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ABSTRACT

Background: Monocytic microparticles (mMPs) are microparticles derived from activated human
monocytes and play an important role in cell-to-cell communication in the circulation. Endothelial
cells also exist in the circulation and are thought to have a complex interaction with the released
mMPs. Both mMPs and endothelial cells are important players in inflammation. However, the un-
derlying mechanism exerted by mMPs in modulating monocyte and endothelial cell activation
during inflammation remains unclear. Methods: Monocytic THP-1 and U937 cells, as well as hu-
man blood monocytes, were cultured in the presence or absence of their corresponding mMPs
prior to assessing tumor necrosis factor-a (TNF-e), interleukin 18 (IL.-1), and interleukin 6 (IL-6)
secretion. Upon the culture of human umbilical vein endothelial cells (HUVECs) in the presence or
absence of MMPs, the expression of CD31, intracellular adhesion molecule 1 (ICAM-1), and vascular
cell adhesion molecule T (VCAM-1) by HUVECs and endothelial microparticles (eMPs) was assessed.
Results: Our results showed that THP-1 cells and stimulated monocyte-derived mMPs enhanced
IL-1B and IL-6 secretion, respectively. Additionally, mMPs derived from stimulated monocytes en-
hanced the expression of CD31, ICAM-1, and VCAM-1 by HUVECs and increased the release of eMPs.
Conclusion: These data suggest that mMPs may exacerbate inflammation through IL-18 and IL-6
activity and facilitate monocyte recruitment to inflammatory sites via CD31, ICAM-1, and VCAM-1.
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INTRODUCTION

Monocytic microparticles (mMPs) are small vesicles
derived from the monocyte cell membrane following
activation or apoptosis. Monocytic MP are round in
shape with sizes of approximately 140 nm to 1000
nm!. Microparticles that have phenotypic and cy-
tosolic contents similar to those of their origin cells
have emerged as pivotal markers of inflammation.
High levels of mMPs have been detected in various
clinical conditions such as vascular inflammation?2,
thrombosis, and angiogenesis>*. Apart from partici-
pating in cellular interactions, mMPs also contribute
to inflammation by enhancing the release of numer-
ous inflammatory cytokines and chemokines by im-
mune cells> as well as upregulating the expression of
adhesion molecules by endothelial cells®.

Cytokines are small proteins, secreted by cells, that are
capable of mediating cell signaling or cell communi-
cations. Interleukin 1§ (IL-1f), interleukin 6 (IL-6),
and tumor necrosis factor o (TNF-a) are known as
the most potent proinflammatory cytokines that are
released in the presence of pathogenic invaders during
inflammation. A balanced cascade between pro- and

anti-inflammatory cytokines is necessary to achieve
well-regulated immune activity. It has been widely
reported that overproduction of IL-1 and IL-6 con-
tributes to chronic inflammatory diseases”, while up-
regulation of TNF-« has been observed in the pathol-
ogy of several systemic diseases®.

Monocytic MPs exert an autocrine effect on their
origin monocytes. The interaction of mMPs with
monocytes induces the release of the proinflamma-
tory cytokine IL-18%.
a paracrine effect on endothelial cells to facilitate

Monocytic MPs also exert

monocyte-endothelial cell interaction, which is the
initial step in vascular inflammation. During inflam-
mation, mMPs support the attachment of monocytes
to intracellular adhesion molecule 1 (ICAM-1) ex-
pressed on activated endothelial cells1°. These pro-
cesses favor the transmigration and recruitment of ac-
tivated leukocytes into the vascular intima during in-
flammation. Meanwhile, protein ligands such as P-
selectin glycoprotein ligand-1 and P-selectin, which
are expressed on mMPs, permit and increase their
adhesiveness to adhesion molecules on endothelial
cells 11, Consequently, the TNF-¢, IL-1f3, IL-6, and
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IL-8 released upon monocyte binding to endothe-
lial cells, together with mMP-endothelial cell bind-
ing, further enhance ICAM-1, vascular cell adhesion
molecule 1 (VCAM-1), and E-selectin expression by
endothelial cells, which are important for leukocyte
chemotaxis !2.

Additionally, the interaction between mMPs and en-
dothelial cells may induce endothelial vesiculation,
resulting in the release of endothelial microparticles
(eMPs). The shedding of eMPs results from the ac-
tivity of proinflammatory factors such as vascular en-
dothelial growth factors, IL-6, and TNF-«, which
are released following mMP-endothelial cell interac-

tions 13

. Consequently, eMPs elicit a proinflamma-
tory response in endothelial cells by enhancing adhe-
sion molecule expression on endothelial cells, result-
ing in monocyte adhesion.

However, the interaction of mMPs with monocytes
and with endothelial cells in amplifying vascular in-
flammation remains unclear. Therefore, changes
in cytokine secretion by monocytes in the presence
of human blood monocyte-derived mMPs were as-
sessed. Additionally, the expression of CD31 and
the adhesion molecules ICAM-1 and VCAM-1 by en-
dothelial cells and shed eMPs were determined in
the presence of mMPs. We hypothesized that mMPs
induce the release of proinflammatory cytokines by
monocytes and enhance ICAM-1 and VCAM-1 ex-

pression on endothelial cells.

METHODS

Cell lines

The human monocytic cell lines U937 and THP-
1 were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). Both cell
lines were cultured in complete RPMI-1640 medium
(Sigma-Aldrich, St. Louis, Missouri, USA) supple-
mented with 10% heat-inactivated fetal calf serum
(Sigma-Aldrich, St. Louis, Missouri, USA) and 1%
penicillin-streptomycin-glutamine (GIBCO, Carls-
bad, CA, USA) in a 37°C, 5% CO,/air atmosphere in-
cubator.

Human umbilical vein endothelial cells (HUVECs)
(PromoCell, Heidelberg, Germany) were cultured
in a flask coated with 0.2% gelatin type B solu-
tion (Sigma-Aldrich, St. Louis, Missouri, USA)
and were maintained in complete Endothelial Cell
Growth Medium 2 (PromoCell, Heidelberg, Ger-
many). All cell washing steps were performed using
1X phosphate-buffered saline (PBS) (Amresco, Solon,
OH, USA).
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Blood collection and monocyte subset iso-
lations

Human blood samples were collected from healthy
donors with appropriate informed consent as ap-
proved by the Research Ethics Committee (Human)
USM (USM/JEPeM/14120522). Briefly, 30-50 ml
of blood was collected from each healthy donor.
Adult peripheral blood mononuclear cells (PBMCs)
were isolated by density gradient centrifugation us-
ing Lymphocyte Separation Medium (LSM) (Corn-
ing, Manassas, VA, USA). PBMCs were then collected
from the plasma-LSM interface layer and washed
with 1X PBS before being resuspended in the appro-
priate buffer or media.

Isolation of human whole-blood monocytes from
PBMCs was performed using a Pan Monocyte Isola-
tion Kit (Miltenyi Biotec, Auburn, CA, USA) accord-
ing to the manufacturer’s protocol.

Microparticle generation and isolation

U937s, THP-1s, and blood monocytes were stimu-
lated with 1 ug/ml lipopolysaccharide (LPS) from
Escherichia coli (E. coli) 026:B6 (Sigma-Aldrich, St.
Louis, Missouri, USA) for 18 hours at 37°C in a 5%
humidified CO, incubator.

HUVECs were seeded onto a treated 6-well plate at
1x10° cells/ml in complete Endothelial Cell Growth
Medium 2.
mimic inflammatory conditions, the confluent en-

Cells were grown for 24 hours. To

dothelial monolayer was either stimulated with 1
ug/ml LPS or incubated with 300 pg/ml® unstim-
ulated or LPS-stimulated monocytes derived mMPs
for 18 hours at 37°C in a 5% CO»/air atmosphere in-
cubator. Trypsinization was performed using 0.25%
trypsin-EDTA (Sigma-Aldrich, St. Louis, Missouri,
USA) for 5 minutes at room temperature to detach the
cells.

To isolate mMPs or eMPs, all culture supernatants
were centrifuged at 500 xg for 5 minutes and 1,500 xg
for 5 minutes, and finally ultracentrifuged at 20,000
xg for 60 minutes at 4°C to pellet down the MPs.
HUVECs and eMPs were stained with anti-CD31-
PerCP/Cy5.5 (BioLegend, San Diego, CA, USA) and
Annexin-V-FITC (BD Bioscience, San Jose, CA,
USA) for 20 minutes in 1X binding buffer.
ples were analyzed by a FACS CANTO II flow cy-
tometer (BD Bioscience, San Jose, CA, USA). HU-
VECs and eMPs were assessed on SSC/FSC profiles
before being further gated based on the expression of
CD31/Annexin-V.

Sam-
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Endotoxin detection

Isolated mMPs were assessed for endotoxin inter-
ference using a ToxinSensor Chromogenic Limulus
Amebocyte Lysate Endotoxin Kit (GenScript, Piscat-
away, NJ, USA).

Monocyte culture in the presence of mMPs

THP-1 and U937 cells at a concentration of 5x10°
cells were cultured with their derived mMPs at a con-
centration of 3x10° at a ratio of 1:6 (monocytic cell
lines:mMPs). Whole monocytes at a concentration of
5x10° cells were cultured in the presence of 1 pg/mL
LPS with or without 1x10® monocyte-derived mMPs
in a 1:2 ratio (monocytes:mMPs) 14 After 18 hours of
culture, the supernatants were collected via centrifu-
gation at 200 xg for 5 minutes and subsequently used
for cytokine quantification using ELISA.

Confluent monolayers of HUVECs were serum-
starved for 4 hours prior to culture with 300
ug/ml unstimulated or LPS-stimulated mMPs de-
rived from monocytes for 2 hours in serum-free
medium *followed by RT-qPCR analysis.

Cytokine quantification

ELISA was performed to quantify the levels of cy-
tokines released using the Human TNF-o ELISA Max
Deluxe and Human IL-1f ELISA Max Deluxe kits (Bi-
olegend, San Diego, CA, USA). The level of cytokines
released in the supernatants was measured using a
spectrophotometer at 450 nm and analyzed by SkanIt
Software 2.4.3 RE (Thermo Scientific, Waltham, MA,
USA).

Quantitative real-time polymerase chain
reaction (RT-qPCR)

Total RNA was extracted using the RNeasy Mini Kit
(Qiagen, Germantown, MD, USA) according to the
manufacturer’s instructions, and the RNA concen-
tration was determined using a NanoDrop ND-2000
spectrophotometer (Thermo Scientific, Waltham,
MA, USA) at 450 nm. The detection of ICAM-1
and VCAM-1 was performed using RT-qPCR. Sam-
ples were prepared using the LUNA Universal One-
Step RT-qPCR Kit (New England Biolabs, Ipswich,
MA, USA) as recommended by the manufacturer.
The primer sequences for RT-qPCR were as fol-
lows: GAPDH (forward: 5 CCT GCA CCA ACT
GCT TA 3, reverse: 5 GGC CAT CCA CAG TCT
TCT GAG 3") (NCBI, NM_002046.5), ICAM-1 (for-
ward: 5> GGC CGG CCA GCT TAT ACA C 3) re-
verse: 5 TAG ACA CTT GAG CTC GGG CA 3’)
(NCBI, NM_000201.2), and VCAM-1 (forward: 5

TCA GAT TGG AGA CTC AGT CAT GT 3] re-
verse: 5 ACT CCT CACCTT CCCGCT C3’) (NCBI,
NM_001078.3). Data acquisition was performed us-
ing an Applied Biosystems 7500 RT-PCR machine
(Applied Biosystems, Foster City, CA, USA), and the
cycle threshold was obtained by ABi 7500 Real Time-
PCR software (Applied Biosystems, Foster City, CA,
USA).

Statistical analyses

The data obtained were analyzed using GraphPad 7
Prism software (De Novo, San Diego, CA, USA). Data
are shown as the mean £ SD. Mean differences be-
tween the two groups were tested using a paired t-test.
*P <0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001
were considered significant.

RESULTS

Monocyte subtypes exhibit different cytokine secre-
tion in the presence of mMPs

To investigate the role of mMPs in modulating cy-
tokine secretion, we measured the levels of IL-1f and
TNF-o in U937 and THP-1 cultures in the presence of
3x10® mMPs. We found that culturing mMPs derived
from stimulated U937 cells with their origin cells re-
sulted in low secretion of IL-18 compared to U937
cells alone (p < 0.05) (Figure 1A). In contrast, the
secretion of IL-1f in the supernatants of stimulated
THP-1-derived mMPs cultured with their origin cells
was significantly increased compared to that of THP-1
cells cultured alone (p < 0.01) (Figure 1 B). However,
mMPs derived from both stimulated U937 and THP-1
cells cultured with U937 and THP-1 cells failed to in-
duce TNF-o secretion despite TNF-« being detected
in the culture supernatants of U937 and THP-1 cells
alone (data not shown).

We then tested whether mMPs derived from mono-
cytes enhanced TNF-& and IL-6 secretion. The re-
lease of TNF-¢¢ from unstimulated monocytes in
the presence of 1x10° mMPs was low compared to
that from unstimulated monocytes without mMPs (p
< 0.01) (Figure 1C). Similarly, TNF-& production
from stimulated monocytes cultured with mMPs was
also low compared to that from stimulated mono-
cytes in the absence of mMPs (p < 0.01). IL-6 pro-
duction by unstimulated monocytes cultured with
mMPs was significantly higher than that from un-
stimulated monocytes cultured without mMPs (p <
0.05) (Figure 1 D). Meanwhile, IL-6 production from
the supernatants of stimulated monocytes cultured
with mMPs was also higher than that from stimulated
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Figure 1: Interleukin (IL) 153, tumor necrosis factor (TNF) ¢, and IL-6 secretion. A) IL-1J secretion upon cul-
ture of U937 alone and culture of U937 with U937-derived monocytic microparticles (mMP). B) IL-1f secretion
from THP-1 alone and culture of THP-1 with THP-1-derived mMP. C) TNF-¢ secretion upon culture of stimulated
or unstimulated monocytes with mMP. D) IL-6 secretion upon culture of stimulated or unstimulated monocytes
with mMP. Experiments were performed at least three times in triplicates. Data are expressed as mean =+ SD, *p <

0.05 and **p < 0.01, (n = 3).

monocytes cultured without mMPs, although the dif-
ference was not significant.

Monocytic MPs enhance CD31, ICAM-1, and
VCAM-1 expression by endothelial cells

Monocyte-endothelial cell interactions are crucial
in inflammation. We therefore assessed whether
monocyte-derived mMPs alter the expression of
CD31, ICAM-1, and VCAM-1 by endothelial cells.
Under resting conditions, CD31 was highly expressed
(up to 97.98%) on endothelial cells, but Annexin-V
expression was low (Figure 2A). Upon stimulation
with mMPs derived from LPS-stimulated monocytes,
the expression of CD31"/Annexin-V* was increased
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to 11.72% (Figure 2B). Endothelial cells also ex-
pressed high levels of CD31 in the presence of mMPs
derived from LPS-stimulated monocytes, which were
46.15-fold =+ 2.555-fold (p < 0.05) higher than in the
presence of LPS alone (Figure 2C). Under serum-free
conditions, mMPs were able to govern the expression
of adhesion molecules by endothelial cells. The ex-
pression levels of ICAM-1 (Figure 2D) and VCAM-
1 (Figure 2 E) were increased 24.42-fold + 8.989-
fold and 86.49-fold £ 14.76-fold (p < 0.05), respec-
tively, in the presence of mMPs derived from LPS-
stimulated monocytes compared to those modulated
by LPS alone.
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Figure 2: Expression of CD31, intercellular adhesion molecule (ICAM) 1, and vascular cell adhesion molecule
(VCAM) 1 by endothelial cells. Flow cytometry analyses were performed to determine the expression of CD31
on endothelial cells and RT-gPCR analyses were performed to measure the expression of ICAM-1 and VCAM-1. A)
Density plot shows the expression of CD31 on unstimulated endothelial cells and B) endothelial cells cultured with
lipopolysaccharides (LPS)-stimulated monocyte-derived mMP. C) Fold change of mean fluorescence intensity of
CD31 was calculated. The expression level of D) ICAM-1 and E) VCAM-1 was calculated in relative fold change over
control. Results are from three independent experiments. Error bars represent mean =+ SD, *p < 0.05, **p < 0.01,

(n=3).

Monocytic MPs enhance eMP production by
endothelial cells

After demonstrating the capability of mMPs to en-
hance the expression of endothelial cell markers,
we assessed whether mMPs were capable of induc-
ing vesiculation in eMPs. In the absence of stim-
ulants, resting endothelial cells expressed 14.99%
CD317"/Annexin-V* eMPs (Figure 3A). Follow-
ing LPS stimulation, endothelial cells expressed
22.88% CD31"/Annexin-V* eMPs (Figure 3B). In-
terestingly, endothelial cells cultured with unstim-
ulated monocyte-derived mMPs resulted in 17.31%

CD31"/Annexin-V* eMPs (Figure 3C). As ex-
pected, the stimulation of endothelial cells with
mMPs derived from LPS-stimulated monocytes in-
creased CD31"/Annexin-V' eMP shedding by ap-
proximately 31.28% (Figure 3 D), which was higher
than that released upon LPS stimulation.

DISCUSSION

Recently, the study of mMPs has become impor-
tant due to their association with monocyte and en-
dothelial cell activation, particularly in inflammation.
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Figure 3: CD31 expression on endothelial microparticles (eMP). Microparticles derived from endothelial cells
were identified as CD31"/annexin V populations. Dot plots show gated eMP population derived from A) un-
stimulated endothelial cells, B) Lipopolysaccharides (LPS)-stimulated endothelial cells, C) endothelial cells cul-
tured with mMP derived from unstimulated monocytes and D) endothelial cells cultured with mMP derived from
LPS-stimulated monocytes. Results are representative of three independent experiments (n = 3).

Emerging evidence has demonstrated the proinflam-
matory effects of MPs derived from distinct origin
cells on monocytes and macrophages 41>, How-
ever, the interaction between mMPs and monocytes
at inflammatory sites has not been explored. There-
fore, the effects of mMPs during culture with their
In this study, LPS was
used to induce the activation of CD14 on monocytes
and mimic cellular inflammation, which subsequently
produces mMPs. To isolate mMPs, cultured super-

origin cells were assessed.

natants containing mMPs were subjected to two-step
differential centrifugation at 500 xg and 1,500 xg, fol-
lowed by ultracentrifugation at 20,000 xg as previ-
ously recommended!6. Two-step differential cen-
trifugation at 500 xg and 1,500 xg is crucial for remov-
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ing cells and apoptotic bodies'”, respectively, from
mMPs in supernatants. Meanwhile, ultracentrifuga-
tion at 20,000 xg during mMP isolation eliminates ex-
osome contamination and ensures proper separation,
since mMPs are pelleted while exosomes remain in
the supernatants 8.

Our data showed that in the presence of mMPs de-
rived from THP-1 cells and blood monocytes, IL-
1B and IL-6, respectively, were secreted. In con-
trast, mMPs derived from U937 cells were unable to
modulate the secretion of IL-1 by U937 cells despite
having an mMP concentration comparable to THP-
1 cells. In addition, the presence of mMPs did not
trigger TNF-o secretion by U937, THP-1, or mono-
cytes. These data indicate that mMPs may mod-
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ulate proinflammatory cytokine secretion in a cell-
origin-dependent manner. It has been previously re-
ported that upon culture with MP, distinct cell types
may release varying levels of different cytokines®.
The variations in cytokine expression detected in our
study were not surprising since U937 and THP-1 cells
show different proteomic and cytokine profiles than
blood monocytes?® and thus play different roles in
inflammation. Similar to our study, a previous find-
ing showed that mMPs containing IL-1 trigger the re-
lease of IL-1f from monocytes in an autocrine man-

ner9.

Although the exact underlying mechanism
of monocyte activation by mMPs remains unknown,
it is possible that mMPs contribute to an inflam-
matory response via their lipid fraction, which trig-
gers the activation of Toll-like receptor 4 on mono-
cytes as previously reported?!. Moreover, the influ-
ences of mMP concentration on their biological ef-
fect have been greatly emphasized previously?2. In
this study, 3x10° THP-1-derived mMPs and 1x10°
blood monocyte-derived mMPs activated their origin
cells at different levels. Nevertheless, the correlations
between different concentrations of mMPs and their
biological effects on the activation of U937, THP-
1, and blood monocytes were not directly assessed
in this study. Several variables, including cell types,
cell concentrations, and types of cytokines measured,
should be considered for proper assessment in future
concentration-response studies.

As elevated numbers of mMPs have been observed in
inflammation 23, the proinflammatory properties of
mMPs in this study may be explained by their poten-
tial to enhance IL-1f and IL-6 release from mono-
cytes, thereby exacerbating inflammation. In addi-
tion, our data have shown that mMPs inhibit the
release of TNF-a¢ by monocytes upon culture with
mMPs. This finding suggests that mMPs may ini-
tiate a different mechanism that promotes an anti-
inflammatory response in effector cells, as has been
previously shown3. However, the pathway by which
mMPs inhibit TNF-& has not been explored. A pre-
vious report has suggested that mMPs may increase
the production of prostaglandin E2 24, resulting in the
inhibition of TNF-¢ release by monocytes to resolve
inflammation?3. These data suggest that mMPs may
act as TNF inhibitors, thus reducing inflammation.
Apart from cytokine release, the interaction between
mMPs and endothelial cells is important in the pro-
gression of inflammation2®. In this study, we there-
fore assessed the expression of the endothelial cell
activation markers CD31, ICAM-1, and VCAM-1.
Our data demonstrated that mMPs derived from LPS-
stimulated monocytes upregulated CD31, ICAM-1,

and VCAM-1, which is similar to a previous report on
THP-1°. This suggests the potential role of mMPs in
activating endothelial cells in addition to exosomes?’.
A previous study suggested that mMPs may medi-
ate the activation of endothelial cells via an IL-1f3-
dependent pathway?, although the exact mechanism
was not assessed in our study. It has been previously
shown that THP-1-derived mMP regulation of en-
dothelial cells involves the activation of intracellular
signaling pathways by ERK1/2 phosphorylation and
IxB-a degradation, resulting in NF-kB translocation
and leading to the increased expression of ICAM-1,
VCAM-1, and E-selectin by endothelial cells?. Ad-
ditionally, our results suggest that mMPs may con-
tribute to the amplification of inflammation and vas-
cular injury, as previously reported 28, by elevating the
expression of adhesion molecules and by facilitating
monocyte migration through endothelial cells to sites
of inflammation ?°.

Additionally, as mMPs are also released constitu-
tively under physiological conditions, especially dur-
ing cell growth3®31, their roles in physiology dur-
ing steady state should not be ignored. It has been
previously reported that under normal conditions,
MPs derived from platelets mediate the transfer of
adhesion molecules from platelets to hematopoietic
cells and endothelial cells, enhancing their adhesion
capacity and engraftment32,  Similarly, we found
that CD31, ICAM-1, and VCAM-1 expression by en-
dothelial cells can be enhanced by mMPs derived
from unstimulated monocytes. This finding suggests
that this mMP may aid in cell adhesion to endothelial
cells.

The ability of mMPs to induce vesiculation in eMPs,
in addition to CD31 and adhesion molecule expres-
sion in endothelial cells, was also assessed. This
study demonstrates that mMPs enhance the release
of eMPs in culture conditions with endothelial cells,
suggesting that they may be involved in the exac-
erbation of pulmonary and capillary leakage as pre-
viously demonstrated in vivo33
showed that eMP elevation is a hallmark of endothe-
lial cell activation 34, while others have demonstrated

. A previous report

that mMPs are able to induce the release of eMPs in an
in vitro brain inflammation model®. Taken together,
mMPs are not only cell residues but are also capable of
altering the responses of their effector cells by acting

as biological mediators in cell-to-cell interactions 2.

CONCLUSIONS

This is the first study conducted using human blood
monocyte-derived mMPs on monocyte and endothe-
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lial cell activation. Monocytic MPs cause delete-
rious effects, particularly under pathological condi-
tions. Monocytic MPs derived from different ori-
gin cells may display distinct cytokine profiles, thus
regulating effector cells via different cytokine mecha-
nisms. Additionally, the ability of mMPs derived un-
der pathogenic conditions to elicit high expression of
adhesion molecules by endothelial cells and to induce
vesiculation of eMPs may be the key to worsening in-
flammation, thus promoting the progression of en-
dothelial dysfunction. However, further studies are
necessary to better understand the underlying mech-
anism mediated by mMPs in inflammation.

ABBREVIATIONS

eMP: Endothelial microparticles, ERK1/2: Ex-
tracellular regulated kinase 1/2, HUVEC: Human
umbilical vein endothelial cells, ICAM-1:
cellular adhesion molecule 1, IL-1:
1, LPS: Lipopolysaccharides, MP: Microparticles,
mMP: Monocytic microparticles, NF-kB: Nuclear
Factor kB, TNF-¢ : Tumor necrosis factor o, TLR:
Toll-like receptor VCAM-1: Vascular cell adhesion
molecule 1
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