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The object of this review is to relate new 
developments in the field of platelet-activating factor 
(PAF) research to the problems of understanding 
the cause and perhaps improving the therapy of 
thrombocytopenia. Thrombocytopenia is a symptom 
associated with a wide variety of clinical conditions, 
and can have a variety of probable causes. No 
attempt will be made here to treat thrombocytopenia 
comprehensively. Instead, discussion will con- 
centrate on those kinds of thrombocytopenia where 
current knowledge makes it worthwhile to look for 
involvement of PAF or the PAF receptor. Since 
much more is known about the role of PAF in 
platelet activation and adherence than in platelet 
production, this review will focus in particular on 
those kinds of clinical thrombocytopenia associated 
with an enhanced rate of platelet destruction. 

HUMAN THROMBOCYTOPENIA SYNDROMES 

Normal human blood contains between 150 x lo9 
and 600 ? lo9 platelets/L. This number is dependent 
upon age, and variation within this range can occur 
quite normally, for example in women during the 
menstrual cycle. Transient and generally symptom- 
free thrombocytopenia (i.e. platelet count below the 
normal range) occurs relatively frequently in 
association with infections, especially viral infections, 
in association with surgical operations, especially 
major abdominal surgery and cardiac bypass 
operations, and during pregnancy. In a prospective 
study of over 2000 pregnancies in normal women in 
a Canadian hospital, 8.3% had platelet counts of 
less than 150 X 109/L at term, although the 
thrombocytopenia had no discernible clinical effect 
on either the women or their infants [l]. 

Infections, surgery or pregnancy are among the 
precipitating agents associated with more severe 
thrombocytopenia, which can also occur during liver 
disease, as a complication of therapy with various 
medicaments, in association with certain autoimmune 
diseases such as systemic lupus erythematosus and 
with no apparent external cause. A platelet count 
of below 50 x 109/L is associated with an increased 
risk of bleeding, although vascular accident rarely 
occurs unless the platelet count is below 20 x 109/ 

* Corresponding author. 

L. Intracranial hemorrhage is a rare but particularly 
dangerous sequela of thrombocytopenia. 

Thrombocytopenia may be caused by a failure of 
production of platelet precursors in the bone marrow, 
or by an enhanced destruction and shortened life- 
span of formed platelets. In the latter case, the 
number of megakaryocytes in the bone marrow 
is normal or may be increased, reflecting a 
compensatory increase in platelet production. The 
increased proportion of young platelets in the 
circulation can cause a right shift in the distribution 
curve of platelet size, while an enhanced rate of 
platelet destruction in the spleen may lead, in some 
cases, to splenomegaly. 

The term idiopathic thrombocytopenic purpura 
(ITP) was originally applied to all those conditions 
in which thrombocytopenia was not accompanied by 
changes in leucocytes or erythrocytes (apart 
from those associated with bleeding) and where 
thrombocytopenia could not be explained by deficient 
megakaryocytosis or by known processes such as 
microangiopathy. The diagnosis was originally, and 
to a certain extent still is, one of exclusion, and the 
label “idiopathic” is appropriate to the lack of 
information, but in the light of modern knowledge 
the term, though widely used, is somewhat 
misleading. In most cases, there is at least an idea 
of what has caused the thrombocytopenia even if 
the final proof of a causative link is still lacking. The 
acute form of ITP, which occurs most commonly in 
children, is in more than 80% of cases sequel to a 
viral infection, and immune complexes may be 
important for pathogenesis. The chronic form occurs 
mostly in adults, generally is not associated with 
antecedent viral infection, and in about 80% of cases 
is associated with an IgG platelet autoantibody [2,3]. 
In both forms of ITP, there appears to be an 
increased rate of clearance of platelets by the 
reticuloendothelial system principally in the spleen 
but also (in severe disease) in the liver. ITP is 
clinically the most common form of severe 
thrombocytopenia. 

Thrombotic thrombocytopenic purpura (?TP) is 
a separate syndrome in which thrombocytopenia is 
associated with thrombi composed of fibrin and. 
platelets which lodge in the arterioles and capillaries 
and which are probably responsible for most of 
the clinical manifestations (e.g. fever, fluctuating 
neurologic signs, and renal abnormalities). This 

657 



658 C. J. MEADE. H. HEUER and R. KEMPE 

“F- o--(cH;! 4l cH3 n=15, 17 

CH3- C - 0 -CL 
II 

C& 

8 

0 0 - b - 0 -- 

6 

CH2-C%- 

Fig. 1. Platelet-activating factor (PAF). 

syndrome can also occur as a sequel of viral or other 
infections, or can be associated with platelet 
autoantibodies [4]. Hemolytic-uremic syndrome is 
similar to TTP, but platelet thrombi lodge 
predominantly in the kidney. Neurological symptoms 
are less prominent and renal function is impaired 
more severely. Both TTP and hemolytic-uremic 
syndrome are considerably rarer than ITP. 

PLATELET-ACTIVATING FACTOR 

Platelet-activating factor is a phospholipid which, 
in experimental animals, has been shown, even 
in minute quantities, to cause a pronounced 
thrombocytopenia [5-201. Its structure is shown in 
Fig. 1. The presence of an acetyl group in the 2- 
position of the phospholipid confers a certain degree 
of water solubility so that the concentrations at 
which it can exert its biological effects are well below 
the critical micellar concentration, and the compound 
can behave like a soluble compound in its 
physiological context. In vivo the compound may 
also be bound extensively to serum proteins.* 

In most cell types, the level of PAF in the resting 
cell is low, and PAF formation is dependent upon 
the presence of a membrane stimulus. There exist 
at least two pathways for PAF biosynthesis [21]. The 
most important during cell activation is via acetylation 
of 1-0-alkyl-2-lyso-sn-glycero-3-phosphocholine 
(lyso PAF), which can, in turn, be generated by the 
action of phospholipase A2 upon 1-0-alkyl-2-acyl- 
sn-glycero-3-phosphocholine. A second mechanism 
is the transfer of the phosphocholine moiety from 
CDP-choline to 1-0-alkyl-2-acetyl-sn-glycerol. This 
second pathway may represent the biosynthetic 
pathway required to maintain steady-state levels of 
PAF. 

Once synthesised PAF is readily degraded, and in 
healthy individuals, the level of PAF in the plasma 
is low (below 1 ng/mL). The kidney is probably the 
major source of the basal plasma PAF, since PAF 
cannot be found at all in the plasma of anephric 
patients [22]. Other tissue sources are liver [23], 
lung [24] and the phagocytic cells of blood and spleen 
[25,26]. Many of the cells involved in inflammation or 
allergy (e.g. neutrophils, macrophages, lymphocytes, 

* Author’s note: Some confusion has been caused in the 
literature because the term PAF has also been used in a 
few publications to describe a factor, probably protein, 
present in the plasma of some ‘ITP patients and capable 
bf causing platklet aggregation [3]. %hether this “f&tor” 
represents a complex of 1-0-alkyl-2-acetyl-glycero-3-phos- 
phocholine and a carrier protein, or is an entirely different 
material, has yet to be determined. 

basophils, eosinophils) are good sources of PAF 
when activated [27-291. Another good source of 
PAF (and perhaps of particular importance in certain 
types of thrombocytopenia) are human endothelial 
cells [29-331. The extent to which human platelets 
themselves can produce PAF is unclear. The major 
product when platelets are stimulated appears to be 
lyso-PAF rather than PAF, possibly because platelets 
are rich in the enzymes responsible for PAF 
degradation [34]. However, when platelets are 
stimulated in the presence of cells such as neutrophils 
rich in the acetylation enzyme, then the amount of 
PAF produced by the cell mixture is greater than 
that of either cell alone [35]. 

Activity of PAF is controlled not only by synthesis, 
but also (with varying degrees of specificity) by 
natural inhibitors. C-reactive protein, and possibly 
other liver-derived proteins, form an important 
non-specific mechanism for limiting PAF-induced 
activation of platelets [36-381. Another important 
controlling factor is the activity of the enzymes 
of PAF degradation, in particular alkylacetyl 
glycerophosphocholine acetylhydrolase (PAF ace- 
tylhydrolase). This enzyme occurs both within cells 
[39] and in human plasma [40,41] where it is bound 
to lipoprotein [40]. The enzyme catalyzes the 
conversion of PAF to alkyl lysoglycero- 
phosphocholine. 

The activity of PAF acetylhydrolase decreases as 
a pregnancy approaches term [42]. The fetus, and 
in particular fetal lung, produces significant quantities 
of PAF [43] which has also been detected in the 
amniotic fluid of women at term and in labor [44,45]. 
It has been suggested that PAF may have a 
physiological role in the control of normal parturition 
[43]. The possible significance of this changed 
balance of PAF and its degradative enzyme for 
pregnancy-associated thrombocytopenia will be 
discussed later. 

Not only can a fall in platelet count occur during 
late pregnancy and labor, but there is also a small 
decrease in platelet count which follows fertilization 
and implantation. In mice, desensitization to 
PAF prevents this “early pregnancy associated 
thrombocytopenia” (EPAT) [46]. Also, production 
of a thrombocytopenia-inducing factor by mouse 
and human embryos has been reported to proceed 
concomitantly with PAF synthesis [47,48]. This 
suggests that the factor responsible for EPAT and 
PAF are one and the same. This conclusion has been 
challenged, however, in a subsequent study in which 
a factor, capable of inducing thrombocytopenia in 
splenectomized mice, was described in human 
embryo culture supernatants free of PAF [49]. 

THE PAF RECEPTOR 

There is good evidence that most, if not all, effects 

of PAF are mediated through one or more specific 
receptors. This evidence includes the extreme 
potency of PAF (e.g. doses as small as 3 ng/kg/min 
will cause thrombocytopenia in guinea pigs [14]); 
the existence of high-affinity binding sites (KD in the 
lower nanomolar range) on cell membranes, 
including membranes from human platelets [50-571 
and endothelial cells [55-571; the stereoselectivity of 
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binding as evidenced using PAF stereoisomers [58]; 
the existence of homologous desensitization [59,60], 
and the induction by PAF at least under certain 
conditions, and in many if not all cell types, 
of typical receptor-mediated signal transduction 
processes including GTPase activation 1611, inositol 
phosphate production [60], and protein kinase 
mobilization [62]. 

The receptor on platelets has been particularly 
well investigated. In a study with human platelets, 
the high-af~ity PAF receptors behaved as a single 
population, and therewasno evidence that occupancy 
of one receptor site could alter the binding affinity 
of a second receptor [54]. 

The apparent number of platelet PAF-binding 
sites reported in the literature has varied widely, 
and this may be because the PAF receptor can also 
exist in a low-affinity state which is not detected in 
usual Scatchard analyses. Conversion between low- 
and high-affinity conformational states depends 
on the ionic environment (e.g. Mg*+, Ca2+ 
concentration) [63,64]. The effects of ionic environ- 
ment on the affinity of the human platelet receptor 
are not the same as the effects on the human 
neutrophil leukocyte receptor. Thus, K+ decreases 
Mgz+-potentiated i3H]PAF binding to human 
leukocyte membranes but shows no effect on binding 
to human platelet membranes. Also, sensitivity of 
the PAF-stimulated GTPase to cholera or pertussis 
toxins is different in platelet and neutrophil 
membranes. For these and other reasons it has been 
suggested that platelet and neutrophil PAF receptors 
belong to different subtypes [63]. 

In certain cell types (in relation to thrombo- 
cytopenia, the endothelial cell is particularly 
important) it is likely that not only extracellular PAF 
and PAF receptors on the cell surface, but also 
intracellular PAF and PAF receptors within the cell, 
play an important role. Vascular endothelial cells 
generate appreciable quantities of PAF on exposure 
to agents such as bradykinin, ATP or thrombin [65- 
671 or in response to oxidant-induced damage [68], 
but at least under normal tissue culture conditions, 
most of this PAF is not released. 

Nevertheless, changes in endothelial cell function 
produced by some of these agents have been shown 
to correlate with PAF formation. Thus, in thrombin- 
stimulated or oxidant damaged human endothelial 
cells, there is a tight correlation of the concentration- 
response relationships and time-courses for PAF 
production and enhanced capability for neutrophil 
adherence 167,681. 

Complete and unequivocal identi~cation of any 
PAF receptor has at the time of writing yet to be 
achieved. Most receptors for physiological mediators 
are proteins, and it is likely that PAF receptors are 
also of this type [55]. A number of PAF binding 
proteins have been described, for example in human 
platelet extracts [69-711, but it is not clear whether 
these proteins function as receptors or whether they 
are, for example, involved in the translocation of 
PAF between different compartments within the cell 
[72]. A critical test to differentiate between a protein 
which merely binds PAF and one that truly functions 
as a receptor will be possible when the PAF receptor 
has been cloned and it is possible to correlate 

functional changes in sensitivity to PAF effects with 
expression of the cloned gene. Sequencing and 
cloning will also provide the unequivocal answer to 
the question whether PAF receptor subtypes exist 
or whether the data which have been used to support 
the subtype concept must be otherwise explained. 

PAF RECEPTOR ANTAGONISTS 

Further evidence for the existence of a specific 
PAF receptor is the competitive in~bition of both 
PAF binding and PAF activities by a range of PAF 
antagonists. Not all are competitive receptor 
antagonists, but some of the most widely studied fall 
into this category, for example the PAF-analog CV- 
3988 [Sl], the hetrazepine WEB 2086 [54,56,57] 
and the ginkgolide BN 52021 [SZ]. The availability 
of radiolabeled antagonists such as [3H]WEB 2086 
has enabled direct measurement of binding kinetics 
of the drug to both human platelets [54,73] and 
human endothelial cells [57]. Binding of radiolabeled 
WEB 2086 was inhibited competitively by non- 
labeled PAF and vice versa. The calculated number 
of WEB 2086 binding sites on the platelet (260) was 
found similar to the calculated number of PAF 
binding sites measured under similar conditions in 
the same study (240), and it therefore seems that 
this inhibitor (like several other antagonists, but in 
contrast to, for example, 52770 RP) binds at the 
same site as the PAF molecule. 

Important effects of PAF on platelets include 
aggregation and the release of thromboxanes, 
serotonin and adenine nucleotides. These mediators, 
in turn, can alter the properties of the vascular 
endothelium such as its permeability, or ability to 
act as a site for cell adherence. 

A number of studies have shown a correlation 
between the ability of PAF antagonists to block the 
~gh-affinity PAF binding site and their abihty to 
block platelet aggregation [57,74,75] or release of 
mediators such as serotonin [57], suggesting that the 
high-affinity PAF binding site is functional. Not only 
surface membrane, but also intracellular PAF 
receptors can be blocked by appropriate PAF 
antagonists. This conclusion follows, for example, 
from the ability of WEB 2086 and CV-6209 to block 
bradykinin, A23187 and, to a lesser extent, 
ATP-induced prostaglandin 12 (PG12) production, 
processes which are closely coupled to elevation of 
intracellular PAF levels [66]. 

Although some PAF antagonists, for example CV- 
3988 (Fig. 2c), are clearly related in structure to 
PAF, the structural relations~ps between PAF and 
either WEB 2086 (Fig. 2a) or BN 52021 (Fig. 2b) 
are less clear. Molecular modeling studies based on 
these compounds and their analogs, however, have 
attempted to show common structural features of 
the compounds and PAF itself [73,74]. 

Several PAF antagonists (including WEB 2086, a 
ginkgolide mixture containing BN 52021, and CV- 
3988) are being, or have been, tested in the clinic 
[76-791. 

PAF.INDUCED THROMBOCYTOPENL4 IN ANIMALS 

A reduction in blood platelet count after injection 
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Fig. 2. Structures of some of the PAF antagonists cited in the text. 

Table 1. Inhibition of PAF-induced thrombocytopenia by 
PAF receptor antagonists 

Species Antagonist Reference 

Rabbit 
Guinea pig 

Sheep 
Rat 

FR-900452 
BN 52021 
WEB 2086 
RO-19-3704 
Various pyrido[2,1-b] 
quinazohnecarboxamide 
derivatives 
CV-3988, L-652,731 
48740 RP 
L-652,731 
BN 52021, 48740 RP 
WEB 2086 

12 
10 
14 
17 

18 
19 
20 
13 

16 

or infusion of PAF has been demonstrated in, among 
other species, rabbits [5,6,12], hamsters [ll], guinea 
pigs [7,8, 14,17-201, sheep [13] and rats [15,16]. A 
preliminary study has shown a similar phenomenon 
after intratracheal PAF instillation in human subjects 
[801. 

The effect of PAF on platelet count has been 
shown in animal studies to be blocked by PAF- 
receptor antagonists. Table 1 summarizes the prin- 
cipal studies to date using PAF-receptor antagonists 
in animal models of thrombocytopenia. While these 
studies make it clear that the effects of PAF are 
receptor mediated, the location of the PAF receptor 
whose interaction with PAF is essential for exper- 
imental thrombocytopenia has yet to be established. 
Clearly, the PAF receptor on platelets is likely to be 
important, but the ability of PAF (albeit at the 
relatively high dose of 6 ,ug/kg i.v.) to induce throm- 
bocytopenia in rats, whose platelets neither bind nor 
respond to PAF when tested in the presence of 

autologous plasma, makes it unlikely that the throm- 
bocytopenia observed in experimental animals is 
merely an in duo correlate of the platelet aggre- 
gation observed in oitro [15,16]. Other receptor- 
mediated actions of PAF may be involved, such 
as changes in endothelial cell adhesiveness or the 
production of platelet active mediators (e.g. throm- 
boxane A2 or certain lipoxygenase products) by non- 
platelet cell types such as endothelial cells, Kupffer 
cells or splenic macrophages. This latter possibility 
is supported by the observation that PAF-induced 
thrombocytopenia in rats can not only be blocked by 
the PAF-receptor antagonists BN 52021, 48740 RP 
and WEB 2086, but also by the lipoxygenase inhibi- 
tor nordihydroguaiaretic acid [16]. A role for ara- 
chidonic acid metabolites in PAF-induced 
thrombocytopenia is also suggested by studies in 
guinea pigs. In this species intravenous PAF can 
cause an increase in plasma thromboxane Bz, an 
effect blocked by the PAF-receptor antagonists CV- 
3988 and L-652,731 [19]. The thromboxane syn- 
thetase inhibitor FCE 22178 has been reported to 
inhibit PAF-induced thrombocytopenia in guinea 
pigs [9], but in another study the same species aspirin 
(a drug which can also block thromboxane gener- 
ation) was ineffective at a dose at which it blocked 
the thrombocytopenia induced by arachidonic acid 
[71. 

The histological picture in PAF-induced throm- 
bocytopenia is of platelet micro-aggregates which 
lodge in the small vessels of the lung and other 
organs. Studies on the small blood vessels of guinea 
pigs have suggested that one of the first effects of 
PAF is to cause retraction and vacuolization of vas- 
cular endothelial cells. Sub-intimal tissue becomes 
exposed, and it is to the exposed areas between 
the endothelial cells that the platelets adhere with 
subsequent formation of a platelet thrombus. Treat- 
ment with the PAF-receptor antagonist BN 52021 



PAF and thrombocytopenia 661 

concomitant with PAF challenge inhibits thrombus 
formation and endothelial cell injury. When 
exposure to BN 52021 occurs after formation of a 
thrombus, then embolization can be forced. 
However, a few minutes after such forced embol- 
ization, if perfusion with the PAF antagonist is not 
continued, then a new thrombus begins to grow at the 
same site. Formation of the new thrombus, though 
occurring in the absence of superfused PAF, is still 
inhibited by the PAF antagonist, suggesting that 
once the vascular endothelium is damaged endogen- 
ous production of PAF at the site of the lesion can 
drive thrombus formation [Sl]. 

The platelet aggregates formed in response to PAF 
perfusion are generally only loosely held together, 
and can be dissociated when blood from throm- 
bocytopenic animals is diluted in vitro [ 161. Reversi- 
bility of aggregation can also be shown in vivo. In 
guinea pigs, accumulation of “‘In-labeled platelets 
in the lung after PAF administration can be reversed 
by the PAF receptor antagonists WEB 2086, WEB 
2170 or STY 2108 not only when these are given 
prophylactically but also when they are given thera- 
peutically [82,83]. 

Exposure to PAF in vitro causes platelets to reveal 
fibrinogen binding sites [84], and these may be impor- 
tant not only for in vitro aggregation but possibly 
also for in vivo platelet adherence and thrombo- 
cytopenia. 

PAF is known also to be able to influence fibrino- 
gen breakdown. In a study in rats, infusion of a high 
dose (8 ,ug/kg/hr) of PAF i.v. was shown to cause a 
fall in the level of fibrinogen, and a rise in the level 
of fibrin degradation products. These effects were 
blocked by the PAF-receptor antagonist CV-3988 
WI. 

COMPARISON OF THROMBOCYTOPENIA IN HUMANS WITH 
PAF-INDUCED THROMBOCYTOPENIA IN ANIMALS 

The histopathology of thrombocytopenia fol- 
lowing PAF infusion shows some resemblances to 
the human condition thrombotic thrombocytopenic 
purpura. In both conditions, the underlying feature 
is the lodging of platelet aggregates in small vessels 
at sites where the vascular endothelium has become 
damaged. In both conditions, fibrin can become 
associated with the platelet aggregates. However, in 
the animal model, the lung is the major site in which 
platelet aggregates lodge, whereas in human TTP 
although the lungs may be involved, aggregates occur 
at many other sites and indeed it is often the location 
of microthrombi in kidney or brain which are respon- 
sible for the clinical symptoms observed [86]. 

Resemblances can also be drawn between PAF- 
induced thrombocytopenia and thrombocytopenia 
associated with septicemic shock. Here again the 
human disease is characterized by formation of plate- 
let aggregates at damaged vascular surfaces. In sep- 
ticemic thrombocytopenia the spleen and, in severe 
disease, the lung and liver are the major sites at 
which platelet aggregates lodge [85,86]. 

Clinically, thrombocytopenia can occur in sep- 
ticemia without marked changes in fibrinogen levels 
in the plasma, but in severe cases, septicemia can be 
associated with a generalized formation of thrombi 

at multiple sites within the body and a massive acti- 
vation of fibrinogen breakdown leading to dis- 
seminated intravascular coagulation. It is in patients 
with this syndrome that the risk of bleeding is great- 
est. A syndrome with some similarities to dis- 
seminated intravascular coagulation has also been 
described in rats after infusion of high doses of PAF 
[85]. The similarities between the pathology of endo- 
toxin- and PAF-induced thrombocytopenia are even 
closer when animal models of endotoxin-induced 
thrombocytopenia are considered. In experimental 
animals, it is predominantly in the lung that iv. 
injection of endotoxin (like i.v. injection of PAF) 
causes platelets to aggregate [87]. 

While similarities can be drawn between TIP 
or septicemic thrombocytopenia and the pathology 
of PAF-induced changes in experimental animals, 
the most common form of clinically important 
thrombocytopenia, ITP, shows a very different 
histopathology from that after PAF infusion. In ITP 
there is no obvious microangiopathy and no evidence 
for fibrinogen breakdown in the blood vessels. 
The mechanism of removal of platelets involves 
principally not the lung but the spleen, which may 
in a few ITP patients show a modest enlargement. 

Even if, as discussed later, PAF- were to be 
involved in the pathogenesis of ITP, it is not sur- 
prising that the histopathology of PAF-induced 
thrombocytopenia and ITP are so different, as it 
is likely that other factors (e.g. anti-platelet auto- 
antibodies) are involved in the clinical disease but not 
represented in the PAF-induced thrombocytopenia 
animal models. There is considerable scope for devis- 
ing models in which PAF-perfused animals are either 
first treated with sub-maximal amounts of anti-plate- 
let antibody or immunized to produce such antibody. 
The effects of PAF in the presence of an anti-platelet 
antibody may be quite different from the effect of 
PAF alone. 

POSSIBLE MECHANISMS FOR THROMBOCYTOPENIA 

This section will deal in a speculative manner with 
possible ways in which PAF or PAF receptors may 
be involved in experimental or clinical syndromes of 
enhanced platelet destruction and thrombo- 
cytopenia. At least four kinds of interference can be 
suggested that may lead to abnormal platelet 
destruction or sequestration, viz: 

(1) Excessive production of PAF 
(2) Deficiency of endogenous PAF inhibitors 
(3) Stimulation or enhancement of PAF-receptor 

triggering by mechanisms other than com- 
bination with the PAF molecule 

(4) Stimulation, by PAF, of binding of an abnormal 
element (e.g. auto-antibody) capable of causing 
platelet clearance or destruction. 

More than one of these mechanisms may operate 
together, and other mechanisms (e.g. immunological 
mechanisms, mechanisms involving PAF-induced 
activation of the reticuloendothelial system) may 
also contribute. 
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Table 2. Some diseases reported in the literature to be 
associated with increased levels of PAF in plasma or tissues 

Disease Reference 

Disseminated intravascular coagulation 89 
Septic shock go,91 
Anaphylactic shock 91 
Drug-induced allergic reaction 92 
Cirrhosis of the liver 93 
Asthma (patients with late phase) 94 
Systemic lupus erythrematosis 95 

All the above diseases have also been reported to be 
associated with thrombocytopenia or shortened platelet 
life span, though in the particular patients used for PAF 
measurements, platelet counts were not reported. In the 
asthma study [94], samples were acylated before assay so 
that both lyso-PAF and PAF were measured. 

such as systemic lupus erythematosus or anaphylactic 
shock may be the result of cell activation by immune 
complexes. Cell types reported in the literature as 
being activated to PAF production by immune com- 
plexes include Ieucocytes, mast cells, basophils, lym- 
phocytes, macrophages and renal mesangial cells 
[26-28,96,97]. Stimulation via the immunoglobulin 
Fc receptor is a possible mechanism for this effect, 
as it is known that activation of lymphocyte Fc recep- 
tors via a specific monoclonal antibody can cause 
PAF release 1981. 

EVIDENCE OF EXCESSIVE PRODUCTION OF PAF 

Only limited information is available on the pro- 
duction of PAF in uiuo, as a result on the one hand 
of the very rapid hydrolysis of PAF in plasma and 
tissue fluids [40,41] and on the other hand on the 
limitations of the techniques for PAF extraction and 
assay [88]. Table 2 lists papers in the literature show- 
ing elevated plasma PAF levels associated with selec- 
ted clinical conditions. Plasma levels give an indi- 
cation of systemic PAF release, but because of the 
rapid degradation of PAF by plasma PAF acetyl- 
hydrolase, local release is also likely to play an 
important role in disease processes. Unfortunately 
measurement of local PAF levels in clinical disease 
is relatively difficult. All of the clinical conditions 
listed in Table 2 can be associated with throm- 
bocytopenia but only in one study [89] has an attempt 
been made to correlate in the same study the two 
parameters thrombocytopenia and plasma PAF 
measurements. In this study, C16-PAF levels were 
monitored in a patient with a pre-disseminated intra- 
vascular coagulation state (as established with the 
aid of the protamine sulfate test). As lon as the C16- 
PAF levels remained low (below 15 pg mL blood), 7 
then the thrombocyte count remained in the normal 
range. A sudden increase in plasma C16-PAF (up to 
204 pg/mL blood) was accompanied by a dramatic 
fall in thrombocyte count. Some of the other con- 
ditions in Table 2 (e.g. asthma) are included for 
completeness, and not because the thrombocy- 
topenia is by itself clinically important. 

Systemic lupus erythematosus is characterized by 
immune complexes containing nucleic acids and anti- 
nucleic acid antibody. In the acute phase of the 
disease, the basophils are degranulated and the 
amount of PAF releasable from the leucocytes upon 
DNA challenge is decreased markedly in comparison 
with basophils either from normal subjects or from 
patients in remission [99]. During the quiescent 
phase of the disease, the blood basophils degranulate 
and release PAF on challenge with DNA (but not 
other, unrelated antigens). When platelets are also 
present, electron microscopy shows formation of 
loose associations between basophil and platelets, 
and the platelets show aspects of degranulation, even 
in the presence of inhibitors of the ADP and arachi- 
donic acid dependent aggregation pathways. One 
interpretation of these results is that basophil stimu- 
lation, with release of PAF, has already occurred in 
the acute phase of the disease whereas in the quiesc- 
ent phase the cells are primed by anti-DNA antibody 
for this event. 

Immune complexes may not only be important 
as stimulators of PAF release, but they may also 
modulate the action of PAF on platelets, via inter- 
actions between the PAF receptor and the platelet 
Fc receptor. It is known that interaction of human 
platelets with aggregated IgG (which also occurs via 
the Fc receptor) can enhance the ability of PAF to 
stimulate platelet aggregation [ 1001. 

Some of the effects of immune complexes (or IgG 
aggregates) in animal models can be abrogated with 
PAF antagonists, but an attempt to block IgG aggre- 
gate-induced thrombocytopenia in guinea pigs with 
such an antagonist was unsuccessful [loll. 

Extensive studies of PAF plasma levels in ITP and 
TTP, the two most important clinical conditions in 
which it is the thrombocytopenia and attendant risk 
of bleeding which is the clinically relevant parameter 
have not, as yet, been published. However, some 
measurements of PAF levels were made during treat- 
ment of a single ITP patient with a PAF antagonist 
[91]. This patient, who appeared to have an endogen- 
ous inhibitor of PAF present in his plasma, did, at 
one stage in treatment with a PAF antagonist, dev- 
elop a relatively high (13 ng PAF/mL) level of 
plasma PAF, although at the commencement of 
treatment PAF could not be detected. 

The studies in septicemia show a high proportion 
of patients with elevated plasma PAF levels, par- 
ticularly in the group having positive blood cultures 
[90,91]. Where available, measurements of platelet 
sensitivity to PAF have shown specific desen- 
sitization to this mediator, an observation not sur- 
prising in view of the readiness with which the PAF 
receptor is specifically desensitized in the presence 
of PAF [60]. 

Recent work has suggested an important role for 
the monokines, tumor necrosis factor (TNF), and 
interleukin 1 in shock [102]. This together with the 
known ability of these peptides to stimulate pro- 
duction of PAF by endothelial cells [29,31] and 
various blood components [29] may indicate one 
source of the PAF in shock plasma. In addition, PAF 
itself can stimulate both TNF and IL-l formation 
[103], and pre-exposure to PAF can enhance both in 
vitro and in uivo responses to PAF [104], providing 
the possibility of positive feedback. 

The increased plasma levels of PAF in conditions In the clinical studies, it remains to be established 
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whether the increased plasma PAF activity in sep- 
ticemia is an epiphenomenon, or whether PAF con- 
tributes to the symptoms of septicemic shock, 
including septicemia-associated thromb~ytopenia. 
However, data are available using specific PAF 
antagonists in experimental endotoxemia in labora- 
tory animals, a condition in which increased PAF 
levels can also be demonstrated [105]. Attempts to 
block endotoxin-induced thrombocytopenia in 
experimental animals with PAF antagonists have met 
with varying degrees of success, perhaps reflecting 
the complexity of effects which endotoxin exerts. In 
one study in rabbits [X2], pretreatment with the PAF 
antagonist FR-900452 was reported to reduce sig- 
nificantly the thrombocytopenia, but not the leu- 
copenia, induced by Escherichia coli endotoxin. In 
another study in rats, another PAF antagonist, CV- 
3988, had a modest effect on the endotoxin-induced 
fall in platelet counts, as well as on various par- 
ameters associated with intravascular coagulation 
such as levels of fibrin degradation products in the 
plasma [85]. Accumulation of l1 ‘In-labeled platelets 
in the lung was reduced by PAF antagonists in one 
study in the guinea pig, but in this study the endo- 
toxin was administered by aerosol, not i.v. [87]. 

DEFICIENCY OF PAF INHIBITORS 

Deficiencies of both specific (e.g. PAF acetyl- 
hydrolase) and non-specific (e.g. C-reactive protein) 
mechanisms for controlling PAF-induced platelet 
activity could, in theory, lead to enhanced PAF- 
induced platelet activation. 

PAF is degraded very rapidly in plasma by PAF 
acetylhydrolase so that a deficiency of this enzyme 
is likely to enhance markedly the effects of PAF 
release. Deficiency of PAF acetylhydrolase may not 
be uncommon. In a study of 816 Japanese adults, 32 
showed a deficiency of this enzyme [106]. Family 
studies suggested deficiency was inherited as an auto- 
somal recessive trait. Enzyme-deficient individuals 
were apparently healthy, though predisposed to asth- 
matic symptoms. An association has also been 
reported between acetylhydrolase deficiency and 
active systemic lupus erythematosus, but it is not 
clear whether the association occurs because the 
enzyme deficiency results from the disease, or 
because the deficiency itself predisposes to systemic 
lupus [95]. Similarly, in a limited study of patients 
with thrombocytopenia associated with septicemia 
lower serum PAF-acetylhydrolase levels were rec- 
orded (Meade CJ and Heuer H, unpublished 
results). Again, it is di~cult to distinguish between 
cause and effect of the clinical syndrome. By 
contrast, in 12 patients with adult-type ITP, serum 
PAF-acetylhydrolase levels were not significantly dif- 
ferent from a normal control group (Meade CJ, 
unpublished results). 

If PAF has a role in platelet removal, then it might 
be expected that individu~s with acety~ydrolase 
deficiency would be predisposed to thrombocy- 
topenia, but no studies have as yet been published 
addressing this question. Two groups of patients may 
be particularly worth investigating for an enzyme 
deficiency. The first group is those patients with TTP, 
whose disease can be alleviated by transfusion of 

fresh normal plasma (which presumably contains 
the acetylhydrolase enzyme). The second group is 
women whose thrombocytopenia was precipitated 
by pregnancy, since acetylhydrolase in any case nor- 
mally decreases at the approach of term [42]. A case 
has been published in which a severe throm- 
bocytopenia was both precipitated by pregnancy and 
alleviated by uterine evacuation [107]. Cases such as 
this would be of particular interest for investigation 
because the main source of PAF in the plasma of 
pregnant women is probably the fetus, not the 
mother 1431. 

STIMULATION OF PAF RECEPTOR ACTIVITY BY MECH- 
ANISMS OTHER THAN COMBINATION WITH A PAF 

MOLECULE 

Since it is likely that PAF acts through a specific 
protein receptor on the platelet surface, there pre- 
sumably exists a possibility of auto-antibodies being 
formed against this protein. Examples are known 
of diseases caused by stimulation of a receptor by 
combination with an auto-antibody, for example cer- 
tain types of thyrotoxicosis in which the thyroid cells 
are stimulated by an auto-antibody directed against 
the thyroid-stimulating hormone (TSH) receptor. 
Examples also exist of diseases where a receptor 
activity is influenced by an auto-antibody which com- 
bines not with the receptor itself but with a protein 
at a site close by, e.g. myasthenia gravis. 

Approximately 80% of cases of chronic ITP [2,3], 
and a small proportion of TTP cases (108) appear to 
be associated with an increased level of platelet- 
associated immunoglobulin (usually IgG). The sig- 
nificance of this platelet-associated immunoglobulin 
has been much debated. One view is that it represents 
an artifact, due to the presence of platelet fragments, 
or differences in size distribution between platelets 
from ITP patients and normals. However, flow cyto- 
metric analysis of immunoglobulin binding as a func- 
tion of platelet size does not support this idea [109]. 
The alternative view is that immunoglobulin mol- 
ecules bound to the platelet represent genuine auto- 
antibodies to platelet antigens. The target for these 
antibodies is unknown, although some appear to be 
directed against major platelet glycoproteins of the 
GP Ib or CP IIb/IIIa complex ]109-1123. The GP 
IIb/IIIa complex is thought to play an important 
role in platelet adhesion. The complex is the site of 
attachment of von Willebrand factor as well as 
fibrinogen, but requires the prior presence of GP Ib 
for appropriate spatial orientation. Two models 
might explain how the auto-antibodies and the PAF 
receptor could interact. In the first model, the auto- 
antibodies react directly with epitopes of the PAF 
receptor, causing platelet activation and adherence. 
This is a possibility, but no evidence exists to support 
this idea. In the second model, PAF increases 
expression of the antigens against which auto- 
antibodies are directed. 

FIXATION, BY PAF, OF BINDXNG OF AN AUTO-A&i& 
BODY CAPABLE OF CAUSING PLATELET CLEARANCE OR 

DESTRUCTION 

The concept that PAF and auto-antibodies may 
interact via a PAF-induced expression of the epitopes 
against which the auto-antibody is directed is an 
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attractive one. Binding of PAF to its receptor on the 
platelet unmasks the glycoprotein IIb/IIIa complex 

doses than those used in the study on the ITP patient, 
had no effect on platelet count in normal individuals 

[84], and this complex is one of the targets against [79]. These findings led to a clinical trial of WEB 
which platelet-associated auto-antibodies appear to 2086 in adult-type ITP, which, however, yielded 
be directed [109-1121. negative results [121]. 

The concept that one of the factors contributing 
to ITP is the synergistic interaction between platelet 
auto-antibody and PAF is also attractive because it 
explains why, on the one hand, platelet auto-anti- 
body is found in a very high proportion of chronic 
ITP cases, while on the other hand it has not always 
been possible to correlate levels of either platelet- 
associated immunoglobulin or plasma anti-platelet 
auto-antibody with disease severity. The effec- 
tiveness of splenectomy in the treatment of many 
cases of ITP and the importance of the spleen for 
the clearance of antibody-coated platelets from the 
circulation in this disease [ 113,114] can be explained 
on the basis of a PAF/auto-~tibody synergism 
model in terms of the spleen being a major site of 
both auto-antibody [115,116] and PAF [25] produc- 
tion. 

No trials have, at the time of writing, been carried 
out using PAF antagonists and either TTP, hemolytic 
uremic syndrome, or thrombocytopenia associated 
with disseminated intravascular coagulation. 

Clinical thrombocytopenia is a heterologous col- 
lection of diseases. It is likely that several different 
pathological mechanisms are involved, and the 
involvement of PAF in these mechanisms is still 
unclear. 

The importance of understanding a disease process 
prior to attempting novel therapies is well illustrated 
by thrombocytopenia where, for example platelet 
trans~sion has in some cases been helpful in ITP, 
but may produce a worsening of TIP or hemolytic- 
uremic syndrome. 

Anti-platelet antibodies (from sensitization as a 
result of blood transfusion), at concentrations at 
which they themselves have little or no direct effect, 
have been shown to synergize with PAF to produce 
enhanced platelet aggregation, serotonin release, /3- 
thromboglobulin release and thromboxane synthesis 
[117]. Such synergy may not necessarily be at the 
receptor level, since PAF also synergizes with many 
other platelet-activating agents such as ADP, 
adrenalin, collagen or thrombin. Nor are the anti- 
platelet antibodies produced by allogeneic sen- 
sitization likely to have the same specificities for 
antigens on the platelet surface as spontaneous auto- 
antibodies. Nevertheless, this observed synergy does 
provide avaluable model for studying the mechanism 
of interaction between PAF and an anti-platelet anti- 
body during platelet activation, 

In the case of possible therapy with PAF antag- 
onists, caution must be exercised, for example 
because, even if a PAF antagonist has no effect on 
bleeding time in normal individuals, it may have an 
effect on bleeding time in individuals whose hemo- 
static potential is already impaired. 

There is a need for a greater understanding of the 
biochemical pharmacology of PAF in relation to 
thrombocytopenia and hopefully such understanding 
will help decide if there is a place for a PAF antag- 
onist in the therapy of any of the types of clinical 
thrombocytopenia. 
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