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Microvesicles in Blood Components

Pranee Krailadsiri

The first report on microvesicles in blood
components was published by Wolf in 1967. By
using electron microcopy, he observed particulate
material derived from platelets in platelet concen-
trates stored for transfusion. This particulate
material was sedimentable by highg force centri-
fugation and contained platelet-like procoagulant
activity.  However, his observation has been
refuted and the importance of microvesicles has
long been overlooked, witnessed by the fact that

they were often referred to as platelet dust.

What are microvesicles?

Microvesicles or microparticles are parts of
cell membranes which can be generated by
various mechanisms, e.g., membrane shedding
subsequent to cell activation and apoptosis (cell

death) leading to cell lysis/fragmentation.

Contributing factors to microvesiculation
in blood components

In regards to blood components, several
factors have been found to generate microvesicles
in different degrees. These are various processing

steps, i.e., centrifugation, freezing and thawing,

additive

solution. Furthermore, upon storage there are

filtration, UV/gamma irradiation and

more contributing factors, i.e., pH, types of plastic
bags, surface area to volume ratio, types of
agitators and ageing process of blood cells.
Microvesicles generated from different mechanisms

may not have the same characteristic properties.

Compositions of blood cell membranes
Both halves of blood cell bilayer membranes
are composed of different types of phospholipids.
The outer leaflet is predominantly composed of
cholinephospholipids, whereas aminophospholipids
in particular phosphatidylserine (PS) preferentially
occupy the inner leaflet. This membrane phos-
pholipid asymmetry is generated and maintained
by two proposed mechanisms: i) by the interaction
between cytoskeleton proteins and aminophos-
pholipids, ii) by an ATP- and sulfhydryl-dependent
lipid transporter celled aminophospholipid
translocase, which specifically shuttles PS from
the external to the internal leaflet of the bilayer
membrane. However, this membrane phos
pholipid asymmetry is maintained only in

unactivated blood cells.
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Blood cell activation and
microvesiculation

As platelets are the most extensively
studied blood cells on activation and
microvesiculation, they will be used as a model
(figure 1).

When platelet are activated by various
activators, the influx of Ca** occurs. The rise
in cytoplasmic ca’* inhibits aminophospholipid
translocase and activates a non ATP-dependent
lipid transporter called scramblase. These
produce rapid lipid flip-flop, leading to the loss of
membrane phospholipid asymmetry and results
in the surface exposure of PS. The mass
imbalance between the two membrane leaflets
also facilitates the shedding of microvesicles
that also expose PS. A very similar mechanism
of microvesiculation has been obtained with red
blood cells and leucocytes. It has been noted
that the more shedding of microvesicles occurs,
the more PS is exposed on the remaining cells
as aresult of the progressive loss of phospholipid

asymmetry.

The importance of PS exposure

One of the most important properties of PS
membrane is the bioamplificaiton of coagulation
process through tenase and prothrombinase
complex formation leading to thrombin generation
and haemostatic plug (figure 2). Each complex
formation consists of five essential subcomponents,
which are an enzyme, a cofactor, a substrate,
ca’t and a negatively charged phospholipid
membrane for assembly. The importance of the
assembly is to recruit the required coagulation

factors, which are normally present at trace
amounts in the circulation, and put them in
juxtaposition, thus increasing their local concen-

trations and reaction rates. Although any anionic

phospholipid membranes may act as a catalytic
surface for this purpose, membrane containing PS
exhibits the highest procoagulant activity.

It is important to emphasise that the
same PS membrane also provides a catalytic
surface for bioattenuation through activated
protein C leading to the inhibition of Factors Va
and Vllla.

Detection of PS exposure

Apart from the assessment of procoagulant
and anticoagulant activities, the surface exposure
of PS can be detected by using flow cytometry
and monoclonal antibodies (MoAb) specific for
any subcomponents which bind to the PS mem-
brane such as Factors Va and Vllla. A new marker
which can also be used to detect PS exposure is
fluorescein-conjugated annexin V. Annexin V is a
ca’* -dependent phospholipid binding protein
which binds to PS with high affinity and high
specificity.

By using flow cytometry and MoAb
microvesicles and the remaining cells can be
studied at the same time and can be discriminated
by size. This can be measured in either whole
blood or blood derivatives. By using a second
MoAb specific for each type of blood cells, i.e.,
Gplb for platelets, CD45 for leucocytes and
glycophorin A for red blood cells; the cellular origin
of microvesicles can be detected.

For platelet-derived microvesicles, se-
veral MoAb specific for platelet activation depen-
dent markers can be used as these markers
appear on microvesicles as well as remaining
platelets upon activation. Some of the commonly
used markers are Gpllb/llla, GMP140, CD63 and

bound fibrinogen.
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Clinical implications of microvesicles on
transfusion medicine

The clinical significance of microvesicles
in normal haemostasis and haematological dis
orders remain unknown eventhought their ap-
pearance have been detected with a low level
in normal blood and with a highter level in some
pathological conditions such as autoimmune
thrombocytopenia, disseminated intravascular
coagulation, thrombotic  thrombocytopenic
purpura (TTP) and hemolytic uremic syndrome
(HUS), sickle cell disease and patients undergoing
cardiopulmonary bypass. It has been reported
that there is a good correlation between high
levels of microvesicles and thrombotic epiisodes.
On the other hand in Scott syndrome, a rare
bleeding disorder, it has been found that upon
activation platelets and red blood cells show a
dcreased surface exposure of PS and are
markedly deficient in their capacity to generate
microvesicles. However, platelet from these
patients produce normal aggregation and release
reaction.

There are five clinical implications which
are relevant to transfusion medicine:

1) Haemostatic or thrombotic impact
The procoagulant and anticoagulant properties of
the exposed PS on both  microvesicles and
remaining blood cells may have haemostatic or
trombotic impact on recipients especially those
who have haemorrhagic or thrombotic underlying.
The procoagulant and anticoagulant activities
sholuld also be taken into account when one
makes an interpretation on the effects of plasma
product transfusion as during processing in par-
ticular freezing and thawing, microvesicles are
generatd and remain in plasma.

2) Trigger macrophage recognition

The exposed PS on both microvesicles
and the remaining cells may trigger macrophage
recognition leading to the removal of blood cells
from the circulation. This could result in more
transfusion requirement in recipients.

3) Antiphospholipid antibody formation

The exposed PS may interact with certain
plasma proteins, i:e., prothrombin and B
glycoprotein | leading to exposure of neoantigens.
Provding that these neoantigens are prosent at a
sufficiently high concentration and persist long
enough in the circulation, they may trigger anti-
This could be

pathophysiologically important in patients especially

phospholipid antibody formation.

those with antiphospholipid syndrome who have
already had such antibodies and high levels of
microvesicles in their circulation.

4) Interaction with leucocytes

Activated platelets and platelet-derived
microvesicles can adhere to leucocytes detected
by the appearance of platelet-specific glycoprotein
lIb/llla on leucocytes. This interaction has been
shown to be correlated with leucopenia in
haemodialysis patients. This could be clinical
important in immunocompromised host.

The aggregated leucocytes-activated
platelets/microvesicles could also occlude small
vessels causing infarction.

5) Alloimmunisation to cellular antigens

During processing, microvesicles can be
generated from red blood cells as well as plate-
lets. Several blood group antigens have been
demonstrated on microvesicles. The implication
is patients could be alloimmunised by receiving

microvesicle containing plasma.

Conclusion

Most certainly microvesicles are adminis-
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tered to recipients as part of blood component
transfusion. Whether they are harmful in anyway
or whether they somehow contribute to haemo-
static effectiveness merit further investigation. A
more interesting speculation is whether platelet-

derived microvesicles might eventually be stored

Figure 1. Platelet activation and microvesiculation.
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for transfusion as a haemostatic substance in

frozen or even lyophilised form. If they have
shown to possess desirable haemostatic
capacities in vivo, they would have the obvious
advantage over intact platelets of prolonged storage

potential.
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Figure 2. Bioamplification and bioattenuation of coagulation process.
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