
doi:10.1152/ajpheart.00581.2011
 301:H2028-H2037, 2011. First published 16 September 2011;Am J Physiol Heart Circ Physiol

Pin-Lan Li
Wei-Qing Han, Min Xia, Chun Zhang, Fan Zhang, Ming Xu, Ning-Jun Li and
arterial endothelium
raft clustering and dysfunction of bovine coronary 
SNARE-mediated rapid lysosome fusion in membrane

You might find this additional info useful...

54 articles, 27 of which can be accessed free at:This article cites 
 http://ajpheart.physiology.org/content/301/5/H2028.full.html#ref-list-1

including high resolution figures, can be found at:Updated information and services 
 http://ajpheart.physiology.org/content/301/5/H2028.full.html

 can be found at:AJP - Heart and Circulatory Physiologyabout Additional material and information 
http://www.the-aps.org/publications/ajpheart

This information is current as of March 29, 2012.
 

ISSN: 0363-6135, ESSN: 1522-1539. Visit our website at http://www.the-aps.org/.
Physiological Society, 9650 Rockville Pike, Bethesda MD 20814-3991. Copyright © 2011 by the American Physiological Society. 
intact animal to the cellular, subcellular, and molecular levels. It is published 12 times a year (monthly) by the American
lymphatics, including experimental and theoretical studies of cardiovascular function at all levels of organization ranging from the 

 publishes original investigations on the physiology of the heart, blood vessels, andAJP - Heart and Circulatory Physiology

 on M
arch 29, 2012

ajpheart.physiology.org
D

ow
nloaded from

 

http://ajpheart.physiology.org/content/301/5/H2028.full.html#ref-list-1
http://ajpheart.physiology.org/content/301/5/H2028.full.html
http://ajpheart.physiology.org/


SNARE-mediated rapid lysosome fusion in membrane raft clustering
and dysfunction of bovine coronary arterial endothelium

Wei-Qing Han, Min Xia, Chun Zhang, Fan Zhang, Ming Xu, Ning-Jun Li, and Pin-Lan Li
Department of Pharmacology and Toxicology, Medical College of Virginia Campus, Virginia Commonwealth University,
Richmond, Virginia

Submitted 20 June 2011; accepted in final form 6 September 2011

Han WQ, Xia M, Zhang C, Zhang F, Xu M, Li NJ, Li PL.
SNARE-mediated rapid lysosome fusion in membrane raft clustering
and dysfunction of bovine coronary arterial endothelium. Am J
Physiol Heart Circ Physiol 301: H2028–H2037, 2011. First published
September 16, 2011; doi:10.1152/ajpheart.00581.2011.—The present
study attempted to evaluate whether soluble N-ethylmaleimide-sensi-
tive factor attachment protein receptors (SNAREs) mediate lysosome
fusion in response to death receptor activation and contribute to
membrane raft (MR) clustering and consequent endothelial dysfunc-
tion in coronary arterial endothelial cells. By immunohistochemical
analysis, vesicle-associated membrane proteins 2 (VAMP-2, vesicle-
SNAREs) were found to be abundantly expressed in the endothelium
of bovine coronary arteries. Direct lysosome fusion monitoring by
N-(3-triethylammoniumpropyl)-4-[4-(dibutylamino)styryl]pyridinium
dibromide (FM1-43) quenching demonstrated that the inhibition of
VAMP-2 with tetanus toxin or specific small interfering ribonucleic
acid (siRNA) almost completely blocked lysosome fusion to plasma
membrane induced by Fas ligand (FasL), a well-known MR clustering
stimulator. The involvement of SNAREs was further confirmed by an
increased interaction of VAMP-2 with a target-SNARE protein syn-
taxin-4 after FasL stimulation in coimmunoprecipitation analysis.
Also, the inhibition of VAMP-2 with tetanus toxin or VAMP-2 siRNA
abolished FasL-induced MR clustering, its colocalization with a
NADPH oxidase unit gp91phox, and increased superoxide production.
Finally, FasL-induced impairment of endothelium-dependent vasodi-
lation was reversed by the treatment of bovine coronary arteries with
tetanus toxin or VAMP-2 siRNA. VAMP-2 is critical to lysosome
fusion in MR clustering, and this VAMP-2-mediated lysosome-MR
signalosomes contribute to redox regulation of coronary endothelial
function.

soluble N-ethylmaleimide-sensitive factor attachment protein; exocy-
tosis; vesicle fusion; molecular trafficking; coronary vasorelaxation

LIPID RAFTS, now called membrane rafts (MRs) (22, 46), refer to
subdomains of the plasma membrane, which were initially
identified by their relative resistance to Triton X-100 extrac-
tion. Unlike the rest of the membrane, MRs are enriched in
cholesterol, with saturated acyl chains such as sphingolipids
and glycosphingolipids (5, 39). More and more studies showed
that MRs serve as an important cellular signaling mechanism in
the regulation of a variety of cell functions or activities such as
cell apoptosis, cell adhesion, and cell-cell interactions (5, 26,
39). In particular, there are accumulating evidence showing
that MRs were involved in the clustering of nicotinamide-
adenine dinucleotide phosphate (NADPH) oxidase subunits
such as gp91phox, p47phox, and p22phox, leading to the activation
of this enzyme in coronary arterial endothelial cells (CAECs)

and other cells (10, 28, 38). With respect to the mechanism
mediating MR clustering and associated signaling, our recent
studies showed that lysosome fusion is a trigger for MR
clustering to activate a series of signaling pathways in endo-
thelial cells (ECs) in response to various death receptor ligands
such as Fas ligand (FasL), tumor necrosis factor-�, and en-
dostatin. Through lysosome fusion, acid sphingomyelinase
(ASMase) on lysosome membrane was first translocated to
plasma membrane and then activated there. The product of
ASMase, ceramide, may initiate MR clustering, leading to the
aggregation of NADPH oxidase subunits and other associated
components such as Rac1. In such MR clusters, NADPH
oxidase is activated to produce superoxide (O2

�) and conse-
quently results in endothelial dysfunction. This MR-mediated
transmembrane signaling mechanism is considered as an early
event during activation of the death receptors (19, 51). How-
ever, the mechanisms underlying lysosome fusion remains
largely unknown.

Soluble N-ethylmaleimide-sensitive factor attachment pro-
tein receptors (SNAREs) are a superfamily of small and mostly
membrane-anchored proteins that mediate membrane fusion
such as lysosome exocytosis in a variety of eukaryotic cells
(18, 30). The minimal machinery underlying vesicle fusion
includes three SNARE proteins: one vesicle membrane protein
synaptobrevin (also called vesicle-associated membrane pro-
tein, VAMP) and two plasma membrane proteins, syntaxin and
soluble N-ethylmaleimide-sensitive factor attachment protein
(SNAP)-23/25. These three proteins form a stable four-helical
bundle and then lead to membrane fusion (30). Among these
proteins, VAMP-2 plays a key role in the fusion and exocytosis
of synaptic vesicles in neuron cells. It is also involved in
regulated exocytosis in non-secretory cells, such as insulin-
regulated translocation of glucose transporter-4-containing
vesicles in adipocytes (27, 47), vasopressin regulated translo-
cation of aquaporin-2-containing vesicles in renal epithelial
cells (41), insulin secretion in pancreatic �-cells (36), and
IL-1� exocytosis in leukocytes (6). However, there is no study
showing that VAMP-2-mediated vesicle exocytosis is related
to redox signaling pathway. The present study hypothesized
that VAMP-2 mediates lysosome fusion in response to Fas
activation and thereby contributes to MR clustering, NADPH
oxidase activation, and consequent endothelial dysfunction in
the coronary endothelium.

MATERIALS AND METHODS

Cell culture. Bovine CAECs were isolated and maintained in RPMI
1640 medium (Invitrogen, Carlsbad, CA) containing 10% fetal bovine
serum (HyClone, Waltham, MA) and 1% antibiotics (Sigma, St.
Louis, MO) as previously described (1, 19, 51). Cells were identified
by staining with specific EC marker 1,1=-dioctadecyl-3–3-3=-3=-te-
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tramethyl-in-docarbocyanine perchlorate-acetylated low-density lipo-
protein (DiL-Ac-LDL). All cell studies were performed by using
CAECs of two to four passages.

Immunohistochemistry. After bovine arteries were washed three
times with phosphate-buffered saline (PBS) containing (in mmol/l)
137 NaCl, 2.7 KCl, 10 Na2HPO4, and 2 KH2PO4 (pH: 7.4), they were
fixed with a 4% formaldehyde solution. Tissues were embedded in
paraffin and were cut into transverse sections (5 �m thick). After
being defatted and rehydrolated, slides were probed with anti-
VAMP-2 or syntaxin-4 antibodies and then treated with correspond-
ing secondary antibody and streptavindin-horseradish peroxidase (24).

Confocal microscopy of molecular colocalization. CAECs were
fixed with 4% paraformaldehyde in PBS for 10 min. Some cells were
then permeabilized with 0.5% Tween-20 for 15 min. For detection of
the colocalization of lysosome-associated membrane protein
(Lamp-1) with VAMP-2, the CAECs were first incubated with mouse
anti-Lamp1 antibody (1: 500, Abcam, San Francisco, CA) and Alexa
488-conjugated goat anti-mouse antibody (1:500, Molecular Probes,
Carlsbad, CA). After being washed with PBS, CAECs were incubated
with rabbit anti-VAMP-2 antibody (1:500, Abcam) and Alexa 555-
conjugated goat anti-rabbit antibody (1:500, Molecular Probes). The
parameters of acquisition using objective plapo 60 � O with a focus
mode of �2, normal filter mode, confocal apepture of 2 and 2.68
s/scan.

CAECs were incubated with 8 �M N-(3-triethylammoniumpro-
pyl)-4-[4-(dibutylamino)styryl]pyridinium dibromide (FM1-43, Mo-
lecular Probes) for more than 2 h. After fixation with 4% paraformal-
dehyde and being permeabilized with 0.5% Tween-20 for 15 min, the
cells were stained with mouse anti-Lamp1 antibody (1: 500, Abcam)
and Alexa 555-conjugated goat anti-mouse antibody (1:500, Molec-
ular Probes). Some cells were treated with 8 �M FM1-43 and 150 nM
Red DND-99 (Molecular Probes) and then used for confocal imaging.
Manders’ overlap coefficients (m1 and m2 coefficients) were used to
indicate the colocalization between Lamp-1 and VAMP-2, FM1-43
and Lamp-1/Red DND-99 (53).

Inhibition of VAMP-2 with RNA interference or tetanus toxin.
CAECs were transfected with VAMP-2 small interfering ribonucleic
acid (siRNA) 5=-CAUCAUCGUUUACUUCAGCUCUUAA-3= ac-
cording to manufacturer’s instructions (TransMessenger transfection
kit, Qiagen, Valencia, CA). Scrambled siRNA was used as negative
control. In some experiments, CAECs were treated with tetanus toxin
(10 nmol/l, 2 h, Sigma) to cleave to VAMP-2 protein.

FM1-43 fluorescence quenching and dequenching. FM1-43
quenching and dequenching experiments were performed to detect
lysosomal fusion to the cell membrane as we previously described
(16, 52). For quenching experiments, after cells were loaded with 8
�mol/l FM1-43 (Molecular Probes) for 2 h, 1 mmol/l bromide phenol
blue (BPB) was added in the extracellular medium. For dequenching
experiments, cells were simultaneously loaded with 8 �mol/l FM1-43
and 1 mmol/l BPB for 2 h. After the CAECs were loaded by different
dyes or their combinations and then washed with fetal bovine serum
free medium, FM1-43 fluorescence was monitored under confocal
microscopy (Olympus) with a low power (� excitation � 488 nm) of
laser. The fluorescence puncta were chosen based on the brightness of
staining close to cell membrane after loading of FM1-43. In this way,
we could select most focused lysosomes and continuously monitor
fluorescence changes before and after FasL stimulation. In quenching
configuration, FM1-43 fluorescence decreases because of BPB enter-
ing the cells and quenches FM1-43 after lysosome fusion upon FasL
stimulation. Therefore, the detection of FM1-43 fluorescence quench-
ing by BPB in bath solution indicates lysosome fusion to the cell
membrane. The rationale for dequenching experiments is that when
lysosomes are fused with the cell membrane under FasL stimulation,
FM1-43 fluorescence tends to increase because BPB, which FM1-43
fluorescence, may flow out of lysosomes much easier compared with
FM1-43.

Confocal analysis of MR clusters and its colocalization with
gp91phox or VAMP-2. Detection of MR clusters was performed as we
previously described (20, 50). In brief, GM1 gangliosides enriched in
MRs were stained by Alexa 488-labeled cholera toxin B (1 �g/ml, 2
h, Molecular Probes). Clustering was defined as one or several intense
spots or patches, rather than diffuse fluorescence on the cell surface,
whereas a vast majority of unstimulated cells displayed a homoge-
neous distribution of fluorescence throughout the membrane. In each
experiment, the presence or absence of clustering in samples was
independently scored by unwitting researchers after specifying the
criteria for positive spots of fluorescence. Cells displaying a homo-
geneous distribution of fluorescence were marked negative. Results
were given as the percentage of cells showing one or more clusters
after the indicated treatment.

For dual-staining detection of the colocalization of MRs and
NADPH oxidase subunits, gp91phox or VAMP-2, CAECs were further
incubated with mouse anti-gp91phox monoclonal antibody (1:250; BD
Biosciences, San Jose, CA) or rabbit anti-VAMP-2 polyclonal anti-
bodies (Abcam, 1:500) separately, which was followed by Alexa
555-conjugated anti-mouse or anti-rabbit secondary antibody (Molec-
ular Probes, Carlsbad, CA) as needed, respectively. Staining was
visualized through sequentially scanning on an Olympus scanning
confocal microscope (Olympus, Tokyo, Japan). Colocalization was
analyzed by Image Pro Plus software, and the colocalization coeffi-
cient was represented by Pearson’s correlation coefficient (54).

Fluorescence resonance energy transfer assay. Fluorescein isothio-
cyanate/tetramethylrhodaminoisothiocyanate (FITC/TRITC) pairs
were used for fluorescence resonance energy transfer (FRET) assay of
MRs with VAMP-2. VAMP-2 antibody was labeled with FITC by
using a labeling kit (Invitrogen, Carlsbad, CA) according to manual
instruction. CAECs were stained with FITC-conjugated anti-VAMP-2
antibody and TRITC-conjugated cholera toxin B (2 �g/ml, 2 h, List
labs, Campbell, CA). FasL at 10 ng/ml was used to stimulate cells for
20 min. Alexa 488/Alexa 555 pairs were used for FRET assay of
Lamp-1 and VAMP-2/ASMase. Mouse Lamp-1 primary antibody and
rabbit ASMase primary antibody were labeled with Alexa 488 and
Alexa 555 by using a labeling kit (Invitrogen, Carlsbad, CA) accord-
ing to manual instruction, respectively. CAECs were first stained with
Alexa 488-conjugated anti-Lamp-1 antibody and then stained with
Alexa 555-conjugated anti-VAMP-2 antibody or Alexa 555-conju-
gated anti-ASMase antibody. After the prebleaching image was nor-
mally taken, the laser intensity at the excitement wavelength of the
acceptor (TRITC) was increased from 50 to 98% and continued to
excite the cell sample for 2 min to bleach the acceptor fluorescence.
After the intensity of the excitement laser for acceptor was adjusted
back to 50%, the postbleaching image was taken for FITC. A FRET
image was obtained by subtraction of the prebleaching images from
the postbleaching images and given a dark blue color. After the FITC
fluorescence intensities of the pre-, post-, and FRET images were
measured, the FRET efficiency was calculated through the following
equation: E � (FITCpost � FITCpre)/FITCpost � 100% (19).

SNARE complex formation and coimmunoprecipitation assay. The
measurement of SNARE complex formation was performed as pre-
viously reported (9, 43). After cells were treated with FasL (10 ng/ml,
20 min), cell proteins were collected and duplicate samples were
either boiled for 10 min to dissociate the complex or incubated at
30°C for 5 min and then used for immunoblotting.

The interaction between VAMP-2 and syntaxin-4 was examined
with a coimmunoprecipitation kit (Pierce Biotechnology, Rockford,
IL) according to the manufacturer’s instructions. In brief, a rabbit
anti-VAMP-2 antibody (Abcam) was first immobilized on the cou-
pling gel beads and then incubated with membrane protein for 2 h.
After being eluted and regenerated, the immunocomplexes were
inactivated and prepared for SDS-PAGE, immunoblotting to VAMP-2
and syntaxin-4 was performed, respectively.

Flotation of membrane lipid microdomains. The translocation of
VAMP-2 and syntaxin-4 in caveolar and noncaveolar domain was
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detected by using a nondetergent four-layer flotation as previously
described (49). Confluent CAECs were washed with PBS, scraped
into isotonic buffer containing (in mmol/l) 250 sucrose, 20 Tris·HCl,
1 EDTA, 15 KCl, 2 MgCl2, and 1 PMSF and 2 ml/ml protease
inhibitors cocktail (pH 7.5) and were homogenized by five passages
through a 25-gauge needle. The cell lysate was centrifuged at 10,000
g for 45 min at 4°C, and the membrane pellet was resuspended in the
same isotonic buffer. The plasma membrane was isolated by loading
the resuspended membrane pellet onto a 1.12 mol/l sucrose cushion
and centrifuging at 100,000 g for 2 h. The plasma membrane fraction
at the interface was collected, diluted with PBS, and pelleted by
centrifugation at 200,000 g for 1 h. Three milliliters of 35% sucrose
solution, 4 ml of 21% sucrose solution, and 1 ml of 5% sucrose
solution were overlaid on 4 ml of extraction mixture. The gradient was
formed in a 14 � 89-mm Beckman centrifuge tube and centrifuged at
180,000 g for 20 h in a SW41 rotor (Beckman) at 4°C. Fractions were
collected from the top of the sucrose gradient.

Flowcytometric analysis of ASMase translocation onto plasma
membrane. The ASMase level on the plasma membrane was assessed
with flow cytometry as previously described (45). CAECs were
harvested and washed with PBS and then blocked with 1% BSA for
10 min at 4°C. After two washes, the pellet was added to 100 ml PBS
and incubated with ASMase primary antibody (1:200; Santa Cruz
Biotechnology), followed by incubation with Alexa 555-labeled anti-
rabbit secondary antibody (1: 500; Molecular Probes). Stained cells
were run on a Guava Easycyte Mini Flow Cytometry System (Guava
Technologies, Hayward, CA) and analyzed with Guava acquisition
and analysis software (Guava Technologies).

Electron spin resonance detection of endothelial O2
�. Electron spin

resonance was performed as we previously described (51). Gently
collected CAECs were suspended in modified Krebs-HEPES buffer

containing (in mmol/l) 99.01 NaCl, 4.69 KCl, 1.87 CaCl2, 1.20
MgSO4, 1.03 K2HPO4, 25.0 NaHCO3, 20.0 Na-HEPES, and 11.1
glucose (pH 7.4), supplemented with deferoxamine (100 �mol/l;
metal chelator). Approximately 1 � 106 cells were then incubated
with FasL (10 ng/ml) for 15 min; these cells were subsequently mixed
with 1 mmol/l of the O2

�-specific spin trap 1-hydroxy-3-methoxycar-
bonyl-2,2,5,5-tetramethylpyrrolidine (CMH) in the presence or ab-
sence of manganese-dependent superoxide dismutase (500 U/ml,
Sigma). The cell mixture was then loaded in glass capillaries and
immediately kinetically analyzed for O2

� production for 10 min. The
superoxide dismutase-inhibitable fraction of the signal was compared.
The electron spin resonance settings were as follows: biofield, 3,350;
field sweep, 60 G; microwave frequency, 9.78 GHz; microwave
power, 20 mW; modulation amplitude, 3 G; 4,096 points of resolu-
tion; receiver gain, 100; and kinetic time, 10 min.

Endothelium-dependent vasodilation in isolated small coronary
artery. Fresh bovine hearts were obtained from a local abattoir. Small
coronary arteries (�200 �m ID) were mounted in a Multi Myograph
610M (DMT, Aarhus, Denmark) for isometric tension recording (4).
The vasodilatory curves to bradykinin (BK, a vasodilating peptide)
were obtained after arteries were precontracted with 9,11-dideoxy-
11�,9�-epoxymethanoprostaglandin F2� (U-46619, thromboxane re-
ceptor agonist, 50 nmol/l, Sigma) with or without FasL (10 ng/ml, 20
min), tetanus toxin (10 nmol/l, 2 h) treatment. For some arteries, the
ultrasound microbubble technology was used to transfect endotheli-
um-intact arteries with scrambled small RNA or VAMP-2 siRNA as
previously described (23).

Statistics. Data are presented as means 	 SE. Significant differ-
ences between and within multiple groups were examined using
ANOVA for repeated measures, followed by Duncan’s multiple-range

Fig. 1. A: immunohistochemistry of vesicle-
associated membrane proteins 2 (VAMP-2) and
syntaxin-4 in bovine coronary artery. B: detection
of VAMP-2 and syntaxin-4 expression in bovine
coronary arterial endothelial cells (CAECs) by us-
ing 5, 10, and 20 �g proteins for immunoblotting
assay. C: fluorescence resonance energy transfer
(FRET) assay between VAMP-2 and lysosome
marker lysosome-associated membrane protein
(Lamp-1). Permeabilized CAECs were stained
with Alexa 488-coupled Lamp-1 antibody and Al-
exa 555-coupled VAMP-2 antibody, respectively,
and then used for confocal microscopy assay.
D: FRET assay between ASMase and lysosome
marker Lamp-1. Permeabilized CAECs were
stained with Alexa 488-coupled Lamp-1 antibody
and Alexa 555-coupled ASMase antibody, respec-
tively, and then used for confocal microscopy as-
say. Ctrl, control. Scale bar, 50 �m in A and 10 �m
in D.
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test. A Student’s t-test was used to detect significant differences
between two groups. P 
 0.05 was considered statistically significant.

RESULTS

Colocalization between VAMP-2 and Lamp-1. Immunohis-
tochemistry with bovine coronary arteries showed that the
endothelial layer exhibited strong VAMP-2 and syntaxin-4
staining compared with control, whereas the medial layer was
only slightly stained (Fig. 1A). Western blot analysis assay
with VAMP-2 and syntaxin-4 antibody showed 19- and 33-
kDa bands corresponding to their specific molecular mass,
respectively (Fig. 1B). Figure 1C showed that VAMP-2
showed strong FRET with a specific lysosome marker,
Lamp-1, in permeabilized cells (10.5 	 1.75, n � 4). ASMase
was also found to be located on lysosome membrane as the
strong FRET efficiency (17.8 	 1.0, n � 6) between ASMase
and Lamp-1 in permeabilized CAECs (Fig. 1D). These results
indicated that VAMP-2 and ASMase were mainly located on
lysosome membrane in CAECs.

VAMP-2 inhibition attenuated FasL-induced lysosome fusion. The
possible contribution of VAMP-2 to lysosome fusion was deter-
mined by FM1-43 quenching and dequenching. As shown in

Fig. 2A, FM1-43 showed strong colocalization with lyso-
Tracker Red DND-99 (colocalization coefficient with FM1-43:
85.9 	 2.80%), indicating that FM1-43 specifically labeled
lysosomes after CAECs were loaded with this dye for 2 h. The
decrease in FM1-43 fluorescence (quenching) indicates lyso-
some fusion. This is because BPB as a quenching substance in
the both solutions enters cell lysosomes, where it acts to
quench FM1-43. If lysosomes are not fused into the cell
membrane, the BPB may not enter the lysosome containing
FM1-43, and therefore no quenching will occur and fluores-
cence will remain unchanged. For dequenching experiments,
lysosomes of CAECs were loaded simultaneously with 8 �M
FM1-43 and 1 mM BPB for 2 h and then underwent different
treatments. After lysosomes are fused with the cell membrane
under FasL stimulation, FM1-43 fluorescence tends to increase
because BPB may flow out of the lysosome much easier
compared with FM1-43 and then dissociate with FM1-43.
Therefore, the detection of FM1-43 fluorescence dequenching
also indicates lysosomal fusion. Figure 2B showed that
VAMP-2 siRNA or tetanus toxin significantly decreased
VAMP-2 protein content in Western blot analysis, and both
treatments almost completely blocked FasL-induced quench-

Fig. 2. A: colocalization of N-(3-triethylammonium-
propyl)-4-[4-(dibutylamino)styryl]pyridinium dibro-
mide (FM1-43) with lysoTracker Red DND-99 de-
tected by confocal microscopy in CAECs. B: inhibi-
tory effect of VAMP-2 small interfering RNA
(siRNA) and tetanus toxin (TT) on VAMP-2 level in
CAECs in Western blot assay. �-Actin was used as a
loading control. Representative (C and D) and sum-
marized (E and F) data show the inhibitory effect of
VAMP-2 siRNA and TT on FasL-induced FM1-43
fluorescence quenching (C and E) and dequenching
(D and F) in CAECs. Arrows indicate beginning of
treatments. Fluorescence after treatment was normal-
ized by that before treatment (n � 80 puncta from 6
batches of cells). *P 
 0.05 vs. control group; †P 

0.05 vs. vehicle (Veh) group. Scra, scrambled RNA;
FasL, Fas ligand. Scale bar, 10 �m in A and D.
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ing (Fig. 2, C and E) and dequenching (Fig. 2, D and F),
indicating that VAMP-2 plays an important role in FasL-
induced lysosome fusion. In contrast, there was no detectable
VAMP-3 (another SNARE protein, data not shown) signaling
in CAECs, suggesting a specific role of VAMP-2 in CAECs.

Our previous studies showed that the accumulation of AS-
Mase on plasma membrane and its activation play a critical
role in MR clustering. We then examined whether VAMP-2
inhibition would affect such translocation of ASMase. The
percentage of cells with ASM was significantly increased after
FasL treatment in flowcytometry assay, and this was signifi-
cantly prevented by the prior treatment with VAMP-2 siRNA
or tetanus toxin (data not shown).

SNARE complex formation and interaction between
VAMP-2 and syntaxin-4. Biochemical analysis was next per-
formed to examine whether FasL induces SNARE complex
formation. When cell lysates were immunoblotted with
VAMP-2 antibody, an 85-kDa band was detected besides a
19-kDa VAMP-2 band (Fig. 3A). This 85-kDa band, corre-
sponding to the size of SNAREs complex, was stable at 30°C
but was dissociated after boiling. Summarized data showed
that FasL significantly increased this 85-kDa band (control,
1.0 	 0.0 vs. FasL treatment, 1.33 	 0.07; results were
normalized to �-actin. P 
 0.05, n � 4 batches of cells).

To further examine whether this vesicle-SNARE protein
(VAMP-2) interacts with other SNARE complex unit, we
performed coimmunoprecipitation assay. The cell lysates were
first coimmunoprecipitated with VAMP-2 antibody, and elutes
were then immunoblotted with anti-VAMP-2 and syntaxin-4
antibodies, respectively. As shown in Fig. 3B, there was no
difference in the total VAMP-2 and syntaxin-4 abundance in
control and FasL-treated samples before coimmunoprecipita-
tion treatment. After coimmunoprecipitation, there was also no
difference in VAMP-2 abundance between control and FasL-
treated samples. In contrast, syntaxin-4 was significantly in-
creased in FasL-treated samples, suggesting that their interac-
tion was increased.

FRET between MRs and VAMP-2. We then determined
whether SNAREs-mediated lysosome fusion contributes to
MR clustering in response to FasL stimulation. Figure 4A
shows that MRs were distributed over the EC membranes by
weak diffused green fluorescence under resting conditions.
After FasL stimulation, green fluorescent patches were formed
on the CAEC membranes, and this effect was prevented by the
presence of tetanus toxin or VAMP-2 siRNA. In Fig. 4B,
fluorescent images made under prebleaching condition showed
that in control CAECs, FRET image showed that there was
very low FRET detected. After FasL stimulation, however, a
remarkably increased FRET intensity was observed (Fig. 4, B
and C). Figure 4D shows that Fas-associated death domain was
not clustered after FasL treatment (control, 21.5 	 1.85, and
FasL, 19.1 	 3.14, P � 0.05), indicating that apoptosis-related
signaling pathway may not be involved.

Translocation of SNAREs component from caveolin to non-
caveolin domain. A modified nondetergent four-layer flotation
was also performed to examine the distribution of VAMP-2
and syntaxin-4. As shown in Fig. 5, membrane MRs were
fractionated into 5–21% and 21–35% sucrose interfaces, cor-
responding to noncaveolar and caveolar domains, respectively.
VAMP-2 and syntaxin-4 were mostly located in caveolar
domains in control cells. After FasL stimulation, both VAMP-2

and syntaxin-4 were mostly transferred to noncaveolar do-
mains.

VAMP-2 inhibition reversed FasL-induced gp91phox cluster-
ing and O2

� production. We next examined whether this
VAMP-2-mediated lysosome fusion and MR clustering were
involved in FasL-induced NADPH oxidase subunit clustering
and its activation because MR clustering is closely associated
with the formation of redox signaling platforms. As shown in
Fig. 6, FasL induced significant clustering of gp91phox, which
was significantly prevented by VAMP-2 siRNA or tetanus
toxin. Similarly, FasL markedly increased O2

� production as
indicated by electron spin resonance spectra assay, and this
effect was almost fully blocked by tetanus toxin or VAMP-2
siRNA (Fig. 7, A and B).

Fig. 3. A: FasL increased soluble N-ethylmaleimide-sensitive factor attach-
ment protein receptors (SNAREs) complexes formation in bovine CAECs.
Lanes 1 and 2 (without and with boiling) were from control samples, and lanes
3 and 4 (without and with boiling) were from FasL-treated samples. The
85-kDa band in lanes 1 and 3 without boiling was calculated to indicate
SNARE complex. �-Actin was used as a loading control. B: the precipitates
trapped with anti-VAMP-2 antibody in control and FasL-treated CAECs were
immunoblotted with anti-syntaxin-4 antibody and then reprobed with anti-
VAMP-2 antibody (lanes 3 and 4). The samples without undergoing coimmu-
noprecipitation (Co-IP) were used as loading control (lanes 1 and 2); unspe-
cific IgG was used for Co-IP to validate the specificity of this method (lanes
5 and 6). Summarized data show the effects of FasL on syntaxin-4 and
VAMP-2 in different treatments (n � 4 batches of cells). *P 
 0.05 vs. control
group.
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VAMP-2 inhibition reversed FasL-induced impairment of
endothelium-dependent vasodilation. Finally, the involvement
of VAMP-2 in FasL-induced impairment of vasodilation was
examined. As shown in Fig. 7C, BK produced a concentration-
dependent relaxation in endothelium-intact bovine coronary
arterial rings. When the arteries were incubated with FasL, the
BK-induced vasodilator response was blunted. As expected,
the incubation with tetanus toxin or VAMP-2 siRNA prevented
the damage effect of FasL, indicating that VAMP-2 was
involved in FasL-induced impaired vasodilation. In contrast,
VAMP-2 siRNA treatment did not affect vascular contraction
(force generation) compared with scramble RNA treatment:
scrambled RNA group with 1.98 	 0.02 g vs. siRNA group
with 2.16 	 0.09 g, P � 0.05. These results indicate that
VAMP-2 siRNA treatment might have no significant effect on
smooth muscle contraction ability in our vessel preparations
and that the effect on the endothelium-dependent vasodilation
was caused by corresponding changes in ECs.

DISCUSSION

In the present study, we addressed the role of SNAREs in
FasL-induced lysosome fusion, MR clustering, and endothelial

dysfunction. It was found that VAMP-2 is located on lyso-
somes of ECs and its inhibition by tetanus toxin or siRNA
attenuated lysosome fusion and almost fully abolished FasL-
induced MR clustering, increased O2

� production, and impair-
ment of vasodilation.

VAMP-2, a prototype SNARE protein, was found to be
abundant in the coronary arterial endothelium in immunohis-
tochemistry analysis, which is consistent with previous studies
showing this SNAREs protein was present in ECs (11, 12, 29).
VAMP-2 showed high FRET efficiency with a lysosome
marker Lamp-1, suggesting that VAMP-2 is present on lyso-
somes of CAECs. FM1-43 quenching has been used as a new
method for the investigation of lysosome fusion (19, 52),
which was consistent with the present study that FM1-43 was
strongly colocalized with lysosome marker lysoTracker Red
DND-99. The finding that VAMP-2 inhibition almost fully
abolished FasL-induced FM1-43 quenching and dequenching
suggests that this protein is involved in FasL-induced lysosome
fusion.

Further biochemical analysis showed that FasL significantly
increased a heat-sensitive 85-kDa band content, corresponding
to SNAREs complex, when cell lysates without boiling were

Fig. 4. A: effects of VAMP-2 siRNA and TT on FasL-induced
membrane raft (MR) formation in CAECs. Representative
image (B) and bar graph (C) show the effect of FasL on FRET
efficiency between FITC-VAMP-2 and tetramethylrhodamin-
oisothiocyanate-cholera toxin B (TRITC-CTXB) in CAECs.
D: representative image showing the colocalization between
MRs and Fas-associated death domain (FADD) detected by
confocal microscopy in CAECs with or without FasL treat-
ment. Scale bar, 10 �m in A, B, and D; n � �5 to 6 batches
of cells. *P 
 0.05 vs. control group; †P 
 0.05 vs. vehicle
group.
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immunoblotted with anti-VAMP-2 antibody (17). This
SNAREs assembly was thought to proceed down a steep
energy gradient and thereby force the membranes to fusion, a
critical step for SNAREs-mediated vesicle fusion (2, 9, 34).
Western blot analysis shows that there is no VAMP-3 expres-
sion in CAECs, indicating that other SNAREs may not be
involved in lysosome fusion and the downstream signaling
pathway. Coimmunoprecipitation assay showed that FasL sig-
nificantly increased the interaction of VAMP-2 with a target
(t)-SNARE protein syntaxin-4. Although there are several
different subtypes of t-SNAREs, the involvement of syntaxin-4
in vesicle fusion has been reported in ECs, in particular, its role
in the fusion of caveolae with the target plasma membrane
(35). In human lung microvascular ECs, syntaxin-4 was found
to participate in Weibel-Palade bodies exocytosis induced by
thrombin (12). In human umbilical vein ECs and human aortic
ECs, SNAREs were involved in vesicle and granule exocytosis
(48). Although both VAMP-2 and syntaxin 4 were slightly
expressed in the medial layer, they may not be involved in
vascular contraction/relaxation since the vascular rings devel-
oped similar vascular contraction in scramble RNA and
VAMP-2 siRNA-treated vascular rings (scramble, 1.98 	 0.02
g; siRNA, 2.16 	 0.09, P � 0.05), although it has been shown
that VAMP-2 mediated cyclophilin A release in vascular
smooth muscle cells (40).

The involvement of VAMP-2 in MR cluster was confirmed
by the findings of increased FRET between MRs and VAMP-2
in FasL-treated cells, which may be caused by the translocation
of VAMP-2 from lysosome membrane to plasma membrane. It
has been shown that VAMP-2 was translocated from Glut-4-

containing vesicles to the plasma membrane in response to
insulin stimulation (42). In pancreatic �-cells, VAMP-2 was
translocated from lysosomes to plasma membrane after insulin
stimulation (32). These results indicate that VAMP-2 may be
in a mobile phase, where it is translocated between plasma
membrane and vesicle membrane, and is involved in corre-
sponding signaling transduction. Also, it has been shown that
SNAREs are located in the MR domain by flotation and that
SNAREs were involved in regulated exocytosis (7). The pres-
ent findings may provide new evidence that VAMP-2 and
syntaxin-4 were translocated from caveolar to noncaveolar
domains after FasL stimulation by using a modified four-layer
flotation. Indeed, the active noncaveolar domains were found
to be involved in various signaling pathways. In unstimulated
cells, epidermal growth factor (EGF) receptors are concen-
trated in plasma membrane caveolae, and they move out of
caveolae following stimulation (13, 31). In smooth muscle
cells, a small heat shock protein 27 can be dephosphorylated by
protein phosphatase 2A in noncaveolar domains (3).

Driven by lysosome fusion, ASMase on lysosome mem-
brane was translocated to plasma membrane in response to
FasL stimulation and then activated there (8, 15, 19, 44, 51).
This is consistent with a recent study showing that ASMase is
activated through translocation from intracellular compart-
ments to the plasma membrane in an exocytic pathway requir-
ing the t-SNARE protein syntaxin 4 (33). The early product of
AMSase ceramide may act as kindling to activate lysosome
trafficking and fusion with cell membrane, resulting in the
production of bonfire ceramide, which then triggers MR clus-
tering (8, 15, 19, 44, 51). Accordingly, lysosome function was

Fig. 5. Representative (A) and summarized (B) data
showing the effects of FasL on VAMP-2 and syn-
taxin-4 distribution in different membrane fractions
with 4-layer flotation. Flotillin-1 is a marker for a
lipid microdomain structure protein, caveolin-1 is a
caveolae domain marker, and clatherin plays a role in
the formation of coated vesicles being a nonlipid raft
protein. *P 
 0.05 and †P 
 0.05 vs. control group
in VAMP-2 and syntaxin-4 groups, respectively.
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found to play a critical role since FasL-induced MR clustering,
subsequent O2

� production, and impairment of vasodilation
were significantly blocked by interruption of lysosome func-
tion with bafilomycin A1 and methyl-b-cyclodextrin (19) or
inhibition of ASMase with specific siRNA (25, 50). As ex-
pected, the blockade of lysosome fusion with VAMP-2 inhi-
bition in the present study abolished FasL-induced downstream
signaling pathway including ASMase translocation onto
plasma membrane and subsequent MR formation, gp91phox

clustering, and increased O2
� production, in which the NADPH

oxidase subunits were clustered together to be activated (14,
21, 37, 51). The involvement of VAMP-2 in MR-redox sig-
naling pathway was further confirmed by the finding that its
inhibition with tetanus toxin or specific siRNA or inhibition of
NADPH oxidase with a specific inhibitor apocynin blocked
FasL-induced impairment of vasodilation in the present and
previous studies (25, 51). The involvement of vascular smooth
muscle cells may be excluded since VAMP-2 siRNA did not
affect vascular tension. Finally, the effect of FasL on MR
cluster and redox signaling is considered as an early effect of
death receptor and apoptosis may not be involved (19, 51),

which is consistent with the present finding that Fas-associated
death domain was not involved in MR cluster.

Although the present study validated the involvement of
SNAREs, further study is needed to explore the mechanisms
underlying SNAREs activation, lysosome fusion-related traf-
ficking/tethering, and interactions of SNAREs with their part-
ners. With a consideration of its crucial role in various types of
cells, VAMP-2 may not be a target for intervention or diagno-
sis, although this SNARE protein indeed participates in the
regulation of coronary endothelial function.

In conclusion, the present study demonstrated that VAMP-2
and syntaxin-4 formed a reactive complex in coronary ECs in
response to Fas activation. This SNARE complex mediated

Fig. 6. Effects of VAMP-2 siRNA and TT on colocalization between MRs and
gp91phox. A: representative confocal fluorescence images for colocalization of
MRs and gp91phox with or without VAMP-2 siRNA and TT treatment before
FasL stimulation. B: summarized bar graph showing the colocalization be-
tween MRs and gp91phox in different treatments. Scale bar, 10 �m in A; n �
�5 to 6 batches of cells. *P 
 0.05 vs. control group; †P 
 0.05 vs. vehicle
group.

Fig. 7. A, Representative electron spin resonance spectrograph showing the
inhibitory effect of VAMP-2 siRNA and TT on FasL-induced superoxide (O2

�)
production in CAECs. B: summarized data depicting changes in O2

� production
in CAECs in different treatments; n � �4–6 batches of cells. *P 
 0.05 vs.
control group; †P 
 0.05 vs. vehicle group. C: VAMP-2 siRNA, TT blocked
FasL-induced (10 ng/ml for 20 min) damage of vasodilator response; n � 5
cow hearts. BK, bradykinin. *P 
 0.05 vs. control, FasL � TT, or FasL �
VAMP-2 siRNA.
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lysosome fusion to the plasma membrane and thereby contrib-
uted to MR clustering, NADPH oxidase activation, and endo-
thelial dysfunction. This novel transmembrane signaling mech-
anism may contribute to the regulation of endothelial function
under different physiological and pathological conditions.
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