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INTRODUCTION

The immune inflammatory reaction is a com-
plex interaction between antigens, leuco‘(\:ytes,
thrombocytes, blood vessels, connective tissue
and an extensive number of soluble factors.
Thrombocytes are cell fragments without nuclei
and therefore without the ability to synthesize
proteins. Their survival time is short and their
possibilites for expressing cell activation are
limited. Thrombocytes do, nevertheless, take
an active part in both hemostatic and inflam-
matory reactions. Throughout the last decade
an increasing amount of knowledge has become
available about the physiological mechanism by
which thrombocytes take part in these reac-
tions.

Based on a description of normal thrombo-
cyte structure and physiological characteristics,
this review represents contemporary knowledge
immune

on thrombocyte involvement in

inflammatory reactions.

THROMBOCYTE STRUCTURE
AND PHYSIOLOGY

Structure

Thrombocytes are small, anuclear blood cells
with a normal survival time of 8 to 10 days.
They have a diameter of 2-3 pm and an
average volume of about 8 p®. The thrombocyte
surface is smooth with indentations, into which
of a surface-connected canalicular
Bundles of microtubules are

channels
system opens.

deposited round the longest diameter very near
the cell surface, which may be responsible for
the discoid shape. Close to the surface-con-
nected canalicular system a smooth endo-
plasmatic reticulum is located, often referred to
as “the dense tubular system”. Throughout the
cytoplasma there are mitochondria, peroxi-
somes, lysosomes and granules referred to as
dense bodies and alpha-granules. Actomyosine
contractile protein can hardly be seen on the
transmission electron microscopy (TEM) (Fig.

1) because of the dense intracellular matrix.

Surface membrane

The surface is
glucocalyx and the external membrane proteins
are mainly glucoproteins bound to the lipid
bilayer. The lipid bilayer is composed of
phospholipids (70 %), cholesterol (25 %) and
lipoproteins (2-5 %) (46).

Arachidonic acid is widely represented in the
membrane. Liberation of this fatty acid from

thrombocyte coated by a

the membrane phospholipids, by activation of a
specific lipase (phospholipase A,) is believed to
play a major role in the control of thrombocyte
prostaglandin metabolism (30).

Several receptors of biological and phar-
macological interest, such as alpha-adrenocep-
tors (17), beta-adrenoceptors (48), receptors to
histamine (22), serotonin (40), prostacycline
(47) and ADP (33) have been detected on the
thrombocyte surface. Antigens belonging to the
histocompatibility complex (MHC) class I
(HLA-A, B, C) but not of class II (HLA-DR),
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Fig. 1. Structure of the inactive thrombocyte, in the plane of
the longest diameter.

are found (24). Fc-receptors (20) as well as
binding sites for collagen (3) and fibrinogen
(31) are present, although receptors for the two
latter components can only be demonstrated on
activated thrombocytes.

Granules

Dense granules (Table 1) are easily demon-
strated by TEM due to their high amount of
Ca?*. They further contain inorganic pyro-
phosphate, serotonin and ribonucleotides in-
cluding ATP, ADP, GTP and GDP. Ca®*
facilitates the thrombocyte cohesion and ADP is
known to accelerate thrombocyte aggregation.
Serotonin, which is taken up by thrombocytes
from the extensor and stored, is known to
amplify aggregation (9).

Alpha-granules (Table 1) contain platelet
factor 4 (PF 4) and beta-thromboglobulin, both
thrombocyte-specific proteins possessing anti-
heparin effect (19). Platelet-derived growth

Table 1

Essential content of thrombocyte granules

Dense Peroxi-
avatils a-Granule Lysosome s
ADP platelet factor 4 acid hydrolases  catalase
APT p-thromboglobulin  cathepsins D, E

Calcium platelet-derived

Serotonin growth factor

permeability factor
chemostatic factor
bacterial factor
fibrinogen

Fig. 2. Structure of the activated thrombocyte.

factor (PDGF) is known as a mitogenic agent
for mesenchymal-derived cells (18). Throm-
bocyte lysosomes (Table 1) are only present in a
small number and they contain a number of
degradating enzymes including proteases and
hydrolases.

Thrombocyte peroxizomes (Table 1) contain
catalase, which is believed to play a role in the
phagocytic phase and possibly in the decom-
position of tissues to which thrombocytes attach

(38).

Contractile proteins

Actin and myosine filaments are important for
the thrombocyte activation process: actin differs
only slightly from the actin in smooth muscle
cells. When thrombocytes are activated, actin
polymerizes and organizes, forming thin, active
filaments. Myosine is structurally different from
muscle cell myosine. Phosphorylation of myo-
sine significantly increases contractile force gen-
erated by the actin filaments (27). The phos-
phorylation is Ca** dependent and does not
take place if the cytosol free Ca’* level is low

(Fig. 3).

Thrombocyte activation

When thrombocytes are activated they change
their shape and form pseudopodia, in a revers-
ible manner (Fig. 2). They can also stick
together, thus forming an irreversible aggre-
gate. Moreover, activated thrombocytes secrete
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Fig. 3. Essential metabolic pathways involved in the thrombocyte activation process. Inactive thrombocyte at the top.

Activated thrombocyte at the bottom.

different products (Fig. 2). Secretion from the
dense granules has been referred to as release I
and secretion from both dense- and alpha-
granules as release II. These two processes may
be modified by different mechanisms and do
not always lead to irreversible aggregation (14).

Regulation of thrombocyte function

It is accepted that cyclic AMP participates in
the regulation of cytosol free Ca?* and thereby
modifies thrombocyte function (56). An eleva-
tion of intracellular cyclic AMP facilitates the
flux of Ca?* into different stores, such as the
dense bodies and the dense tubular system (Fig.
3). One of the metabolic pathways modifying
thrombocyte cyclic AMP is the arachidonic
pathway. Arachidonic acid is hydrolyzed from
phospholipids in the thrombocyte membrane
and oxidized to endoperoxides (EP) by the
cyclooxygenase. Finally, EP are converted to
thromboxane, which act as thrombocyte activ-
ators (29). Blood vessel endothelium contains
prostacycline synthetase which converts throm-
bocyte-derived EP to prostacycline. Pros-
tacycline inhibits thrombocyte aggregation and
release reaction through an activation of the
adenylate cyclase system, which converts ATP

to cyclic AMP (11) (Fig. 3). There is also
evidence that beta-adrenoceptor stimulation, in
vitro, results in thrombocyte cyclic AMP forma-
tion and that iz vzvo blockade of these receptors
enhances aggregation (55). In studies
further indicate that histamine and adenosine
increase thrombocyte cyclic AMP level (22,
33). Components which lower cyclic AMP, e.g.
induce throm-

vitro

thromboxane and adrenaline,
bocyte activation by increasing the cytosol
concentration of free Ca** (11, 56). The role of
cyclic GMP is still obscure. It has been claimed
that cyclic GMP might play a role in the
regulation of cytosol Ca?* (12). The breakdown
of cyclic AMP and cyclic GMP is regulated by
phosphodiesterases. A blockade of these en-
zymes modifies thrombocyte function through
interference with the cytosol level of cyclic
nucleotide (34).

THROMBOCYTE KINETICS

Thrombocytes are derived from the mega-
caryocyte in the bone marrow. They circulate
for about 9 days in the blood and are taken up
by the reticuloendothelial system (RES). About
30 % of the total thrombocyte amount is nor-
mally found in the spleen. This pooling takes



4 P. OXHOLM and K. WINTHER

THROMBOCYTE AGGREGATION

+AGG.

Fig. 4. Principle of turbidometric measurement of throm-
bocyte aggregation.

place especially along the sinusoidal walls, while
the pulp cords only contain a few thrombocytes.
The mechanism responsible for a concentration
of thrombocytes in these areas is unknown.
Hemodynamic principles may explain the high
amount of thrombocytes along the sinusoidal
walls. Adrenaline is known to mobilize the
splenic thrombocyte pool (52).

THROMBOCYTE ANALYSIS

Thrombocytes are usually counted in a coulter
counter or directly in a phase contrast micro-
scope. The normal thrombocyte count varies
between 120-450 x 10° thrombocytes/liter
blood. Young thrombocytes are larger and
contain more granules than aging throm-
bocytes. A high number of young thrombocytes
indicate an enhanced synthesis, often secondary
to an increased thrombocyte consumption.

Thrombocyte survival time is examined by
labelling of isolated thrombocytes with radioac-
tive indium. Thrombocytes are then reinfused
(autologous thrombocytes), and from blood
sample counting, during the following 7 days,
thrombocyte survival time can be estimated
(44). A low survival time indicates that throm-
bocytes are consumed somewhere in the organ-
ism.

The thrombocyte aggregation test is a very
simple in vitro test, describing thrombocytes’

ability to stick together. The turbidometric
method of Born is the most usual (Fig. 4). In
this method thrombocyte-rich plasma is placed
in a tube with constant magnetic stirring,
followed by addition of thrombocyte activators,
e.g. adrenaline, ADP or collagen. The lowest
concentration able to induce an irreversible
aggregation, the threshold value, indicates the
thrombocyte reactivity. Different release prod-
ucts can be measured by wuse of radio-
immunoassay. Measurements of the plasma
concentration of thrombocyte-specific beta-
thromboglobulin or PF-4 are an in vwo test for
alpha granule release. Serotonin release, which
is an indicator of dense body secretion, can be
evaluated in witro by adding a thrombocyte
activator to thrombocyte-rich plasma. Throm-
bocytes which have been hyperactive in vivo will
show a decrease in serotonin release (10).

The concentration of free Ca’* in throm-
bocytes can be measured by using the tetraacid
Quein 2 (56).

Cyclic AMP, cyclic GMP and the stable
metabolites of thromboxane and prostacycline
(TXB, and 6-keto-PFG,,) can be determined by
radioimmunoassay.

Different receptor binding studies according
to the method of Scatchard are routine analyses
in some laboratories and so are the determina-
tion of membrane-bound immunoglobulins by
immunofluorescence techniques.

THROMBOCYTE INVOLVEMENT
IN IMMUNE
INFLAMMATORY REACTIONS

Although thrombocytes are not, formally speak-
ing, part of the immune system, they may
undergo activation during immunoreactions. It
has been stated that they are able to act as
cellular triggers for the immunoinflammatory
response (54) and that they are involved in
certain types of chronic inflammation (54).
Thrombocytes are then found to accumulate
either at the side of local inflammatory lesions
or in inflammatory exudates (23, 58). Histo-
pathological evidence for thrombosis in the
microcirculation of inflamed tissues can be
found in different im-

conditions where
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munopathogenetic mechanisms are involved,
e.g. rheumatoid arthritis (25) and kidney trans-
plantations (42).

The involvement of thrombocytes in inflam-
matory reactions has been compared to that of
the polymorphonuclear leucocytes (PML). Both
cell types contain lyzosomal granules able to
degranulate. Both cell types accumulate in
vessels adjacent to inflammation areas and
interact with bacteria, viruses and antigen-
antibody complexes. The two cell types are
futhermore able to carry out phagocytosis and
to migrate in ovitro. However, thrombocytes
exert their pro-inflammatory activities mainly
in the intravascular compartment, in contrast to
PML.

Thrombocytes do not possess the immuno-
active class I major histocompatibility complex
(MHC) antigens (HLA-DR). They act in a
complex non-specific way by interacting with
other blood cells as well as with various soluble
inflammatory mediator systems.

The following major functional
involved in the triggering of thrombocytes in
immune inflammatory reactions will be de-
scribed: immunoglobulins, complement, lym-
phokines, platelet activating factor (PAF/
AGEPC), PML, blood coagulation products,
collagen and prostaglandins.

Thrombocytes exert their pro-inflammatory
actions as a result of activation. Thrombocyte
aggregation, phagocytosis and release reactions

systems

are different effector mechanisms exerted by
thrombocytes and involved in immune inflam-
matory reactions, also to be described in the
following.

Immunoglobulin-dependent thrombocyte activation

Thrombocyte activation by immunoglobulins
(Ig) are either mediated via antigen-antibody or
Fc-receptor reactions. Immuno-specific reac-
tions between thrombocyte antigens and Ig are
clinically important phenomena in several auto-
immune diseases, but only little is known about
their significance for local immune inflamma-
tory reactions (53). Studies of sera from patients
with rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE) have recently shown

that 24 % and 51 %, respectively, of the tested
sera were able to induce n vitro release of
serotonin from thrombocytes (53). The release-
inducing substance was shown to consist of
monomer IgG, and its thrombocyte-activating
effect was furthermore unaffected by Fc-recep-
tors blocking experiments. It was therefore
suggested that thrombocyte-specific IgG might
contribute to the pathogenesis of the gener-
alized vasculopathy seen in RA and SLE.

The non-specific interactions between Ig and
thrombocytes have been investigated in dif-
ferent in vitro experiments (13, 21, 57). In vivo
observations further indicate that this mecha-
nism of thrombocyte activation is actually
involved in the pathogenesis of immune inflam-
matory reactions (51). It has been demonstrated
that heat-aggregated human Ig of all four IgG
subclasses causes in vitro thrombocyte aggrega-
tion and serotonin release (13). IgM, IgA, IgD
and IgE were, however, completely inactive in
this respect. Insoluble immune complexes (IC)
can also mediate thrombocyte activation under
in vitro conditions (57). Thrombocyte activation
by heat-aggregated IgG and IC has been found
to take place via Fc-receptors on the cell
surface. The exact mechanism by which Fc-
receptor  stimulation induces thrombocyte
activation is not clear. Soluble IC and mono-
mer IgG do not induce thrombocyte activation,
but, on the other hand, they have been shown
to inhibit the stimulatory effects of unsoluble IC
via a blockade of Fc-receptors (7, 21).

The chronic inflammatory connective tissue
diseases are often characterized by a deposition
of IC in vessel walls. Thrombocyte abnor-
malities have been demonstrated in several of
these diseases. Thrombocytosis is usually
observed in active RA (15) and throm-
bocytopenia may be seen in SLE (36). Both RA
and SLE can be accompanied by an increased
thrombocyte turnover (4, 15). Enhanced n vitro
aggregation of circulating thrombocytes has
been found in RA. A decreased content of
serotonin in circulating thrombocytes has been
demonstrated in active RA as well as in SLE,
indicating in vivo release reactions (59). Various
competitive triggering mechanisms may ac-
count for the enhanced level of activity in cir-
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culating thrombocytes seen in RA and SLE.
However, IC-mediated thrombocyte activation
in inflammatory lesions is believed to be of
pathogenetic importance in these two diseases.
Thus, insoluble 1gG-containing IC from rheu-
matoid synovial fluid has been found capable of
inducing thrombocyte activation (45). A local
consumption of thrombocytes has been docu-
mented in SLE nephritis (6).

Complement-dependent thrombocyte activation

Complement constitutes an important
inflammatory mediator system closely related to
immunological reactions. The classical informa-
tion about interactions between complement
and thrombocytes is derived from the Shwartz-
man endotoxic shock reaction (49). It is now
well  established  that
thrombocyte aggregation and release is en-
hanced by the presence of the terminal comple-
ment proteins (41). Activation of complement
by thrombine on the thrombocyte surface leads
to the production of dimers of the C5b-9
complex. The mechanism of the C5b-9 com-
plex-induced enhancement of thrombocyte
activity is not fully understood, but it has been
suggested that it is mediated via the arachidonic
acid pathway (41).

Activation of complement by IC on the throm-
bocyte surface, leading to cell lysis, constitutes
another mechanism by which the content of
storage granules can be released (49).

pro-

thrombine-mediated

Lymphokine-dependent thrombocyte activation

Lymphokines are soluble, non-specific factors
involved in cell-mediated immune reactions.
They are produced by lymphocytes after non-
specific stimulation with polyclonal T-cell activ-
ators, or after specific stimulation with recall
antigen. Lymphokines are known to possess
several  biological activities related to the
immune inflammatory reaction. In 1975 it was
found that sensitized mononuclear spleen cells
from nephritic New Zealand White rabbits
produced a factor with thrombocyte-aggregat-
ing activities (TAA), after reexposure to the

sensitizing antigen (26). The existence of

human lymphokines with TAA were shortly
afterwards suggested, as it was demonstrated
that from Con A-stimulated
human lymphocytes contained TAA (8). This
was not confirmed in a recent study (39) where
the in wvitro ability of human lymphocytes to
produce a factor with TAA was reexamined,

supernatants

following stimulation with a non-specific poly-
clonal T-cell activator (PHA) as well as specific
antigen (PPD). It was therefore concluded that
it was most likely that lymphokines with TAA
are not involved in the thrombotic processes
seen in human cell-mediated immune inflam-
matory reactions.

PAF/AGEPC-dependent thrombocyte activation
PAF or AGEP (acetyl-alkyl-glyceryl ether anal-

ogues of phosphatidyl choline) are abbreviations
used to denote a group of related stable neutral
lipids ~ which, thrombocyte
aggregation and release reactions. A varity of
cell types in several species (43) have been
found to release PAF/AGEPC. PAF/AGEPC
should not be confused with the thrombocyte-
aggregating lymphokine (see above) found in
rabbits (26).

Immunological generation of PAF/AGEPC
has been demonstrated both in vitro and in vive.

interalia, cause

In 1972 it was reported (2) that antigen-induced
in vitro degranulation of basophils from rabbits
immunised with peroxidase yiclded a soluble
factor which aggregated rabbit thrombocytes.
Later in wvitro experiments have indicated that
PAF/AGEPC is likewise released from human
monocytes, PML, and basophils upon stimula-
tion, e.g. with IC. However, a considerably
higher concentration of PAF/AGEPC is needed
to produce in vitro thrombocyte aggregation in
humans as compared to rabbits (43). Systemic
anaphylaxis in rabbits gives rise to immediate
increase of PF 4 in plasma (32), indicating that
thrombocyte activation is taking place in vivo. It
is believed that PAF/AGEPC is responsible for
the observed thrombocyte activation during
immediate hypersensitivity reactions in rabbits
(32). The in vivo significance of PAF/AGEPC
for thrombocyte activation in humans has not
yet been proved.
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Polymorphonuclear leukocyte (PML)-dependent
thrombocyte activation

Thrombocytes have been shown to participate
in acute inflammatory reactions at an ecarly
stage, often prior to the development of tissue
damage (16). A
between PML accumulation and thrombocyte

close association in time

dcposition in  experimental inflammatory
lesions was observed in a recent animal study
(16). Various suggested  that

thrombocytes interact with PML during PML

experiments

margination along and/or emigration across
microvascular walls in inflamed tissues (16).
The most likely mediator was hypothesized to
be PAF released from activated PML (16).
Other PML
are able to induce thrombocyte activation via

studies have demonstrated that

secretion of myeloperoxidase and hydrogen
peroxide (9).

It is interesting to note that PML and
thrombocytes interact in a two-way manner, as
release  PML

thrombocytes are known to

chemotaxic factors.

Coagulation-dependent

thrombocyte activation

Blood coagulation, and thereby thrombine for-
mation, is an important mechanism for throm-
bocyte activation. Thromboplastin, which can
be liberated from a large number of cell types,

is considered the most powerful trigger of

blood coagulation. Several substances related
to immunological reactions, such as IC, com-
plement split products, and lymphokines, have
been found able to induce thromboplastin syn-
thesis in monocytes in vitro (28). It has further-
more been shown that monocytes from patients
with various rheumatic diseases, characterized
by circulating IC, developed a significantly
higher thromboplastin activity than did normal
cultured in ovitro  without
mitogen (28). It 1s
believed that 1C-induced thromboplastin syn-

monocytes, when

stimulation therefore
thesis in monocytes is important for the intra-
vascular coagulation and thrombocyte activa-
tion seen in immune inflammatory reactions

(28).

Collagen-dependent thrombocyte activation

It is well known that thrombocytes adhere to
perivascular tissue and that the interaction
involves thrombocyte activation. Collagen is
recognized as the tissue component responsible
for this type of thrombocyte activation (1). Sev-
eral levels of the collagen structural organiza-
tion are involved in the reaction between col-
lagen and binding sites on the
thrombocyte surface (1). Thrombocyte aggrega-
tion and release, induced by collagen, are partly
mediated via changes in the concentration of

specific

cyclic nucleotides (1).

Collagen-induced  thrombocyte  activation
constitutes an important triggering mechanism
of hemostatis. Immune inflammatory lesions
often include vascular damage, and thereby
exposure of collagen to circulating throm-
bocytes. Collagen-induced thrombocyte activa-
tion is therefore believed to be a significant
mechanism by which thrombocytes get involved

in immune inflammatory reactions.

Prostaglandin-dependent thrombocyte activation

Prostaglandins (PG) and the related arachidonic
acid-derived products are potent local hormones
essential for the regulation of a large number of
cell functions in health and disease (50). The
physiological and pathophysiological roles of
PG’s are not fully known, but it is believed that
they are important factors in the regulation of
cyclic nucleotides and transmembranal transport
of ions, e.g. calcium. All cells, including throm-
bocytes, involved in immune inflammatory reac-
tions have the enzymatic capacity to synthesize
PG. The PG-thrombocyte interactions are com-
plex, since PG are both produced by and act
upon thrombocytes. PGE,, PGG,, PGH, and
TxA, are known as thrombocyte activators, while
PGE,, PGD, and PGI, have the opposite effect.

Thrombocyte aggregation

The ability of thrombocytes to form irreversible
aggregates during activation is a quality not
only important for hemostasis, but also for cer-
tain immune inflammatory reactions. Kidney
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allograft rejection is the classic example. Just
prior to a rejection episode, there is a decrease
in the number of circulating thrombocytes, and
a sequestration of thrombocytes in the trans-
plantate (37). Formation of thrombocyte aggre-
gates which obstruct the glomerular capillaries
is believed to be an important factor in renal
shut-down and rejection (37).

Thrombocyte phagocytosis

As mentioned above thrombocytes show several
similarities with PML, including an ability to
phagocytose particulate matters (37). Throm-
bocyte phagocytosis is believed to be involved in
immune inflammatory reactions.

During experimental anaphylaxis induced by
intravascular antigen-antibody interaction, ag-
gregated thrombocytes in pulmonary vessels
have been found to contain phagocytosed 1C
(35). Release of lysozomal enzymes is believed
to take place during the phagocytic process and
then to contribute to the inflammatory reaction.

Thrombocyte release reaction

As previously mentioned, thrombocytes can be

found in both acute and

chronic immune

inflammatory reactions. The assortment of

release products shows that thrombocytes are
equipped to participate actively in different
types of inflammatory reactions. It has thus
been found that thrombocyte-released products
influence both the microvascular-, cellular-,
degenerative- and proliferative phase of inflam-
mation. Serotonin, permeability factors, and
PG, influence the microvascular phase, chemo-
tactic factors the cellular phase, lysosomal
enzymes the degenerative phase, and platelet-
ficrived growth factor, the proliferative phase of
inflammation. Some release products (ADP,
EP, TxA, serotonin and Ca’*) are further

known to amplify the thrombocyte activating
process.
CLOSING REMARKS

In this review we have only focused on the
major functional systems of importance for the

thrombocyte involvement in immune inflamma-
tory reactions. The cooperation between the
different types of cells and soluble mediators in
these reactions is very complex, and it is diffi-
cult to evaluate the relative importance of the
different systems modifying thrombocyte func-
tion. There may be other systems involved,
systems which up till now are unknown.

A full understanding of the structure and
function, as well as a knowledge of thrombocyte
analyses, are not only of great interest for
future research on the subject of thrombosis
and hemostasis, but may, in combination with
research into the field of immune inflammatory
diseases, show fruitful results. The fact that

several antiinflammatory  drugs influence

thrombocyte function might be mentioned, but
in the past only slight attention has been given
to the clinical implication of this fact.
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