Editorial

Platelet Microparticles: Making Blood a

Bad Humor

Ancient physicians based their practice of medicine on the
humoral theory of disease. This theory posited that sub-
stances called humors make up the body and determine
health and disease. When in balance, these humors — blood,
yellow bile, black bile, and phlegm — caused health; out of
balance, they caused disease. This theory also related
humors to the 4 elements: earth, fire, water, and air. Of the
humors, blood was unique in its content of all 4 elements.

Now relegated to the realm of quaint and discredited
ideas of the past, the humoral theory of disease nevertheless
has elements of truth. Importantly, this theory recognized
the importance of blood in disease pathogenesis and the
diversity of bodily constituents that can influence disease.
With scientific advance, earth, fire, water, and air have been
replaced by cells, cytokines, chemokines, and prostanoids,
among many others. The list of these substances is ever
increasing, with disciplines of genomics, proteomics,
metabolomics, and nucleomics filling the blood to the brim
with noxious mediators. Reading today’s literature, we can
be wistful about a time when physicians could understand
disease with only 4 elements, in contrast to today’s 4 thou-
sand or even 4 million.

As an article in this issue of The Journal demonstrates,
the blood of patients with connective tissue disease (CTD)
has novel elements that can drive disease and serve as bio-
markers to elucidate pathogenesis and assess disease activi-
ty!. Thus, using an enzyme-lined immunosorbent assay
(ELISA), Oyabu, et al provide evidence that the blood of
patients with CTD has increased levels of platelet-derived
microparticles (PDMP) and that elevations of PDMP are
related to Raynaud’s phenomenon (RP). This article is
important in substantiating the value of solid-phase methods
to detect particles and in delineating clinical associations.

As shown in in vivo and in vitro studies, microparticles
are potentially important actors in disease pathogenesis
because of their proinflammatory and prothrombotic activi-
ties. These structures are small, membrane-bound vesicles
that are released from activated or dying cells, incorporating

nuclear and cytoplasmic constituents as they form by a
blebbing process. In blebbing, the cell membrane forms
bubble-like structures especially during apoptosis as the
cell shrinks. As blebs form at the cell surface, some detach
to enter the blood. The process is important since particles
have potent signaling activity in intercellular communica-
tion and may even transfer bioactive molecules including
genetic information?.

Of particles in the blood, those derived from platelets are
usually the most abundant. Originally called platelet dust,
PDMP are released during platelet activation and can pro-
mote thrombosis because of their display of phos-
phatidylserine (PS). PS is ordinarily on the inner leaflet of
the cell membrane, although it can translocate to the outside
when platelets undergo activation; PS translocation also
occurs during apoptosis because lipid asymmetry breaks
down. Once on a particle or cell surface, PS can promote
thrombosis via the assembly of coagulation complexes’*.
In addition, microparticles have immune activity and can
interact with immune cells to promote immune
responses>®.

Not surprisingly, increased numbers of microparticles
occur in diseases characterized by vasculopathy, including
atherosclerosis, diabetes, and stroke, among many others.
While platelets (and megakaryocytes) are a major source of
particles in these conditions, microparticles can originate
from many cell types, including immune cells and endothe-
lium. Indeed, depending on the clinical condition, the pop-
ulation of blood particles can be highly diverse, and it is
likely that all particle types can promote immune activation
and thrombosis. Given the wide expression of microparti-
cles in disease, these structures have attracted great interest
as novel elements in pathogenesis’.

While the biology of microparticles is increasingly well
defined, their assay remains problematic. Flow cytometry
(FACS) is the most commonly used method for particle
detection, measuring particles by light scatter or staining of
particles for cell-surface markers. These approaches, while
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useful, are nevertheless limited. Microparticles are much
smaller than cells and usually range in size from 0.1 to 1.0
pm. As such, data acquisition is tricky and requires the use
of logarithmic gain for detection. Since particles overlap
“noise” that is electronic in origin, using machine settings to
reduce noise limits detection, especially involving particles
at the low end of the size range. The number of particles not
counted is not known?.

To bypass the problems of light scattering, many studies
detect particles by FACS using staining with cell-surface
markers since, as particles detach from cells, they bear these
markers. In addition, because particle membranes express
PS, particles can bind annexin V to allow detection. These
immunochemical approaches, while allowing more unam-
biguous particle detection, also have limitations. The sur-
face area of particles is much smaller than that of a cell;
staining by antibodies or annexin V is thus low. Further,
membrane markers may not translocate to particles in ade-
quate numbers for detection and many particles are in fact
annexin V-negative. Whether the failure to bind annexin V
reflects a distinct mode of particle release is unknown.

Rather than using FACS, Oyabu, et al used a sandwich-
type ELISA based on the interaction of platelet-free plasma
to plates coated with an anti-GPIX antibody to bind PDMP
using a peroxidase-conjugated anti-GPIb antibody for detec-
tion. Prior studies have shown that ELISA assays correlate
well with FACS determinations, although they require parti-
cles that simultaneously express 2 platelet markers®-10,
Since PDMP display heterogeneity in terms of size and
marker expression, an ELISA, like any other detection
method, may miss particle subpopulations. The advantages
of an ELISA are nevertheless significant, although issues of
sample preparation (e.g., collection buffer, centrifugation
speed, freeze-thawing, sample storage, etc.) remain'!.

The results of the current study are consistent with others
in demonstrating the presence of increased numbers of
PDMP with CTD!%13.14_ Thus, PDMP levels were elevated
in blood from patients with mixed CTD, polymyositis/der-
matomyositis (PM/DM), systemic sclerosis, and systemic
lupus erythematosus (SLE). Despite trends with the samples
from SLE and PM/DM patients, the values did not differ
significantly from controls. The findings with SLE are sur-
prising in view of prior studies, although these differences
could relate to the assays used, patient population, and dis-
ease activity.

In a further analysis of data, PDMP elevations were asso-
ciated with Raynaud’s phenomenon (RP). This finding is
interesting in view of the postulated role of thrombosis in
the vasculopathy of RP, although the interpretation of the
findings bears discussion. RP is highly heterogeneous, rang-
ing from annoying but transient episodes of vasospasm in
the cold to devastating ischemic events with infarction. In
general, problems with RP tend to be much more severe in
systemic sclerosis than in SLE or rheumatoid arthritis!>-!6.

Since some patients may consider tingling or pain in the
cold as RP, relying on patient self-reports for ascertainment,
as was done in this study, can be problematic.

In addition, the time element is important in evaluating
the mechanistic and biomarker significance of PDMP eleva-
tions. In the current study by Oyabu, et al, patients were
included in the study if RP was present in the month prior to
blood drawing, although, as shown for selected patients,
PDMP levels appeared to be chronically elevated. Many of
these patients were treated with agents that could potentially
influence vascular events, although the clinical response is
not known. Together, these findings could suggest that, in
patients with RP, platelet activation is ongoing and may not
be directly related to the ischemic events themselves nor be
ameliorated by treatment. A study during a clinically appar-
ent episode would have been informative to clarify the role
of particles in the vasculopathy.

PDMP are but one element in the blood but they are het-
erogeneous, and their properties may be mutable as proteins
cover their surface!”18:1920_Since these proteins, especially
autoantibodies, can vary in the blood of patients with CTD,
the functional consequences of elevated PDMP numbers
may differ depending on the platelet covering and the total
structural ensemble. It is therefore premature to conclude
that the effects of PDMP extend across the disease spectrum,
especially if both the intrinsic and extrinsic protein com-
ponents of the particles are different.

The study of Oyabu, et al provides new insights into the
role of microparticles in the pathogenesis of CTD, with ele-
vations of PDMP levels in patients with RP evidence of
ongoing vasculopathy. Further, these findings suggest the
utility of PDMP determinations in subsetting patients on the
basis of clinical features as well as diagnosis. As the Greek
and Roman physicians postulated, blood is unique because
of its content of the elements. Microparticles were not part
of their lexicon. Had they been, the ancient physicians
would have no doubt identified these structures as a key
component in the body and, indeed, an element that can turn
blood from a vital fluid into a truly bad humor.
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