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Abstract

For many, the find termind event in life is cessation of the heart beat. In turn, this is
generdly because this organ has been deprived of oxygen and glucose as the blood can no
longer ddiver these requirements to the myocardium. The principa reason for this is blockage
of one or more coronary ateries or aterioles by plaieet rich thrombus. A Smilar process
exigs for the pahophysology of droke — a disabilitating and often fatd event caused by
occluson or rupture of arteries in, or feeding, the bran. These scenarios are best developed in
cadiovascular disease, but goply to dmogt dl human diseese. Therefore, the ultimate culprit
for these mgor life events is the overactive platdet - too ready to form an ingppropriate
thrombus. Thus, one way forward in posiponing an occlusive thrombotic event is to minimise

platelet activation, new tools and trestments for which are eagerly sought.



Have plaidets caused the grester proportion of human mortdity and morbidity? What is ther
role in the cardiovascular, connective tissue and neopladtic disease that will drike the mgority
of the Western world and an increesng proportion of those in the deveoping world?
Hidoricdly, peathophysologicd aspects of platedet bidogy have focussed on their rdaivey
passve and reactive rdes in minimisng blood loss dfter injury (desrable thromboss), in
contributing to the find dages of cardiovascular diseese and its risk factors (largdy in the
ingopropriate  formation of lifethrestening undesirable thrombogs), and on attempts in the
outpatient and General Practice dinic, the cardiac catheter suite, and on the ward to reduce
the risk of these thromboses with anticoagulant and anti-platelet agents. Indeed, some data
(eg. adheson of pladets to the endothdium prior to the devdopment of manifest
atherosclerotic lesons) have prompted the placement of pladets much doser to the centre of
cadiovascular disecese, hypothesisng that plaidets actudly trigger atheroscleross (1-3). But
perhgps the most compelling evidence of the importance of this cel are the beneficid results

of trids of anti-plateet drugs, of which the principles are aspirin and clopidogrd (4-6).

Our colleagues in oncology have long had an interest in coagulaion and the platdet, and thus,
in thromboss For example, patients with cancer ae a risk of venous thromboembolism,
have rased plasma fibrinogen, von Willebrand factor and fibrin degradation products, and
thrombocytoss can be used as an independent prognogtic indicaior (7). Indeed, severd
commentators have mused that hypercoagulability preceeds cancer (8). However, a more
cancer-specific role for the plateet in this type of disease has been proposed by Pinedo e d
(9), who suggest that differences in the release of proangiogenic (eg. pladet derived growth
factor, angiopoietin) and anti-antigenic (e.g. platelet factor 4, thrombospondn) factors by this
cdl modifies the angiogenic bdance of a tumour and its ability to metastasse Data

supporting this hypothess has been produced by severad groups, who have showed not only



that platelets carry the proangiogenic vascular endotheid growth factor but aso release it
upon adtivation by thrombin 1011). Smilaly, Cane et al have reported that the
inflanmatory cytokine IL-6 will cause the dosedependent redesse of VEGF from norma
platdets in vitro (12), whils Rosdli et d (13) have demondrated a drong correation
between VEGF and platdet counts as well as with a plasma maker of plade activation
(0luble P sdectin) in both squamous and adenoma variants of nonsmal cdl lung cancer,
uggesting thet the platdlet could be an important source of this growth factor. It is therefore
possble (a leest in theory) tha pladets may be important in angiogeness and in wound

heding.

Thrombocytoss and anormdities in pladet function have long been a recognised festure of
connective tissle diseases such as rheumatoid arthritis and systemic lupus erythematosus and,
of course, agpirin is for many the firgt line of trestment (14-16). Increased numbers of platelet
microparticles (fragments of cytoplasm) with prothrombotic potentid (17) may contribute to
the increesed risk of diseese in this group. However, the latter stages of the disease certainly
involve thromboss, such tha the termind events ae cadiovascula (eg.  pulmonary
embolism, myocardid infarction and droke). Accordingly, rheumatoid diseese may indeed be
seen as an additiond risk factor for cardiovascular disease in the same light as is diabetes and
hypertenson. Findly, inflammation (in the absence of a connective tissue component) hes
been drongly promoted as a player in the complex pathophysology of aherosderods and

this extends to the pladet (12,18,19).

Thus the platelet and coagulopathy are target for each of the mgor disease processes that
aflict our species (Table 1), but what tools do we have to study the pethophysology of this

adl? A mgor problem with the sudy of the isolated platdet (when obtained from venous



blood for gtudies such as aggregometry or adhesion) is that their fragile nature leads to the
grong likdihood of an ex-vivo (and therefore atifactud) effect. Complex andyses such as
ae offered by flow cytometry may dso provide useful, dthough possbly dso artefactud,
data, dthough this gpproach, by its nature, does not lerd itsdf to high-throughput research.
However, flow cytometry, directed towards surface molecules such as CD63 and gplib/llla
(which binds fibrinogen), can be peformed on whole blood, thus avoiding the preparaion
atefact of a purified population of plades. A third opportunity to sudy this cdl is by its
secreted  products. When activated (by, for example, thrombin or adencsine diphosphate),
pladets rdease the contents of their adpha granules such as beta thromboglobulin and
platelet factor four, which can be measured in plasma by enzyme linked immunosorbent assay
(ELISA). A padld event in this degranulation is the gppearance, a the cel surface, of the
adheson molecule CD62P, dso known as P sdectin, which can be detected by flow
cytometry. However, usng ELISA, a form of P sdectin can dso be found in the plasma (i.e.
sluble P-sdectin), and this product is becoming recognised as a vauable tool for assessng
pladet activation in vivo axd in vitro (2). This molecue may dso, under certan
crcumgdances, be found on the surface of the endotheid cdl, leading to confuson in some
minds regarding the origin of the plasma form. However, is now dear that the pladet is the

major source of soluble P sdlectin (20, and references therein).

Thee tools therefore, provide the opportunity to study the peathophysology of thromboss.
However, some crucid questions can only be answered in anima modd (presuming, of
course, that the biology of the particular species reflects that of our gpecies, which is
frequently not the case (21)), and in this respect the P sdectin knock-out mouse has proved
fascinaing (22). Neverthdess, some tools cannot eesily be caried across gspecies, and

monoclond antibodies (MAbs) are good example of this problem as those directed towards



humans invariably fal to react to the same molecules of common laboraiory animds
frugtrating the dlinicd scientists. But one source of frudraion has recently been relieved by
the production of a series of mADs specific for rat P sdectin. In the current issue of this
Journd, Hirose et d report the devdopment and agpplication of such reagents from hybridoma
cdl lines usng rat plades gimulated with thrombin as immunogens (23). They use it to
demondrate that soluble P sdectin could serve as a marker of lung inflammation and thus, by
extrgpoletion, a new tool for dudying thrombogs in this and other settings. An additiond
point of interest in the large variaion in soluble P sdectin between different dtrains of rat — a
phenomenon not (yet) reported in our own species. These anti-rat P-sdectin antibodies
therefore may wel open up a new fidd of potentid research in this most common

pathophysiology of human diseases.
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Tablel

The Platelet in Human Disease

Cardiovascular disease

Cancer

Platelets are present in aheroma

Rupture of the atheroma, dongdde dreulding thrombus, are responsble for acute

coronary syndromes such as myocardid infarction and angina
Patel ets contribute to degp vein thrombos's and pulmonary embolism

Anti-pladet drugs efective in pogponing mgor dinical events such as myocardid

infarction and groke

Padets cary vascular endothdid growth factor (athough it is unclear whether or not

thisisdinicaly relevant)
Petients with exigting cancer are at risk of venous thrombos's

Petients with an unexplained venous thromboss ae often found later to have an

asymptomatic cancer

Connective tissue disease

Raised platelet count often present in rheumatoid arthritis

Increased numbers of prothrombotic pladet  micropatices in systemic  lupus

erythematosus

Connective tissue disease inevitable progresses to the cardiovascular sysem and thus

major event such as venous and arterial thrombos's
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