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Monocytic thrombomodulin promotes cell adhesion
through interacting with its ligand, Lewisy

Wei-Ling Lin1, Chia-Chi Chen1, Guey-Yueh Shi1, Chih-Yuan Ma1, Chuan-Fa Chang2 and Hua-Lin Wu1

The leukocyte adhesion cascade involves multiple events that efficiently localize circulating leukocytes into the injured sites to

mediate inflammatory responses. From rolling to firm adhesion, the interactions between adhesion molecules have pivotal roles

in increasing the avidity of leukocytes to endothelial cells. Thrombomodulin (TM), an essential anticoagulant protein in the

vasculature, is also expressed on leukocytes. We previously demonstrated that Lewisy (Ley), a specific ligand of TM, is

upregulated in inflamed endothelium and is involved in leukocyte adhesion. The current study aimed to investigate whether

leukocyte-expressed TM promotes cell adhesion by interacting with Ley. Using human monocytic THP-1 cells as an in vitro cell

model, we showed that TM increases THP-1 cell adhesion to inflamed endothelium as well as to Ley-immobilized surface.

When THP-1 adhered to activated endothelium and Ley-immobilized surface, the TM distribution became polarized. Addition of

soluble Ley to a suspension of THP-1 cells with TM expression triggered an increase in the level of phosphorylated p38 mitogen-

activated protein kinase (MAPK), which enabled THP-1 to adhere firmly to intercellular adhesion molecule (ICAM)-1 by

activating β2 integrins. In vivo, macrophage infiltration and neointima formation following arterial ligation-induced vascular injury

were higher in wild-type TM (TMflox/flox) than in myeloid-specific TM-deficient (LysMcre/TMflox/flox) mice. Taken together, these

results suggest a novel function for TM as an adhesion molecule in monocytes, where it enhances cell adhesion by binding Ley,

leading to β2 integrin activation via p38 MAPK.
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During inflammation, large numbers of macrophages accumulate in
the injured tissue to exert the immune functions and defend against
infectious pathogens. These infiltrated macrophages are derived from
circulating monocytes recruited from the circulation through the
sequential steps of leukocyte trafficking, including rolling, arrest and
firm adhesion, and transmigration.1 Various leukocyte and endothelial
adhesion molecules are differentially regulated during each phase of
leukocyte recruitment.2 Selectins mediate the initial tethering and
rolling allowing leukocytes to roll along the endothelial surface to
prepare for firm adhesion.3 Selectin ligand- and chemokine receptor-
triggered signaling pathways are then required to activate leukocyte
integrins, which interact with members of the immunoglobulin
superfamily to facilitate firm adhesion.2,4–6 Finally, leukocytes trans-
migrate across the endothelium to invade the injured tissue.
Thrombomodulin (TM) was first discovered on the vascular

endothelium and was identified as an essential activator of
protein C,7 which inactivates coagulation pathways when it is
transformed to activated protein C by the complex of TM/thrombin.
TM has been shown to be expressed in various cell types to mediate
multiple cellular functions. TM is expressed not only in the

endothelium, but also by circulating leukocytes, such as monocytes
and neutrophils,8,9 and the expression level of TM can be altered by
different types of stimulation.10–15 These previous studies have
generally focused on the effects of TM on activated protein C-related
functions in leukocytes; however, little is known about other specific
functions of TM in leukocytes.
We previously demonstrated that the extracellular N-terminal domain

of TM (domain 1, D1), a C-type lectin-like domain, has specific
affinity for Lewisy (Ley; Fucα1–2Galβ1–4(Fucα1–3)GlcNAcβ1-R),16 a
carbohydrate moiety that decorates glycoproteins to regulate cellular
functions. Most studies on Ley have shown that its expression is
correlated with inflammation. For example, Ley expressed on inter-
cellular adhesion molecule (ICAM)-2 functions as an essential
carbohydrate ligand of dendritic cell-specific adhesion molecule
(DC-SIGN), a C-type lectin, to mediate dendritic cell rolling and
adhesion on the vascular endothelium.17,18 Further, Ley has been
reported to be induced in the synovial endothelium of patients with
rheumatoid arthritis, where it is involved in monocyte
recruitment.19,20 Therefore, we hypothesized that TM may serve as a
receptor of Ley to promote monocyte adhesion to endothelial cells.
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Herein, we used a laminar shear flow system to test the adhesive ability
of TM in human monocytic THP-1 cells in vitro. In vivo, carotid artery
ligation was performed in myeloid-specific TM-deficient mice to
observe whether TM was required for monocyte recruitment following
vascular injury.

RESULTS

TM is required for THP-1 cell adhesion to the inflamed
endothelium
To explore the potential role of TM in monocyte adhesion, we
knocked down TM expression in human monocytic THP-1 cells by
transducing lentiviral vector expressing TM-specific short hairpin
RNA (shTM). We examined the effects of TM on THP-1 cell adhesion
to the endothelium by adopting a microfluidic perfusion system. TM
expression was successfully repressed in shTM-treated cells as com-
pared with control (luciferase-specific shRNA (shLuc)) THP-1 cells
(Figure 1a). The adhesion of control and TM-knockdown THP-1 cells
to endothelial cells was significantly increased following stimulation
with tumor necrosis factor (TNF)-α. Notably, the number of adherent
cells was lower in TM-knockdown than in control cells (Figure 1b),
indicating that TM participates in THP-1 adhesion to endothelial cells
on inflammation.

TM mediates THP-1 cell adhesion by binding Ley

As we previously demonstrated that Ley, a ligand of recombinant TM
protein, is induced in activated endothelial cells and injured vessels
where it facilitates leukocyte arrest,21 we next tested whether Ley may
function as a ligand in TM-mediated THP-1 adhesion. Multivalent
biotinylated polymers of polyacrylamide (PAA), as a backbone control,
or Ley (Ley-PAA) were immobilized on the flow chamber and a shear
force was applied. The adhesion of control (shLuc) but not TM-

knockdown (shTM) THP-1 cells was significantly induced in the
presence of Ley (Figure 2a). We further characterized the membrane
distribution of TM on adherent cells in the flow chamber by using
confocal microscopy. L-selectin, an adhesion molecule essential to
monocyte adhesion regulation, was examined concomitantly. After
adhesion to TNF-α-stimulated human umbilical vein endothelial cells
the THP-1 cells were double-stained for L-selectin and TM. Interest-
ingly, TM had a polarized distribution (Figure 2b; Supplementary
Figure 1) and colocalized with L-selectin (Figure 2b, arrowheads). To
determine whether this polarization was triggered by Ley, we
determined the distribution of TM in cells arrested on PAA- or Ley-
PAA-coated flow chamber. In this assay too, TM expression was
observed in clusters (Figure 2c, arrowheads), and a higher percentage
of cells exhibited TM polarization in the presence than in the absence
of Ley (Figure 2d). Thus, Ley not only serves as a ligand for TM-
mediated THP-1 cell adhesion, but also leads to TM clustering.

Ley/TM interaction triggers THP-1 cell adhesion by activation of
p38 mitogen-activated protein kinase (MAPK) and β2 integrins
Previous studies have shown that ligation of selectins with their ligands
can induce p38 MAPK activation in leukocytes, leading to the
redistribution of adhesion molecules and leukocyte arrest.4,5,22,23

Therefore, we assessed whether Ley/TM interaction-mediated THP-1
cell adhesion involved p38 MAPK activation. Addition of Ley-PAA to a
THP-1 suspension induced p38 phosphorylation in a time-dependent
manner, with peak phosphorylation observed at 10 min; this effect was
not observed following the addition of PAA (Figure 3a). To determine
whether TM was required for Ley-induced p38 phosphorylation,
control and TM-knockdown THP-1 cells were treated with PAA or
Ley-PAA. As shown in Figure 3b, 5 min of Ley stimulation significantly
induced p38 phosphorylation in control cells when compared with
untreated cells or cells treated with PAA for 5 min. The phosphoryla-
tion levels were ~ 2 times higher in control cells than in TM-
knockdown cells after 10 or 30 min of Ley stimulation (0.91± 0.12
versus 0.50± 0.04 at 10 min, Po0.05; 0.66± 0.03 versus 0.29± 0.08 at
30 min, Po0.01), and there were no significant differences between
both cell lines following treatment with PAA.
Next, we tested whether p38 MAPK activation triggered by Ley was

involved in leukocyte adhesion. The flow chambers were coated with
Ley alone or in combination with ICAM-1, which allowed for firm
arrest of leukocytes. The data showed that co-immobilization of Ley

and ICAM-1 on the flow chamber increased the adhesion of THP-1
cells as compared with that induced by Ley alone. Pretreatment with
SB203580, an inhibitor of p38, obviously reduced leukocyte adhesion
on Ley and ICAM-1 co-immobilized surfaces, but had no effect on
adhesion to Ley-immobilized surfaces (Figure 4a), suggesting that Ley-
induced p38 signaling pathway is required for the binding of THP-1
cells to ICAM-1.
Firm adhesion of leukocytes to ICAM-1 requires β2 integrin

activation, which is rapidly transduced by p38.4 Therefore, we
examined whether Ley-triggered p38 phosphorylation would in turn
activate β2 integrins to initiate firm leukocyte adhesion. We examined
THP-1 cell adhesion in the presence of ICAM-1 and TS1/18, an
inhibitory anti-β2 integrin monoclonal antibody (mAb), to test the
status of integrin activation.24,25 As shown in Figure 4b, Ley-coated
surface captured significantly higher amount of THP-1 cells than PAA
or ICAM-1, and the adherent cells were further increased on the
surface co-immobilized with Ley and ICAM-1. When cells were
treated with the anti-β2 integrin mAb TS1/18, adhesion was strongly
reduced. Collectively, these results demonstrated that when TM binds

Figure 1 TM promotes leukocyte adhesion to TNF-α-activated endothelium.
(a) Representative western blotting of TM and α-tubulin in THP-1 cells
transduced with TM (shTM) or control (shLuc) shRNA. (b) Adhesion of
control (shLuc) and TM-knockdown (shTM) THP-1 cells to resting (TNF-α
(− )) or activated (TNF-α (+)) human umbilical vein endothelial cells.
Quantitative data show the number of adherent cells per field from three
independent experiments. ***Po0.001; ***Po0.001 versus TNF-α (− ).
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its ligand, Ley, p38 MAPK signaling is triggered, leading to β2 integrin
activation, which supports firm adhesion of THP-1 cells.

Macrophage infiltration and neointima formation are reduced after
carotid artery ligation in myeloid-specific TM-deficient mice
Monocyte/macrophage infiltration is an early response in the vessel
lesion after carotid ligation. These inflammatory cells release cytokines
and growth factors to augment smooth muscle cell proliferation,
leading to neointima formation and narrowing of the lumen.26,27 To
confirm the effect of TM on monocyte adhesion in response to
vascular injury, carotid artery ligation was performed in TMflox/flox and
LysMcre/TMflox/flox mice, in which TM was knocked out in myeloid
cells by using the Cre/loxP recombination system.28 MOMA-2 staining
for monocyte/macrophage identification revealed a significant increase
in monocyte/macrophage accumulation in ligated arteries in both
TMflox/flox and LysMcre/TMflox/flox mice 7 days after ligation. The

number of MOMA-2-positive monocytes/macrophages in ligated
arteries was lower in LysMcre/TMflox/flox than in TMflox/flox mice
(5.2± 1.0 versus 9.7± 1.6 cells per vessel section; Po0.05; Figure 5a).
Furthermore, neointima development in ligated arteries was signifi-
cantly induced at 4 weeks after ligation in both groups of mice;
however, the increase in LysMcre/TMflox/flox mice was smaller than
that in TMflox/flox mice (0.19± 0.04 versus 0.54± 0.08; Po0.01;
Figure 5b). In unligated arteries, there were no significant differences
in macrophage accumulation or neointima formation between both
mouse groups. These findings indicated that myeloid TM expression is
associated with vascular inflammation by promoting monocyte/
macrophage infiltration into the vessel wall after injury.

DISCUSSION

Although TM expression in leukocytes has been identified for decades,
its function is still largely unknown. The present study revealed that

Figure 2 TM mediates THP-1 cell adhesion to Ley and exhibits a polarized distribution on adherent cells. (a) Control (shLuc) and TM-knockdown (shTM)
THP-1 cells were perfused through flow chambers coated with 1 μM biotinylated PAA (PAA) or biotinylated Ley-PAA (Ley-PAA). Quantitative data show the
number of adherent cells per field from three independent experiments. ***Po0.001 versus control (shLuc) THP-1 cells adhesion on biotinylated PAA.
(b) THP-1 cells were perfused through a monolayer of activated human umbilical vein endothelial cells, fixed and stained with anti-L-selectin and anti-TM
mAb. Nuclei were counterstained with 4,6 diamidino-2-phenylindole (DAPI). Fluorescence images (DAPI in blue; L-selectin in green; TM in red) show two
adherent cells with L-selectin and TM polarization and colocalization (arrowheads) on the endothelium. The right panel shows the image of bright-field image
for visualization of adherent THP-1 cells on the endothelium. Scale bar, 10 μm. (c) THP-1 cells were perfused through flow chambers coated with 1 μM
buitinylated PAA (PAA) or biotinylated Ley-PAA (Ley-PAA), fixed and stained with anti-TM mAb. Nuclei were counterstained with DAPI. Fluorescence images
(DAPI in blue; TM in red) show adherent cells on biotinylated PAA (PAA) or biotinylated Ley-PAA (Ley-PAA). Arrowheads indicate polarized TM on adherent
cells. Scale bar, 10 μm. (d) Quantitative data show the percentage of TM polarized THP-1 cells from three independent experiments. **Po0.01.
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monocyte-expressed TM plays a crucial role in mediating cell
adhesion. We propose a model (Figure 6) wherein through interaction
between TM and its ligand, Ley, THP-1 cells exhibit redistribution of
TM, phosphorylation of p38 MAPK and activation of β2 integrins,
consequently resulting in firm adhesion between THP-1 and ICAM-1.
When TM expression was suppressed specifically in myeloid-lineage
cells, macrophage infiltration was reduced, thus lowering vascular

pathogenesis. These results demonstrated that TM functions as an
adhesion molecule in monocytes and TM/Ley interaction-mediated
cell adhesion to the endothelium, suggesting a novel mechanism in
monocyte recruitment.
Monocyte-expressed L-selectin is known to function as an essential

adhesion molecule for monocyte adhesion and migration by binding
to endothelial glycoprotein ligands such as CD34, glycosylation-

Figure 3 Ley induces p38 MAPK phosphorylation via TM. THP-1 cells (a) and which were transduced with TM (shTM) or control (shLuc) shRNA (b) were
stimulated with 0.5 μM Ley-PAA or PAA for the indicated duration, and total cell lysates were used for western blotting with the indicated antibodies.
Quantitative data show the relative density as indicated from three independent experiments. *Po0.05 and ***Po0.001 versus parental THP-1 cells at
0 min. #Po0.05 versus control (shLuc) THP-1 cells at 0 min; &Po0.05 versus control (shLuc) THP-1 cells treated with PAA at 5 min; **Po0.01.
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Figure 4 Adhesion on Ley induces p38 MAPK and β2 integrin activation. (a) THP-1 cells were pretreated with control (dimethyl sulfoxide) or p38 MAPK
inhibitor SB203580 (10 μM for 30 min at room temperature), then perfused through flow chambers coated with Ley-PAA-biotin alone or in combination with
ICAM-1-Fc. NS, no significant and ***Po0.001 versus the control. (b) THP-1 cells were pretreated (Pre-tr.) with or without 10 μg ml�1 of isotype antibody
or TS1/18, then perfused through flow chambers coated with PAA-biotin, Ley-PAA-biotin or ICAM-1-Fc as indicated. The number of adherent cells per field
was counted after perfusion. Adhesion is shown as the number of adherent cells per field from three independent experiments. NS, no significant and
***Po0.001; *Po0.05, **Po0.01 and ***Po0.001 versus Ley-PAA-biotin alone.

Figure 5 Decreased leukocyte recruitment and neointima formation in TM conditional knockout mice. Carotid ligation was performed in wild-type (TMflox/flox)
and myeloid-specific TM-deficient mice (LysMcre/TMflox/flox). The carotid arteries were harvested at 7 (a) and 28 days (b) after ligation. (a) Representative
sections of carotid arteries from mice stained with anti-MOMA-2 mAb for macrophages. Arrowheads indicate MOMA-2-positive macrophages. Scale bar,
50 μm. Quantitative data show the number of macrophages infiltrated into the ligated vessel. The number of mice in each group is indicated. *Po0.05 and
***Po0.001 versus unligated mice. (b) Representative hematoxylin–eosin-stained sections of carotid arteries from the mice. Scale bar, 50 μm. Quantitative
data show the ratios of neointima (N) and media (M). The number of mice in each group is indicated. **Po0.01; *Po0.05 and ***Po0.001 versus
unligated mice.
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dependent cell adhesion molecule-1 and mucosal addressin cell
adhesion molecule-1.29 In neutrophils, L-selectin is redistributed and
polarized when binding to its ligand, to increase the avidity of
leukocytes for endothelial cells.22 Although this effect of L-selectin
on monocyte adhesion has not been reported, the polarization and
colocalization of TM and L-selectin on adherent THP-1 cells reported
here may imply that TM and L-selectin, which commonly facilitate cell
adhesion via the property of carbohydrate binding, can coordinately
mediate monocyte adhesion through exhibiting clustered expression
that augment the binding avidity of monocytes to endothelial cells.
We demonstrated that Ley treatment triggered signals in THP-1

cells via TM. Ley-induced signals have been previously reported in
other cell types. One research group investigated the effects of
increased Ley expression on tissues affected by rheumatoid arthritis,
showing that H-2g, a glucose analog structurally related to Ley,19

mediates human monocyte migration by phosphorylation of
PKCα1/β2, Akt and nuclear factor κB in monocytes.20 In addition,
H-2g can induce basic fibroblast growth factor and vascular endothe-
lial growth factor expression and signal through Janus kinase 2,
phosphoinositide-3 kinase and nuclear factor κB pathways to mediate
angiogenesis in human endothelial cells.30 Thus, the inflammatory
responses that occur in patients with rheumatoid arthritis may be
caused by stimulation of Ley. Therefore, we speculate that the
phosphorylation of p38 as observed in THP-1 cells may represent
either the crosstalk of the signaling molecules or another independent
pathway induced by Ley. However, the mechanism by which TM
transduces signals via Ley in leukocytes should require further
investigation. The phosphorylation of cytoplasmic tail of L-selectin
has been reported for the binding of PKC isoenzymes, leading to
subsequent transduction of signals for recruitment.31,32 Although
evidence of TM phosphorylation has not been shown, several
predicted phosphorylation motifs, including those for PKC-mediated
phosphorylation, have been identified within TM cytoplasmic domain
(http://www.hprd.org/PhosphoMotif_finder). Thus, TM may be phos-
phorylated on stimulation, providing a platform for signaling events.
Previous studies investigating the effects of monocyte TM expres-

sion on the outcomes of coronary artery bypass graft surgery showed
that TM congregates in these cells following stimulation with
interleukin-6 and that this event is associated with actin-
polymerization and monocyte chemotaxis.33 Although our experi-
mental conditions were somewhat different, clustering of TM was also
observed. In addition, we previously demonstrated the binding of the
cytoplasmic domain of TM (TMD5) and ezrin, a member of the ezrin/
radixin/moesin (ERM) proteins, controls epithelial morphology and

promotes collective cell migration.34 It strongly suggests that TM
polarization may affect actin cytoskeleton rearrangement, further
mediating cell adhesion and migration.
TMD1 is considered an essential anti-inflammatory component of

TM. Previous studies have shown that whole-body TMD1 knockout
(TMLeD/LeD) transgenic mice exhibit increased immune responses and
decreased survival rates in inflammatory disease models. Moreover,
inflammatory cell accumulation was found to be higher in TMLeD/LeD

than in wild-type mice.35 We found that macrophage infiltration in
LysMcre/TMflox/flox mice was lower than that in TMflox/flox mice.
We previously showed that LysMcre/TMflox/flox mice have reduced
macrophage accumulation and inflammatory cytokine production in a
mouse abdominal aortic aneurysm model.36 Thus, myeloid-specific
expressed TM may have distinct effects on inflammation. In summary,
we reported a novel function for TM as an adhesion molecule in
monocytes, enhancing their adhesion to the endothelium by binding
to Ley, leading to β2 integrin activation via p38 MAPK. Our findings
suggest TM as a potential drug target in vascular inflammatory
diseases.

METHODS

Materials
The multivalent polymers PAA [HOCH2(HOCH)4CH2NH-PAA] and Ley-PAA,
and the multivalent biotinylated polymers PAA-biotin and Ley-PAA-biotin were
purchased from GlycoTech Corporation (Gaithersburg, MD, USA). Recombi-
nant human ICAM-1-Fc and TNF-α were purchased from R&D Systems
(Minneapolis, MN, USA). The p38 MAPK inhibitor SB203580 and anti-
phosphor-p38 MAPK (Thr180/Tyr182) (D3F9) mAb were purchased from Cell
Signaling Technology (Danvers, MA, USA). Anti-p38 MAPK polyclonal Ab
(C-20), anti-TM (D-3), anti-L-selectin (lam1-116) and anti-α-tubulin (B-7)
mAbs were purchased from Santa Cruz Biotechnology (Dallas, TX, USA). Anti-
TS1/18 mAb and Alexa Fluor 488- and 546-conjugated secondary antibodies
were purchased from Thermo Fisher Scientific (Waltham, MA, USA). Anti-
MOMA-2 mAb was purchased from Abcam (Cambridge, UK).

Lentiviral delivery of short hairpin RNA
All lentiviral vectors and the viral delivery system were established by and
obtained from the National RNAi Core Facility (Academia Sinica, Taipei,
Taiwan). To knockdown TM expression, shTM with the targeting sequence of
5′-GCCGATGTCATTTCCTTGCTA-3′ was used. shLuc with the targeting
sequence of 5′-TCACAGAATCGTCGTATGCAG-3′ was used as a negative
control. For infection, THP-1 cells were seeded in culture medium containing
recombinant virus and polybrene (8 μg ml− 1) and incubated at 37 °C over-
night. Infected cells were selected using puromycin (2 μg ml− 1),28 and the
expression of TM was determined by using western blotting.

Cell adhesion under shear flow condition
For investigation of THP-1 cell adhesion to the endothelium, human umbilical
vein endothelial cells were grown to confluence on laminar flow chamber slides
(μ-slide I 0.8luer; ibidi, Munich, Germany) and activated by TNF-α
(10 ng ml− 1) for 24 h. After washing of the human umbilical vein endothelial
cells with serum-free medium, THP-1 cells were perfused into the flow
chamber.
For investigation of THP-1 cell adhesion to the PAA-biotin or Ley-PAA-

biotin immobilized surface, the laminar flow chamber slides were filled with
streptavidin (100 μg ml− 1; Sigma-Aldrich, St. Louis, MO, USA) overnight.
After washing with PBS, the slides were filled with PAA-biotin or Ley-PAA-
biotin (1 μM) for 2 h and blocked with 1% BSA at room temperature for 1 h.
After washing the slides with serum-free medium, THP-1 cells were perfused
into the flow chamber. For immobilization of ICAM-1, the laminar flow
chamber slides were filled with Protein G (200 μg ml− 1; Invitrogen, Waltham,
MA, USA) overnight. After washing with PBS, the slides were filled with
recombinant ICAM-1-Fc (5 μg ml− 1) for 2 h, followed by the same steps as
mentioned above. For p38 MAPK inhibition, THP-1 cells were pretreated with

Figure 6 Model of TM-mediated leukocyte adhesion via binding to Ley. Our
results support a model in which TM interacts with Ley-conjugated adhesion
molecules to initiate p38 MAPK signaling pathway within monocytes as they
roll over the endothelial surface. This signal consequently activates β2
integrins, which are able to bind ICAM-1, leading to firm adhesion.
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SB203580 (10 μM) for 1 h at 37 °C before perfusion. To inhibit integrin

activation, THP-1 cells were pretreated with the integrin mAb (10 μg ml− 1) at

room temperature for 30 min before perfusion.
In these experiments, the shear flow was generated using a perfusion loop

system and an air pressure pump (ibidi). THP-1 cells (1× 106) were perfused

into the flow chamber at a constant flow rate of 0.5 dynes cm− 2. The number

of adherent THP-1 cells was determined after 30 min of perfusion. In each

experiment, 10–15 random fields were observed; statistics were calculated using

3–5 experiments.

Immunofluorescence for confocal microscopy analysis
After shear flow adhesion, adherent cells were incubated with primary

antibodies at 4 °C overnight. Secondary antibodies conjugated with Alexa Fluor

488 or 546 were used for detection. Images were taken using an FV-1000

confocal microscope (Olympus) and analyzed with the ImageJ 1.45 s software

(National Institute of Health, Bethesda, MD, USA). Polarized cells were defined

as those having fluorescent signal within a discrete region in which the pixel

intensity was at least twofold greater than that in the rest of the cell body

(Supplementary Figure 2).5 The percentage of polarized cells was obtained by

counting cells in 5–10 random fields in a single experiment.

Assay of p38 MAPK phosphorylation
THP-1 cells (5× 105 cells ml− 1) were left untreated or were treated with PAA

or Ley-PAA (0.5 μM) for indicated times at 37 °C, after which the reaction

mixtures were immediately centrifuged to remove the supernatant; the cell

pellet was rapidly suspended in ice-cold cell lysis buffer (Cell Signaling

Technology, Danvers, MA, USA) containing protease inhibitor cocktail

(Sigma-Aldrich). The lysates were centrifuged at 15 000g for 10 min and the

supernatants were prepared for western blotting to detect phosphorylated p38

MAPK (Thr180/Tyr182).

Mice
Myeloid-specific TM-deficient mice (LysMcre/TMflox/flox) were generated using

a Cre/loxP system was described previously and the conditionally expression of

TM was tested.28 TMflox/flox and LysMcre/TMflox/flox littermates were used for

experiments at 8–12 weeks of age. Animals were randomized into different

groups. Each group contained 6–12 animals. All the mice were maintained at

the National Cheng Kung University Laboratory Animal Center. All animal

experiments were approved by the Institutional Animal Care and Use

Committee of National Cheng Kung University.

Carotid artery ligation model
Carotid artery ligation was performed as previously described.37 On day 0, the

left carotid artery was completely ligated just proximal to the carotid bifurcation

to disrupt blood flow. The right contralateral artery was used as a control. The

animals were killed on days 7 or 28 after ligation, and the segments of the right

and the left common carotid arteries just proximal to the ligation were excised

for histological analysis. Immunohistochemistry for anti-mouse MOMA-2 mAb

was used to determine macrophage infiltration at 7 days after ligation. The

average number of cells on the luminal surface of the five sections in each artery

was counted. Neointima formation at 28 days after ligation was measured as

previously described.37

Statistics
Data from three separate experiments are expressed as the mean± s.e.m.

Statistical significance between two groups was analyzed using an unpaired

Student’s t-test. Comparisons of three or more were carried out using one-way

analysis of variance with a post hoc Tukey correction. A P-valueo0.05 was

considered statistically significant.
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