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Abstract
Microparticles (MPs) are membrane-bound vesicles shed normally or as a result of various
(pathological) stimuli. MPs contain a wealth of bio-active macromolecules. The
aminophospholipid phosphatidylserine (PS) is present on the surface of many MPs. As PS and
phosphatidylethanolamine (PE) are related, yet distinct aminophospholipids, the purpose of this
study was to systematically and directly assess PE exposure on MPs. We examined MPs from
various human cellular sources (human breast cancer, endothelial, red and white blood cells) by
flow cytometry using a PE-specific probe, Duramycin, and two PS-specific probes, annexin V and
lactadherin. PS and PE exposure percentage was comparable on vascular and blood cell-derived
MPs (80-90% of MP-gated events). However, the percentage of malignant breast cancer MPs
exposing PE (~90%) was significantly higher than PS (~50%). Thus, while PS and PE exposure
can result from a general loss of membrane asymmetry, there may also be distinct mechanisms of
PE and PS exposure on MPs that vary by cellular source.
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1. Introduction
Circulating microparticles (MPs) are membrane-bound vesicles shed from normal, stressed,
diseased, and/or dying cells. MPs contain a wealth of informative molecules, including
surface markers from parent cells, nucleic acids, signaling peptides and lipids, and other
pathological macromolecules [1]. MPs have been implicated in the pathophysiology of a
range of diseases, including cardiovascular [2,3], malignant [4,5] and infectious diseases
[6,7]. MPs may also serve as prognostic markers for these diseases [1-7].

MPs have a bilayered phospholipid membrane [8]. Characterization of the inter-leaflet
distribution and dynamics of phospholipids in MP membranes is an important step toward
understanding the formation and effects of different types of MPs. In particular, since the
outer leaflet of the phospholipid bilayer of circulating MPs is exposed to the vascular space,
it is an interface where physicochemical interactions with blood components and the
endothelium take place. Additionally, the molecules present in the outer surface, once
defined, provide accessible markers for detecting and characterizing MPs using molecular
probes [9].

Under normal, resting cellular conditions, phospholipids in the bilayer of eukaryotic plasma
membrane are asymmetrically distributed. Phosphatidylcholine (PC) and sphingomyelin
(SM) are mostly present in the outer leaflet; other species such as phosphatidylserine (PS),
phosphatidylethanolamine (PE) and phosphatidylinositides (PIs) are predominantly
distributed in the inner leaflet [10]. The dynamic distribution of phospholipids in the cellular
plasma membrane is mediated by energy-dependent and -independent enzymes, putatively
including the type IV P- type ATPases (P4 ATPases), scramblases, and floppases [10].
Transient or irreversible redistribution of phospholipid(s) across the membrane bilayer has
been shown to play important roles in cellular events, such as coagulation [11], cytokinesis
[12], sperm capacitation [13], and apoptosis [14].

While the MP membrane is derived from the plasma membrane of the host cell, it remains
unclear whether the asymmetry of phospholipid distribution across the bilayer is preserved
in MPs [15,16]. The presence of externalized PS on MP surfaces indicates an altered
phospholipid distribution profile compared to the plasma membrane of a resting mammalian
cell. However, it is unknown if the altered phospholipid distribution profile in MPs is
phospholipid species-selective; i.e. is PS externalized with or without the concurrent
externalization of other aminophospholipids, such as PE? As a major phospholipid species,
PE typically accounts for 20 — 50% of total phospholipid content in the mammalian plasma
membrane [10]. As supported by a growing body of evidence, PE and PS serve distinctly
different functions and are regulated by different mechanisms, even though both are
members of aminophospholipids. For instance, the current consensus is that PE alone is
anticoagulant, but it accelerates coagulation in the presence of PS [17]. Additionally, distinct
trans-bilayer flip-flop mechanisms have been documented with specificity for PE or PS [18].
The presence of PE at the outer membrane surface, if specifically proven, may provide a
marker for MP detection and characterization.

Although the externalized PS is well documented, that of PE remains largely unknown. The
goal of this study was to systematically investigate the presence of PE at the surface of MPs
derived from different types of human cells: erythrocytes, endothelial cells, macrophages,
and malignant breast cancer cells. A PE-specific molecular probe used in the current study,
duramycin, is a 19 amino acid lantibiotic produced by Streptoverticillium cinnamoneus.
Duramycin binds PE with high specificity and affinity [19]. The significance is that PE is a
major phospholipid species in the plasma membrane, and the presence (or absence) of PE
will have important implications in coagulation and other functions.
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2. Methods and Materials
2.1 Cells and reagents

Duramycin, dimethylformamide (DMF), triethylamine, lipopolysaccharide (LPS),
DETANONOate, and DPBS (with and without calcium) were obtained from Sigma (St.
Louis, MO, USA). Sulfo-N-hydroxysulfosuccinimide ester biotin (NHS-Biotin) was
obtained from Solulink, streptavidin Alexafluor-633 (SA633), streptavidin Alexafluor-647
(SA647), annexin V-FITC, Human Aortic Endothelial Cells (HAEC), MDA-MB-231 human
breast cancer cells (MDA), and DMEM were purchased from Invitrogen (Carlsbad, CA).
EBM2 was from Lonza (Basel, Switzerland). FBS was from Thermo-Fischer (Waltham,
MA, USA). Nanolink ® or Magnabind ® beads were from Solulink (San Diego, CA, USA)
or Thermo, respectively. Outdated (42- to 43-day old) units of Leukocyte-Reduced Blood
Cell (LRBC) in citrate-phosphate-dextrose with additive solution 1 were obtained from the
Blood Center of Wisconsin (Milwaukee, WI, USA). The peripheral blood of 3 consented
volunteers was collected into sodium citrate in accordance with IRB-approved protocols.
Monocytes were then isolated by Ficoll-Histopaque centrifugation for 30-40 minutes at 400x
g (per manufacturer instructions). Other materials included Accucheck® counting beads
(Roche Diagnostics, Indianapolis, IN, USA), 3 μm sizing beads (Bangs Laboratories, Fisher,
IN, USA), mouse anti-human Tissue Factor antibody (American Diagnostica, Stamford, CT,
USA), Tissue Factor (Innovin, Dade Behring, Germany), lactadherin-FITC (Haematologic
Technologies, Essex Junction, VA, USA) and phycoerythrin-labeled mouse anti-human
CD31 (PECAM-1) or anti-human CD235a (glycophorin A) and rat isotype control
antibodies (BD Pharmingen, Franklin Lakes, NJ, USA).

2.2 Duramycin-biotin preparation
Duramycin-biotin was prepared as described previously [20]. Briefly, duramycin was
incubated with NHS-biotin overnight at room temperature in DMF at 1:1.2 molar ratio in the
presence of triethylamine. The duramycin-conjugate was purified with high-performance
liquid chromatography (HPLC) and confirmed with mass spectrometry. The lyophilized
product was stored at −80 °C until use, when it was resuspended in calcium-free PBS.

2.3 MP isolation
MP-rich supernatant from all sources were clarified by centrifugation at 500x g for 10-15
minutes followed by 1500x g for 15 minutes to remove cells, and large debris. Aged blood
MPs were examined in the supernatant from 42-44 day-old donor leukocyte-reduced units.
MDA MPs were obtained from media culturing MDA-MB-231 cells at 37 °C for 24-48
hours. To obtain LPS-stimulated HAEC MPs, HAECs (not older than 9 passages) were
stimulated with 1-10 ng/ml LPS for 6-24 hours after which culture supernatant was removed
and processed as described above. Monocyte-derived MPs were generated by incubating
peripheral monocytes with 1-10ng/ml LPS for 6 hours.

Because of potential interference of anticoagulant in donor blood units with calcium for
Annexin V binding, a portion of MP aliquots were further ultracentrifuged at 20000-22000x
g at 10°C for 0.5-1 hour, after which the pellet was washed and resuspended in calcium-free
PBS. Additionally, as calcium added to phosphate-buffered solutions can form precipitates
[21], some MP pellets were resuspended in normal saline. Although effort was made to
perform flow cytometry on the day of isolation, some aliquots were flash frozen and stored
at −80 to −20°C until further use. See Online Supplement for additional details.
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2.4 Microscopy
2.4.1 Microscopy of microparticles—MDA MPs were incubated with 500nM
duramycin-biotin followed by 250nM streptavidin Alexafulor-647 (SA647) (or SA647 alone
as control) for 7-10 minutes each. Following incubation, the MPs were centrifuged at
20000x g for 10 minutes and resuspended in 1:1 PBS:Tissue-Tek O.C.T. (Sakura Finetek,
Torrence, CA) and visualized with confocal microscopy (Fig. 1). Images were captured
using a Zeiss LSM510 laser scanning confocal inverted microscope.

2.4.2 Microscopy of PE on erythrocytes—Duramycin is thought to be cytotoxic by
inducing pore formation at a higher concentration [22]. Thus, to avoid any potential of
hemolysis, erythrocytes were incubated with only 250nM duramycin-biotin for 2-3 minutes,
gently centrifuged at 200x g, washed, stained with 62.5nM SA633 for an additional 2-3
minutes, gently centrifuged at 200x g washed and resuspended in PBS. Confocal images
were obtained as described above.

2.5 Flow analysis of MPs
2.5.1 Flow cytometer acquisition and gating—Flow cytometry was performed on
LSRII®, FACS DiVa®, or Accuri C6® (BDIS, San Jose, CA, USA), for either a minimum
of 10,000 events for isolated MPs or 100,000 events for uncentrifuged donor blood samples.
The use of different flow cytometers was done to ensure this novel MP-staining approach
was robust, and not instrument-specific. For consistency, we used the same 1 μm beads
(Thermo) to establish the MP gate upper limits on the 3 different machines. There was no
significant difference in percentages of PE+ cancer MPs among the cytometers. The lower
limit of the gate was the minimum forward-scatter threshold, which was adjusted so that
sterile-filtered PBS resulted in a maximum of 100 events per minute (an arbitrary acceptable
‘noise’ level) and kept constant for subsequent experiments. To ensure that apoptotic bodies
and other large membrane vesicles were not included in the MP gate, events larger than
roughly1 μm were excluded based on forward-scatter data of 1 μm beads (Supplemental Fig.
1A-C). However, as shown by Furie et al [23], flow cytometry cannot confidently be used to
differentiate bead size below 3 μm based on light-scatter, thus making it difficult to size
MPs (which are smaller than 1 μm) from light-scatter characteristics. Thus, to confirm that
our MP gate included sub-micron membrane vesicles, we filtered MP-rich supernatant with
two different sub-micron pore filters (0.20 μm and 0.45 μm-pore size) (Supplemental Fig.
1D-F).

After establishing the MP gate based on light scatter, the phospholipid-positive gates were
determined based on fluorescent streptavidin alone to account for non-specific labeling.

2.5.2 MP surface marker and phospholipid staining—To empirically confirm the
MP gate contained MPs, co-staining of surface-marker and aminophospholipid were
performed. For the staining of externalized PE, duramycin-biotin and fluorescently-labeled
SA were added at a molar ratio of 4 to 1 in the labeling mixture, since a single SA tetramer
binds up to 4 biotin molecules. Duramycin-biotin was added to MP-rich supernatant and
incubated on ice for 10-15 minutes. Following the incubation, fluorescently-labeled
streptavidin was added and incubated on ice in the dark for an additional 10-15 minutes
before flow cytometry. We performed pH and calcium titration experiments to ensure
optimal phospholipid staining conditions. Duramycin and lactadherin staining was
unaffected by the presence or absence of calcium (data not shown), unlike annexin V
binding (Supplemental Fig. 2A-B). Experiments utilizing various phospholipid probes were
done in parallel or under similar dilutions, as the probe/MP phospholipid ratio was critical
(Supplemental Fig. 2C). Duramycin staining was highest near physiologic pH
(Supplemental Fig. 2D). Annexin V-FITC or lactadherin-FITC was incubated with MPs for
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20-30 minutes on ice in the dark to stain for the presence of surface PS. Phycoerythrin-
labeled anti-PECAM-1 (for platelets or endothelial cell-derived MPs) or glycophorin-A (for
RBC-derived MPs) antibodies were added to appropriate MP types and incubated for 20-30
minutes covered on ice prior to flow cytometry.

2.5.3 Flow cytometry analysis—Analysis of flow cytometry was performed using
FlowJo (TreeStar, Ashland, OR, USA) for experiments done on the FACSDiva or LSRII, or
C-Flow Plus (BDIS) for experiments performed on the Accuri C6® due to minor
compatibility issues examining Accuri C6-generated data using FlowJo.

2.6 Plasma coagulation assays
Plasma coagulation assays were done using ultracentrifuged and 0.22μm filtered, sodium
citrate-anticoagulated plasma donated from 2 different healthy, consented donors on a STart
4 coagulometer (Diagnostica Stago, Parsippany, NJ, USA). MDA MP-containing media or
controls were diluted 1:10 in a calcium-free HEPES + 5% BSA buffer with various
concentrations of duramycin-biotin from 0 (control) to 100 μM. The media were then added
5:4 to plasma, followed by the addition of CaCl2 at 10mM to initiate coagulation. Control
coagulation assays were done in triplicate at minimum from the 2 different plasma sources;
no difference was found and thus duplicates of each sample were combined for each
concentration of duramycin-biotin tested. A positive control using Tissue Factor (Innovin)
diluted 1:100 in the plasma resulted in near immediate coagulation (data not shown).
Coagulation time was measured up to ten minutes; samples that did not clot after 10 minutes
were considered as “no clot.”

2.7 Statistical analyses
We assumed a normal distribution of mean phospholipid probe labeling across experiments.
Therefore, parametric statistical analysis was done using the 2-tailed Student’s t-test.
Significance was considered at a p-value <0.05. Results are presented as mean ± SEM
unless explicitly stated otherwise. For experiments with considerable variability (i.e. greater
than 100% difference between groups), data were log transformed prior to statistical
analysis.

3. Results
3.1 Microscopy of PE on membrane and membrane vesicles of breast cancer cells

As cancer cells are known to shed MPs [22], MDA MP-rich supernatant was stained with
Duramycin-biotin and fluorescently-labeled streptavidin (SA) and visualized using confocal
microscopy (Fig. 1). PE was found on small (<2 μm) membrane vesicles in these
experiments. Based on these qualitative results, quantitative analyses were carried out using
flow cytometry-based techniques.

3.2 Flow cytometry of duramycin binding to PE on MPs
In order to exclude cells, apoptotic bodies, and other large membrane fragments, we gated
out flow cytometry events larger than roughly 1 μm in diameter. Size estimates were based
upon the forward-scatter width and height of purchased beads and RBCs of known size
(Supplemental Fig. 1A-C). Relative to uncentrifuged samples (Supplemental Fig. 1C),
clarification of the original sample/media removed all cells and larger debris (>3 μm) while
leaving small (less than ~1 μm) events (Supplemental Fig. 1D). Indeed, after appropriate
multiplet exclusion gating, the vast majority (>90%) of flow cytometry events from all cell
types were smaller than the 1 μm estimate.
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However, flow cytometry size estimates smaller than 3 μm can be inaccurate [24]. To ensure
that the gate included sub-micron sized membrane vesicles and not larger particles or debris,
we filtered MP-rich supernatant with different pore-sized membranes and examined the
filtrate with flow cytometry (Supplemental Fig. 1D-F). Differential filtration using sub-
micron pores assured the MP gate, indeed, included sub-micron vesicles.

PE+ MP-gated events co-stained with surface markers (Fig. 2). MPs from LRBCs were
mostly (90%) positive for the RBC marker, glycophorin-A, and/or PE (Fig. 2A). The vast
majority (>85%) of the MP-gated events were positive for PECAM-1 and/or PE. This
empirically confirmed the events in the light-scatter-based gate were MPs, and highlights the
compatibility of phospholipid probe and other protein surface markers. Some endothelial-
derived MPs invariably did not stain positive for PECAM-1, which has been reported before
[25]. However, the majority of such PECAM-1-negative events were positive for PE (Fig.
2B), highlighting the need for phospholipid-based probes in addition to immunolabeling
when examining MPs with flow cytometry.

3.3 Most MP-gated events expose PE comparably or significantly greater than PS
Since the staining of surface PS using annexin V is a widely practiced method for MP
identification, we sought to compare PS with PE staining on MPs. PS staining using
lactadherin has been shown to be more sensitive than Annexin V [26]. Thus, parallel
titration experiments were carried out using annexin V, lactadherin, and duramycin to
identify optimal/saturating concentrations (Supplemental Fig. 3). Figure 3 is representative
of flow cytometry titration experiments using duramycin to label MP-PE. Shown are the
controls (fluorescently-labeled SA at the highest concentration used with duramycin-biotin
omitted) and corresponding duramycinbiotin titrations.

As shown in Figure 4, duramycin and lactadherin bound to greater percentages of MP-gated
events than annexin V on HAEC- and monocyte-derived MPs (p<0.01) at the highest
concentrations tested. There was a significantly higher frequency of PE+ than PS+ MDA-
derived MPs. There was no significant difference in staining percentages between
duramycin and lactadherin on non-cancer MPs. The percentage of PE+ MP-gated events on
all cell types was consistently near 80-90%.

3.4 Duramycin binds MPs from RBCs more than RBCs
Because the addition of micro-molar amounts of PE-binding lantibiotic probes can induce
cellular morphological changes [27], special consideration was taken to observe light scatter
changes after the addition of duramycin to both MP-rich supernatant and cells. In donor
blood-derived MPs and cells, morphological changes were minimal (data not shown).

Of note, duramycin bound to a higher percentage of MPs than cells (Figure 5). Most (>90%)
of the cells remained PE-negative (Fig. 5A-B), which is indicative of a lack of appreciable
PE externalization in viable cells.

To further assess the staining pattern of the small percentage of PE+ cells, microscopy was
employed. Brightfield coupled with confocal imaging showed that damaged or crenated
erythrocytes rather than normal-appearing RBCs stained brightly for PE (Fig. 5C). Since PE
is more abundant than PS in cell membranes and given the aged/ATP-depleted nature of
RBCs in outdated donor blood, the small percentage of PE+ cells we observed are consistent
with that of PS+ cells reported elsewhere [28,29].
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3.5 Duramycin inhibits coagulation induced by breast cancer microparticles
Breast cancer-derived MPs have been linked to the hypercoagulable state seen in cancer due
to their expression of Tissue Factor (TF) and pro-coagulant phospholipids such as
phosphatidylserine (PS) [4]. Duramycin has been shown to inhibit MP-caused coagulation
using pancreatic cells and MPs [30]. To further explore the effects of duramycin on
coagulation on a different cancer MP type, and at benign concentrations, we examined the
effects of up to 100nM duramycin-biotin on the coagulation time of MDA MP-containing
media.

Recalcification of MP-free (ultracentrifuged, filtered) plasma did not result in a clot within
10 minutes; nor did the breast cancer MP media clot within 10 minutes in the absence of
plasma. The addition of breast cancer MP-rich media to plasma resulted in coagulation after
the addition of calcium (Fig. 6A). The addition of sub-toxic duramycin concentration
increased the plasma coagulation time of MPs from breast cancer cells in a dose-dependent
manner (Fig. 6B).

4. Discussion
In the current study, we directly demonstrated that PE is present on the surface of MPs from
a variety of human cells, and that PE provides a sensitive molecular marker for detecting
and characterizing MPs. PE is a highly abundant phospholipid species in mammalian
cellular membranes. In a viable, resting cell, the aminophospholipids PS and PE are
predominantly sequestered in the inner leaflet of the plasma membrane by the actions of
energy-dependent translocases [10]. The presence of such aminophospholipids on the outer
surface of MPs is indicative of compromised asymmetric phospholipid distribution across
the two leaflets by one or more of possible scenarios including the suppression of flippases,
activation of floppases and/or scramblases [10]. The content of PE in membranes is often
several folds higher than that of PS depending on the cell type [10]. The large pool of PE
potentially makes it a sensitive marker for characterizing MPs [31-33] as well as cells with
compromised membrane integrity [34].

Numerous reports have highlighted important biological functions of MPs in a variety of
human diseases and blood products, including coagulation via bearing tissue factor or PS,
inflammatory cell activation, and even horizontal transfer of macromolecular cargo
[3-6,35,36]. However, the variability in MP levels, as detected using currently available
methods, has limited the development of clinical and scientific applications of MP-based
utilities [37,38]. At this time, the externalization of PS is commonly used as a molecular
marker for the detection of apoptosis and MPs using annexin V or its derivatives. A
potential drawback of using annexin V is that calcium is an essential cofactor for annexin V-
PS interactions. The addition of exogenous calcium may alter the biological system under
investigation [17,39]. In contrast, the interactions between lactadherin and PS or duramycin
and PE require no divalent cations, eliminating potential errors and allowing for direct
addition of the phospholipid probe to citrate- or EDTA-anticoagulated blood, thereby
enhancing the potential diagnostic and experimental utility of MP-based assays. Lactadherin
and duramycin preferentially bind their respective phospholipid head groups on membranes
with high affinity and specificity.

An interesting finding by using duramycin to target PE as a surface marker is demonstrated
from a consistently greater percentage of MPs detected in a given sample compared to the
standard PS-based method (annexin V), or even lactadherin for MDA MPs. This observation
is likely a reflection of a greater abundance of PE than PS on MP surface, which is
consistent with PE versus PS content in mammalian cellular membranes.
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Both lactadherin and duramycin stained a similar percentage of total MP-gated events from
non-cancerous cells; however, on MDA-derived MPs, a significantly higher percentage of
MPs stained for PE+ than for PS+ (Fig. 3). This difference in PE/PS ratios on MP surface is
implicative of distinct molecular mechanisms involved in the formation of extracellular
vesicles, and different functions for MPs from different cellular origins.

Roughly 10-20% of MP-gate events were not labeled in parallel PS and PE staining
experiments. These negative events likely represent non-MP debris or may possibly
represent MPs that are truly negative for externalized PS and PE. Indeed, increasing the
forward-scatter threshold resulted in less PE or PS-negative events (e.g. noise), but at the
cost of discarding valid (surface marker positive) flow cytometry events. This highlights the
utility using lactadherin or duramycin for distinguishing MPs from artifact via flow
cytometry.

There have been a few reports suggesting PE is in MPs, but no systematic measurement has
been done using MPs from various cellular sources. Of particular notable is a recent study
by Wehman et al. examining a PE-specific translocases in the plasma membrane and its
inactivation in vesicle formation using C. elegans as a model system [40]. Our data directly
demonstrate that PE is abundantly present on the outer surface of mammalian MPs.
Externalized PE can be used as a sensitive surface marker for MPs, which enables efficient
differentiation of MPs from artifact using flow cytometry. MPs from one type of malignant
breast cancer cells more frequently expressed PE than PS. More studies are needed to
elucidate the possibly distinct mechanisms and functions of different phospholipids in MPs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Phosphatidylethanolamine (PE) is detectable using Duramycin at surface of
microparticles (MPs).

• Surface PE was systematically characterized in MPs from different sources.

• Different types of MPs consistently express PE but not PS.

• Externalized PE is a reliable molecular marker for detecting MPs.

• Coagulation time is prolonged by blocking MP surface PE.
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Figure 1.
Confocal imaging of duramcyin-labeled cancer MPs
To label exposed phosphatidylethanolamine (PE) MDA MB-231 breast cancer cell (MDA)
microparticles (MPs) were stained with 500nM duramycin-biotin and 250nM streptavidin
Alexafluor-647, pelleted, and resuspended in 1:1 PBS:O.C.T. A) 647 signal, B) phase
contrast, C) and overlay show fluorescence localizes to MPs (arrows added for emphasis).
D) Fluorescent control (duramycin-biotin omitted) overlay. C-D) Lower right corner of
overlays, bar indicates 2 μm. O.C.T., optimal cutting temperature embedding medium.
Images representative of 2 separate experiments.
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Figure 2.
Duramycin binds MPs from various cellular sources
MP-rich supernatants from aged donor units (LRBC) and human aortic endothelial cells
stimulated with LPS (HAECs) were examined with flow cytometry after staining with 500
nM duramycin-biotin, 125 nM fluorescent streptavidin and 1:200 fluorescently-labeled
antibodies. A) PE and glycophorin A staining. B) PE with PECAM-1 staining.
Representative of N=3. Gating was based on isotype and fluorescent (streptavidin-only)
controls.
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Figure 3.
Duramycin titration on MPs
MP-rich supernatants from A) MDA, B) HAEC, C) monocyte, and D) LRBC were labeled
with duramycin-biotin (or 125 nM fluorescent SA only) at various concentrations.
Representative of 3-6 experiments.
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Figure 4.
Duramycin binds MPs from a variety of cells.
MP-rich supernatants from A) MDA, B) HAEC, C) monocyte, and D) LRBC were labeled
with duramycin-biotin (or 125 nM fluorescent SA only) at or near saturating conditions
(1:50 annexin V, 32nM lactadherin, and 500 nM duramycin). Annexin V stained 48, 42, 34,
and 70%; lactadherin stained 48, 73, 75, and 70%; duramycin stained 86, 88, 76, and 85% of
MP-gated events of MP-rich supernatant from MDA, HAEC, monocyte, and LRBC,
respectively. SA, streptavidin Alexafluor.
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Figure 5.
Duramycin-PE binding on RBCs and RBC MPs
A) Fluorescent (SA only) control (left) and duramycin-stained donor blood (right). B)
Duramycin bound a larger portion of LRBC-derived MPs compared with cells over a wide
range of concentrations. C) Confocal imaging of duramycin-stained RBCs show PE
exposure on echinocytes (upper half and lower left) but not normal cells (lower right).
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Figure 6.
Duramycin inhibits breast cancer microparticle-mediated coagulation
A) Control plasma or MDA MP-containing media did not clot even after 10 minutes of
adding calcium. Relative to MDA MPs in plasma, the addition of duramycin lengthened the
time prior to clot formation. B) This resulted in a dose-dependent increase in the coagulation
time (or decrease in the coagulability) of the breast cancer MPs. N>=4.
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