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Platelets are anucleated blood elements highly potent at generating
extracellular vesicles (EVs) called microparticles (MPs). Whereas EVs
are accepted as an important means of intercellular communication,
the mechanisms underlying platelet MP internalization in recipient
cells are poorly understood. Our lipidomic analyses identified
12(S)-hydroxyeicosatetranoic acid [12(S)-HETE] as the predomi-
nant eicosanoid generated by MPs. Mechanistically, 12(S)-HETE is
produced through the concerted activity of secreted phospholipase
A2 IIA (sPLA2-IIA), present in inflammatory fluids, and platelet-type
12-lipoxygenase (12-LO), expressed by platelet MPs. Platelet MPs
convey an elaborate set of transcription factors and nucleic acids,
and contain mitochondria. We observed that MPs and their cargo
are internalized by activated neutrophils in the endomembrane sys-
tem via 12(S)-HETE. Platelet MPs are found inside neutrophils iso-
lated from the joints of arthritic patients, and are found in neu-
trophils only in the presence of sPLA2-IIA and 12-LO in an in vivo
model of autoimmune inflammatory arthritis. Using a combination
of genetically modified mice, we show that the coordinated ac-
tion of sPLA2-IIA and 12-LO promotes inflammatory arthritis. These
findings identify 12(S)-HETE as a trigger of platelet MP internali-
zation by neutrophils, a mechanism highly relevant to inflamma-
tory processes. Because sPLA2-IIA is induced during inflammation,
and 12-LO expression is restricted mainly to platelets, these obser-
vations demonstrate that platelet MPs promote their internaliza-
tion in recipient cells through highly regulated mechanisms.
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Small extracellular vesicles (EVs) are implicated in physio
(patho)logical contexts, such as immunity, reproduction, and

cancer (1–4). They also include apoptotic bodies, the vesicles
produced by apoptotic cells. Exosomes are EVs generated by
exocytosis of multivesicular bodies ranging in size between 50 nm
and 150 nm, whereas microparticles (MPs), also known as
microvesicles, are vesicles of ∼100–1,000 nm diameter shed from
the plasma membrane by cellular budding and fission (2). EVs
bear cellular components originating from the donor cells, and
accumulating evidence suggests that they might transfer their
material to recipient cells. The regulatory events implicated in
the transfer of the EV cargo remain mostly undefined, however.
Platelets circulate in blood and patrol the vasculature to

promote hemostasis. Although any cell lineage might shed MPs,
platelets are particularly proficient at this function. Consistent
with this, the blood is rich in MPs expressing platelet (and
megakaryocyte) surface markers, and levels of platelet MPs in-
crease in diseases in which platelets are activated (5). Albeit

anucleated, platelets represent a major blood reservoir of such
components as nuclear factors (6, 7), messenger RNA (mRNA)
(8, 9), microRNA (miRNA) (10), and mitochondria (11), which
may be packaged inside MPs and transferred to nucleated re-
cipients. A key event in the occurrence of such transfer is the
binding of platelet MPs to cells. This may implicate selectins (12)
and the recognition of phosphatidylserine, a phospholipid fre-
quently exposed on MPs (13), by lactadherin (14) and develop-
mental endothelial locus-1 (15). Indeed, miRNA-containing platelet
MPs are internalized by endothelial cells, thereby altering the
stability of mRNA in the recipient (16). Platelets are also active
participants in immunity (17–20); platelet MPs are found in in-
flammatory conditions (1, 17, 21) and are ideally positioned to
interact with immune cells.
Neutrophils patrol the vasculature and tissues at the ready to

respond to an infectious agent or tissue insult (22). Although
neutrophils are considered terminally differentiated granulocytes,
they can undergo important phenotypical and functional changes
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once present in inflammatory exudates (23). For instance, in rheu-
matoid arthritis (RA), the most common form of autoimmune
joint inflammation, neutrophils are represented preponderantly in
the diseased joint fluid and display a prolonged lifespan and re-
duced migratory activity, suggesting the accumulation of factor(s)
in RA that promote neutrophil plasticity (23–25).
Using autoimmune arthritis as a model of inflammation in

which both MPs and neutrophils contribute (21, 26), we reveal
that MP cargo transfer from anucleated platelets to nucleated
recipient neutrophils is dependent on the concerted activi-
ties of sPLA2-IIA present in the extracellular milieu and of
12-lipoxygenase (12-LO) present in platelet MPs. Our observa-
tions demonstrate that platelet MPs are not passively inter-
nalized by neutrophils, but rather that MPs promote their own
internalization via a lipid mediator of inflammation. Consid-
ering that platelets (i) represent a substantial source of nuclear
factors, noncoding RNAs, and functional organelles; (ii) are highly
efficient at producing MPs; and (iii) are unique with respect to
12(S)-HETE expression, platelets might be specialized at trans-
ferring their material to other cells to modify them.

Results
MP Internalization by Neutrophils. Assuming that the transfer of
materials from platelets to neutrophils is biologically significant,
we hypothesized that it necessarily would occur via finely con-
trolled mechanisms. To identify key mediators involved in in-
ternalization, we further surmised that these mediators would be
concomitantly expressed with platelet MPs. The secreted phos-
pholipase A2 (sPLA2) enzymes hydrolyze membrane phospholipids
in the sn-2 position, generating free fatty acids and lysophospho-
lipids (27). Although 10 different groups of sPLA2 enzymes
have been identified in humans, sPLA2 group IIA (sPLA2-IIA)
is (nonexclusively) expressed by platelets and is induced in in-
flammation (27, 28). In RA, sPLA2-IIA is overexpressed in joint
lubricating synovial fluid (SF) and amplifies the disease (28).
Whereas sPLA2-IIA has limited activity on the cellular plasma
membrane (27), it uses MPs as a substrate (27, 29, 30). Like
sPLA2-IIA, MPs accumulate in SF during RA, where they are
frequently associated with neutrophils (11, 21, 28, 31, 32).
In a preliminary set of experiments, we generated platelet MPs to

verify whether they are internalized by neutrophils and whether
sPLA2-IIA impacts this process. We used collagen to activate hu-
man platelets that had been labeled with 5-chloromethylfluorescein
diacetate (CMFDA), a probe that passes freely through the platelet
cell membrane and is converted to a fluorescent cell-impermeable
product by cytosolic esterases (33). Under these conditions, the
fluorescent probe was encapsulated within platelets, and 96.8 ±
0.25% of the MPs shed from these platelets fluoresced (SI Ap-
pendix, Fig. S1A). MPs isolated by centrifugation contained
∼0.1% remnant platelets and were of heterogeneous size
(115 nm–538 nm; average, 346.3 ± 23.4 nm) (SI Appendix, SI
Materials and Methods and Fig. S1 B, C, D, and F), consistent
with the reported dimensions of platelet MPs (13).
We then verified different categories of markers expected in

EVs in MP preparations. Whereas mitochondria are typically ab-
sent in exosomes, they can be packaged inside MPs (11, 34).
Furthermore, the presence of a protein associated with the endo-
somal sorting complex required for transport (ESCRT), tumor
susceptibility gene 101 protein (TSG101), is recognized in exo-
somes but underrepresented in MPs (34). Thus, the platelet EV
preparations used in this study were enriched in MPs, because a
subset contained mitochondrial markers, whereas ESCRT proteins
were undetectable (SI Appendix, Fig. S1 E and G).
To determine the contribution of inflammatory stimuli and

sPLA2-IIA to MP internalization by neutrophils, we treated the
latter with autoimmune-relevant inflammatory stimuli [TNF/
GM-CSF and immune complexes, an agonist of the receptors for
the Fc portion of IgG (FcγR)] in the presence or absence of

sPLA2-IIA. We observed that MPs rapidly bound neutrophils
independently of sPLA2-IIA and of any costimulation (SI Ap-
pendix, Fig. S2 A–E). In contrast, the combination of stimuli
(TNF/GM-CSF and immune complexes) and sPLA2-IIA was
necessary for efficient internalization of MPs (Fig. 1 and SI
Appendix, Fig. S3A), which were identified in the neutrophil’s
cytoplasm in the vicinity of the endoplasmic reticulum, Golgi
apparatus, and lysosome, but never by the recipient mitochon-
dria (SI Appendix, Fig. S4 A–D). Accordingly, an average of 20 ±
4 and 38 ± 3 MPs were internalized in neutrophils in the pres-
ence of sPLA2-IIA within 30 and 60 min, respectively. The in-
ternalization process occurred through dynamin-, clathrin-, and
caveolin-dependent endocytosis (SI Appendix, Fig. S5), and was
not unique to collagen-induced MPs. MPs generated by acti-
vating platelets with thrombin, a serine protease, and collagen-
related peptide, a specific glycoprotein VI agonist, also were
internalized by neutrophils, and this was dependent on the
presence of sPLA2-IIA (SI Appendix, Fig. S3B). These results
provide an ideal model for identifying the molecular process
implicated in MP internalization following adhesion.
Although the sPLA2-IIA enzyme generates potent lipid media-

tors, it also acts as a receptor ligand (27, 35–37). Thus, sPLA2-IIA
might promote internalization either through the production of
lipid mediators or through receptor binding and signaling. To assess
the contribution of sPLA2-IIA catalytic activity to MP internaliza-
tion, we made use of an inactive enzyme mutant, H48Q-sPLA2-IIA
(27). An important observation is that sPLA2-IIA catalytic activity
was critical for the promotion of MP internalization (Fig. 1), ruling
out the role of sPLA2-IIA receptor binding and pointing to the role
of lipid mediator(s) in this process.

Platelet Microparticle Lipidomics. We next sought to identify the
lipid trigger implicated in MP internalization. sPLA2-IIA gen-
erates lysophospholipids from MPs (27, 29); however, the com-
plete set of lipid mediators expressed by MPs is unknown. Using
tandem mass spectrometry to survey MP-derived lipid mediators,
we confirmed that MPs are used as substrates by sPLA2-IIA,
generating diverse lysophospholipids and fatty acids, including

Fig. 1. Internalization of platelet MPs in neutrophils. (Left) Representative
confocal microscopy analyses of neutrophil cytoplasm (red) and nuclei (cyan)
on incubation with MPs (green) for 2 h at 37 °C in the absence or presence of
recombinant human sPLA2-IIA or its catalytically inactive mutant H48Q-
sPLA2-IIA. Neutrophils were left native (without stimulation), primed (TNF/
GM-CSF), or activated (TNF/GM-CSF and immune complexes) before MP in-
cubation. MPs are seen at the surface (white arrows) and internalized (ar-
rowheads). (Scale bars: 10 μm.) (Right) Graph bars indicating the relative
localization (surface vs. intracellular) of the MPs, depending on the neu-
trophil and MP treatments. Data were obtained from 100 neutrophils per
condition repeated at least three times with cells from different donors (n > 3).
***P < 0.0001 compared with MP condition, Mann–Whitney test.
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arachidonic acid (AA; 20:4) (Fig. 2 A–D and SI Appendix, Fig. S6
A and B). AA can be metabolized into eicosanoids, highly ver-
satile mediators of multiple physiological and pathological pro-
cesses (Fig. 2E) (38, 39). Indeed, examination of platelet MPs
revealed, as in platelets (40), the presence of enzymes [i.e., cyclo-
oxygenase 1 (Cox-1), thromboxane synthase (TXs), and 12-LO]
that metabolize AA into the eicosanoids thromboxane A2 (TXA2)
and 12(S)-HETE (Fig. 2F). These pathways are active in MPs as

exogenous AA was metabolized into thromboxane B2 (TXB2; a
stable metabolite of TXA2) and 12(S)-HETE (Fig. 2G). Consis-
tent with this was the identification of TXB2 and 12(S)-HETE
[12(S)-HETE >>TXB2] by lipidomics as the predominant eicos-
anoids produced by sPLA2-IIA from MPs (Fig. 2 H and I and SI
Appendix, Fig. S6C).
Consequently, we added exogenous lipids to activated neu-

trophils and examined their role in internalization. We observed

Fig. 2. sPLA2-IIA promotes the release of multiple lipid mediators from MPs. Mass spectrometry measurements of the indicated lysophospholipids (A and B),
fatty acids (C and D), and eicosanoids (H and I) released and metabolized after sPLA2-IIA activity on MPs. (A, C, and H) Heat maps showing fold change of each
molecule produced in response to a 6-h incubation of MPs with the indicated concentration of human recombinant sPLA2-IIA. The concentrations of lyso-
phospholipids (A), fatty acids (C), and eicosanoids (H) measured in MPs incubated with diluent (no sPLA2-IIA) were used to determine the relative fold changes.
LPS, lysophosphatidylserine; LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; LPG, lysophosphatidylglycerol; LPE, lysophosphatidylethanolamine; DHA,
docosahexaenoic acid; EPA, eicosapentaenoic acid; DP, docosapentaenoic acid; 15-HETE, 15-hydroxyeicosatetraenoic acid, 11-HETE, 11-hydroxy eicosatetraenoic
acid; 8-HETE, 8-hydroxyeicosatetraenoic acid; PGE2, prostaglandin E2. (B, D, and I) Pie chart representations of lysophospholipids, fatty acids, and eicosanoids
present in MPs treated with sPLA2-IIA for 6 h. The data presented are based on the mass composition (molar expression) of each lysophospholipid, fatty acid,
and eicosanoid detected by mass spectrometry (n = 2 different blood donors). (E) Graphic representation of the metabolism of AA into eicosanoids. (F) Im-
munoblot of 12-LO, TXs, COX-1, and β-actin in platelets (PLTs) and MPs. Data are representative of three independent experiments performed using platelets
and MPs from three blood donors. (G) Indicated amounts of exogenous AA were added to platelet MPs, and 12-HETE and TXB2 were measured by HPLC (n = 3).
*P < 0.05; ***P < 0.0001 compared with respective DMSO control, t test.
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that, similar to sPLA2-IIA, 12(S)-HETE was sufficient to pro-
mote internalization by inducing neutrophils to internalize MPs
(Fig. 3 A and B and Movies S1 and S2). Conversely, lysophos-
phatidylcholine (SI Appendix, Fig. S7A), carbocyclic TXA2 (TXA2c;
a stable analog of TXA2), TXB2, and 12-hydroxyheptadecatrienoic
acid (12-HHTrE) produced concurrently with TXA2 by TXs (41)
had no impact on MP internalization (Fig. 3B). Moreover, a COX
inhibitor demonstrated no effect on MP internalization, confirming
that the COX products are dispensable (SI Appendix, Fig. S7B).
Next, to confirm that 12(S)-HETE is the lipid trigger implicated

in sPLA2-IIA–induced MP internalization, we produced fluo-
rescent MPs from platelets isolated from platelet-type 12-LO–

deficient (ALOX12−/−) mice and from their wild type (WT)
control littermates (ALOX12+/+). Remarkably, ALOX12−/− MPs,
which cannot metabolize AA into 12(S)-HETE (Fig. 3C), were
not internalized by neutrophils, even in the presence of sPLA2-IIA
(Fig. 3D), demonstrating the critical involvement of platelet
MP 12-LO in this process. Neutrophils express the 12(S)-HETE

high-affinity receptor BLT2 and the leukotriene B4 (LTB4) high-
affinity receptor BLT1. Using an antagonist of BLT2 (LY255283),
along with an antagonist of BLT1 (CP105696) for comparison, we
confirmed the involvement of 12(S)-HETE and its receptor BLT2
in the internalization process (Fig. 3E). The contribution of BLT1
was significant, but less prominent, in agreement with the lower
affinity of 12(S)-HETE for this receptor, or suggestive of a modest
role for LTB4 in this process (42).
Platelet-type 12-LO expressed by human platelets generates the S

enantiomer of 12-hydroxyeicosatetraenoic acid (12-HETE), desig-
nated 12(S)-HETE, whereas the R enantiomer, 12(R)-HETE, is
produced by the 12-LO expressed by leukocytes and skin fibro-
blasts, or through the noncatalytic derivation of AA by cytochrome
P450 (43). To verify whether this mechanism of internalization
might apply to other cell lineage MPs (deficient in platelet-type
12-LO), we compared the relative impacts of 12(S)-HETE and
12(R)-HETE on internalization. We found that 12(S)-HETE, but
not 12(R)-HETE, is specifically involved in MP internalization (Fig.
3F). ALOX12−/−MPs were not internalized even in the presence of
exogenous 12(S)-HETE, providing further support for the
contribution of platelet-type 12-LO in this process (Fig. 3D). In
addition, using red fluorescent ALOX12−/− platelets and green
fluorescent ALOX12+/+ platelets to generate red ALOX12−/−

MPs and green ALOX12+/+ MPs, respectively, we found that
12(S)-HETE produced from MPs is incapable of promoting in-
ternalization of neighboring MPs lacking 12-LO (Fig. 3D), suggest-
ing that the internalization process revealed here might be unique to
12(S)-HETE–expressing MPs (i.e., platelet MPs).

MP Internalization in Disease. Neutrophils, platelet MPs (11, 21,
31, 32), sPLA2-IIA (28), and inflammatory stimuli all coexist in
RA SF. We used SF from patients with RA that contained an
abundance of platelet MPs (Fig. 4A) to determine whether
platelet MPs can be found within neutrophils. Using anti-CD41
and anti-CD66b monoclonal antibodies to label platelet MPs and
neutrophils, respectively, we could discern significant platelet
MP signals both at the surface and inside neutrophils (mostly
near or at the nucleus) in RA SF (Fig. 4 B and C). We observed a
similar pattern of CD41+MP expression inside peripheral neu-
trophils that had been incubated with platelet MPs, but only in
the presence of sPLA2-IIA (Fig. 4B).
We next used the K/BxN serum transfer model of arthritis, a

disease model in which both sPLA2-IIA and platelet MPs are
implicated (21, 28), to validate the MP internalization process
in inflammation. Because C57Bl6/J mice naturally lack sPLA2-
IIA (28), we used transgenic mice expressing human sPLA2-IIA
(sPLA2-IIA

TGN, in a C57Bl6/J background) (44) and included
WT C57Bl6/J mice as controls. We observed that on injection
into the tail vein, fluorescent ALOX12+/+ MPs quickly localized
inside neutrophils in the arthritic ankles of sPLA2-IIA–expressing
mice (Fig. 4 D and E). An important observation is the absence
of MP localization inside neutrophils in mice lacking sPLA2-IIA,
confirming the essential role of sPLA2-IIA in the internalization
process in vivo. The internalization was through MP-derived
12(S)-HETE; ALOX12−/− MPs failed to localize in neutrophils,
even in mice expressing sPLA2-IIA (Fig. 4 D and E). Thus, the
concerted actions of sPLA2-IIA– and MP-derived 12-LO trigger
MP internalization during inflammation.

Transfer of an Elaborate Microparticle Cargo Inside Neutrophils.
Having confirmed efficient internalization of fluorescently la-
beled platelet MPs, we proceeded to verify the actual transfer of
three distinct platelet components (i.e., a cytosolic protein, a
nucleic acid, and an organelle) to neutrophils. Because megakar-
yocytes perform several rounds of endomitosis before platelet
production, the platelet content can be particularly enriched in
cellular components. Although lacking a nucleus (and thus tran-
scription), the transcription factors NF-κB (7) and peroxisome

Fig. 3. The 12-LO product 12(S)-HETE is the trigger of MP internalization.
(A) Representative confocal microscopy 3D reconstruction of activated neu-
trophils (cytoplasm in red and nuclei in cyan), interacting with platelet MPs
(green) in the presence of human recombinant sPLA2-IIA or 12(S)-HETE
(1 μM). (B, D–F) Bar graphs indicating the relative localization (surface vs.
intracellular) of the MPs incubated with activated neutrophils for 2 h at 37 °C
under the indicated conditions. Data were obtained by confocal microscopy
from 100 neutrophils per condition (n = 3 for each panel). ***P < 0.0001
comparing diluents or indicated conditions, Mann–Whitney test. (C) MPs
were generated using platelets fromWT mice (red ALOX12+/+ MPs) and mice
lacking 12-LO expression (green ALOX12−/− MPs). Detection of 12-HETE was
determined by HPLC after a 30-min incubation at 37 °C of AA (100 μM) or
diluent DMSO with ALOX12+/+ MPs or ALOX12−/− MPs (n = 3). *P < 0.05;
**P < 0.001 on indicated conditions, Mann–Whitney test. (D) Activated
neutrophils were incubated for 2 h at 37 °C in the presence of combinations
of ALOX12+/+ MPs and ALOX12−/− MPs (50:50) or single groups of MPs
(ALOX12+/+ MPs or ALOX12−/− MPs) and treated with or without recombi-
nant sPLA2-IIA or with or without 12(S)-HETE (1 μM). (E) Activated neutro-
phils were treated for 10 min at 37 °C with the antagonists of BLT1
[CP105696 (CP), 10 nM] and BLT2 [LY255283 (LY), 100 nM] receptor
alone and in combination before the addition of platelet MPs and
sPLA2-IIA. (F ) Activated neutrophils incubated with MPs were treated with
exogenous 12(S)-HETE (0.1–10 μM) or 12(R)-HETE (0.1–10 μM).
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proliferator-activated receptor (PPAR) have been reported in the
platelet cytosol (6). The complete set of transcription factors
expressed by platelets is unknown, however, and whether they are
encapsulated in MPs has not been investigated. We determined
that 80 different transcription factors, belonging to seven distinct
structural families (45) (SI Appendix, Dataset S1) are found in
platelets (SI Appendix, Fig. S8A) and are packaged in MPs (SI

Appendix, Fig. S8B), including NF-κB and chicken ovalbumin up-
stream promoter-transcription factor (COUP-TFI) (Fig. 5A). The
latter, which is involved in neural maturation (46), was highly
expressed in platelet MPs and was undetectable by immunofluo-
rescence in neutrophils (Fig. 5B and SI Appendix, Dataset S1). We
used this information to monitor the transfer of transcription fac-
tors to the recipient. We observed that through sPLA2-IIA activity,
COUP-TFI was efficiently transferred to neutrophils, where it
remained in the cytosol (Fig. 5B). Furthermore, the COUP-TFI
protein detected in the platelet MPs retained its DNA-binding
activity, as revealed by DNA–protein interaction assays (SI Ap-
pendix, Fig. S8C), thereby indicating that it might impact recipient
cell transcription on translocation to the nucleus.
Platelets contain mRNAs (8, 47) and noncoding RNAs

(ncRNAs) (10), encapsulated inside MPs on budding and shed-
ding (16). We have established the repertoire of nucleic acids
from platelet MPs, showing that MPs express a variety of
mRNAs coding for proteins implicated in multiple biological
processes (SI Appendix, Fig. S8D and Dataset S2). Of interest,
ncRNAs, such as transfer RNAs, ribosomal RNAs, and miRNAs,
also were identified in MPs. We performed a more precise as-
sessment of MP miRNAs using miRNA arrays, which identified
the presence of immature and mature miRNAs (SI Appendix,
Dataset S3). An miRNA produced independently of Dicer activ-
ity, miR-451 (48), has been implicated in immunity and in-
flammation (49) and appeared to be one of the most abundantly
expressed miRNAs in MPs (Fig. 5C and SI Appendix, Fig. S8E).
Using a neutrophil-like cell line transfected with a specific DNA
sequence regulated by miR-451, we demonstrated the occurrence
of 12(S)-HETE–dependent MP internalization (SI Appendix, Fig.
S9) and transfer of miR-451 to these recipient cells (Fig. 5D).
Furthermore, we found that MP-derived miR-451 cleaved its cy-
toplasmic target sequence, establishing that platelet MPs can
transfer functional nucleic acids to recipient cells through sPLA2-
IIA (Fig. 5D).
Platelets contain an average of four mitochondria, which

can be packaged inside MPs, thereby forming mitochondria-
containing MPs (11). Because only a subset of MPs contains mi-
tochondria (11), we used confocal microscopic analyses and a
combination of cytosolic and mitochondrial fluorescent dyes to dis-
tinguish mitochondria-deficient MPs and mitochondria-containing
MPs. We found that the internalization of mitochondria-containing
MPs by neutrophils depends on the presence of sPLA2-IIA (Fig.
5E). The efficient transfer of mitochondria through MPs was
further validated by electron microscopy (Fig. 5F). Thus, the ac-
tivity of sPLA2-IIA on MPs mediates the transfer of a broad rep-
ertoire of platelet components to neutrophils, including cytosolic
proteins (e.g., transcription factors), nucleic acids (e.g., miRNA)
and organelles (e.g., mitochondria).

Concerted Action of sPLA2-IIA and 12-LO in Vivo. The internalization
of MPs by activated neutrophils requires 12(S)-HETE; however,
whether this process is proinflammatory or anti-inflammatory is
unknown. Under the hypothesis that the internalization of MPs
by neutrophils might be biologically relevant, we verified the
impact of the concerted activities of sPLA2-IIA and 12-LO in
vivo. To this end, we crossed ALOX12−/−mice with sPLA2-IIA

TGN

mice, which reportedly exhibit skin abnormalities reminiscent of
psoriasis but with no neutrophil infiltration (44), to generate
sPLA2-IIA

TGNALOX12−/− mice. We observed that ablation of the
ALOX12 gene in sPLA2-IIA

TGN mice had no effect on the skin
phenotype, although 12-LO expression was eliminated in blood
platelets (Fig. 6 A and B). Furthermore, we also confirmed that
neutrophilia, which has been reported in sPLA2-IIA

TGN mice (50),
occurred independently of 12-LO, and that the other blood cell
lineages were unaffected in the transgenic mice (Fig. 6C and SI
Appendix, Fig. S10). Taken together, these data suggest that the

Fig. 4. The concerted action of sPLA2-IIA and 12-LO in MP internalization.
(A) Platelet MPs in SF of patients with RA were quantified by high-sensitivity
flow cytometry using an antibody directed against the CD41 epitope (n = 6
RA patients). (B) Representative confocal microscopy picture of purified
CD66b+ neutrophils (detected using an FITC-conjugated anti-CD66b anti-
body) isolated from the SF of patients with RA (n = 6). For comparison, cir-
culating neutrophils isolated from healthy blood donors (n = 6) were
activated and incubated with MPs and sPLA2-IIA. Platelet MPs were detected
using a PE-conjugated anti-CD41 antibody (red), and nuclei were labeled
with Hoechst (blue). (Scale bars: 10 μm.) (C) Bar graph indicating the relative
localization (surface vs. intracellular) of the CD41+ MPs in neutrophils isolated
from arthritic patients. The quantification was performed on 100 neutrophils
per donor using confocal microscopy (n = 6). (D and E) Equivalent arthritis
scores (clinical index of 10 at day 5; details in Materials and Methods) were
induced in sPLA2-IIA–deficient (sPLA2-IIA

−/−) and –sufficient (sPLA2-IIA
TGN) mice

to assess MP internalization by neutrophils in arthritic ankles. Fluorescently
labeled MPs (ALOX12+/+ or ALOX12−/−) were injected i.v. into the mouse tail
vein, and the neutrophils retrieved in the arthritic joints were collected for
confocal microscopy analyses. (D) Representative confocal microscopy images
of neutrophils identified using FITC-conjugated anti-GR1 and the presence of
neutrophil distinctive polymorphonuclei (cyan). The presence of MPs was de-
termined as red fluorescence. (E) MFI of the red fluorescence signals present
intracellularly was measured on 100 neutrophils per mice. Bar graph presents
specific MFI (i.e., MFI of MP injected mice minus PBS-injected mice) (n = 6)
**P < 0.005; ***P < 0.0001, Mann–Whitney test.
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concerted actions of sPLA2-IIA and 12-LO do not support neu-
trophil-independent psoriasis-like disease or neutropoiesis.
We next used the K/BxN model of inflammatory arthritis to

examine the roles of sPLA2-IIA and 12-LO in a relevant pa-
thology in which both neutrophils and platelet MPs participate.
In agreement with a previous study (28), we confirmed more
marked development of arthritis in sPLA2-IIA

TGN mice com-
pared with sPLA2-IIA–deficient mice (Fig. 6D). Moreover, the
sPLA2-IIA

TGNALOX12−/− mice developed only modest arthri-
tis, similar to sPLA2-IIA–deficient mice. Given that ablation of
the ALOX12 gene in C57BL6 mice (deficient in sPLA2-IIA) had
no impact on arthritis, these data establish that sPLA2-IIA and
12-LO work in concert to promote inflammation in vivo. Fur-
thermore, i.v. injection of fluorescent ALOX12+/+ platelet MPs
into these groups of mice showed preferential localization in
neutrophils in the joints of sPLA2-IIA

TGNALOX12+/+ mice (Fig.
6E). The internalization of ALOX12+/+ MPs by neutrophils of
sPLA2-IIA

TGNALOX12−/− mice was more efficient than that for

ALOX12−/− MPs, suggesting that the former provide sufficient
12(S)-HETE for their internalization (Fig. 6F).

Discussion
The rich collection of components with apparently no or only
modest roles in anucleated platelets, and the platelet’s proficiency
to produce MPs under a variety of inflammatory conditions was the
impetus for our study. Our results identify sPLA2-IIA as an enzyme
working in concert with platelet MP 12-LO to promote in-
ternalization (Fig. 7 and SI Appendix, Fig. S8G). The fact that two
enzymes are required for MP internalization demonstrates that
the internalization process is tightly regulated, in agreement with
the potential significance of this process. Because sPLA2-IIA is an
extracellular enzyme induced only in inflammatory exudates, this
ensures that MPs are not internalized in neutrophils, unless the
neutrophils reach the inflammatory site. Furthermore, the fact
that neutrophils require activation also points to an additional

Fig. 5. Platelet MPs transfer an elaborate cargo in neutrophils. (A) Repre-
sentative immunoblots of COUP-TF I, COUP-TF II, and NF-κB in platelet MPs
(n = 3). (B) Representative confocal microscopy images of activated neu-
trophils after incubations with or without MPs and sPLA2-IIA. COUP-TF I
(cyan) is denoted by white arrows in CD66b+ (green) neutrophils with blue
nuclei. Platelet MPs were detected using an anti-CD41 antibody (red). (Scale
bars: 10 μm.) (C) Pie chart representation of the top-10 families of miRNA
found in MPs based on intensity expression in miRNA arrays (n = 3).
(D) Luciferase reporter assay of miR-451 activity measured in the PLB-985
differentiated neutrophil-like cell line incubated for 48 h at 37 °C in the
presence of MPs untreated or treated with human recombinant sPLA2-IIA
(n = 3). *P < 0.05 compared with diluent, t test. (E) Representative confocal
microscopy images of activated neutrophils incubated with MPs in the
presence or absence of sPLA2-IIA. MPs were labeled with CMFDA (green) and
MitoTracker (red). Green and red MPs (mitochondria-containing MP or
mitoMPs) are denoted by white arrows on the neutrophil surfaces or by
white arrowheads inside neutrophils. (Scale bars: 10 μm.) Graph bars indicate
the relative localization (surface vs. intracellular) of the MitoMPs, depending
on the neutrophil and MitoMP treatments. Data were obtained from 100
neutrophils per condition repeated at least three times with cells from dif-
ferent donors (n = 3). ***P < 0.0001 compared with the MP condition,
Mann–Whitney test. (F) Representative TEM image of activated neutrophils
incubated with MPs in the presence of sPLA2-IIA. Arrowheads denote mitoMPs
internalized in neutrophils.

Fig. 6. Concerted sPLA2-IIA and 12-LO activity promotes inflammation.
(A) Phenotypic observations of the indicated groups of mice. sPLA2-IIA

TGN

ALOX12+/+ and sPLA2-IIA
TGNALOX12−/− mice exhibit alopecia and hyperker-

atosis with features reminiscent of psoriasis (without leukocyte infiltration),
which are absent in control animals. (B) Immunoblot of 12-LO and β-actin on
platelet lysates from indicated groups of mice. Data are representative of
three independent experiments. (C) Bar graph indicating numbers of neu-
trophils in blood in indicated mice (n = 6 mice/group). (D) The severity of
arthritis was evaluated after administration of K/BxN serum in sPLA2-IIA

−/−

ALOX12+/+, sPLA2-IIA
TGNALOX12+/+, sPLA2-IIA

TGNALOX12−/−, and sPLA2-IIA
−/−

ALOX12−/− mice (n = 15 mice in each group). (E) Equivalent arthritis scores
(Materials and Methods) were induced in the four groups of mice to assess
MP internalization by neutrophils from arthritic ankles. Fluorescent MPs
(ALOX12+/+) were injected i.v. into the mouse tail vein, and neutrophils were
visualized by confocal microscopy analyses. Shown are representative confocal
microscopy images of neutrophils identified using FITC-conjugated anti-GR1
and the presence of neutrophil-distinctive polymorphonuclei (cyan). The
presence of MPs was determined by red fluorescence. (F) ALOX12−/− and
ALOX12+/+ MPs were injected i.v. into sPLA2

−/−ALOX12−/− and sPLA2-IIA
TGN

ALOX12−/− mice with equivalent arthritis scores. The presence of MPs was
determined by red fluorescence. Red fluorescent MPs present intracellularly
were quantified as specific MFI in 100 neutrophils per mice (repeated with six
mice) after subtraction of the background fluorescence displayed by neutro-
phils from mice injected with diluent. Graph bar presents the percentage of
specific MP internalization in each condition relative to specific MP in-
ternalization by neutrophils from sPLA2-IIA

TGNALOX12+/+ arthritic mice (serv-
ing as positive control mice) (n = 6). ***P < 0.0001 compared with sPLA2-IIA

TGN

ALOX12+/+, Mann–Whitney test.
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level of regulation. 12-LO is essentially present only in platelet-
derived MPs and not in MPs from other cellular lineages, sug-
gesting that the role of sPLA2-IIA and 12-LO is to mediate specific
platelet component transfer into neutrophils, potentially to impact
their function. Of clinical relevance, the concerted actions of
sPLA2-IIA and platelet-type 12-LO mediate inflammation in a
model of inflammatory arthritis.
Among the sPLA2s, sPLA2-IIA is by far the most abundantly

expressed in inflammatory fluids and enhances inflammation in
models of atherosclerosis and arthritis, conditions that involve
platelet MPs (17, 21, 27). Whereas the AA liberated by MPs can
be metabolized into eicosanoids by enzymes expressed by other
cells in the vicinity (30), our lipidomic approach shows that the
action of sPLA2-IIA on MPs generates eicosanoids, a process
requiring the activity of enzymes packaged inside MPs, consis-
tent with our proteomic analyses and those reported by other
investigators (51, 52). Thus, with their membrane composition
and content of functional enzymes, platelet MPs represent an
extraordinary source of lipid mediators implicated in a vast range
of physio(patho)logical functions when bathed in an environ-
ment rich in sPLA2-IIA. Although other sPLA2 groups other
than sPLA2-IIA might potentially use MPs as a substrate if
present in sufficient quantities, our findings support the proposal
that a physiological role for sPLA2-IIA is the promotion of
platelet MP functional activities, such as internalization.
Whereas sPLA2-IIA can use platelet MPs to generate proin-

flammatory 12(S)-HETE, other eicosanoids, produced by platelets
and other cell lineages, also make significant contributions to ar-
thritis. It was previously shown using the K/BxN serum transfer
model of autoimmune arthritis that platelet COX-1 could gener-
ate large quantities of extracellular prostaglandin H2, which itself
was metabolized transcellularly by the prostaclycin synthase ex-
pressed by fibroblast-like synoviocytes (53). The generation of
prostacyclin by fibroblast-like synoviocytes amplifies inflammation,
and, accordingly, the ablation of the gene coding for prostacyclin
receptor reduces arthritis in vivo (54). The eicosanoid LTB4 is also
an important lipid mediator implicated in arthritis, and mice de-
ficient in 5-lipoxygenase (the enzyme regulating its biosynthesis)
and in BLT1 (the high-affinity receptor for LTB4) are resistant to
arthritogenic K/BxN serum (26, 55). Herein we shed light on the
role of platelet-type 12-LO in inflammatory arthritis. Consistent
with this is the observation that arthritis is also attenuated in mice
deficient in BLT2, a high-affinity receptor for 12(S)-HETE (and
12-HHTrE) (56). Moreover, the contribution of platelet-type
12-LO could be determined only in mice expressing sPLA2-IIA,
providing further support for the coupling between sPLA2-IIA
and platelet-type 12-LO.
The internalization process revealed in this study occurs in-

dependently of COX-1, ruling out the involvement of other
major lipid mediators produced by platelets, such as thrombox-
ane and 12-HHTrE. Interestingly, collagen-induced platelet MPs
dominantly produced 12(S)-HETE, consistent with the reported
activation of 12-LO through the immunoreceptor-based activation
motif-containing the FcRγ chain involved in collagen signaling
(57). 12(S)-HETE is a too-often neglected mediator, and its exact
clinical significance remains a matter of debate (58). It is thought to
be involved in the reorganization of the actin cytoskeleton (59),
hypertension (60), angiogenesis, and cancer (61). On the other
hand, BLT2 is itself implicated in atherosclerosis (62, 63), cancer
(64), and inflammation (65). Thus, it is probable that MP in-
ternalization might take place in a broad range of conditions,
considering that it also might occur in BLT2-expressing cells other
than neutrophils, such as mast cells, endothelial cells, and fibro-
blast-like synoviocytes (42, 66, 67).
MPs lacking 12-LO were not internalized, even in the presence

of exogenous 12(S)-HETE. Furthermore, the S enantiomer, but
not the R enantiomer, of 12-HETE triggered MP internalization,
suggesting that MPs from cell lineages other than platelets might

engage distinct mechanisms that have yet to be identified. In
humans, the S enantiomer of 12-HETE is produced primarily by
platelet-type 12-LO, which might be transferred from platelets to
other cells so that they too produce 12(S)-HETE. Indeed, studies
have identified platelet-type 12-LO in skin fibroblasts and in
fibroblast-like synoviocytes from patients with psoriasis and RA
(68, 69), suggesting that MPs derived from these cells also might
be capable of conveying 12-LO and of using 12(S)-HETE to
promote their internalization. Because both platelet MPs and
sPLA2-IIA are present in inflamed SF (21, 28), one might ask
whether 12(S)-HETE is found in RA SF. Of interest is that 5,12
(S)-diHETE, which is produced only through the coordinated
action of leukocyte 5-lipoxygenase and platelet 12-LO, is the
most abundant eicosanoid in SF of patients with RA (70), thus
suggesting the potential for platelet MP internalization in neu-
trophils. Future studies will undoubtedly uncover the role of
5,12(S)-diHETE in inflammation.
We report an extensive set of transcription factors and nucleic

acids expressed by platelet MPs, which frequently localize near
the nucleus and organelles once internalized by neutrophils.
Given that miRNAs are recognized as potent modulators of
mRNA expression, their transfer to the recipient cell through EVs
has received considerable attention (16); however, we emphasize
that the MP cargo is far more extensive and contains other mod-
ulators besides miRNAs, including mRNAs, ncRNAs, transcription
factors, active enzymes (such as 12-LO), cytokines, unique lipids,
and even organelles such as mitochondria (11), all of which are
potentially capable of contributing to reprogramming of the re-
cipient cell. Accordingly, MPs could regulate transcripts on in-
ternalization by neutrophils (SI Appendix, Fig. S11 A and B and
Dataset S4), thereby potentially modulating the biological pro-
cesses and primary functions of these recipient cells. Although
these observations suggest that the internalization of MPs may alter
neutrophil functions, a feature seen in RA (24), definitively iden-
tifying the actual contribution of each individual MP component to
the recipient cell is premature. The present study serves to high-
light the complexity of the platelet MP cargo and, most impor-
tantly, to reveal how platelet MP transfer occurs.
The EV content is highly diversified, with different cellular

lineages producing EVs. Furthermore, depending on the bi-
ological context, distinct cellular recipients might require specific
EV cargoes for their functions and might be specifically targeted
by particular EVs. Consistent with this idea, we have demon-
strated that platelet MPs are not passively internalized by re-
cipient cells. Specific transfer of the extensive platelet MP cargo
to target cells is regulated by a lipid mediator that is unique to
and produced by MPs (Fig. 7).

Materials and Methods
More details are provided in SI Appendix, SI Materials and Methods.

Patients. SF was obtained from the affected knees of six patients with
RA, including four with positive rheumatoid factors (RFs) and two with no

Fig. 7. Schematic representation of the mechanism underlying MP in-
ternalization in neutrophils. Platelet MPs express 12-LO, and generate 12(S)-
HETE on membrane phospholipid hydrolysis by sPLA2-IIA. 12(S)-HETE triggers
MP internalization in neutrophils through BLT2 activation, thereby pro-
moting platelet MP cargo transfer to neutrophils. The concerted actions of
sPLA2-IIA and 12-LO enhance inflammation.
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detectable RFs, with their informed consent under the approval from the
Centre Hospitalier Universitaire de Québec’s Ethics Committee. The patients
(five females and one male, aged 20–60 y) were not treated with any
medications before SF collection.

Mice. Guidelines of the Canadian Council on Animal Care were followed for
all our studies in a protocol approved by the Animal Welfare Committee at
Laval University. Eight-week-old male C57BL/6J (sPLA2-IIA

−/−), transgenic
human sPLA2-IIA (sPLA2-IIA

TGN) (28, 44), and ALOX12−/− (71) mice back-
crossed 10 times in a C57BL/6J background were obtained from The Jackson
Laboratory. sPLA2-IIA

−/−ALOX12−/−mice in a C57BL/6J background were crossed
with sPLA2-IIA

TGNALOX12+/+ mice in a C57BL/6J background (sPLA2-IIA
TGN

hemizygous). sPLA2-IIA
TGN12LO−/+ mice obtained from the progeny were

crossed again with sPLA2-IIA
−/−ALOX12−/− mice to generate the desired ge-

notype sPLA2-IIA
TGNALOX12−/− identified by genotyping.

Arthritis Induction in Mice. Induction of arthritis was performed using
arthritogenic K/BxN serum (100 μL) transferred by i.p. injection to recipient
sPLA2-IIA

−/−ALOX12+/+, sPLA2-IIA
TGNALOX12+/+, sPLA2-IIA

TGNALOX12−/−, and
sPLA2-IIA

−/−ALOX12−/− mice. The development of arthritis was monitored
daily by measuring the thickness of the ankles at the malleoli as described
previously (28).

Experimental Design for MP Localization in Vivo. To avoid any bias in quan-
titative analyses, each group of mice with comparable arthritis scores was
used to assess MP localization in neutrophils in vivo. Preliminary experiments
determined the volume of K/BxN serum needed to induce comparable levels
of disease in all groups of mice (i.e., a clinical index plateau of 10 on a scale of
12, reached at day 5). At days 0 and 2, 150 μL of K/BxN serumwas injected into
sPLA2-IIA

−/−ALOX12+/+, sPLA2-IIA
−/−ALOX12−/−, and sPLA2-IIA

TGNALOX12−/−

mice, and 75 μL of K/BxN serum was injected into sPLA2-IIA
TGNALOX12+/+

mice. At day 5 after K/BxN serum transfer, 1.5 × 108 CMPTX ALOX12−/− or
ALOX12+/+ MPs were injected into the tail veins of arthritic mice from the
four groups. The mice were killed at 3 h after MP injection. The ankles were
digested for 3 h at 37 °C with collagenase IV (Worthington; 1 mg/mL in white
RPMI medium). Digestion products were sifted through a filter (70-μm cell
strainer). Under these conditions, the number of neutrophils in digested ankles
remained similar in each group of mice, and 40 ± 6% of total Hoechst+ cells
were GR1+ and displayed polylobed nuclei. Cells were washed twice with RPMI
medium and centrifuged at 1300 × g for 5 min at room temperature (RT).
Pellets were resuspended in 1X HBSS and fixed with paraformaldehyde (PFA)
2% (vol/vol) (final concentration) during 15 min at RT. Fixed cells were cyto-
spun for 3 min at 500 rpm for confocal microscopy investigation.

Cells and Microparticles.
Platelet MPs. Human and mouse platelets were obtained from citrated blood
of healthy human donors under an Institutional Review Board-approved
protocol (Centre de Recherche du Centre Hospitalier Universitaire de Québec
and Université Laval) (31) and healthy 12- to 15-wk-old mice, respectively.
Platelets were isolated after centrifugation of blood (282 × g for 10 min at
RT), after which the supernatant (platelet-rich plasma) was centrifuged at
600 × g for 5 min at RT. The supernatant was then centrifuged at 1,300 × g
for 5 min at RT, and the pellet containing platelets was resuspended in
Tyrode’s buffer (pH 7.4) containing 5 mM calcium. Platelets were counted
(Cellometer AutoM10; Nexcelom Bioscience) and adjusted to a density of
100 × 106 cells/mL before stimulation with collagen (0.5 μg/mL; Takeda
Austria) for 18 h. When required, platelets were prelabeled with 1 μM
CMFDA (green fluorescent) or CMPTX (red fluorescent) (Invitrogen) for
15 min at 37 °C in the dark before stimulation. Contaminating remnant
platelets were removed by centrifugation at 1300 × g for 5 min at RT, per-
formed twice. Supernatants containing platelet MPs were centrifuged at
18,000 × g for 90 min at 18 °C. Pellets containing MPs were resuspended in
Tyrode’s buffer (pH 7.4) with 5 mM calcium and quantified by flow cytometry
using a FACSCanto II equipped with a small particle option (BD Biosciences)
as described previously (31). The chosen parameters were optimal to detect
polystyrene particles from 100 to 3,500 nm simultaneously on the forward
scatter channel coupled to a photomultiplier tube, and all MP preparations
were confirmed to contain no trace of platelets (SI Appendix, Fig. S1B).
Human Primary Neutrophils. Polymorphonuclear neutrophils were isolated from
citrated blood of healthy adult volunteers as described previously (72). Cells
(density of 5 × 106 cells/mL) were kept in Mg2+-free 1X HBSS with Ca2+ and
left unstimulated (native) or primed with TNF (100 U/mL) and GM-CSF
(10 ng/mL) (Peprotech) (72), and activated using immune complexes (heat-
aggregated IgG, 1 mg/mL final concentration) prepared by heat aggregation
of human IgG (25 mg/mL; Sigma-Aldrich) for 1 h at 63 °C. Human neutrophils

(2.5 × 105) were labeled with 1 μM CMPTX for 15 min at 37 °C (when re-
quired) and then incubated for 2 h at 37 °C with 17.5 × 106 fluorescent MPs
(equivalent to 2 μg of proteins) or 70 MPs/neutrophil in a final volume of
50 μL. Thus, MPs (350,000 MPs/μL) were incubated with neutrophils (5 × 106

cells/mL) in 50 μL. When the role of sPLA2-IIA on internalization was assessed,
the recombinant enzyme (73) or its inactive mutant was added (0.1 μg/mL
final concentration) for 1 h on MPs (on ice, to permit association of the
enzyme with MPs) before the addition of MPs to neutrophils. In some ex-
periments, the BLT1 receptor antagonist (CP105696, 10 nM; Pfizer Global
Research and Development, a generous gift from Dr. Pierre Borgeat, Centre
Hospitalier Universitaire de Québec), the BLT2 receptor antagonist
(LY255283, 100 nM; Cayman) and lipid mediators 12(S)-HETE (0.1–10 μM),
12(R)-HETE (0.1–10 μM), 12-HHTrE (1 μM), thromboxane B2 (1 μM), and
thromboxane A2c (1 μM) (all from Cayman) were added to neutrophils
before the addition of MP.
Neutrophil-Like Cell Line. PLB-985 cells (Deutsche Sammlung von Mikroorga-
nismen und Zellkulturen) were kept at 0.2 × 106 cells/mL in RPMI medium
containing 10% FBS and then differentiated into neutrophil-like cells by the
addition of 0.3 mM dibutyryl-cAMP (dbAMPc; Sigma-Aldrich) over 3 d. Cells,
at a density of 5 × 106 cells/mL, were kept in Mg2+-free 1X HBSS with Ca2+,
and labeled with 1 μM CMPTX for 15 min at 37 °C in the dark when in-
dicated. Neutrophil-like cells were primed and activated as described for
primary neutrophils.

Confocal Microscopy.
Cell Preparation. Cells were fixedwith 2% (vol/vol) PFA (final concentration) for
15 min at RT and then centrifuged using a cytospin protocol (500 rpm for
3 min at RT). For intracellular CD41 and COUP TF-I detection, cells were per-
meabilized with 0.5% saponine (Sigma-Aldrich) in 1X PBS twice for 5 min at RT.
They were then treated with saturation solution (0.05% saponine, 5% FBS, and
5%horse serum) for 20min at RT. Fluorescently conjugatedmarkerswereused to
discriminate surface and intracellular compartments and to distinguish neu-
trophils and platelet MPs. Neutrophil surfaces were labeled with FITC-conjugated
anti-CD66b (1 μg/mL; Beckman Coulter), cytoplasm was labeled with 1 μM
CMPTX, and nuclei were labeled with either 1 μg/mL Hoechst 33342 (Invi-
trogen) or DRAQ5 (1/100; Cell Signaling Technology). When murine neutrophils
were isolated from arthritic joints, fixed cells were labeled with Alexa Fluor
488-conjugated anti-GR1 (1.66 μg/μL; BD Bioscience) for 1 h. For experiments
using CD66b+ cells purified with magnetic beads (Stemcell Technologies) from
the SF of patients with RA, PE-conjugated anti-CD41 (20 μg/mL, (clone M148;
Abcam) and FITC-conjugated anti-CD66b were used to label MPs and neu-
trophils, respectively. The COUP-TF I expression in human cells was determined
using antibody against COUP-TF I (1 μg/mL, clone H8132; R&D Systems).
Image Analyses. To quantitatively assess the localization of fluorescent MPs in
vitro, images were processed after cropping individual neutrophils in a XYZ
mode. Each MP (green) was analyzed for localization within the neutrophil
cytoplasm (red), counted, and classified in either intracellular or surface
groups. MP internalization in 100 neutrophils per condition was quantified
and repeated at least three times using neutrophils and MPs from different
blood donors.

To quantitatively assess localization of fluorescent MPs in vivo and ex vivo
(i.e., in arthritic joints), images were also processed after cropping individual
neutrophils in XYZ mode. Because MPs internalized in vivo do not display
punctate signals (possibly owing to membrane metabolism in the recipient),
intracellular fluorescent signals were quantified slightly differently. The
fluorescence corresponding to red MPs injected in mice, inside the boundary
given by the GR1 membrane labeling, was quantified using velocity software
as mean fluorescence intensity (MFI). The specific MP internalization was
calculated after substracting the MFI of neutrophils from mice injected with
control diluent (PBS).

Lipidomics. MPs (350,000 MPs/μL, or a total of 2.1 × 108 MPs in 600 μL,
equivalent to 23 μg) were incubated in Tyrode’s buffer (without BSA) at
37 °C for 30 min and 6 h in the presence or absence of human recombinant
sPLA2-IIA (0.1 μg/mL and 1 μg/mL). EGTA (20 mM) was added to stop the
reaction. Then 200 μL of the reaction mixture was mixed with 800 μL of
chloroform/methanol (2:1), followed by the addition of 15 μL of internal
deuterated standard mixture. Lysophospholipid, fatty acid and eicosanoid
analysis by combined liquid chromatography/tandem mass spectrometry was
performed as described previously (74, 75).

Statistics. The number of replicates (n) indicates the number of replicated
experiments using cells from n different blood donors. Statistical analyses
(t test, ANOVA, Mann–Whitney) were performed using GraphPad Prism
version 5.
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