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A B S T R A C T   

Background and aims: Secretory phospholipase A2 (PLA2) hydrolyzes LDL phospholipids generating modified LDL 
particles (PLA2-LDL) with increased atherogenic properties. Exocytosis of Weibel–Palade bodies (WPB) releases 
angiopoietin 2 (Ang2) and externalizes P-selectin, which both play important roles in vascular inflammation. 
Here, we investigated the effects of PLA2-LDL on exocytosis of WPBs. 
Methods: Human coronary artery endothelial cells (HCAECs) were stimulated with PLA2- LDL, and its uptake and 
effect on Ang2 release, leukocyte adhesion, and intracellular calcium levels were measured. The effects of PLA2- 
LDL on Ang2 release and WPB exocytosis were measured in and ex vivo in mice. 
Results: Exposure of HCAECs to PLA2-LDL triggered Ang2 secretion and promoted leukocyte-HCAEC interaction. 
Lysophosphatidylcholine was identified as a critical component of PLA2-LDL regulating the WPB exocytosis, 
which was mediated by cell-surface proteoglycans, phospholipase C, intracellular calcium, and cytoskeletal 
remodeling. PLA2-LDL also induced murine endothelial WPB exocytosis in blood vessels in and ex vivo, as evi-
denced by secretion of Ang2 in vivo, P-selectin translocation to plasma membrane in intact endothelial cells in 
thoracic artery and tracheal vessels, and reduced Ang2 staining in tracheal endothelial cells. Finally, in contrast 
to normal human coronary arteries, in which Ang2 was present only in the endothelial layer, at sites of advanced 
atherosclerotic lesions, Ang2 was detected also in the intima, media, and adventitia. 
Conclusions: Our studies reveal PLA2-LDL as a potent agonist of endothelial WPB exocytosis, resulting in 
increased secretion of Ang2 and translocation of P-selectin. The results provide mechanistic insight into PLA2- 
LDL-dependent promotion of vascular inflammation and atherosclerosis.   

1. Introduction 

Atherosclerosis, a disease characterized by accumulation of lipids 
and inflammatory cells in the arterial wall, is caused by lipid-driven 
vascular inflammation. This results in leukocyte recruitment and 
development of foam-cell containing fatty streaks, which can further 
develop into advanced plaques, some of which may eventually rupture 
[1]. Endothelial activation is regarded critical for the initiation and 

progression of atherosclerosis due to its essential role in regulating the 
flux of liquid, lipoproteins, and cells between circulation and the 
interstitial space of the arterial intima [2–4]. Exocytosis of intracellular 
granules called Weibel–Palade bodies (WPBs) from the endothelial cells 
is associated with endothelial activation and vascular inflammation [5]. 
WPBs are known to function as storage vesicles which contain a variety 
of bioactive substances, such as von Willebrand factor (vWF), P-selectin, 
interleukin 8, CD63, eotaxin-3, and angiopoietin 2 (Ang2) [5]. Recently, 
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proximity proteomics analysis has provided detailed information of the 
proteins involved in WPB secretion [6] and novel molecules related to 
the biogenesis of the WPBs have been identified [7]. During endothelial 
cell activation, the WPBs fuse with the plasma membrane, thereby 
externalizing P-selectin and releasing vWF and Ang2 along with a va-
riety of other pro-inflammatory substances. The exocytosis of WPBs is 
stimulated by various agonists, which can be classified into two distinct 
groups [5,8], one acting by augmenting intracellular Ca2+ levels [9], 
and the other by increasing cyclic adenosine monophosphate levels in 
the cells [10,11]. 

Ang2, which is rapidly released from WPBs upon stimulation by 
specific agonists, plays important roles in inflammatory responses, 
endothelial activation, and vascular permeability [12,13]. Increased 
Ang2 levels lead to inhibition of the endothelial TIE2 receptor phos-
phorylation and vascular destabilization [14,15]. Previous studies have 
shown that Ang2 expression is induced by oscillatory shear stress and 
that Ang2 is expressed to a greater extent in atheroprone than in athe-
roprotected regions of mouse vasculature [16]. In addition, Ang2 has 
been detected in carotid endarterectomy specimens from patients with 
advanced atherosclerotic lesions [17], and increased Ang2 plasma levels 
are associated with cardiovascular disease progression [18]. Moreover, 
Ang2-blocking antibodies reduced early atherosclerotic plaque devel-
opment in mice [19], suggesting a functional role for Ang2 in athero-
sclerosis in mice. However, the mechanisms by which Ang2 may 
promote atherosclerosis remain unexplored. 

Several isoforms of secretory phospholipase A2 (PLA2) enzymes have 
been implicated in atherogenesis via their ability to modify low density 
lipoprotein (LDL) particles and their effects on endothelial cells, 
monocytes, macrophages and mast cells [20–23]. One of the secretory 
PLA2s, Group II PLA2, is found in normal and atherosclerotic arteries 
[24–27] and elevated levels of this enzyme are associated with increased 
cardiovascular events [28–32]. PLA2 hydrolyzes LDL phospholipids, 
generating potentially pro-atherogenic and pro-inflammatory lipid 
products, notably free fatty acids (FFAs) and lysophospholipids. LDL 
modification by PLA2 increases the affinity of lipoproteins for pro-
teoglycans in vitro [33–36], thereby potentially enhancing the retention 
of LDL particles in the vessel wall. Moreover, PLA2-modified LDL 
(PLA2-LDL) has been demonstrated to promote macrophage foam cell 
formation [37]. Different isoforms of sPLA2s are expressed in endothe-
lial cells [38] and PLA2-LDL induces proinflammatory responses in 
human umbilical vein endothelial cells [39]. In this study, we investi-
gated the potential role of PLA2-LDL in the regulation of the early-phase 
proinflammatory responses of endothelial cells by examining whether 
PLA2-LDL induces exocytosis of WPBs in cultured human coronary ar-
tery endothelial cells (HCAEC) and in in vivo. The present study iden-
tifies PLA2-LDL as a novel regulator of WPB exocytosis leading to Ang2 
secretion and provides new mechanistic insight into proinflammatory 
and proatherogenic properties of PLA2-LDL. 

2. Materials and methods 

2.1. Isolation and modification of LDL 

Human plasma was obtained from healthy volunteers (Finnish Red 
Cross Blood Service, Helsinki, Finland). Human LDL (d = 1.019–1.050 
g/ml) was isolated by sequential ultracentrifugation [40]. Lipoprotein 
stock solutions were dialyzed against LDL buffer (150 mM NaCl, 1 mM 
EDTA, pH 7.4), filtered and stored at 4 ◦C. The amounts of lipoproteins 
are expressed in terms of their total protein concentrations, which were 
determined by BCA protein assay kit (Thermo Scientific, Pierce) using 
bovine serum albumin (BSA) as standard. One mg of LDL protein/ml 
corresponds to about 150 mg/dl (3.9 mmol/l) of LDL-cholesterol. 

Human LDL particles (2 mg/ml) were modified by incubating with 
100 U/ml of group II secretory PLA2 (sPLA2) from Naja naja venom 
(Sigma-Aldrich) in 20 mM Tris (pH 7.0) buffer containing 150 mM NaCl, 
2 mM CaCl2, and MgCl2 at 37 ◦C in the presence or absence of different 

concentrations of fatty acid-free BSA (1–5% w/v) for 3 h [33]. The re-
action was stopped by adding EDTA to a final concentration of 10 mM. 
Control LDL was incubated in the absence of PLA2. PLA2-LDL and control 
LDL were re-isolated by centrifugation for 2 h at 100,000 g at 4 ◦C in a 
Beckman Optima™ TLX system tabletop ultracentrifuge, using a Beck-
man fixed-angle rotor (TLA-100.3) to remove sPLA2 and BSA, and the 
top fractions containing LDL were collected. FFAs, lysophosphati-
dylcholine (LPC), and protein contents of the isolated LDL samples were 
determined using FFA colorimetric detection kit (Wako Chemicals), 
TLC, and BCA protein assay kit (Thermo Scientific, Pierce), respectively. 
Aliquots of the isolated PLA2- LDL or control LDL were added to HCAEC 
cultures to examine their effects on WPB exocytosis. Incubation of 
re-isolated PLA2-LDL with 0.5 mg/ml of LDL for 16 h at 37 ◦C did not 
increase the amount of FFAs in the samples indicating that no PLA2 
activity was present in the re-isolated sample. 

2.2. Cell cultures 

HCAECs (PromoCell) were cultured in Endothelial Cell Growth Me-
dium MV supplemented with 5% fetal calf serum, 0.4% endothelial cell 
growth supplement, 10 ng/ml epidermal growth factor, 90 μg/ml hep-
arin, 1 μg/ml hydrocortisone (Supplement packC-39220, PromoCell), 
and 100 U/mL penicillin streptomycin solution (Lonza), and 50 ng/ml 
amphotericin B (Sigma-Aldrich) to yield complete medium in T-75 flasks 
according to the manufacturer’s instructions. Confluent HCAECs were 
washed with PBS, trypsinized, and replated in complete medium. 

Human dermal microvascular blood endothelial cells (BECs, Lonza) 
were maintained in endothelial basal medium (EBM-2) with fetal bovine 
serum (FBS) and growth supplements, provided by the manufacturer. 
BECs were plated on 1 μg mL-1 fibronectin coated culture plates and 
were grown in complete medium for 48–72 h to reach confluency. For 
experiments, the cells were starved for 1 h in starvation media consisting 
of overnight-conditioned medium diluted (1:4) with serum free medium 
(final FBS concentration 1%). 

2.3. Culture of human coronary artery endothelial cells and analysis of 
Ang2 release 

Exocytosis was measured in HCAECs between passages 4 and 7. 
HCAECs were seeded at a density of 3–4 x 104 cells/well in 48-well 
plates (0.4 ml medium/well) and cultured for 2–3 days until the cells 
reached 90–95% confluency. To determine the effect of LDL or PLA2- 
LDL on Ang2 secretion, HCAECs grown in complete medium were 
washed and incubated with indicated concentration of LDL or PLA2-LDL 
in serum-free medium. The amount of Ang2 released into the media was 
measured by an Ang2 ELISA Kit (R&D Systems). Cell viability was 
determined with the cell proliferation reagent WST-1 (Roche). To 
explore the mechanism by which PLA2-LDL induces Ang2 exocytosis, 
HCAECs were pretreated for the indicated times with inhibitors, fol-
lowed by stimulation with PLA2-LDL (50 μg/ml) for 1 h in serum-free 
medium. The following inhibitors were used at indicated concentra-
tions: PI3K inhibitor wortmannin (50 nM, Sigma-Aldrich) [41]; ERK 
inhibitor PD90859 (20 μM, Sigma-Aldrich) [42]; p38 MAPK inhibitor 
SB203580 (10 μM) [43]; phospholipase C (PLC) inhibitor U73122 (10 
μM) [44]; Ca2+chelator BAPTA-AM (20 μM) [45]; and cycloheximide 
(50 μg/ml) [46]. 

2.4. Uptake of LDL and PLA2-LDL in HCAECs 

For the quantitation of lipoprotein uptake, LDL was labeled with Atto 
594 NHS ester (Sigma-Aldrich) at pH 8.5 by incubating with a 5-fold 
molar excess for 2 h at room temperature in the dark with slow rota-
tion. The labeled LDL was purified by dialysis against PBS at 4 ◦C. Part of 
the labeled LDL was modified by PLA2 and re-isolated as described 
above. 

HCAECs were grown on coverslips and incubated with 50 μg/ml atto- 

S.D. Nguyen et al.                                                                                                                                                                                                                              



Atherosclerosis 327 (2021) 87–99

89

labeled LDL or PLA2-LDL for 1 h. The cells were fixed for 10 min in 4% 
PFA in PBS, the cytoskeleton was stained for 30 min with Phalloidin- 
iFluor™ 488 Conjugate (AAT Bioquest) in 1% BSA in PBS and the nuclei 
visualized by staining with Hoechst (Sigma- Aldrich) in PBS. The sam-
ples were mounted with antifade mounting medium (VECTASHIELD) 
and fluorescence microscopy images were obtained using an LM Leica 
TCS SP8 X confocal microscope. The red fluorescence inside of the cells 
was quantified using custom developed pipelines on the modular 
workflow system ANIMA [47] running on Anduril 2 [48]. In brief, the 
cell was defined as the area of double the nucleus radius around the 
nuclei, the amount of red was measured in those areas and presented as 
fluorescence per nucleus per condition, sampled from 13 to 15 pictures 
per condition. 

2.5. In vitro leukocyte adhesion assay 

Confluent HCAECs in 48-well plates were incubated with medium 
(control), LDL (100 μg/ml) or PLA2-LDL (25–100 μg/ml) for 1 h in 
serum-free medium. After stimulation, HCAECs were washed two times 
with HBSS culture medium (BioWhittaker Lonza). Concurrently, THP-1 
cell suspensions were adjusted to 5 × 106 cells/ml and fluorescently 
labeled with calcein AM (5 μM; 30 min) in PBS. The THP-1 cells were 
washed two times with PBS to remove non-incorporated calcein. The 
fluorescently labeled-THP-1 cells were resuspended in HBSS culture 
medium and added (100,000 cells/well) to the HCAECs, and were then 
allowed to adhere for 1 h, after which the non-adherent cells were 
removed by gently washing four times with HBSS culture medium. The 
adhered cells were fixed in 4% PFA and photomicrographs were taken 
using the ZOE fluorescent cell imager (Biorad). Adhesion of green 
fluorescent cells was quantified in three to 8 randomly selected fields. 

2.6. Measurement of intracellular free calcium 

Intracellular calcium was measured by fluorescent plate reader ac-
cording to previously described methods [49] with slight modifications. 
In short, confluent HCAECs grown in 96-well culture plate were washed 
and loaded with Ca2+- sensitive fluorescent probe Fluo-8 AM (5 μM) in 
HBSS at 37 ◦C. After incubation for 30 min, the cells were washed to 
remove non-incorporated Fluo-8-AM and agonists were added. The 
intracellular calcium was measured using VICTOR3 multilabel plate 
reader (PerkinElmer) at an excitation wavelength of 495 nm and an 
emission wavelength of 515 nm. 

2.7. Antibody and immunofluorescence staining 

The following antibodies were used for immunofluorescence staining 
at indicated dilution: goat anti-human Ang2 antibody (AF623, 1:100, 
R&D Systems), rabbit anti-human von Willebrand factor (A0082; 1:100, 
Dako), mouse anti-human VE-cadherin (555661, 1:200, BD Bio-
sciences), goat IgG control (AB-108C; 1:100 R&D Systems), rabbit IgG1 
control (PRABP01; 1:100, AbD Serotec) and Alexa-594 conjugated sec-
ondary antibody (A11080, 1:400, Life Technologies), Alexa-488 conju-
gated secondary antibody (A11008, 1:200, Life Technologies). 

For HCAEC immunofluorescence staining, the HCAECs grown on 
coverslips were fixed for 15 min in 4% PFA in PBS. After washing with 
PBS, the samples were permeabilized with 0.2% Triton X-100 PBS for 5 
min. The samples were incubated with blocking solution (5% BSA in 
PBS) for 30 min and incubated with appropriate primary antibodies and 
isotype controls in PBS containing 1% BSA overnight at 4 ◦C. After 
washing with PBS, the samples were incubated with appropriate sec-
ondary antibodies in PBS containing 1% BSA for 1 h and the cells were 
counterstained with DAPI (0.5 μg/ml). The samples were mounted with 
fluorescence mounting medium and fluorescence microscopy images 
were obtained using an LM LEICA DM 6000 microscope. Quantification 
of the fluorescence in the micrographs was performed using the NIH 
ImageJ software. 

In experiments in which BECs were used, immunofluorescence 
staining was carried out as described previously [50]. Filamentous actin 
was stained using Texas red-conjugated phalloidin (1:200, Life Tech-
nologies). Photomicrographs were taken with a 40 × oil objective using 
a laser scanning confocal microscope (LSM780, Zeiss, Germany). 

2.8. Immunohistochemistry 

Human coronary artery samples (Supplemental Table 1) were 
collected from explanted hearts at the time of heart transplantations or 
from donor hearts which could not be used for transplantation purposes 
e.g., due to tissue type mismatch. Collection was approved by the Ethics 
Committee of Surgery of the Hospital District of Helsinki and Uusimaa 
(Permit no. 264/E6/05). Coronary artery sections (4 μm) were depar-
affinized and rehydrated, and endogenous peroxidase activity was 
quenched with 3% H2O2. The samples were incubated with blocking 
solution (1% BSA + 5% normal rabbit serum in PBST) for 30–60 min, 
after which they were incubated with anti-human Ang2 antibody 
(AF623, 1:50, R&D Systems) or goat IgG control (AB-108C; 1:250, R&D 
Systems) in PBST containing 1% BSA overnight at 4 ◦C. After washing 
with PBST, the samples were incubated with Alexa-594 conjugated 
secondary antibody (A11080, 1:400) in PBST containing 1% BSA for 1 h, 
after which the samples were counterstained with DAPI (0.5 μg/ml). 
Fluorescence microscopy images were obtained using an LM LEICA DM 
6000 microscope. Quantification of fluorescence micrographs was per-
formed using the NIH ImageJ software. 

2.9. Quantitative real-time PCR (qRT-PCR) 

Total RNA was isolated from cultured HCAECs (RNeasy kit, QIA-
GEN). Nucleic acid concentrations were determined by NanoDrop ND- 
1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE). 
Purified RNA (0.5 μg) was used to generate cDNA using RT-PCR (M-MLV 
reverse transcriptase, Promega). Oligonucleotide sequences were 
designed for the following genes: GAPDH (forward: 5′- CCA-
CATCGCTCAGACACCAT-3′, and reverse: 5′- GGCAACAA-
TATCCACTTTACCAGAG-3′); and Ang2 (forward: 5′- 
CAGATTTTGGACCAGACCAGTGA-3′, and reverse: 5’-TCAATGATG-
GAATTTTGCTTGGA-3’). cDNA was diluted 1:5 and analyzed in dupli-
cates on 96-well optical plates using the TaqMan Gene Expression 
Master Mix (Applied Biosystems) or Power SYBR Green PCR Master Mix 
(Applied Biosystems). The thermal cycling parameters were as follows: 
thermal activation for 10 min at 95 ◦C, and 40 cycles of PCR (melting for 
15 s at 95 ◦C and annealing/extension for 1 min at 60 ◦C). Relative 
quantification was calculated with the 2-(ΔCT) method [51] and 
normalized to GAPDH. 

2.10. Animal models 

Mice were maintained in standard housing conditions in the Labo-
ratory Animal Centre of The University of Helsinki. All animal studies 
were conducted in accordance with protocols approved by The Finnish 
National Animal Experiment Board (ESAVI/1168/04.July 10, 2018). 
C57Bl mice and VEC-tTA/Tet–OS–Ang2 mouse line, which expresses 
mouse Ang2 under an inducible endothelial cell promoter [52], was 
used in this study. The driver VEC-tTA and responder transgenic mouse 
lines were bred together to obtain double-transgenic VEC-tTA/-
Tet–OS–Ang2 offspring. To overcome the embryonic lethality due to 
endothelial Ang2 overexpression in double-transgenic embryos, Ang2 
expression was repressed until birth by administration of 2 mg/ml of 
tetracycline in 5% sucrose in the drinking water of pregnant females. 
Only male mice were used in the study. 

2.11. PLA2-LDL treatment of mice 

PBS or PLA2-LDL (0.5 mg/mouse) was injected via the tail vein, 
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serum and tracheas were collected 1 h later. Ang2 concentration in 
serum was determined using Ang2 ELISA Kit (MANG20; R&D Systems). 

2.12. Whole mount staining 

The tracheas were fixed in 1–4% PFA for 1 h at RT, washed with PBS, 
blocked and permeabilized with Donkey immunomix blocking buffer 
(5% donkey serum, 0.2% bovine serum albumin, 0.05% sodium azide 
and 0.3% Triton X-100 in PBS) for 1–2 h. The samples were incubated 
with the indicated primary antibodies (hamster anti-mCD31; Chemicon, 
AB-13982Z, human anti-Ang2 (a kind gift from MedImmune), or goat 
anti-mP-selectin; R&D Systems, AF737) and detected using Alexa fluo-
rochrome conjugated secondary antibodies (Life Technologies), as 
described previously [14]. All whole-mount-stained samples were 
imaged using a confocal microscope (Zeiss LSM 780, × 20: air objec-
tives). Three-dimensional projections were digitally reconstructed from 
Z-stacks with the LSM Zen software (Carl Zeiss). Quantification of 
fluorescence micrographs was performed using the NIH ImageJ 
software. 

2.13. Ex vivo treatment of thoracic aorta with PLA2-LDL 

The mice were sacrificed, and heart and aorta were isolated and 
carefully flushed with ice cold PBS through the left ventricle. Thoracic 
aorta was dissected out and the fat tissue surrounding the aorta was 
carefully removed in ice cold sterile PBS+/+. Thoracic aorta was cut into 
5 mm strips and incubated with and without PLA2-LDL (0.5 mg/ml) for 
2 h at 37 ◦C with gentle agitation. The aortic strips were then washed 
with PBS, embedded in OTC compound (Tissue-Tek), snap-frozen in 
liquid nitrogen, and stored at − 80 ◦C until sectioning. For examination 
of cross sections, 10 μm thoracic aorta sections were immunostained 
using a goat anti-mouse P-selectin monoclonal antibody (1:200 goat 
anti-mP-selectin; R&D Systems, AF737). Three to five microscopy fields 
were captured from thoracic aortic section in each mouse. Images were 
analyzed using ImageJ software, and the expression of the protein of 
interest was quantified by measuring fluorescence intensity and aver-
aging the measurements from 3 to 5 fields for each mouse. The areas 
positive for P-selectin in each segment was quantified using ImageJ 
software. 

2.14. Statistics 

Normality of the data was analyzed using the Shapiro-Wilk test. The 
results are shown as average ± SD or ± SEM. Normally distributed data 
were analyzed by two tailed unpaired Student’s t-test for two-group 
comparisons and one-way ANOVA for multiple groups (GraphPad, 
Prism) with Dunnett’s post hoc tests or Sidak’s multiple comparisons 
test. Non-normally distributed data were analyzed by Kruskall-Wallis 
test with Dunn’s post hoc test. A p-value less than 0.05 was considered 
statistically significant. 

3. Results 

3.1. PLA2-LDL triggers Weibel–Palade body exocytosis 

We first studied the effect of PLA2-LDL on Ang2 secretion upon WPB 
exocytosis. HCAECs were incubated with various concentrations of 
control LDL or PLA2-LDL for 1 h, and the amount of Ang2 released into 
the medium was determined by ELISA. PLA2-LDL induced Ang2 exocy-
tosis in a dose-dependent manner, with a maximal effect observed at 50 
μg/ml (Fig. 1A). In contrast, control LDL failed to significantly induce 
Ang2 release. At concentrations up to 250 μg/ml, cell viability remained 
similar (>85%) in cells treated with LDL and PLA2-LDL for 5 h. At higher 
concentrations, cell viability decreased in PLA2-LDL-treated cells (Sup-
plemental Fig. 1A). The uptake of LDL and PLA2-LDL to HCAECs after 
incubation for 1 h was similar (Fig. 1B and C). Immunofluorescence 

staining confirmed that, similar to phorbol 12-myristate 13-acetate 
(PMA), which was used as a positive control, treatment with PLA2-LDL 
led to a decrease of staining for the WPB markers Ang2 and vWF in the 
HCAECs (Fig. 1D and E). 

PLA2-LDL-induced Ang2 exocytosis already within 15 min of stim-
ulation, and significantly higher concentrations of Ang2 were observed 
in samples treated with PLA2- LDL than with LDL at all subsequent time 
points analyzed (Fig. 1F). However, treatment with PLA2-LDL did not 
have any effect on Ang2 mRNA for up to 6 h in HCAECs, indicating that 
PLA2-LDL induced Ang2 exocytosis without affecting the transcription 
of Ang2 mRNA (Supplemental Fig. 1B). Furthermore, PLA2-LDL stimu-
lated Ang2 release even in cells treated with protein synthesis inhibitor 
cycloheximide (Supplemental Fig. 1C). 

To confirm the effect of PLA2-LDL on WPB exocytosis, we performed 
a leukocyte adhesion assay, as exocytosis of WPBs is known to induce 
translocation of P-selectin from WPBs to the endothelial cell surface, 
which triggers leukocyte rolling along the vessel wall [5,8]. After 
stimulation of HCAECs with different concentrations of PLA2-LDL for 1 
h, adhesion of calcein-labeled THP-1 monocytes to the stimulated 
HCAECs was determined. Adhesion of the monocytes to the endothelial 
cells was increased in a dose-dependent manner after the treatment with 
PLA2-LDL (Fig. 2A and B). 

3.2. Cell surface proteoglycans are involved in PLA2-LDL–induced Ang2 
exocytosis 

Since previous studies have demonstrated that PLA2-LDL binds 
strongly to proteoglycans [34,53], we investigated the possibility that 
PLA2-LDL- induced Ang2 exocytosis is mediated via interaction of 
PLA2-LDL with cell surface proteoglycans. We blocked the sulfation of 
cellular proteoglycans by preincubating HCAECs for 18 h with sodium 
chlorate (NaClO3) prior to their stimulation with PLA2-LDL. The treat-
ment did not influence cell viability (not shown). Pretreatment of the 
cells with 50 mM NaClO3 completely inhibited PLA2-LDL-induced Ang2 
release (Fig. 3A). In addition, heparin, which interferes with the inter-
action of PLA2-LDL with proteoglycans, abolished PLA2-LDL-induced 
Ang2 release. Taken together, PLA2-LDL induced Ang2 exocytosis in 
HCAECs through a mechanism depending on cell surface proteoglycans. 

3.3. PLC and calcium mediate PLA2-LDL- induced Weibel–Palade body 
exocytosis 

To determine downstream signaling pathways mediating PLA2-LDL- 
induced Ang2 exocytosis, we tried to block exocytosis using specific 
inhibitors on phosphoinositide 3-kinase, extracellular signal-regulated 
kinase, p38 mitogen-activated protein kinase (p38), and phospholi-
pase C (PLC) pathways. Phosphoinositide 3-kinase and extracellular 
signal-regulated kinase inhibitors failed to reduce PLA2-LDL-induced 
Ang2 exocytosis, whereas a p38 inhibitor and PLC inhibitor U73122 
partially prevented it (Fig. 3B), suggesting that both p38 and PLC 
contribute to Ang2 exocytosis by PLA2-LDL. Since PLC-dependent Ca2+

mobilization has been shown to induce WBP exocytosis by a variety of 
stimulators (VEGF, ceramide, sphingosine 1-phosphate) [54–56], we 
next studied the effect of PLA2-LDL on Ca2+ mobilization. Using fluo-
rescent Ca2+-sensitive probe Fluo-8 AM, we found that treatment of 
HCAECs with PLA2-LDL led to a rapid and sustained increase in the 
intracellular Ca2+ level (Fig. 3C) in a dose-dependent manner, a finding 
in accordance with previously obtained data in human umbilical vein 
endothelial cells treated with LDL, which had been modified with 
human group X sPLA2 [39]. In contrast, native LDL, even at a high 
concentration (200 μg/ml), had no effect on intracellular Ca2+ level. As 
a positive control, the Ca2+ ionophore A23187, which rapidly increases 
intracellular Ca2+ levels, also induced Ang2 exocytosis from HCAECs 
(Fig. 3C). To confirm the intracellular role of calcium in PLA2-LDL- 
induced Ang2 exocytosis, we preincubated HCAECs with Ca2+ chelator 
BAPTA-AM to deplete intracellular calcium stores before PLA2-LDL 

S.D. Nguyen et al.                                                                                                                                                                                                                              



Atherosclerosis 327 (2021) 87–99

91

Fig. 1. PLA2-LDL triggers exocytosis of Weibel–Palade bodies in human coronary artery endothelial cells (HCAECs). 
(A) Dose response. HCAECs were treated with LDL or PLA2-LDL at different concentrations in serum-free medium for 1 h. The quantity of Ang2 released from cells 
into the media was measured by ELISA. The data are from 4 experiments performed in 3–4 replicates and are shown as means ± SD. (B) HCAECs were treated with 
atto-labeled LDL or PLA2-LDL (50 μg/ml) (red) for 1 h in serum-free medium. The cells were washed, fixed, and counterstained with phalloidin (green) and DAPI 
(blue). (C) The amount of atto-labeled lipoproteins (red) within the cells was quantified using the ANIMA pipeline, the readout included 686 cells for LDL, and 692 
cells for PLA2-LDL, presented as means ± SD. One-way Anova with Dunnett’s multiple comparisons test was used to compare differences from medium. (D) HCAECs 
were immunostained for Ang2 (Red) and vWF (green) and counterstained with DAPI after treatment with native LDL (50 μg/ml), PLA2-LDL (50 μg/ml) or PMA (10 
nM) in serum-free medium for 1 h. Scale bars = 25 μm (E) Ang2 and vWF quantification from Weibel–Palade bodies described in D. The data are from 3 experiments 
performed and 3–4 images in each were analyzed. One-way Anova with Dunnett’s multiple comparisons test was used to compare differences from medium. Data are 
shown as means ± SD. (F) Time course. HCAECs were treated with LDL or PLA2-LDL (50 μg/ml) in serum-free medium for 0, 15, 30, 60, 180, and 360 min. The 
amount of Ang2 released from cells into the media was measured by ELISA. The data are from 2 individual experiments performed with 4 replicates and shown as 
means ± SD. *p < 0.05 vs medium. 
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stimulation. Treatment of the cells with BAPTA-AM significantly 
decreased PLA2-LDL- triggered Ang2 exocytosis (Fig. 3D). Similarly, the 
A23187-triggered Ang2 exocytosis was inhibited by BAPTA-AM 
(Fig. 3D). 

3.4. Bioactive lipids in PLA2-LDL are responsible for Ang2 exocytosis 

Because modification of LDL particles by PLA2 results in changes 
both in lipid composition and in apoB-100 conformation [34], we next 
determined whether lipids or apoB-100 were responsible for PLA2-LDL- 
induced Ang2 exocytosis. For this purpose, we incubated LDL with PLA2 

in the presence of fatty acid–free bovine serum albumin (BSA) and then 
isolated the formed PLA2-LDL. As shown in Supplemental Fig. 2, BSA 
was able to remove free fatty acids (FFA) and decrease LPC from the LDL 
particles during the PLA2-treatment in a dose-dependent manner; 90% 
FFA and ~40% LPC were depleted by 5% BSA, consistently with earlier 
reports [53,57]. Interestingly, depletion of FFA and LPC abrogated Ang2 
release in PLA2-LDL–treated HCAECs in a dose-dependent manner 
(Fig. 4A). To further define which of the lipolytic products in PLA2-LDL 
had induced Ang2 exocytosis, we prepared FFA-BSA or LPC-BSA com-
plexes and added them to the HCAEC cultures. In preliminary experi-
ments, we observed that while incubation of cells with FFA-BSA 

Fig. 2. PLA2-LDL induces leukocyte adhesion to HCAEC. 
(A) HCAECs were treated with LDL (100 μg/ml) or PLA2-LDL (25–100 μg/ml) in serum-free medium for 1 h, washed and incubated with fluorescently labeled THP-1 
cells for 1 h, and the fluorescence of HCAECs-bound THP-1 cells was then imaged with a digital fluorescent camera. Representative results of THP-1 cell adhesion to 
HCAEC monolayers. Scale bar = 50 μm. (B) Quantitative analysis of THP-1 cell adhesion to HCAEC. Data are from 3 individual experiments from which 5–10 fields 
were analyzed. One-way Anova with Dunnett’s multiple comparisons test was used to compare groups, data is shown as means ± SD. 
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complexes did not influence cell viability, LPC-BSA was cytotoxic at 
concentrations above 20 μM (data not shown). However, in the presence 
of unmodified LDL, the cytotoxicity of LPC-BSA was reduced and 
therefore, we tested the effects of FFA-BSA and LPC-BSA on HCAECs in 
the presence of 50 μg/ml of unmodified LDL. As shown in Fig. 4B, 
FFA-BSA complexes did not induce Ang2 secretion, while LPC-BSA dose 
dependently increased Ang2 release. Notably, treatment of the cells with 
LPC-BSA at 150 μM led to a similar increase in Ang2 in the culture 
medium as observed after treatment of HCAECs with 50 μg/ml of 
PLA2-LDL, in which the concentration of LPC was about 70 μM (Fig. 4B). 
Thus, these experiments suggest that LPC was the component of the 
PLA2-treated LDL particles responsible for triggering the release of 

Ang2. 

3.5. PLA2-LDL and its bioactive lipids stimulate rearrangement of the EC 
cytoskeleton 

Because Ang2 has been shown to promote vascular destabilization 
involving rearrangement of the actin cytoskeleton [50,58], we next 
examined whether PLA2-LDL affects the actin cytoskeleton in HCAECs. 
Exposure of HCAECs to PLA2-LDL at 50 μg/ml for 1 h increased actin 
stress fibers and induced formation of gaps between the endothelial cells 
(Fig. 5A, arrowheads). In contrast, control LDL at this concentration had 
no effect. Similar results were also obtained with human dermal blood 

Fig. 3. Ang2 exocytosis by PLA2-LDL is mediated by cell surface proteoglycans, phospholipase C, and intracellular calcium. 
(A) HCAECs were pretreated with NaClO3 (50 mM) for 16 h or heparin (1 mg/ml) for 4 h in serum-containing medium, washed, and stimulated with LDL or PLA2-LDL 
(50 μg/ml) in serum-free medium containing NaClO3 (50 mM) or heparin (1 mg/ml) for 1 h. The quantity of Ang2 released from cells into the media was measured by 
ELISA. Data are from 2 to 4 experiments performed with 4 replicates and are shown as means ± SD. One-way Anova with Sidak’s multiple comparisons test was used 
to compare differences from medium. Data are shown as means ± SD, *p < 0.05. (B) HCAECs were pretreated with indicated inhibitors (Wortmannin: 50 nM, 
PD90859: 20 μM, SB203580: 10 μM, U73122: 10 μM) in serum-free medium for 30 min, then stimulated with LDL or PLA2-LDL (50 μg/ml) for 1 h. Ang2 released 
from cells into the media was measured by ELISA. Each treatment was performed in 2–4 individual experiments with 4 replicates and are shown as means ± SD. 
Welch’s Anova with Dunnett’s multiple comparisons test was used to compare differences between the groups. (C) HCAECs were loaded with Ca2+ fluorescent probe 
Fluo-8 AM (5 μM) in HBSS at 37 ◦C for 30 min. The cells were washed to remove unincorporated Fluo-8-AM. 40 s after baseline establishment, LDL (200 μg/ml) or 
PLA2-LDL (50 and 200 μg/ml) or a positive control (A21387: 2 μM) was added and the kinetics of the intracellular calcium were determined by Fluo-8-fluorescence. 
Arrow indicates the addition of stimulators. Representative data from 3 experiments performed with 3–5 replicates is shown as means ± SEM. (D) HCAECs were 
pretreated with Ca2+ chelator (BAPTA-AM: 20 μM) in serum-free medium for 30 min, then stimulated with LDL (200 μg/ml), PLA2-LDL (50 μg/ml) or A21387 (2 μM) 
for 1 h. Ang2 released from cells into the media was measured by. ELISA. The data are from two experiments performed with 4 replicates. Data are shown as means ±
SD. Kruskall-Wallis test with Dunnett’s post hoc test was used to differences between groups. *p < 0.05. 
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microvascular endothelial cells (BECs), which were treated with 
PLA2-LDL (Fig. 5B). Furthermore, LPC-BSA induced actin stress fibers in 
BECs at 70 μM, a concentration similar to that present in 50 μg/ml of 
PLA2-LDL (Supplemental Fig. 3A). As reorganization of the actin cyto-
skeleton affects the expression of intercellular adherens junctions and 
cell-cell contacts, we investigated the effect of PLA2-LDL and LPC-BSA 
on VE-cadherin distribution in BEC monolayers. In control BECs and 
in BECs treated with native LDL, VE-cadherin formed thick, continuous 
bands at the endothelial cell junctions. In contrast, BECs treated with 
PLA2-LDL showed decreased VE-cadherin immunofluorescence 
(Fig. 5C). Similarly, LPC-treatment resulted in decreased VE-cadherin 
staining (Supplemental Fig. 3). These data indicated that the bioactive 
lipolytic product LPC contained in PLA2-LDL induces F-actin rear-
rangement, impairment of VE-cadherin positive adherens junctions, and 
leads to the formation of intercellular gaps in the endothelial monolayer. 

3.6. PLA2-LDL induces endothelial exocytosis in ex vivo and in vivo 

We next examined the effect of PLA2-LDL in the regulation of WBP 
exocytosis in vivo. PLA2-LDL or PBS was injected into mice expressing an 
endothelial cell specific Ang2 transgene [14]. Compared to treatment 
with PBS, treatment with PLA2-LDL for 1 h decreased immunostaining 
for Ang2 and increased P-selectin staining in tracheal blood vessels 
(Fig. 6A–D). Similarly, when thoracic aortas from the Ang2 over-
expressing mice were treated ex vivo for 2 h with PLA2-LDL, significantly 
increased staining of P-selectin was observed on the luminal vessel 
surface compared to aortas treated with PBS (Supplemental Fig. 4). 
Finally, we explored the physiological relevance of PLA2-LDL in WT 
mice in vivo. Treatment with PLA2-LDL for 1 hour induced an increase in 
Ang2 concentration in the serum compared to mice treated with PBS 
(Fig. 6E). The serum FFA concentration was also higher after PLA2-LDL 
treatment indicating that PLA2-LDL was found in circulation after the 
1-h incubation (Fig. 6F). These findings indicate that PLA2-LDL induces 
exocytosis of WPB in vivo, which results in Ang2 secretion and trans-
location of P-selectin to the cell surface. 

3.7. Detection of Ang2 in human coronary atherosclerotic lesions 

To study the expression and distribution of Ang2 in normal and 
atherosclerotic arteries, we performed immunohistochemical staining 
for Ang2 in human coronary artery specimens. Weak Ang2 immunore-
activity was detected in the endothelial cells in apparently normal cor-
onary arteries (Fig. 7A). In contrast, in advanced atherosclerotic lesions, 
Ang2 staining was detected not only in the endothelial layer but also in 
the intima, media, and adventitia. A particularly prominent signal was 
detected in the intima in association with an intraplaque hemorrhage 
(Fig. 7A). This is consistent with previous studies showing Ang2 
expression in different locations along carotid endarterectomy speci-
mens [17]. Analysis of the immunostaining showed that atherosclerotic 
lesions had about twofold higher Ang2 signal than the coronary seg-
ments without lesions (Fig. 7B). Collectively, the immunohistochemical 
studies indicate that Ang2 is present in normal coronary arteries, and 
that advanced atherosclerotic lesions contain more Ang2, with a wider 
distribution across the vessel wall. 

4. Discussion 

The results show that PLA2-LDL rapidly triggers the exocytosis of 
WPBs from cultured human coronary arterial, dermal microvascular and 
venous ECs, and from intact ECs of mouse thoracic aortas, thereby 
promoting P-selectin translocation and Ang2 exocytosis by the endo-
thelial cells. We define the downstream signaling pathways of PLA2- 
LDL- induced WPB exocytosis, which is known to promote leukocyte 
adhesion and enhance inflammatory signals in the vascular wall. 

Various forms of secretory PLA2s and lipoprotein-associated PLA2, 
which is carried in circulation mainly with LDL particles, have been 
shown to generate bioactive LPC by hydrolyzing phospholipids on LDL 
particles [21,59]. Modification of LDL by PLA2 may promote athero-
sclerosis by several mechanisms including increased ability of PLA2-LDL 
to bind to extracellular matrix proteoglycans and to promote formation 
of macrophage foam cells [27]. Interestingly, metabolic and lifestyle 
characteristics may promote PLA2-induced lipoprotein lipolysis. Thus, 
LDL from individuals with diabetes or metabolic syndrome is particu-
larly susceptible for lipolysis by group V secretory PLA2 [60] and 
smoking and exposure to second-hand smoke are associated with 
increased lipoprotein-associated PLA2 activity [61]. 

Group IIA PLA2 has been linked with inflammation and elevated 
PLA2-IIA levels are associated with increased risk for cardiovascular 
events [28–32]. However, pharmacological inhibition of neither secre-
tory PLA2s, which inhibits group IIA, group V, and group X sPLA2s, or 
lipoprotein-associated PLA2 was effective in reducing cardiovascular 
events [62,63]. These findings point to the possibility that the potential 

Fig. 4. Bioactive lipids in LDL particles are involved in PLA2-LDL-induced Ang2 
exocytosis. 
(A) HCAECs were treated with LDL or PLA2-LDL or BSA-treated PLA2-LDL (50 
μg/ml) in serum-free medium for 1 h. The amount of Ang2 released from cells 
into the media was measured by ELISA. The data are from 3 different experi-
ments performed in 2–4 replicates. (B) HCAECs were treated with PLA2-LDL 
(50 μg/ml) or LPC at indicated concentrations for 1 h, and the amount of Ang2 
secretion was measured by ELISA. The data are from two experiments per-
formed in 4 replicates. 
Data are shown as means ± SD. One-way Anova with Sidak’s multiple com-
parisons test was used to compare groups., *p < 0.05. 
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Fig. 5. PLA2-LDL induces cytoskeleton rearrangement and reduces VE-cadherin level in endothelial cells. 
(A) HCAEC were treated with LDL or PLA2-LDL (50 μg/ml) in serum-free medium for 1h and stained for F-actin with Texas-conjugated phalloidin and counterstained 
with DAPI. Scale bars, 25 μm. (B) BECs were treated with LDL or PLA2-LDL (50 or 150 μg/ml) in 1% serum medium for 2 h, stained for F-actin with Texas-conjugated 
phalloidin or VE-Cadherin and counterstained with DAPI. Scale bar, 20 μm. (C) Quantitation of VE-cadherin by area/nuclei of panel B. Images of LPC 70 μM are in 
Supplemental Fig. 3. Data are from three independent experiments. One-way Anova with Dunnett’s multiple comparisons test was used to compare groups to 
medium. *p < 0.05. 
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inhibition of deleterious PLA2 isoforms, such as PLA2-IIA is counter-
balanced by inhibition of e.g. group X PLA2, which has bene shown to 
protect from atherosclerosis [64]. 

Using multiple signaling-specific blockers, we pinpointed down-
stream pathways of PLA2-LDL-induced Ang2 exocytosis in HCAECs. Our 

data suggest that WPB exocytosis is mediated by interaction of PLA2-LDL 
with cell surface proteoglycans, which subsequently activates intracel-
lular phospholipase C, and induces calcium mobilization and cytoskel-
etal remodeling. Cell surface proteoglycans appear to be the main 
signaling pathway mediating WPB exocytosis since the inhibition of 

Fig. 6. PLA2-LDL triggers endothelial exocytosis in vivo. 
(A) Ang2EC mice were treated with PLA2-LDL for 1 h, and the tracheal blood vessels were stained for Pecam-1 (green) or Ang2 (red). Scale bar: 25 μm . (B) 
Quantification of Ang2 area relative to Pecam-1 area (%), n = 3 per group Differences in group means was tested with Student’s t-test and presented as ± SD. *p <
0.05. 
(C) Ang2EC mice were treated with and without PLA2-LDL for 1 h, and the tracheal blood vessels were stained for Pecam1 (green) or P-selectin (red). Scale bar 25 μm. 
D, Quantification of P-selectin area relative to Pecam-1 area (%), n = 3–4 per group. 
Differences in group means was tested with Student’s t-test and presented as ± SD. *p < 0.05. 
(E and F) PBS or PLA2-LDL was injected into the tail vein of wild type mice and after 1 h, serum was collected. The concentrations of Ang2 and FFAs in the serum were 
determined. Differences in group means were tested with Student’s t-test. n = 5 per group. *p < 0.05. 
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sulfation of the cell surface proteoglycans by sodium chlorate or inhi-
bition the interaction of PLA2-LDL with the proteoglycans by heparin 
inhibited PLA2-LDL- induced Ang2 exocytosis. Additional support for 
the role of proteoglycans in mediating WPB exocytosis is provided by 
their higher affinity toward PLA2-LDL than native LDL [34]. Indeed, 
previous work has shown that treatments that disturb cellular pro-
teoglycans significantly reduce macrophage uptake of PLA2-LDL [37]. 

The regulation of WPB exocytosis is known to involve the activation 
of canonical pathways mediated by second messengers, including cal-
cium and cyclic adenosine monophosphate [8]. Similar to other 
Ca2+-raising agonists such as Ca2+ ionophore, histamine, VEGF and 
sphingosine-1 phosphate, our data show that stimulation of endothelial 
cells by PLA2-LDL results in elevation of cytosolic calcium. Increased 
intracellular Ca2+ level induces cytoskeletal remodeling and rear-
rangement of actin filaments into stress fibers, which is related to 
complete WPB degranulation [65]. In good agreement with data 
showing the effects of Ca2+-raising agonists, our results reveal that 
PLA2-LDL induces formation of stress fibers, junctional protein disrup-
tion, and intercellular gap formation. 

Modification of LDL particles by PLA2 leads to generation of pro- 
atherogenic and pro-inflammatory lipid products, notably free fatty 
acids and LPC [26]. Interestingly, the present studies indicate LPC is the 
critical component of PLA2-LDL involved in the regulation of WPB 
exocytosis. This conclusion is based on the following observations. First, 
the administration of LPC but not of FFA mimicked the ability of 
PLA2-LDL to induce WPB exocytosis, and second, removal of bioactive 
lipids (FFA and LPC) from PLA2-LDL by albumin impaired its ability to 
promote WPB exocytosis. In this regard, several studies have shown that 
the presence of albumin profoundly affects the biological activity of LPC 
[66,67]. Of note, our data indicate that at similar concentrations, LPC 
present in PLA2-LDL is more effective than BSA-bound LPC in promoting 

WPB exocytosis, yet less cytotoxic. 
LPC has been shown to activate G-protein coupled receptors such as 

G2A and thus increase intracellular Ca2+ [68,69]. As WPB exocytosis is 
triggered by physiological and pathological signals that use Ca2+ or 
cAMP as second messengers [70,71], this could be the induction point of 
the exocytosis cascade. 

To confirm the relevance of our findings in arterial tissue, we 
investigated the effects of PLA2-LDL on vascular endothelium in ex vivo. 
We found that PLA2-LDL induces the expression and/or translocation of 
P-selectin in thoracic aortas from Ang2-overexpressing mice. This is 
consistent with earlier finding showing that LPC induces P-selectin 
expression in isolated coronary segments from cats [72]. Translocation 
of P-selectin to the endothelial surface has been shown also during WPB 
exocytosis in isolated mouse carotid arteries exposed to mechanical 
stretch [73]. 

To demonstrate the physiologic relevance of our findings in vivo, we 
injected PLA2-LDL intravenously into Ang2-overexpressing mice and 
found that PLA2-LDL induced the release of preformed Ang2 from WPBs 
in endothelial cells of tracheal vessels, mimicking the effects of PMA, 
thrombin, and histamine observed in vitro [12]. Tracheal vessels were 
chosen as they have been shown to release Ang2 under inflammatory 
conditions [15,74]. Furthermore, P-selectin level was significantly 
increased in the tracheal vessels and in thoracic aortas of mice treated 
with PLA2-LDL. This is consistent with earlier finding showing that LPC 
induces P-selectin expression in isolated coronary segments from cats 
[72]. Translocation of P-selectin to the endothelial surface has been 
shown also during WPB exocytosis in isolated mouse carotid arteries 
exposed to mechanical stretch [73]. Finally, injection of PLA2-LDL into 
wild type mice led to increase in Ang2 concentration in serum. Thus, our 
results indicate that PLA2-LDL induces WPB exocytosis in vivo with the 
release of Ang2 and the translocation of P-selectin, in line with previous 

Fig. 7. Immunohistochemical detection of Ang2 in 
human atherosclerotic plaques. 
(A) Paraffin sections from a normal and an athero-
sclerotic coronary artery were immunostained for 
Ang2 (Red) and counterstained with DAPI (blue). A: 
adventitia, I: intima; M: media, L: lumen. Arrow in-
dicates a micro vessel. Scale bar 100 μm. (B) Ang2 
quantification in normal and atherosclerotic coronary 
arteries (n = 6 per group). Data are shown as means 
± SD. Difference between group means was tested 
with Student’s t-test. *p < 0.05.   
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findings [14,73]. 
Limitations of this study include relatively small number of samples 

in some experiments. However, each experiment has been repeated with 
2–4 different lipoprotein preparations. In addition, while we observe an 
increase in serum Ang2 levels after injection of PLA2-LDL in vivo, we 
have not shown that Ang2 is derived from the aorta. We have, however, 
observed that PLA2-LDL induces translocation of P-selectin in thoracic 
aortas from Ang2-overexpressing mice ex vivo. Another limitation is the 
use of only male mice during this study. This may limit the generaliz-
ability of our data, as there are known sex-differences in the develop-
ment of atherosclerosis in mice [75]. 

Several properties of endothelial Ang2 have been proposed to be 
involved in the development of atherosclerosis. Ang2 has been previ-
ously demonstrated to induce endothelial destabilization and vascular 
permeability [50], thereby implicating potentially detrimental effects 
on atherosclerosis. However, studies using mouse models have gener-
ated inconclusive results [19,76]. While Ang2 overexpression decreased 
plaque size in a mouse model of atherosclerosis [76], Theleen et al. have 
demonstrated that fatty streak formation in mice was inhibited by 
treatment with an antibody against Ang2 [19]. Thus, the exact role of 
Ang2 in atherosclerosis development remains to be clarified. Here, we 
show that Ang2 is present in the luminal endothelial layer in normal 
coronary artery at low levels. Importantly, Ang2 expression was readily 
detected in all layers in advanced human atherosclerotic lesions, 
including the intima, media, and adventitia. A particularly interesting 
finding was the prominent signal in the intima of advanced lesions with 
intraplaque hemorrhage. 

In conclusion, our study has identified PLA2-LDL as a novel regulator 
of WPB exocytosis, which is an early-phase endothelial inflammatory 
response in endothelial cells. The present findings suggest a novel 
mechanism by which PLA2-LDL may promote vascular inflammation 
and the development of atherosclerotic lesions. 
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