MPV (fl) A.36 £ 09 7.8+ 3.03 0.005
MFM (pg) 1.76 + 0.17 1.9 £0.21 = (3.001
MPG ig/dl) 20+23 271 x£25 = 0.001
Beta-TG (I1/ml) 100 (57-282) 307 (210-354) = (3.001
Soluble P-selectin (ng/ml) 77 38-110) 150 {106.8-213) = (0,001
Platelet P-selectin (= 10~ % ng/cell) T8 (47-120;) Q0.6 (73.2-1385) 0.004

*Obtained from the unpaired £ test (for age, blood pressure, platelet count, MPY, MPM, MPG), the Mann-Whitney L7 test
(beta-Ti, soluble and platelet P-selectin], or the chi-square test (males, smokers). Data are presented as the mean value + S}
or median value (interquartile range).

Beta-T'G = bera- tJ'n.rDmI:--:ugl-:-I:nuJ.m DEBEF = diastolic blood pressure; MPG = mean platelet gramularity; MPM = mean
platelet mass; MPV = mean platelet volume; SBF = systolic blood pressure.

Nadar SK et al. J Am Coll Cardiol 2004:44:415-22



Platelets from hypertensive patients show
structural changes: pseudopod formation
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Cytoplasmic Calcium (nM)
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hypertensive patients
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Platelet abnormalities Iin hypertension

Morphological
Shape changes

TPlatelet volume & mass

Biochemical/functional

T Cytosolic calcium

T Release of B-TG

T P-selectin (soluble and on
platelets)

T Aggregability to agonists



Biological effects of NO

Mostly mediated through cGMP

* Relaxes vascular (and other) smooth muscle

e Neurotransmitter
 Tumoricidal and bactericidal

« Anti-atherogenic



Platelets express NOS-3 >> NOS-2

NOS-2 NONEX

a-Tubulin a-Tubulin




NOS Activity
(pmol L-citrulline 10°

Platelets from type 2 diabetic patients exhibit
decreased basal and stimulated NOS activity
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Stimulated, but not basal, NOS activity, IS
Impaired In hypertensive subjects

% change in NOS activity
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Treatment of hypertension may Increase
stimulated platelet NOS activity
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Reduced sensitivity of platelets from

hypertensive patients to exogenous NO
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Monocyte-platelet aggregates: a
sensitive marker of platelet activation

CD14-PE CD42b-FITC Overlay Anti-PSGL-1

Isotype control
21% 28.5%

-L-NMMA + L-NMMA




Circulating MPA Increase in relation
to blood pressure



Basal NO production inhibits MPA
formation In treated but not
untreated hypertensives

** ™ P<0.01and < 0.001 vs untreated
# P< 0.05 vs absence of L-NMMA

Untreated HBP Treated HBP

Clear bars: basal, filled bars: following L-NMMA treatment



NO-inhibitable MPA (%)
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Effect of an NO donor (spermine
NONOate) on MPA In normotensives
and untreated hypertensives
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% of platelets expressing P-selectin,
and the effect of an NO donor
(spermine NONOate) on this
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Interactions of activated platelets with
atherosclerotic arteries

Interaction of
activated wild-type
(white bars), Selp -/-
(P-/-) platelets (black
bars) or resting
platelets (grey bars)
with aortic endothelial
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Huo Y. et al. Nature Med 2003;9:61-7



Monocyte—endothelial interactions: effect of
activated platelets
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Wild-type (but not Selp-/- activated platelets or the
supernatant of activated wild-type platelets) exacerbate
atherosclerosis in ApoE-/- mice
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Interaction of platelets, monocytes and
endothelial cells
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(ICAMs, VCAMs, PECAM-1, etc)



Can anti-platelet therapy prevent
platelet-leucocyte interaction?

» Clopidogrel inhibits
— platelet aggregation
— expression of P-selectin
— platelet-PMN adhesion
— platelet-dependent ROS production in mouse PMN

 Pretreatment of human platelets with the active metabolite
of clopidogrel in vitro inhibits
— platelet P-selectin expression
— platelet-PMN adhesion
— production of ROS by PMN

Evangelista V. et al. Thromb Haemost 2005;94:568-77



Clopidogrel but not aspirin reduces formation of MPA
In patients with atherosclerotic disease
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Conclusions (1): platelet activation
In hypertension

Circulating platelets show evidence (morphological,
biochemical and functional) of activation, in essential
hypertension

One important manifestation is the formation of MPA

Increased MPA formation in hypertension is at least
partly related to deficient platelet NO, and anti-
hypertensive treatment may reverse this

MPA may contribute to progression of atherosclerosis
and/or thrombosis



Conclusions (2): relevance of MPA

v Markers

— Are sensitive marker of platelet activation

— Are Increased In patients with CV risk factors or with
established atherosclerosis

v’ Mediators

— Evidence that interaction of platelets with monocytes
promotes adhesion to endothelium and activation of
monocytes and endothelial cells

— Prevention of such interaction inhibits atherogenesis in
animal model of atherosclerosis



Conclusions (3): therapeutic
opportunities

Inhibition of MPA formation may help
prevent / retard atherosclerosis

o Aspirin — evidence weak (non-existent)

e Clopidogrel — more promising, needs
further investigation
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