The Role of Microparticles as Biomarkers
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1 Introduction

Autoimmune diseases are a diverse group of conditions that result from abnormali-
ties in immune cell function that culminate in tissue inflammation, destruction, or
dysfunction [1, 2]. These conditions can cause highly discrete tissue involvement as
exemplified by organ-specific autoimmune diseases such as multiple sclerosis or
type 1 diabetes or more generalized tissue involvement as exemplified by systemic
inflammatory diseases such as systemic lupus erythematosus (SLE). At present,
whatever the pattern of tissue involvement, the treatment of the immune component
of these diseases utilizes similar agents to either curtail inflammation or to attenuate
T and/or B cell reactivity [3]. If damage is irreversible, however, then treatment
involves agents that restore to the extent possible the functional impairment that
results from unopposed autoimmune attack.

While the etiology and clinical manifestations of autoimmune diseases may vary,
the development of new therapies confronts many similar challenges especially in the
setting of clinical trials. A particularly serious and vexing challenge relates to bio-
markers. For most autoimmune diseases, studies on both patients and animal models
have documented a host of phenotypic and functional immune cell abnormalities [4].
Translating these observations into the creation of reliable and actionable markers for
use in clinical trials has been difficult, however. Furthermore, as “big data” approaches
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become more common, the number of biomarkers will undoubtedly rise dramati-
cally; the complexity of these markers will also grow as each marker becomes a
composite of thousands or even millions of data points [5-7].

The gap between the biomarkers of today (e.g., C-reactive protein, erythrocyte
sedimentation rate, cytokine levels) and those projected for the future (e.g., RNA-
seq of individual cells at the site of tissue injury) is enormous, and it will take years
before the promise of big data is realized. During the transition from little to big
data, the development of new therapies may benefit by some intermediate approaches
which can provide a more granular picture of the immune system disturbances asso-
ciated with autoimmune disease. The value of such approaches will be increased if
they can employ instrumentation readily available in most clinical laboratories.

Among these approaches, the analysis of microparticles holds great promise as a
platform for the development of new biomarkers to assess the operation of the
immune system in autoimmunity. Microparticles (MPs), also called microvesicles
(MVs), are small membrane-bound vesicles that are released from activated and
dying cells [8]. Following release from cells, MPs enter the blood where their com-
ponent molecules populate the many “omes” (e.g., proteome, nucleome) that can be
identified and quantified by big data. Often these molecules are considered to be
free and soluble, whereas, in reality, they are embedded in a particle matrix. In view
of the origin of MPs during activation and cell death, particle release is a prominent
feature of the pathogenesis of many autoimmune and inflammatory diseases. This
chapter will review the structure of particles, their release from cells, and the vari-
ous ways in which they can be assessed as biomarkers and conceptualized as targets
for new therapy.

2 Generation of Microparticles

During the normal function of cells as well as the special circumstances of activation
and death, cells emit a variety of particle types into the extracellular space. These
particles differ in size, composition, and function. As a group, such particles can be
termed extracellular vesicles (EVs) [9-11]. The smallest EVs are called exosomes
and emanate from the multivesicular bodies on the cell interior. Exosomes are approx-
imately 50-100 nm in diameter. On the other end of the size spectrum, apoptotic
bodies are the largest EVs. Apoptotic bodies are the collapsed remnants of dying cells
or large fragments that have broken off as death. Given their size and origin, apoptotic
bodies can contain a panoply of intracellular constituents albeit in a degraded or rear-
ranged form. Apoptotic bodies can approximate several microns in diameter.

The middle size range of EVs is occupied by MPs. Microparticles range in size
from approximately 0.2—1.0 pm and contain a large collection of cellular constitu-
ents, including proteins, lipids, and nucleic acids. Importantly, MPs can display
bioactive molecules; while the contribution on these molecules to the overall mass
may be small, they may contribute importantly to the functional properties of the
MPs. MPs result from two seemingly disparate processes: activation and cell death
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[8-10]. While this situation may seem paradoxical, in the immune system, activa-
tion can lead to cell death, likely as a regulatory strategy to limit or attenuate
responses that depend on cellular proliferation.

While the origin of MPs is not fully understood, at least some of these structures
may correspond to blebs which arise during apoptosis. Blebs are bubble-like struc-
tures that form on or near the cell surface as cells die; blebs may also form during
processes such as locomotion as an extension of the cell structure [12, 13]. In the
setting of apoptosis, blebs may occur during cell shrinkage to adjust the surface to
volume ratio as the cell collapses and dwindles in size. Blebbing may not be simply
a physical-chemical response to decreasing volume, however, since there is strong
evidence for the role of the ROCK enzyme in their generation [14, 15]. Blebs can
occur during early and late apoptosis, and, while the size of blebs and MPs is simi-
lar, it is not clear that all MPs come from blebs [16, 17]. Looking at the phenomenon
from the perspective of the blebs, it is not clear which blebs leave the cell to enter
the extracellular cell space.

A striking feature of blebbing is the translocation of nuclear molecules into these
structures as cell death processes proceed [18-22]. Thus, cellular demise during
apoptosis involves a regulated process by which nuclear contents are reconfigured
and rearranged in a way that fundamentally changes the dying cell’s potential inter-
actions with the immune system. The basis of this translocation is speculative
although it may facilitate immune clearance of the remnants of dying cells since
they are present in a smaller and more “appetizing” form to promote uptake by
macrophages. Alternatively, the translocation and associated proteolytic and nucleo-
lytic events may impede processes such as viral or bacterial replication and spread
in cases where infection is the proximate cause of the apoptosis.

Whatever the cause of the nuclear translocation, the resulting particles become a
rich source of extracellular nuclear molecules. This material includes DNA, RNA,
histones, and nonhistone proteins. Indeed, particles are an important source of extra-
cellular nuclear molecules, with their inclusion within the protective space of a mem-
brane-bound structure shielding them from the degradative enzymes present in the
blood [23, 24]. Since DNA and RNA are informational macromolecules, their pres-
ence in particles points to an important function of particles in the transmission of
information from one cell to the next, with microRNA, for example, providing a mech-
anism for directly modulating cell function. Practically, mining the array of nucleic
acids present in MPs as well as exosomes represents a powerful biomarker platform to
measure the types of cells that have died and their functional or metabolic state.

3 The Assay of Microparticles

Particles are small, with their detection and enumeration presenting significant chal-
lenges when these parameters are analyzed by flow cytometry, the current mainstay
for these determinations. Flow cytometry performs well for cells but encounters
technical difficulties when applied to the submicron size of most particles. Depending
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on the instrumentation, particles below 200-500 nm are variably detected. Even this
assessment is subject to uncertainty since the size range for detection has been deter-
mined on the basis of rigid beads, whereas particles are flexible and indeterminate in
shape. Using light scattering for particle detection and logarithmic gain for amplifi-
cation, flow cytometry can detect many but unlikely not all MPs in a fluid sample.
Furthermore, differences in the composition and size array of particles in different
biofluids may limit direct comparisons of the properties of particles. For MP analy-
sis, plasma rather than sera is used since blood clotting can lead to particle genera-
tion [25-28].

In addition to light scattering, analysis of the “particulome” can utilize many of
the same approaches and reagents that are used to analyze cells, recognizing that the
small size of particles means that all signals are small and that staining which would
make a cell bright will at best lead to staining which is dim. Since MPs have the
membrane components from the cell of origin, they bear the characteristic differen-
tiation markers that distinguish lineages. Thus, it is possible to enumerate from the
same plasma sample the number of particles from different cell types such as plate-
lets, lymphocytes, or endothelium, all of which are highly relevant to autoimmune
disease.

Although measuring events in a particular size range can suffice for counting
MPs, some approaches incorporate a further element of staining to assure that MPs
are in fact being detected. MPs can arise from apoptotic cells; as such, their mem-
branes have “flipped” and exposed phosphatidylserine (PS) on the surface. Exposed
PS is a hallmark of apoptosis and allows identification of apoptotic cells by staining
with a fluoresceinated annexin V reagent. While many particles stain positively for
annexin V, such positivity is not an invariable feature of particles likely because of
the different origins of particles; it is also possible that particles, even from the same
cellular source, are heterogeneous in composition and molecular structure [29-31].

Nucleic acids and associated nuclear molecules are important constituents of
particles and can be measured by two main methods. Dyes that bind DNA and RNA,
such as propidium iodide and SYTO13, can stain particles for enumeration by flow
cytometry; the limited amount of material in a small particle and consequent weak
signal intensity can challenge this method of detection [32]. In addition, the pres-
ence of DNA and other nuclear molecules can be assessed by antibody binding,
either a monospecific serum from an autoimmune patient or a monoclonal antibody
preparation with a well-defined autoantigen binding [22]. As these nuclear mole-
cules are the targets of antinuclear antibodies (ANAs) in diseases such as lupus,
particle assessment is an important element in determining the type and amount of
autoreactive material in the blood, recognizing that, in some instances, particles are
only one component of this material.

While advances in instrumentation will undoubtedly improve and refine this
analysis, at present, flow cytometry can provide information on several aspects of
the blood “particulome” that makes this assessment valuable in developing new
therapy for autoimmunity, including particle elimination. Table 1 lists these assays
and the features which, in some instances, can indicate functional activity of MPs
and their putative role in autoimmunity. In comparison to information provided by
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Table 1 Determination of Light scattering to assess particle number
microparticles by functional

and cytometric assays

Binding of annexin V to measure exposed phosphatidylserine

Characterization of cell surface markers to define cell of origin

Functional assay for tissue factor

Molecular approaches for enumeration of informational
nucleic acids

other biomarkers, even a simple enumeration of MPs can point to the nature of the
cells involved in a disease and their physiologic or pathologic state (i.e., activated or
dying). Furthermore, the presence in blood of MPs from otherwise inaccessible tis-
sues (e.g., blood vessels) can indicate their possible role in pathogenesis.

4 The Functions of Microparticles

The functional activities of MPs are highly varied and consistent with the expres-
sion of so many different molecules in these structures, including their surface deco-
ration. As signaling elements, MPs display activities associated with the full size
range of immune mediators from the small (e.g., cytokines) to the large (e.g., cell-
cell interaction). In general, MPs are pro-inflammatory and pro-thrombotic and can
impact on multiple cell types, most prominently, lymphoid and myeloid cells of the
immune system and endothelial cells of the vascular system [33-37]. In many
respects, MPs can mediate essentially all of the activities that have been considered
key to the underlying immune disturbances of autoimmune and inflammatory dis-
ease. This possibility should not be surprising since MPs have so many components
which are immunologically relevant. The presence of tissue factor is important for
the ability of particles to promote thrombosis.

Operationally, distinguishing the functional role of MPs in pathogenesis is diffi-
cult since there are few ways at present to either block specifically the activity of
MPs or block their production; at this time, inhibition of particle release entails
agents that are very broad in activity and likely to affect many other processes (e.g.,
inhibition of apoptosis, inhibition of activation). While delineating the role of MPs
is likely to remain challenging, nevertheless, both in vivo and in vitro studies clearly
demonstrate that MPs can provoke inflammation and thrombosis and therefore can
contribute to pathogenesis of autoimmune diseases that are characterized by both of
these features [37]. Certainly, the presence of so many bioactive molecules on one
structure suggests that MPs can amplify responses by multi-receptor interactions;
furthermore, the physical attachment of MPs to another cell type may increase the
response of component molecules by increasing the local concentration, causing
their transfer or producing repetitive stimulation.

In considering how the functional properties of MPs can impact on autoimmu-
nity, the assay of both MPs and their constituent molecules can strongly influence
this assessment. As noted, the assay of MPs requires the use of plasma. In contrast,
the assay of cytokines can be accomplished with either plasma or serum. These
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fluids differ in composition and the representation of particles. Few studies have
directly addressed the differences in levels of various analytes in biofluids. As a
result, the contribution of the particle component of an overall cytokine response
may be missed. In this regard, certain cytokines (i.e., IL-1p) can be a component on
MPs, with assay of sera possibly missing this important component of the overall
response [38]. As the activity of cytokines may be enhanced by its representation on
MPs, information of cytokine localization can provide a more complete picture of
the potential contribution of a cytokine to disease in comparison to assay of just a
biofluid. On the other hand, the contribution of MPs may be missed if particles are
bound to cells and are therefore not counted when the cells in plasma are removed
during centrifugation. Knowledge of the function of particles is just emerging.

The following sections will focus on two aspects of particle biology that are
relevant to autoimmunity.

5 MPs as a Source of DAMPs and Alarmins

Microparticles have potentially two important roles in autoimmunity related to their
content of nuclear molecules. The first is as a source of alarmins. The second is as a
source of nuclear molecules which are the targets of antinuclear antibodies (ANAs)
in the context of SLE and related autoimmune disease. As discussed previously,
during apoptosis, nuclear molecules undergo translocation as the death process pro-
ceeds, with many ultimately residing in blebs. As blebs develop into particles that
detach from cells, nuclear molecules can enter into the extracellular space where the
particle structure provides a protected environment that may be at least partially
resistant to degradation. As some nuclear molecules have immunological activity,
MPs have the potential to be important players in pathogenesis.

As shown in many in vivo and in vitro studies, nuclear molecules can act as dam-
age-associated molecular patterns or DAMPs when they leave their usual intracel-
lular location. A DAMP is an intracellular molecule that can be released from
injured, dying, or dead cells and, when in the extracellular space, can exert
immunological activity [39, 40]. DAMPs can be large or small molecules and can
stimulate immunity by utilizing the same receptors such as the toll-like receptors
(TLRs) that are activated by bacterial or viral molecules. These molecules are termed
pathogen-associated molecular patterns or PAMPs, while their cognate receptors are
called pattern recognition receptors (PRRs). The term alarmin can be applied to
certain DAMPs because they alarm the immune system, inducing chemotactic and
adjuvant activity. Another term for this group of molecules is danger molecule since
they can signal “danger” which represents threats to the organism, including infec-
tion or injury, that can induce cell injury.

Among the alarmins, HMGB1 or high-mobility group box 1 protein has potent
immune activity that suggests a key role in autoimmunity [41, 42]. HMGBI is a
nonhistone nuclear protein that can bind DNA, mediating processes as a transcrip-
tion and chromosomal structure. HMGB1 is 215 amino acids long and is comprised
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of two DNA binding boxes (A box and B box) as well as a C-terminal tail. This
protein is widely expressed in all cells and, while predominantly nuclear in location,
can also have cytoplasmic expression. Since all cells can suffer injury and die,
HMGBI has the potential to serve as a uniform danger signal.

HMGBI can leave cells during activation as well as cell death, with the func-
tional activity resulting from posttranslational modifications (PTMs) that occur dur-
ing these processes. During activation by TLR agonists such as LPS (endotoxin), or
by cytokines, HMGB1 undergoes acetylation; this PTM allows translocation to the
cytoplasm for eventual secretion. The presence of acetylation marks the origin of
extracellular HMGB1 as activation. Once released from the cell, HMGB1 can serve
as a late mediator of endotoxin shock; levels of HMGB1 are increased in conditions
such as sepsis, trauma, and malignancy [41-44].

In addition to the occurrence during cell activation, HMGBI release can occur
during different death processes such as apoptosis, necrosis, and pyroptosis. Each of
these forms of cell death is distinct in terms of inducing stimulus, a downstream
pathway, and ultimately HMGB1 PTMs. Among these PTMs, the redox state is key
because of the influence on three sulfhydryl groups at positions 23, 45, and 104.
Fully reduced HMGB/1 can bind to the chemokine CXCL12 and stimulate chemo-
taxis. Partially reduced HMGB 1, with a disulthydryl bond between cysteines 23 and
45, can bind to TLR4 and can activate processes in much the same way as does
LPS. Fully oxidized HMGB1, as may occur during apoptosis, is inactive. Depending
on its biochemistry, HMGB1 can also stimulate cells during TLR2 and RAGE
(receptor for advanced glycation end products) [41-44].

As these considerations suggest, HMGB1 release can occur in many of the
same situations as does MP release, with both emanating from cells in the seem-
ingly disparate processes of activation and death. Given similarities in the release
of HMGBI1 and MPs, studies have investigated the presence of HMGB1 on MPs.
These studies have assessed HMGB1 content by both flow cytometry and immu-
noblotting of MPs purified by differential centrifugation; for these studies, parti-
cles have come from both blood and cell cultures. Together, these studies
demonstrate clearly that HMGB1 can be an important constituent of MPs [45-47].
This finding suggests that at least some of the activities of MPs may result from the
presence of a potent alarmin like HMGB 1. Because of the importance of PTMs,
the presence of HMGBI1 on particles does not in and of itself mean that either the
HMGBI is active or that the activity of MPs results from the presence of HMGB1.
Determination of the PTMs is necessary to define the activity profile of particle
HMGBI.

While HMGBI1 can be a component of particles, it can also appear in the blood
in a more free or soluble form. Soluble is a relative term that can be defined opera-
tionally in terms of behavior during differential sedimentation or size by gel exclu-
sion chromatography. The structure of the more “soluble” form of HMGBI is not as
yet known. Nevertheless, it is possible to assay separately soluble and particle
HMGBI using enzyme-linked immunosorbent assays (ELISA). In this case, the
particle and soluble forms can be separated by centrifugation, assaying three sources
of HMGB1: uncentrifuged plasma, particle-free or soluble plasma, and sedimented
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particles reconstituted to the starting sample volume. Flow cytometry can comple-
ment the immunochemical assay of these preparations.

Analysis of HMGB1 by these approaches shows a number of important features
relevant to the role of HMGBI1 as a disease mediator as well as a biomarker in auto-
immunity. First, HMGB1 in the blood can exist in a free- and particle-bound com-
ponent. Second, changes in the expression of HMGB1 may be detected by assay of
HMGBI1 on particles by flow cytometry that may not be apparent in the ELISA. In
a study of normal volunteers receiving a low dose of LPS systemically, changes in
the number of particles positive for HMGB1 were observed by flow cytometry,
whereas the levels by ELISA were unchanged [48]. These findings suggest that
analysis of MP levels of alarmins may provide more sensitive detection of HMGB1 in
time-course studies than the overall protein levels in unfractionated or uncentri-
fuged plasma.

Another finding that emerges from analysis of MP levels relates to quantitation
of the overall magnitude of the response. As shown in preliminary experiments, the
amount of HMGB1 measured in the combination of the soluble and particle compo-
nents can be greater than the amount measured in the uncentrifuged plasma (unpub-
lished observations). While the explanation for this finding is not known, it is
possible that the physical process of separation can reveal or unmask HMGB1 that
is ordinarily present on the interior of the particle and thus unavailable for detection
in an immunoassay. Sample handling, especially the mechanical forces that occur
with high-speed centrifugation, may disrupt particle structure or cause fragmenta-
tion to increase the availability of this interior component.

Many molecules in the blood are putatively “soluble” and assayed as biomarkers
for damage or death of cells (e.g., ALT and AST for the liver and troponin for the
heart) or activation of cells (e.g., soluble IL-2 receptor). Serum is the usual source
of blood for assay and the existence of a particle component is not generally consid-
ered. With the precedent of particle-bound HMGB1 in mind, subsequent studies
explored the representation of soluble CD40 ligand (sCD40L) in a particle and free
form. sCD40L is a transmembrane protein found on T cells and platelets, with its
soluble form assayed as a biomarker for inflammatory and thrombotic disorders.
Using blood from the same population of volunteers given LPS, studies demon-
strated that SCD40L also exists on particles, with assay of the particle-bound form
providing information not apparent with assay of the soluble form [49]. Thus, these
studies indicate that solubility in the context of the biomarker studies on blood does
not signify an intrinsic physical-chemical property but rather an operational prop-
erty dependent on the handling of specimens.

6 Microparticles as a Source of Immune Complexes

The formation of immune complexes (ICs) is a central event in the pathogenesis of
many autoimmune and inflammatory diseases. These ICs can occur in blood as in
the case of SLE or can occur in local spaces such as the joint in theumatoid arthritis
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(RA). ICs have several distinct roles in the pathogenesis: they can deposit in the tis-
sue to activate complement and promote tissue injury (i.e., lupus nephritis); they can
activate complement to induce local inflammation (i.e., rheumatoid synovium); and,
depending on the target antigens in the ICs, they can induce cytokine production by
cells of the innate immune system, most prominently, the plasmacytoid dendritic
cells (PDCs) [50-54]. The latter mechanism is particularly important in SLE since
the ICs contain nuclear molecules. While nuclear molecules like HMGB1 appear
active when alone, DNA does not induce immune response unless bound by a pro-
tein such as an autoantibody.

The enhanced activity of DNA in immune complexes likely results from the
uptake of complexes into the cells in a manner that exposes the DNA to internal
nucleic acid sensors [55]. These sensors include molecules such as TLR9 and cGAS
and represent an internal defense system which likely has evolved to meet the chal-
lenge of intracellular infection, whether bacterial or viral. Incubation of cells such
as macrophages with DNA does not allow access to the subcellular compartment in
the cytoplasm where these receptors are located. In contrast, an IC can essentially
transfect DNA into the cytoplasm where it can mimic intracellular DNA from an
infection and trigger cell activation. This mechanism can lead to the production of
cytokines such as type 1 interferon whose molecular signature is a hallmark of lupus
pathogenesis.

The evidence for the role of ICs in lupus pathogenesis is strong, with depression
of complement levels and increases in complement split products demonstrating the
existence of complexes somewhere in the body. While blood is the obvious place to
look for ICs, they have been in fact difficult to demonstrate by biochemical and
immunochemical techniques in lupus. Two main explanations have been invoked to
explain this difficulty: the formation of ICs in situ in tissue (e.g., kidney) rather than
blood and rapid clearance or deposition of ICs such that their presence in blood is
ephemeral or otherwise undetectable [54]. Given the centrality of ICs to the patho-
genesis of lupus nephritis and interferon production, the absence of a direct measure
of their presence has deprived the field of a critical biomarker.

As in the case of molecules that are putatively soluble, complexes, which are also
generally considered soluble, may in fact be particulate. Furthermore, in view of
evidence that MPs can contain the nuclear antigens targeted by ANAs, a role of
particles as a source of ICs becomes very plausible. Studies have therefore investi-
gated MPs as a source of ICs critical to lupus, and several lines of evidence are very
consistent with this possibility. Thus, ANAs, either sera from patients or lupus mice
as well as murine monoclonal antibodies, can all bind to particles that have been
generated in vitro from cell lines treated with agents that cause activation or cell
death [22, 56-58]. The binding is not invariable, however, reflecting either the fine
specificity of the antibodies as well as the amount and the extent of surface expres-
sion of the target antigens.

Most importantly, particles from the blood of patients with lupus and certain strains
of autoimmune mice contain bound IgG at levels that far exceed those of control par-
ticles from healthy individuals or mice. The presence of such IgG can be demon-
strated by flow cytometric techniques as well as proteomic analysis. Since levels of
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Table 2 Rgle of MPsinthe  gtimulate inflammation via constituent cytokines
pathogenesis of

autoimmunity

Stimulate inflammation via constituent alarmins

Promote thrombosis

Form immune complexes with tissue deposition

Transfer information via constituent nucleic acids

IgG on particles can be related to levels of anti-DNA, these findings suggest that
particle DNA can be an important source of antigen for the formation of ICs [59-61].
Indeed, the finding of IgG on MPs provides some of the most decisive evidence for
the presence of circulating ICs in the blood of lupus patients and points to the utility
of this assessment for biomarker purposes. The demonstration of a microparticle
component in renal biopsies of patients with lupus nephritis supports this view [61].

Similar studies point to a role of MPs in IC formation in rheumatoid arthritis
although these studies suggest that local factors may determine this process [62,
63]. Interestingly, particles in synovial fluid of patients with RA bear IgG as well as
complement components demonstrating directly that MPs can be IC components. In
contrast, the plasmas of the same patients did not show increased numbers of IgG
positive particles. These observations could suggest differences in the antigenic
content of MPs that either form in the joint space or localize there. Alternatively,
autoantibody synthesis in the synovium may lead to sufficient amounts to coat par-
ticles, whereas dilution of these antibodies in the blood may prevent appreciable
particle binding. Antibodies to citrullinated proteins (ACPAs) are the likely speci-
ficity contributing to the formation of these complexes, perhaps by binding proteins
that have undergone citrullination.

Elucidation of the role of MP complexes in other autoimmune diseases is just
beginning although, given the content of self-molecules in MPs, these structures could
represent a common nidus for IC formation. Particles, whether coated with autoanti-
bodies and complement, could also act in many other ways in the disease setting.
Table 2 summarizes potential roles of MPs in the pathogenesis of autoimmunity.

7 Implications for New Therapies

MPs are newly recognized players in the pathogenesis of autoimmunity and there-
fore can serve as both biomarkers and targets of therapy. The biomarker potential of
MP assessment is high since their analysis in blood can provide a window to observe
events in the periphery including activation and death of cells in locations such as
the vasculature. Since assays involve relatively small amounts of blood, analysis of
changes over time to monitor disease activity or the response to treatment can be
readily accomplished. Such assessment can be quantitative although current tech-
nology may not provide a full and completely accurate picture of the number and
array of particles present. Nevertheless, the detail captured in this picture can exceed
that currently available from other approaches [64].
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The analysis of MP ICs found in plasma represents an entirely new approach for
characterizing the vasculature in autoimmune disease. Studies in the context of ath-
erosclerosis, diabetes, and metabolic syndrome have clearly demonstrated the value
of particle assessment in developing predictive markers for events such as cardiac
ischemia and stroke [65—70]. Importantly, the presence of endothelial MPs in blood
allows analysis of the state of the endothelium in these conditions, characterizing
particles using different cell surface markers associated with their physiologic state
[71]. Since atherosclerosis involves localized inflammation of the plaque in the ves-
sel wall, analysis of immune cell properties of circulating MPs can augment any
information provided by nonspecific markers such as C-reactive protein.

Since many autoimmune diseases have an increased frequency of atherosclerosis,
analysis of MPs can provide a simultaneous assessment of the immune system and
vascular system. In this regard, particles have pro-thrombotic properties, with analy-
sis of their number and properties potentially providing predictive information on
thrombotic events which can involve a variety of organ systems in autoimmune dis-
ease. Studies in oncology have explored the value of this type of assessment since
thrombosis is an important complication of many malignancies; as in the case of
cardiovascular disease, cancer is a setting for high levels of particles in the blood [72].

At present, the link between inflammation and vascular disease is not well under-
stood nor are the effects of current treatments on the risk for cardiac events. As the
armamentarium of new immunomodulatory agents grows along with the number of
combinations between new and existing agents, it will be important to have markers
that could be useful in distinguishing effects on cardiac risk compared to other
inflammatory disease manifestations such as synovitis or glomerulonephritis. The
sensitivity of MP assessment in comparison to noninvasive tests of cardiovascular
disease (e.g., flow-mediated dilatation) is an exciting area of future research that
could provide unique biomarker information to sort out the effects of treatment on
different target tissues [73].

The assessment of MPs occurs at the junction of little and big data. The little data
aspect involves a simple count of particle types. The big data aspect involves a
detailed analysis of the constituent molecules of the particles-proteins, lipids,
nucleic acids-by array or omics techniques. In particular, MPs can provide a unique
source of RNA for analysis of both messenger and microRNA species. Such an
analysis would clearly place MP studies in the big data arena although the advan-
tage of MP assessment in comparison to that of total blood comes from knowledge
of the cell of origin of any RNA in the blood. Since MP can be separated by flow
cytometric techniques on the basis of phenotype, an analysis of their macromolecu-
lar composition may allow determination of events in even uncommon or rare cell
populations, possibly including those critically involved in pathogenesis.

At present, the main limitation in the study of MPs as biomarkers is technical and
relates to the small size of particles. Even with the best instruments, the total count-
ing of particles is uncertain given their size [74]. Furthermore, as particles are small,
detection of certain cell populations on the basis of their differentiation markers
may be insensitive especially if the density of the marker is low or the detecting
antibody produces a weak binding or a weak signal. Development of more sensitive
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Table 3 Advantages of MPs Information on a wide range of cell types from a single
as biomarkers sample

Reveal events in rare or inaccessible cell populations (e.g.,
endothelium)
Delineate pathogenic processes (e.g., activation or cell death)

Provide a source of material from a single cell type for omics
assay

Reveal changes of diverse cell types with treatment and
disease activity

particle assays will therefore be important in exploiting more fully the potential of
MP assessment as a platform for novel biomarkers. Table 3 lists advantages of MP
assessment for biomarker purposes.

The targeting of MPs for therapy would represent a fundamentally new direction
in the treatment of autoimmune disease although, as noted, agents such as anti-
cytokines and anti-HMGB 1 may in fact work by interdicting molecules on particles.
Similarly, agents designed to block IC formation or promote IC dissolution could be
explored whether the IC is soluble or particulate [75]. On the other hand, strategies
to prevent particle release by specific blockade of the steps in particle formation
could have therapeutic applicability although the development of such approaches
requires understanding of not only the actual processes of particle formation and
release but also their physiological consequences [76, 77]. Studies in a number of
disease settings have demonstrated reduction of MP levels with a variety of treat-
ment; whether these effects are primary or secondary is not known, however.

If particles are simple by-products of other processes, their production could at least
be theoretically blocked without interfering with cell function. If, however, particle
release is integral to some critical process (e.g., detoxification or removal of damaged
subcellular organelles), then its blockade could have adverse effects. In this regard, if
particle release is essential to the response to danger, inhibition of this process could
impair host defense and increase susceptibility to infection. At present, these consider-
ations are speculative and point to the many unknown aspects of particle biology.

8 Conclusions

Microparticles are small membrane-bound vesicles that carry intracellular mole-
cules into the extracellular space and exert many important biological activities. The
potential role of these structures in the pathogenesis of autoimmune disease is very
high since MPs can promote both inflammation and thrombosis. At present, MPs
represent novel biomarkers to measure disease activity and the functional status of
diverse cell populations, expanding the perspective currently available for noninva-
sive assessment of steps essential for pathogenesis. Future studies will determine
whether MPs can also be a target of therapy, with their elimination or functional
inactivation a promising avenue for next-generation treatments.
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