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Summary
Background—Microparticles (MPs), small vesicles shed from stimulated cells, permit cross-talk
between cells within a particular environment. Their composition is thought to reflect their cell of
origin, and differs according to whether they are produced by stimulation or by apoptosis. Whether
MP properties vary according to stimulus is not yet known.

Methods—We studied the characteristics of MPs produced from monocytic THP-1 cells upon
stimulation with lipopolysaccharide or a soluble P-selectin chimera, using proteomics, flow
cytometry, western blotting, and electron microscopy.

Results—Utilizing a novel criterion of calcein-AM staining to define MPs, we found that MP
populations were similar with respect to size, presence and organization of cytoskeleton, and
expression of certain antigens. The MPs shared the same level of procoagulant activity. We found
that MPs also have distinct characteristics, depending on stimuli. These include differences in
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phosphatidylserine expression and expression of proteins from specific subcellular locations such
as the mitochondria, and of unique antigens such as leukocyte-associated immunoglobin-like-
receptor (LAIR)-1, which was found only upon stimulation with the soluble P-selectin chimera.

Conclusion—We found that the properties of MPs depend on the stimulus that produced them.
This supports the concept that monocytic MPs differentially modulate thrombosis, inflammation
and immune regulation according to stimulus.
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Introduction
Microparticles (MPs), small vesicles (0.05–1 µm) shed from the plasma membrane of cells
in response to stress, are believed to act as messengers delivering antigens and lipids from
parent cells to elicit effects on downstream targets [1]. The numbers of MPs are increased in
many diseases, including sickle-cell disease, pre-eclampsia, and diabetes mellitus [2].
Monocytes shed MPs that promote inflammation [3] and are highly procoagulant [4],
primarily due to the presence of tissue factor (TF) and phosphatidylserine (PS) [1].

P-selectin – an adhesion molecule found in endothelial cells and platelets [5] – can be shed
from the plasma membrane, resulting in increased levels of soluble P-selectin in the
bloodstream [6]. Our laboratory has shown that soluble P-selectin induces the formation of
procoagulant MPs in vivo from monocytes upon interaction with its cognate receptor, P-
selectin glycoprotein ligand-1 (PSGL-1) [7,8]. PSGL-1, expressed on leukocyte surfaces,
interacts with P-selectin to mediate leukocyte rolling [9] and recruit leukocytes to growing
thrombi [10]. Monocyte-derived MPs can also be induced by lipopolysaccharide (LPS), a
component of Gram-negative bacterial membranes. Both the stimulated cells and MPs
express TF and are procoagulant [4,11].

Studies suggest that MPs produced via activating stimuli have different protein expression
patterns from those produced via apoptosis [12,13]. The present study addresses the
hypothesis that different activating stimuli produce MPs that vary in composition and
biological function, even when they originate from the same parent cell. Using a proteomic
approach, we compared the protein composition of four different populations of MPs
generated from a human monocytic cell line (THP-1), stimulating the cells with a
physiologic agonist [soluble P-selectin-Ig chimera (P-sel-Ig)], a pathologic agonist (LPS), a
control IgG, and no stimulus (spontaneously produced MPs). We found that MPs differ
when produced by different stimuli; however, they have common characteristics that are
independent of stimulus.

Materials and methods
Proteins/antibodies

Two P-sel-Ig [14] chimeras with the same biological activity were provided by Wyeth
Laboratories (Cambridge, MA, USA) and by Jian-Guo Geng (University of Minnesota
Medical School, Minneapolis, MN, USA) [15] with the latter chimera used solely to
generate MPs used in the fluorescence-activated cell sorting (FACS) analysis of Fig. 4.
IgG1κ was from Calbiochem/EMD Biosciences (Gibbstown, NJ, USA). Endotoxin
contamination, if any, was removed prior to use (Supplementary Materials and methods).
Antibodies for flow cytometry were as follows: mouse IgG1 and IgG2 isotype controls, anti-
CD45 (clone HI30), anti-CD18 (clone 6.7) and anti-leukocyte-associated immunoglobin-
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like-receptor-1 (LAIR-1) (clone 14) from BD Biosciences (San Diego, CA, USA); and anti-
PSGL-1 (clone PL-2) and anti-CD81 (clone JS64) from Beckman Coulter (Miami, FL,
USA). Antibodies for western blotting were as follows: rabbit anti-α-actinin-4 was a gift
from M. R. Pollack (Renal Medicine Division, Brigham and Women’s Hospital, Boston,
MA, USA); mouse anti-β-actin (clone AC-15) was from Sigma-Aldrich (St Louis, MO,
USA).

MP generation and isolation
THP-1 cells harvested in log growth phase were reseeded at 4 × 106 cells mL−1 in complete
medium. See Supplementary Materials and methods for culture conditions. Sixteen hours
later, cells were centrifuged and resuspended in complete medium. Cells were stimulated
with LPS (10 µg mL−1; Escherichia coli 055:B5; Sigma-Aldrich, St Louis, MO, USA), P-
sel-Ig (100 µg mL−1), IgG (100 µg mL−1), or phosphate-buffered saline (PBS), and rotated
continuously at 37 °C for 6 h [8]. After stimulation, cell viability was measured using
Trypan blue. Only samples with < 5% cell death were accepted. Cells were removed by
centrifugation at 750 × g and 1500 × g for 15 min and 5 min, respectively; MPs were
pelleted by centrifugation at 16 000 × g for 45 min [13].

Flow cytometry analysis
MP number; PS expression—To determine MP number and measure PS expression,
pelleted MPs were resuspended in HEPES buffer [7] with 2.5 mM CaCl2 and stained with
calcein-AM and Alexa Fluor 647 annexin V conjugate (5 µg mL−1 each) (Molecular Probes/
Invitrogen, Carlsbad, CA, USA) for 20 min at ambient temperature. Stained MPs were
diluted in HEPES buffer and analyzed using FACSCalibur (Becton Dickinson, Franklin
Lakes, NJ, USA).

Antigen expression; size distribution—MPs were costained with Alexa Fluor 647-
labeled antibodies and calcein-AM. For size assessment, size-calibrated, Dragon Green-
coupled polystyrene microspheres (Bangs Laboratories; Fishers, IN, USA) were used. MPs
and microspheres were analyzed using FACSAriaII (BD Biosciences, San Jose, CA, USA).

For all experiments, MP samples were accepted if stimulation produced at least three-fold
more MPs, defined as calcein-positive events, than non-stimulation. Flow cytometry data
were analyzed using FLOW JO software version 8.5.2 (Tree Star Inc., Ashland, OR, USA). See
Supplementary Materials and methods for information on gating and analysis.

Proteomic analysis
MPs for each population were batch-produced, pelleted and pooled in order to generate 50
µg of total protein for proteomic analysis (see Supplementary Materials and methods for
determination of protein concentration); 4%–20% 7-cm sodium dodecylsulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gel lanes were cut into 24 bands, which
were trypsin-digested and subjected to liquid chromatography coupled to tandem mass
spectrometry as before [16,17]. Spectra were searched using the SEQUEST algorithm [18]
against the International Protein Index database (http://www.ebi.a-c.uk/IPI/IPIhelp.html).
The probability-based evaluation program PROTEIN PROPHET (PP) was used for filtering
identifications [19]. Comparisons between the MP populations were based on a strict
present/absent approach. A protein was defined as present in a given population if the PP
score was ≥ 0.9, and absent if it was undetected or the PP score was ≤ 0.5. A protein was not
considered to be differentially expressed if it had a score of ≥ 0.9 in a given population, but
at the same time had a score between > 0.5 and < 0.9 in another. BABELOMICS

(http://babelomics.bioinfo.cipf.es/EntryPoint?loadForm=fatigo) and SWISSPROT
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(http://www.expasy.org/sprot/) searches were used to extract Gene Ontology annotations
(see Supplementary Materials and methods for more details).

Electron microscopy of MPs
Samples were prepared for transmission electron microscopy by applying highly
concentrated MPs in PBS for 15 min to a coverslip precoated with 1 mg mL−1 poly(L-lysine)
(Sigma-Aldrich). Coverslips were rapidly frozen on a helium-cooled copper block without
fixation, and transferred to a Cressington freeze–fracture machine (CFE-50; Watford, UK) at
− 170 °C. Samples were fractured with a liquid nitrogen-cooled knife, and either
immediately rotary-coated with 2 nm of platinum at a 20° angle and then coated with 3 nm
of carbon without rotation (metal cast), or fractured and warmed to − 98 °C for 5 min and
metal cast. Replicas were floated off the coverslip using 25% hydrofluoric acid, washed in
water, and collected on 200-mesh copper grids coated with Formvar. Grids were
photographed in a JEOL 1200-EX electron microscope (JEOL Ltd, Tokyo, Japan) at 100
kV.

Western blot analysis
MPs were solubilized in sodium dodecylsulfate lysis buffer and incubated at 95 °C for 5
min. Lysed MPs were separated using SDS-PAGE and transferred to poly(vinylidene
difluoride) membranes. Western blots were performed under standard conditions, using the
appropriate antibodies listed above, and developed using an enhanced chemiluminescence
system (Pierce, Rockford, IL, USA).

MP procoagulant activity and TF expression
TF expression on lysed MPs was measured using the IMUBIND Tissue Factor enzyme-
linked immunosorbent assay (ELISA) kit from American Diagnostica (Stamford, CT, USA),
following the manufacturer’s instructions. The absorbance at 450 nm was compared with
that of a standard curve fitted to a quadratic equation, in order to determine the amount of
TF in each sample. Procoagulant activity was measured using a STart 4 coagulometer
(Diagnostica Stago, Parsippany, NJ, USA). An equal volume of MPs in Tris-buffered saline
(125 mM Tris-HCl, pH 7.4, 150 mM NaCl) and pooled normal plasma (George King Bio-
Medical, Overland Park, KS, USA) were incubated for 2 min at 37 °C. Coagulation was
initiated with 50 µL of 25 mM CaCl2 (at 37 °C), and time to clot formation was measured.

Results
We generated MPs from THP-1 cells, comparing four populations – those stimulated for 6 h
with LPS or P-sel-Ig (LPS MPs and P-sel-Ig MPs, respectively) and those considered ‘non-
stimulated’, incubated with IgG1κ control or PBS (IgG MPs and spontaneous MPs,
respectively). We developed a new criterion to define an MP, using calcein-positive events
identified by flow cytometry. Calcein-AM, a non-fluorescent calcein acetomethyl ester, is
membrane-permeable, with negligible membrane binding [20]. Upon cleavage by cytosolic
esterases, calcein binds to calcium, becomes fluorescent, and is retained within the
cytoplasm-containing cell/vesicle. Because only intact MPs will fluoresce, we avoid
concomitant staining of debris seen with lipid dyes. When we disrupted either THP-1 cells
or MPs by rapid freeze–thaw cycles, we saw a dramatic reduction in calcein-AM staining,
validating our method of staining intact MPs (Fig. S1 for THP-1 cells).

Both LPS and P-sel-Ig stimulated the production of three-fold to four-fold more MPs than
controls (Fig. 1A). After stimulation, we evaluated cell viability, accepting only samples
from cells with greater than 95% viability to ensure that our MPs were predominantly due to
stimulation and not cell death. We determined whether different stimuli affect the size
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distribution of the resulting MPs by flow cytometry. Size-calibrated beads showed
discrimination between diameters 190, 530, 780 and 990 nm (Fig. S2). The size distribution
was similar in all four MP populations (Fig. 1B).

PS expression on MP surface
Many groups use PS expression to measure MP generation; therefore, we assayed our MPs
for PS expression by labeling them with fluorescently labeled annexin V, a protein that
specifically binds to PS. All four MP populations had a portion that bound annexin V (PS-
positive) and a portion that failed to bind annexin V (PS-negative). A large percentage of P-
sel-Ig MPs (~ 60%) were PS-negative, in contrast to the other MP populations, with only ~
40% PS-negative MPs (Fig. 2). This was our first evidence that MPs generated from the
same parental cells via different stimuli differ, and led us to investigate further those
differences.

Proteomic analysis of MPs
We utilized a proteomic approach to identify the protein composition of each MP
population. SDS-PAGE-separated proteins were trypsin-digested and subjected to peptide
tandem mass spectrometry. In total, 1076 proteins were identified across the four
populations, with 199 proteins in the IgG subgroup, 331 in the P-sel-Ig subgroup, 457 in the
spontaneous fraction, and 830 in the LPS population (Table 1; see Table S1 for a complete
list of identified proteins in each population). The identified proteins represented many
different protein subtypes, including cytoskeletal proteins, adhesion receptors, and signaling
molecules. Table 2 highlights proteins of interest chosen to represent subcellular locations
and functions, and their distribution among the MP populations.

Using a present/absent approach, we found 100 proteins common to all four MP
populations. An additional 42 proteins were common to only the LPS and P-sel-Ig MPs
(Table 1), suggesting that these proteins may be particular to MPs obtained through
stimulation. Notably, we found proteins unique to each MP subtype, in particular 52 proteins
unique to the P-sel-Ig MPs and 408 unique to the LPS MPs (Table 1). Thus, it appears that
the compositions of MPs obtained through P-sel-Ig and LPS stimulation may be distinct.

Similarities among MPs
Of the 100 proteins shown by proteomics to be common to all MPs, many were cytoskeletal
proteins, such as β-actin and α-actinin 4 (Table 2); we confirmed this using western blotting
(Fig. 3A). In addition, subunits of the actin-related protein 2/3 complex involved in the
branching of actin filaments were found in all four populations (Table 2). The presence of
other proteins common to all four populations, such as CD18, CD81, and CD45, was
confirmed using flow cytometry, as was the presence of proteins of particular interest not
identified by proteomics, such as PSGL-1 (Fig. 4). CD11a, a subunit of the integrin complex
αLβ2 formed with CD18, was also identified by proteomics in all four MP populations
(Table 2). Well-known THP-1 antigens, such as PSGL-1, were not identified in our
proteomics approach, possibly missing detection by mass spectrometry because of their
extensive post-translational modifications. We tested PSGL-1 expression on our MPs using
flow cytometry analysis, and demonstrated its expression on all of the MP classes (Fig. 4A).

Owing to the large number of identified cytoskeletal proteins, we postulated that MPs could
contain organized cytoskeleton, and investigated this in the electron microscope after
fracturing and etching rapidly frozen MPs. Metal-cast images of the LPS and P-sel-Ig MPs
showed that MPs contain an internal three-dimensional protein scaffolding similar in
structure to the highly branched cytoskeleton of cells. The internal cytoskeletons of the MPs
appeared identical, independently of the stimulus used to produce the MPs (Fig. 3B).
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Differences among MPs
Despite the similarities, there were also significant differences among the four MP
populations, in addition to the difference in PS expression (Fig. 2). When comparing
proteomic identifications of those proteins that were only present in LPS MPs (408) or only
present in P-sel-Ig MPs (52), we found that a large number of these LPS proteins were
mitochondrial or nuclear and associated with metabolism and energy pathways, whereas a
larger fraction of the P-sel-Ig MP proteins were part of the plasma membrane and involved
in signal transduction and cell communication (Fig. 5; Fig. S3). In addition, LAIR-1 – a cell
surface protein – was identified by proteomics in only the P-sel-Ig MPs (Table 2), and we
confirmed this by flow cytometry (Fig. 4A).

We also used flow cytometry to define the relative abundances of several proteins identified
by proteomics across the four MP populations. CD45, a leukocyte marker, was more highly
expressed on P-sel-Ig MPs than on the other MP populations, as shown by a mean
fluorescence intensity ratio twice that of the other populations (Fig. 4A). Similarly, CD18, a
β2-integrin protein, had higher expression levels on P-sel-Ig MPs (Fig. 4A).

MP and procoagulant activity
Functional comparisons of the biological activities of these MPs are difficult, because the
LPS cannot be removed completely from the MPs, and the contamination is likely to
generate cellular responses. We ascertained the procoagulant nature of the MPs in a cell-free
environment using platelet-poor plasma. The coexpression of PS and TF on the MP surface
renders them highly procoagulant [4,11]. The four MP populations were assayed for TF
content by ELISA. TF was not detected in the proteomic analysis, but was present in all four
MP populations at nearly identical levels (expressed as ng/MP; Fig. 6A). The procoagulant
activity was measured, and for all MP populations, clotting was dose-dependent, with higher
MP concentrations yielding shorter clot times, with no major differences in activity among
the four populations (Fig. 6B). The addition of corn trypsin inhibitor – an inhibitor of the
contact pathway – had no effect on clot times at the MP concentrations tested (not shown).

Discussion
Cellular changes upon stimulation have been extensively studied, providing insights into the
pathophysiology of the cell. MPs recently gained interest because they are elevated in
numerous diseases and possess biological functions [1]. This current study characterizes
MPs produced from THP-1 cells upon different pathophysiologic stimuli. Our goal was to
unveil proteins common to all MPs or unique to MPs generated through specific stimuli, in
order to gain insights into the biology of MP formation and predict common and unique
effects of these MPs. Using a proteomic approach, we identified 1076 proteins across four
MP populations, and we complemented this analysis with flow cytometry, western blotting,
and electron microscopy.

MPs’ small size places them at the limit of resolution for most investigational tools used for
cell studies, and they are difficult to distinguish from exosomes and debris. We addressed
these limits by centrifuging the MPs at 16 000 × g, not ultracentrifuging, in order to pellet
only MPs and retain small MPs indistinguishable in size from exosomes in the supernatant.
We employed a new criterion of calcein-AM to define an MP, allowing us to measure only
intact vesicles and avoid cellular fragments. By diminishing calcein-AM staining through
disruption of THP-1 cells and MPs, we verified that calcein-AM preferentially stains intact
cells/vesicles, supporting previous work showing that disrupted erythrocytes lose calcein-
AM staining [21]. We also found that platelet-derived MPs stain positive for calcein-AM.
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Non-differentiated THP-1 cells lack CD14, the coreceptor for LPS; [22] therefore, higher
LPS doses are necessary for stimulation. Use of this well-established monocyte-like cell line
nevertheless allows high uniformity among cells and higher MP – and therefore protein –
yields than are obtainable from monocyte preparations. A higher concentration of P-sel-Ig
(100 µg mL−1) was also needed to stimulate THP-1 cells than to stimulate human blood [8].

Similarities among MPs
The four MP populations had a similar size distribution, reflecting uniformity in structure
and a potentially similar mechanism of formation. This similar size profile allowed us to
compare MPs using flow cytometry, with the resulting fluorescence intensities reflecting
antigen density and not particle size. This similarity in size was also verified by the electron
microscopy studies, where the mean sizes of MPs in the different populations were found to
be comparable.

Cell morphology and vesicle formation depend on the presence of an intact cytoskeleton.
Previous studies have shown that cytoskeletal remodeling drugs diminish MP production
[23], suggesting that actin remodeling is necessary for MP formation. Proteomic analysis
and western blotting identified several components of the cytoskeleton in all four
populations. Using electron microscopy imaging, we demonstrated that not only do MPs
contain cytoskeletal proteins, but these are organized into a complex cytoskeletal network.
The presence of an intact cytoskeleton suggests that the cytoskeleton of the parent cell must
break down to allow the MP to form, and then must re-form during MP generation. The cell
biology of MP formation and the precise role that the cytoskeleton plays require further
investigation.

Of particular interest to this study was the identification of lymphocyte function-associated
antigen-1 (LFA-1; CD11a/CD18) on the MPs. LFA-1 binds to intercellular adhesion
molecule-1 on antigen-presenting cells or endothelial cells [24]. Both proteomic and flow
cytometry analyses showed high levels of CD18, with more being expressed on P-sel-Ig
MPs. This agrees with observations of increased CD18 expression on monocyte surfaces
upon interaction with platelets [25]. Proteomics also identified CD11a on all four MP
populations. The presence of LFA-1 on the MP surface suggests that these MPs could be
involved in the immune response. In addition, LFA-1 may bring MPs to the endothelium,
causing endothelial activation/dysfunction [3,26].

TF ELISA demonstrated equal amounts of TF among the four MP populations, reflecting
the constitutive expression of TF on THP-1 cells. Even upon LPS stimulation, TF expression
on the THP-1 cells was not dramatically upregulated (not shown). This is in contrast to
experiments utilizing freshly isolated monocytes, where TF is highly upregulated upon
stimulation with LPS or P-selectin [27]. We can conclude that TF is not targeted
differentially to the MPs according to the stimulus.

The procoagulant assay showed only minimal differences in clotting times among the four
MP populations. As corn trypsin inhibitor had no effect, it is evident that MP-initiated
clotting occurs through the extrinsic pathway, and is therefore dependent on the presence of
PS and TF. As TF expression is equal among the MPs, the procoagulant activity of the P-
sel-Ig MPs was expected to be lower, owing to the smaller proportion of PS-expressing
MPs. This somewhat surprising result can be explained by the fact that there is still a
population of P-sel-Ig MPs that do express PS on their surface, and even though the
procoagulant activity of the MPs was similar in all four populations, the P-sel-Ig MPs had
slightly longer clotting times at each concentration tested, especially as compared with the
LPS and IgG MP populations.
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Differences among MPs
Our study uncovered significant differences among the MP populations, emphasizing the
importance of specific stimulation of the MPs. Although all four populations contained MPs
expressing PS, P-sel-Ig MPs had fewer PS-positive MPs overall. Many investigators use PS
expression to define an MP; however, our results – and those of others [28] – suggest that
not all MPs express PS, and limiting selection to those that do excludes an entire MP
population; in our model, this represents 40–60% of the MPs generated. The biological
importance of PS-negative MPs is as yet unknown, but we can hypothesize that
translocation of PS from the inner to the outer membrane bilayer is modulated differentially
according to the stimulus.

LAIR-1, an inhibitory receptor that is constitutively expressed on almost all immune cells,
binds to collagen directly, inhibiting immune cell activation in order to regulate the immune
response [29,30]. The engagement of LAIR-1 with collagen suggests a functional role for
LAIR-1 as an adhesion molecule, aiding in the adherence of cells to the extracellular matrix
[30]. Our analysis showed LAIR-1 on the surface of only P-sel-Ig MPs, reflecting selective
incorporation of LAIR-1 into MPs only upon P-sel-Ig stimulation, permitting accumulation
of MPs at sites of vascular injury where collagen is exposed, and localizing procoagulant
MPs to these sites, thus promoting hemostasis. Thus, P-selectin, a hemostatically important
molecule [31], may induce formation of MPs that are most suitable for this purpose.

MPs are believed to originate from lipid rafts [32] and, indeed, we identified the raft-
associated protein CD81 [33] in all MP populations. The presence of CD45, a
transmembrane protein on nucleated hematopoietic cells that modulates lymphocyte
maturation and activation [34,35], is regulated in lipid rafts [36]. We found an increase in
CD45 expression specifically in the P-sel-Ig MPs, suggesting that P-sel-Ig stimulation may
result in translocation of CD45 into the lipid rafts of THP-1 cells, probably affecting the
biological activity of the cell and consequently of the resulting MPs [37].

Proteomic analysis identified mitochondrial and nuclear proteins predominantly in LPS
MPs. Further analysis of the mitochondrial proteins showed the presence of intermembrane
proteins such as cytochrome c, released by either increased permeability of the
mitochondrial membrane or membrane damage. The simultaneous finding of matrix proteins
favors mitochondrial damage as the explanation for elevated mitochondrial proteins, with
more extensive damage upon LPS stimulation. Analysis of the nuclear proteins identified by
proteomics revealed large proteins such as histones and helicases. Because nucleoplasmic
proteins are separated from the cytoplasm by pores that are impermeable to proteins larger
than 60–110 kDa [38], the presence of these larger nuclear proteins indicates dysfunction of
nuclear retention in LPS-treated cells.

Our study demonstrates that the characteristics of MPs are dependent on the stimulus used
for generation. Some characteristics are common to all MPs, independently of stimulus, such
as size similarity and an organized cytoskeleton. However, the differences between these
MPs, for example the presence of LAIR-1 in only P-sel-Ig MPs, could be of great
consequence. Differential stimulation of cells resulting in distinct MPs means that these MPs
could have different functions within the vascular processes of hemostasis, inflammation,
and immune regulation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Microparticle (MP) number and size distribution. MP numbers and size distribution were
measured by flow cytometry. Data represent mean ± standard error of the mean. (A)
Lipopolysaccharide (LPS) and P-selectin-Ig chimera (P-sel-Ig) stimulations (6 h) produced
three-fold to four-fold more MPs than controls (6 h) (n = 6–7). (B) The size distribution of
calcein-positive MPs was similar in all four populations, using forward scatter (FSC)-A
gates defined by size-calibrated polystyrene beads (n = 6).
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Fig. 2.
Representative flow cytometry plots and phosphatidylserine (PS) expression. (A)
Representative flow cytometry plots of microparticles (MPs) produced by
lipopolysaccharide (LPS) (left) or P-selectin-Ig chimera (P-sel-Ig) (right) obtained with
FACSCalibur. Top panel: side scatter (SSC) vs. forward scatter (FSC) scattergrams; MP
populations appear similar. Bottom panel: annexin V (Ann-V) vs. calcein-AM fluorescence
for these same populations. LPS and P-sel-Ig MPs have similar proportions of MPs that stain
positive for both annexin V and calcein-AM (16.4% and 13.1%, respectively); however, P-
sel-Ig MPs have a greater proportion of MPs in the lower right quadrangle that are positive
for calcein-AM but are annexin V-negative (24.6% vs. 11.8% for LPS MPs). (B) LPS and P-
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sel-Ig MP populations differ in PS expression. P-sel-Ig stimulation generated fewer PS-
positive MPs than the other stimuli. Data represent mean ± standard error of the mean, n =
14–16.
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Fig. 3.
Cytoskeleton. (A) Western blots for β-actin (left) and α-actinin-4 (right) in all four
microparticle (MP) populations. Equal amounts of total protein for each MP sample were
loaded on polyacrylamide gels. (B) Freeze--fracture electron microscopy of an MP obtained
by P-selectin-Ig chimera (P-sel-Ig) (left) and lipopolysaccharide (LPS) (right) stimulation.
Scale bars are 0.2 µm.
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Fig. 4.
Flow cytometry analysis. Microparticles (MPs) generated by all four stimuli were analyzed
for the presence of various proteins, using flow cytometry. (A) Data are representative
results of two or three analyses for each antigen. Mean fluorescence intensity (MFI) ratio
indicates MFIspecific antibody/MFIcontrol; % positive refers to percentage of MPs positive for
the specific antigen. For each antigen and MP population tested, except for leukocyte-
associated immunoglobin-like-receptor-1 (LAIR-1) staining on spontaneous, IgG, and LPS
MPs, the difference between antibody and isotype control histograms was statistically
significant as determined by chi-square test. (B) Representative histograms showing CD81
expression (black line) compared to isotype control (gray line) for each MP population as
indicated. LPS, lipopolysaccharide; P-sel-Ig, P-selectin-Ig chimera; PSGL-1, P-selectin
glycoprotein ligand-1.
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Fig. 5.
Subcellular location of microparticle (MP) proteins. Proteins identified in only (A) P-
selectin-Ig chimera (P-sel-Ig) or (B) lipopolysaccharide (LPS) populations were categorized
on the basis of subcellular location as a result of Gene Ontology analysis. The largest
differences are the higher percentage of plasma membrane proteins found in P-sel-Ig MPs,
and mitochondrial and nuclear proteins in LPS MPs. ER, endoplasmic reticulum.

Bernimoulin et al. Page 17

J Thromb Haemost. Author manuscript; available in PMC 2011 December 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
Tissue factor (TF) expression and procoagulant activity. (A) TF content was measured by
enzyme-linked immunosorbent assay of lysed microparticles (MPs). There were no
significant differences in TF expression among the four MP populations. Data represent
mean ± standard error of the mean (SEM); n = 4. (B) Procoagulant activity was determined
using a two-stage clotting assay. Clot times decreased with increasing MP concentration.
Clot times were similar for all four MP populations. Data represent mean ± SEM; n = 4.
LPS, lipopolysaccharide; P-sel-Ig, P-selectin-Ig chimera.
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