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Non-haematological functions of platelets

S. MUKHOPADHYAY, A. K. MUKHOPADHYAY

INTRODUCTION
Platelets have long been underrated, underestimated and
mischaracterized. Initially, platelets were dismissed as artifacts I

but were subsequently called inert bags or sponges.' As late as
1900, there was still debate on whether or not platelets were
simply leucocyte fragments. I We now know that platelets are in
fact versatile cytoplasmic fragments- with a huge armamentarium
of molecules and a wide variety of functions. This array of
molecules exists in spite of the fact that platelets are anucleate and,
therefore, cannot make their own proteins. The functions of
platelets in haemostasis are well known but their other, non-
haematological functions are not. We review the pathological
significance of platelets beyond their usual role in thrombosis.

Platelets have been studied since 1842, when they were 'dis-
covered' by a French microscopist, Alexandre Donne.':' Since
then, the concept of what platelets represent has evolved, and it is
now known that platelets have a complex structure, biochemistry
and physiology. Platelet ultrastructure was revealed by transmis-
sion electron microscopy and later further elucidated by low-
voltage high-resolution scanning electron microscopy. Several
molecules that do not have any important role in thrombosis have
now been isolated from platelets. The search for the functions of
these molecules has led to the understanding that platelets perform
tasks that may not be related to thrombosis in a wide variety of
physiological and pathological states.' The most widely studied
are the following:

1. Inflammation
2. Growth and wound healing
3. The uptake, storage and release of neurotransmitters
4. Tumour metastasis
5. Bronchial asthma
6. Infective endocarditis

PLATELETS AND INFLAMMATION
Conceptually, it is not difficult to see why platelets might also be
inflammatory cells. Coagulation and inflammation are similar as
both are responses to noxious stimuli. The formation of fibrin in
coagulation also provides a physical barrier against infectious
agents. It can be conjectured that inflammation and coagulation
'share' a common cell that causes both to proceed simultaneousl y.
In 1979, Copley hypothesized that platelets may be capable of
triggering a defense mechanism in the host against invasion of the
blood by foreign bodies such as bacteria." Ten years later, this
concept gained acceptance? and today it is common knowledge."
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The first clue that platelets are indeed inflammatory cells came
in 1986 when Capron et al.9showed that platelets, like other cells
involved in inflammation, harbour Fe receptors for immunoglobu-
lins. Another clue was the observation that the administration of
platelets subcutaneously to rats resulted in oedema, neutrophil
infiltration and accumulation of myofibroblasts.'? This was not a
non-specific reaction, since the administration of other tissue
homogenates did not give rise to such a response. Similar findings
were seen in human skin with the intradermal injection of the
supernatant from activated platelets, but not from other inflamma-
tory cell types. II

Platelets have been shown to have four features common to all
inflammatory cells:" (i) possession of a wide range of inflamma-
tory mediators; (ii) presence of receptors for other inflammatory
cells and mediators.v'? (iii) the ability to respond to noxious
stimuli; and (iv) cooperation with other inflammatory cells.

The inflammatory mediators stored in platelet granules in-
clude: (i) spasmogenic mediators such as serotonin, histamine,
adenosine, platelet-derived histamine releasing factor (PDHRF)
and thromboxane A2; (ii) chemokines such as cationic proteins,
platelet-derived growth factor (PDGF), transforming growth fac-
tor (TGF-~), platelet factor 4 (PF4) , platelet activating factor
(PAF), 13hydroperoxyeicosatetraenoic acid (HPETE), regulated
on activation, normal T expressed and presumably secreted
(RANTES), and macrophage inhibiting factor (MIP-la),14 and
(iii) toxic agents such as lysosomal protein, beta lysine and free
radicals." Thrombospondin (TSP), long known to be a prominent
component of alpha granules, is secreted from platelets and
activates leucocytes. This versatile molecule, discovered in 1971
in human platelets, is known to promote platelet aggregation and
adhesion. Recently, TSP has been shown to modulate several
monocyte functions such as the generation of reactive oxygen,
motility and diapedesis. It also promotes neutrophil adhesion,
motility and degranulation. 15

Platelets have receptors for stromal derived factor-l and mac-
rophage-derived chemokine, various other cytokines, IgE,9 C-
reactive protein, substance P, complement fragments and eosino-
phil-derived major basic protein." These findings have led to the
important concept that many inflammatory mediators lead to
platelet activation and aggregation independent of 'conventional'
platelet activation (i.e. platelet activation in the course of throm-
bosis). This activation leads to the release of substances that
further amplify the inflammatory response. This interaction be-
tween platelets and inflammatory mediators, via receptors for
inflammatory mediators on platelets, is an important feature of the
concept of 'crosstalk' between inflammation and coagulation, i.e.
inflammation promotes coagulation and vice versa."

Platelets display many of the features of inflammatory cells
such as rolling, diapedesis, 18chemotaxis, 19chemokinesis, phago-
cytosis and aggregation around pathogens. They co-localize with
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leucocytes at the sites of inflammation and aid adhesion of
leucocytes to the endothelium."

Some of the clinical conditions in which platelets have been
found to play an inflammatory role include adult respiratory
distress syndrome, glomerulonephritis, inflammatory bowel dis-
eases, disseminated intravascular coagulation and allergic vascu-
litis."

PLATELETS AND GROWTH FACTORS
Platelets are the only common site of synthesis for most of the
major growth factors." PDGF, discovered in 1974,22is the proto-
type of these growth factors. As in inflammation, it makes sense
that platelets are equipped with factors that aid in the body's
response to injury. Many of the processes that take place during
wound healing require growth factors. Platelets are the predomi-
nant regulatory cells in the initiation of repair of wounds. Platelet
alpha granules contain PDGF,23epidermal growth. factor (EGF),
fibroblast growth factor (FGF), TGF-a and many others. These
growth factors are released from the alpha granules during platelet
secretion and playa key role in wound healing and repair.

The growth factors secreted by platelets have several functions.
They are chemotactic and mitogenic for fibroblasts, endothelial
cells, macrophages, epithelial cells, neural tissues, haematopoietic
cells and lymphocytes. They act by stimulating tyrosine kinase on
the target cells, causing a cascade of reactions that eventually lead
to cell division. It has recently been shown that the secretion of
growth factor by platelets is a multiphasic process requiring the
activation of glycoprotein lIb-IlIa and fibrinogen.' The end result
of this. process is that growth factors crucial to wound healing,
repair and angiogenesis are delivered by platelets to the sites that
need them the most, i.e. sites of injury. Some growth factors
secreted by platelets have been tried in therapeutic roles. Of these,
only PDGF has been successful in the treatment of decubitus and
diabetic ulcers. A mix called 'platelet releasate' has been tried in
the treatment of ulcers with modest success."

PLATELETS AND NEUROTRANSMITTERS
It is in their similarity to the brain that platelets show their most
fascinating side." Despite being of different embryological origin
(platelets are derived from mesoderm; brain from ectoderm),
platelets are similar to the brain and its neurons in many ways.25.26
Low-voltage high-resolution scanning electron microscopy has
revealed cerebriform convolutions on the platelet surface that have
been called' gyri' and 'sulci' .The resemblance is not just physical.
The similarities between platelets and serotonergic neurons in-
clude: (i) the presence of active transport mechanisms for seroto-
nin; (ii) serotonin receptors:" (iii) imipramine binding sites; (iv)
subcellular storage of serotonin in vesicles; (v) the presence of
monoamine oxidase-type B (MAO-B) and neuron-specific eno-
lase (NSE);27,28(vi) the presence of a limiting membrane; (vii) the
presence of two types of granules; (viii) the presence of neuro-
transmitters in these granules; (ix) the release of these substances
in response to a signal; and (x) the presence of similar uptake
mechanisms. These similarities have suggested to many research-
ers that platelets could be used as a surrogate for the study of
neurons, which are relatively inaccessible, especially in the cen-
tral nervous system (CNS). It has been shown that the platelet
behaves remarkably like the serotonergic neuron in the CNS. This
similarity is being used to elucidate the pathogenesis of psychiat-
ric disorders, to study the effect of treatment on neurotransmission
and to monitor therapy, all by studying the easily accessible
platelet." This has enormous implications, since it obviates the

need for studying neurons directly and provides what is known as
a 'neuronal model' .25.27-30In 1968, Pletscher first proposed the
concept of platelets as neuronal models," based on his studies on
serotonin in platelets and neurons.

The array of studies on platelets as neuronal models is enor-
mous." Platelets have been studied in schizophrenia," Parkinson's
disease, panic disorder, anxiety states and even romancel " How-
ever, the bulk of the data is in studies on depression.

Despite conflicting results, the consensus on the serotonin
transport status in platelets in depression is that both the density
of the platelet serotonin reuptake transporter as well as the rate of
serotonin reuptake by this transporter in platelets is decreased in
depressed patients. 12.35,36Both these features mimic similar changes
in pre-synaptic serotonergic neurons (Fig. 1). In these neurons,
such changes are thought to be a mechanism to compensate for the
decreased serotonin availability in the synapse in depressed pa-
tients. In other words, the neuron tries to prevent the depletion of
an already low stock of synaptic serotonin by decreasing the
uptake.

In contrast, the status of the serotonin receptor on platelets
mimics the state of the post-synaptic serotonergic neuron 12.37(Fig.
1). In depressed patients, this neuron attempts to compensate for
the decreased serotonin availability by increasing the number and
sensitivity of its receptors. Indeed, platelet serotonin receptors are
increased in depressed and suicidal patients." An exciting off-
shoot of this finding is that the platelets of depressed patients are
easily activated by circulating serotonin because of the increase in
serotonin receptors. Since serotonin is a known platelet agonist,
this accounts for the increased platelet aggregability noted in a
subset of depressed patients.P-" This may be one of the explana-
tions for the well known but poorly understood link between
coronary artery disease and depression.t=? It is known that
depressed patients have a higher risk of a coronary event and that
patients with coronary events who are also depressed have a worse
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FIG 1. Schematic representation of serotonergic transporters and
serotonin receptors in health and depression in neurons and
platelets. Top left: normal neuronal serotonin status. Top right:
neuronal serotonin status in depression. A deficiency of
serotonin in the synaptic cleft leads to compensation in the
form of a decrease in reuptake transporters and an increase in
receptors. Bottom left: normal platelet serotonin status
mimicking neuronal status. Bottom right: platelet serotonin
status reflects neuronal status as shown in the top right figure.
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prognosis than those who are not depressed.38,42.44,45The platelet
appears to be the culprit in this complex phenomenon. Drugs that
are effective in treating depression are also effective in reducing
mortality in ischaemic heart disease. At the molecular level, it has
been shown that these drugs increase serotonin availability in the
synapse, decrease serotonin receptor density, increase serotonin
transporter density in neurons as well as in platelets and blunt
platelet activation in response to serotonin."

These examples suggest that platelets can be a valuable tool in
studying the dynamics of the neuronal serotonergic system in
various psychiatric and neurological conditions as well as in
investigating the mechanisms of action and efficacy of medica-
tions used in these disorders." A drug being tried for depression,
for example, can be predicted to be effective if it increases the
serotonin availability in the synpase. This increase in serotonin
should reverse the depression-associated decrease in serotonin
transporters and increase in serotonin receptors in neurons as well
as platelets. Hence, any drug that causes such a pattern on
serotonin studies on platelets could be subjected to clinical trials
on the assumption that the platelet pattern reflects the neuronal
pattern."

Similarly, MAO-B levels have been studied in platelets, using
platelets as a surrogate for neurons. MAO-B levels in platelets
have been found to be low in schizophrenia. Others have used
platelet MAO levels to assess response to, or compliance with,
MAO inhibitors used clinically as antidepressants.

PLATELETS AND MET ASTASIS
Metastasis of tumour cells requires that they break away from the
parent tumour, intravasate into the bloodstream, survive immuno-
logical surveillance, get arrested in distant organs, extravasate at
the site of metastasis and finally grow in the environment of the
new site. Platelets playa role in this sequence by promoting the
survival of tumour cells in the bloodstream, by facilitating tumour
cell arrest at the site of extravasation and possibly by promoting
extravasation of tumour cells at metastatic sites."

The first link between platelets and tumour metastasis was
made in 1968 when it was demonstrated that experimental reduc-
tion in platelet numbers resulted in decreased lung metastases in
a murine model of experimental metastasis." Since then, much
evidence has been gathered in support of a link between haemostasis
and malignancy. 50-54

The promotion of tumour survival in the bloodstream by
platelets is mediated by their protection of the tumour from attack
by natural killer (NK) cells. NK cells are one of the strongest
effectors of the host immune response against circulating tumour
cells. It has recently been shown that platelets shield tumour cells
from NK cells in vitro as well as in vivo.55This is achieved by
platelet aggregation around the tumour, providing a physical
barrier to NK cells and causing steric hindrance (Fig. 2). Platelets,
detected by looking for CD62P or P-selectin (an integrin), have
been found to form a protective coating on the surface of tumour
cells.20,55

How do platelets facilitate tumour adhesion to the vascular
endothelium, causing arrest at the site ofmetastasis? A major player
in this role isTSP, an adhesive glycoprotein expressed onplatelets. 15
TSP mediates the interaction of platelets with cancer cells, helping
them to adhere to the endothelium. Endothelial cells have a large
number of TSP receptors, including CD36, CD47, heparan sul-
phate and chondroitin sulphate, which help to explain how TSP
acts as an adhesive bridge between blood vessels and cancer cells.
A similar link role has been proposed for the integrin P-selectin.
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FIG2. Schematic representation of a 'platelet shield' protecting a
tumour cell from attack by a natural killer (NK) cell.

The mechanism by which platelets facilitate tumour extravasa-
tion from the bloodstream has only recently been elucidated.P'"
There is evidence to suggest that tumour cells secrete factors such
as tissue factor that indirectly cause platelet activation by gener-
ating thrombin. Thrombin is a well known platelet agonist that
acts by causing a conformational change in glycoprotein lib-IlIa,
which then binds fibrinogen. Fibrinogen binding then triggers the
release of vascular endothelial growth factor (VEGF) from the
alpha granule platelets. VEGF increases vascular permeability at
the sites where the platelet-tumour complexes adhere to vascular
endothelia, promoting tumour extravasation. Numerous studies
too have shown a correlation between the metastatic ability of
tumours and their ability to activate and aggregate platelets.

The role of platelets and coagulation in promoting metastasis
has been buttressed by studies that have shown that formation of
metastatic tumours can be inhibited by heparin, warfarin, aspirin,
prostacyclin and dipyridamole. Warfarin, in particular, has been
shown to be effective in improving the survival rate in small cell
lung cancer patients.f

PLATELETS IN ASTHMA
Bronchial asthma is considered to be a chronic inflammatory
disease, a subset of which (extrinsic asthma) is considered to be
an immune-mediated, type I hypersensitivity reaction. In 1984,58
it was first hypothesized that platelets and PAF could be involved
in the pathogenesis of bronchial asthma. Evidence for the involve-
ment of platelets in the pathogenesis of bronchial asthma is mainly
along two lines. 16.59First, there is evidence to show that platelet
activation occurs in asthmatics. Second, there is evidence to show
that platelets release mediators such as PAF,13PF4 and PDHRF,
which cause bronchial hyperreactivity.

The evidence for platelet activation in bronchial asthma comes
from in vitro as well as in vivo data. In vitro platelet aggregometry
shows abnormalities of the type thought to represent platelet
exhaustion due to overstimulation in vivo.60 In addition, platelet
abnormalities have been shown in patients with NSAID-induced
asthma." Platelets from these patients respond to NSAIDs by
releasing free radicals. Platelets from control cases with asthma
but without NSAID sensitivity do not show these abnormalities.
In vivo evidence includes the finding ofthrombocytopenia (imply-



MUKHOPADHYAY, MUKHOPADHYAY : NON-HAEMATOLOGICAL FUNCTIONS OF PLATELETS 81

ing that in vivo platelet activation and aggregation have taken
place following allergen challenge in asthmatics)." However,
substances that directly cause bronchoconstriction do not activate
platelets, suggesting that platelet activation precedes broncho-
constriction in asthmatics. One of the most interesting findings
has been the identification of platelets undergoing diapedesis
through airway microvasculature in lung tissue biopsied from
asthmatics. 18Are these platelets emigrating to initiate repair of the
damaged epithelium in such patients or are they there to cause the
damage themselves by recruiting neutrophils and eosinophils?
The question remains unresolved.

Platelet activating factor (PAF) is a phospholipid ether" that is
synthesized in and released by many inflammatory cells in the
lung, including alveolar macrophages, eosinophils, neutrophils
and platelets. 13It is both a potent inflammatory mediator as well
as a platelet agonist. The fact that PAF causes bronchial hyper-
reactivity in vivo is well known." However, the mechanism of this
action is not understood. Alveolar macrophages and other cells in
the lungs may release PAF by IgE-mediated pathways." Platelet
activation by PAF may then lead to the release of PDHRF, a
molecule capable of inducing bronchial hyper-responsi veness 13,65
(Fig. 3). In this model, therefore, PAF appears to be active only in
the presence of platelets.v= It is also possible that PAF causes
bronchoconstriction via leukotrienes such as LTB4,67which would
also explain how PAF is such a potent neutrophil chemoattractant
(Fig. 3). However, clinical trials of PAF antagonists have so far
yielded disappointing results'" and it is still not clear whether PAF
is a major player in asthma or just one of many mediators in a
'soup', acting in concert with many other mediators. 13

Another platelet-derived molecule that has been proposed to
play a role in bronchial asthma is PF4. The ability of PF4 to
activate eosinophils and stimulate basophils to secrete histamine
is of interest because it has been suggested that these actions
contribute to the airway hyper-responsiveness in asthma."

PLATELETS IN INFECTIVE ENDOCARDITIS
The pathogenesis of infective endocarditis starts with an area of
increased turbulence causing damage to the valvular endothe-
lium. This endothelial damage causes platelets and fibrin to form
deposits called non-bacterial thrombotic vegetations (NBTV).

alveolar macrophage bronchial
asthma

19E

PAF

~

8~
I

leucocytes

allergen PDHRF
leucotrienes

FIG3. Proposed sequence of events leading to platelet activating
factor (PAF)-mediated bronchial hyper-responsiveness in bron-
chial asthma. PDHRF platelet-derivedhistamine releasing factor

When bacteria adhere to and colonize the NBTV, vegetations are
formed. The vegetation is the hallmark of infective endocarditis.
However, only a few bacteria have the ability to adhere to NBTV
and form vegetations. These include Streptococcus sanguis, 70
Streptococcus oralis and Staphylococcus aureus." The first two
are oral streptococci and the most common cause of infecti ve
endocarditis. In infective endocarditis platelets not only adhere to
the endothelium but also act as a link between the NBTV and the
bacteria that subsequently colonize it.72This ability has been
traced to a protein called fibrinogen-binding protein present on the
surface of Staphylococcus aureus." Fibrinogen is present on the
platelet surface, bound to glycoprotein lib-IlIa. Fibrinogen-bind-
ing protein on the bacterium links the bacterium to the platelet
surface and explains its ability to colonize the NBTV (Fig. 4).
Similar proteins have been identified on Streptococcus sanguis.

In addition, platelets may explain why the severity of endo-
carditis varies with different bacteria." It has long been known
that the severity of endocarditis correlates with the ability of
bacteria to cause platelet aggregation in vitro. The mechanisms by
which these 'aggregating strains' cause platelet aggregation have
until recently remained unclear. Recent work on Streptococcus
sanguis shows that a protein named PAAP is required for the
platelet aggregation caused by this organism.t-" Strains of Strep-
tococcus sanguis that lack PAAP are unable to cause platelet
aggregation. Other investigators have proposed a central role for
IgG in bacterium-mediated platelet aggregation. In this model,
IgG bound to the bacterial surface also occupies Fe receptors on
the surface of platelets. Fe receptor occupancy leads to signal
transduction, activation of glycoprotein lIb-IlIa, fibrinogen bind-
ing and platelet aggregation. Thus, platelets are essential for the
adhesion of bacteria to NBTV s. In addition, platelet aggregation
caused by bacteria is central to the formation of vegetations in
infective endocarditis.

IMPLICATIONS IN THE INDIAN HEALTHCARE SETTING
All the pathological conditions mentioned above, in which plate-
lets playa role, are important in India where cancer is increasingly
being recognized as a public health problem. The burden of cancer
is estimated to rise to 0.87 million by AD 2011.76 'Biological'
therapies such as STI-S71 and rituximab, aimed at disrupting
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FIG4. Schematic representation of bacterium-platelet interaction
in a vegetation in infective endocarditis, mediated by fibrinogen-
binding protein. gp glycoprotein
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crucial events in the survival of tumours, are now entering the
mainstream of cancer therapy.F'" If platelet research can help in
preventing metastases by targeting platelets to control the spread
of tumour, the dividends could be enormous.

Depression, whose relationship to coronary artery disease was
discussed earlier, is as common in India as anywhere else." In
addition, India has one of the highest incidences of coronary artery
disease in the world and its prevalence appears to be rising. The
prevalence of coronary heart disease in Delhi, for example, in-
creased from 1.05% in 1962 to 9.67% in 1990.80 Platelets hold the
key to breaking the nexus between depression and coronary artery
disease. The health benefits of an effective therapy would be
tremendous in our population, which is known to be at risk for
atherosclerosis and myocardial infarction.

CONCLUSION
Platelet research has only scratched the surface of what these cells
truly represent. Clearly, the ambit of their functions has expanded
immensely. Platelets harbour molecules that extend their role far
beyond thrombosis and haemostasis alone.' Demonstration of the
active participation of platelets in inflammation, wound healing,
coronary artery disease, bronchial asthma, infective endocarditis
and tumour metastasis is important because it suggests avenues
for future research and provides possible targets for therapy.

Perhaps the most intriguing aspect of platelet biology is the
ability of platelets to mimic neurons in many ways. A wide variety
of neuropsychiatric illnesses and drugs are currently being studied
using platelets as neuronal models. Further study of unconven-
tional platelet functions may reveal yet more surprises.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor


