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Abstract
Since being introduced globally as Aspirin in 1899, acetylsalicylic acid (ASA) has been widely used as an analgesic, immune-
regulatory, anti-pyretic and anti-thrombotic drug. ASA and its metabolite, salicylate, were also reported to be able to modulate
antigen presenting functions of dendritic cells (DC). However, the intracellular targets of ASA in DC are still poorly
understood. Since phagocytosis is the initial step taken by antigen-presenting cells in the uptake of antigens for processing and
presentation, ASA might exerts its immune-regulatory effects by regulating phagocytosis. Here we show that ASA inhibits
phagocytosis and modulates expression of endosomal SNAREs, such as Vti1a, Vti1b, VAMP-3, VAMP-8 and Syn-8 (but not
syn-6 and syn-16) in DC. We further show that the phagocytic inhibitory effect of ASA is dependent on the expression of Vti1a
and Vti1b. Consistently, Vti1a and Vti1b localize to the phagosomes and up-regulation of Vti1a and Vti1b inhibits phagocytosis
in DC. Our results suggest that ASA modulates phagocytosis in part through the control of endosomal SNARE protein
expression and localization in DC. All experiments were performed using either a murine DC line (DC2.4) or primary DC
derived from murine bone marrow cells.
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Introduction

Since being introduced globally as aspirin in 1899,
acetylsalicylic acid (ASA) has been widely used as an
analgesic, anti-inflammation, anti-pyretic, and anti-
thrombotic drug. Implications of ASA in preventing
colon cancer and Alzheimer’s disease are of great
interest to many researchers (Etminan et al. 2003).
Initially, most of these effects were thought to closely
link to the inhibition of cyclooxygenase (COX-1 and
COX-2) activity. New COX-independent anti-inflam-
mation pathways of ASA have been reported, such as
the inhibition of the transcription factor NF-kB (Kopp
and Ghosh 1994, Grilli et al. 1996), and its nitric oxide
(NO)-dependent effect (Fiorucci et al. 2001). Inter-
estingly, Matasic et al. (2000) showed that ASA and its
metabolite, salicylate, can affect antigen presentation
functions of DC. Hackstein et al. (2001) reported
that ASA can inhibit the response of immature DC
to inflammatory signals and thus suppresses its

maturation. These effects were later shown to be
COX-independent.
Since phagocytosis is the initial step taken by

antigen-presenting cells for the uptake of antigens
for processing and presentation, we envisage that
other than down-regulating surface MHC II expres-
sion, ASA might exerts its immune-regulatory effects
by regulating phagocytosis in the immune cells, DC.
Phagocytosis is an active process, where bound path-
ogen is surrounded by the phagocyte membrane and
internalized in a membrane-bound vesicle. Phagocy-
tosis of microorganisms by immature dendritic cells
(DC) is an essential component of the host’s defence
against infection.
The formation of phagosomes requires the targeted

delivery of membrane vesicles from the recycling
endosome compartment, which contributes to the
elongation of membranous pseudopods during the
early stages of the phagocytosis process. Thus, it is
conceivable that endosomal SNARE proteins, which
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mediate membrane fusion, have a role to play in this
process (Booth et al. 2001). Here we show that ASA
modulates phagocytosis in DC. Furthermore, our
results also suggest that the ASA-mediated modula-
tion of phagocytosis in DC is partly dependent on the
expression of endosomal SNARE proteins.

Materials and methods

Cell culture, antibodies and chemicals

Amurine dendritic cell line, DC2.4 (Shen et al. 1997),
was cultured in Dulbecco’s Modified Eagle Media
(DMEM) (Gibco) supplemented with 10% fetal
bovine serum (FBS) (Gibco). DC2.4 cells display
dendritic morphology, express dendritic cell-specific
markers, MHC molecules, co-stimulatory molecules,
and have phagocytic activity as well as antigen-
presenting capacity (Shen et al., 1997). Raw 264.7
mouse monocytes/macrophages cell line (TIB-71)
were purchased from ATCC. Mouse bone marrow
derived DC (murine primary DC) were prepared
according to method described previously
(Wong et al. 2004, Santambrogio et al. 2005). Briefly,
mice (C57BL/6) were sacrificed and their femorous
limbs excised. Bone marrow cells were then flushed
out from the femurs, cultured in the presence of
murine recombinant GM-CSF for six days to produce
immature DC. Mouse anti-c-myc antibodies (Cat
#OP10) were purchased from Calbiochem. Rabbit
anti-c-myc antibodies (Cat #sc-788) were purchased
from Santa Cruz Biotechnology.

cDNA constructs

Vti1a and Vti1b cDNA was amplified by PCR
using pfu DNA polymerase and oligomers (AAGC
TCGAGCGGTCTTCCGACTTCGAAGGGTACG
and GCTCTAGAGCTCAGTGTCCTTTGACG)
and digested with XhoI and XbaI. Vti1b cDNA was
amplified similarly using the oligomers (GGAATT
CCGCCGCCTCCGCCGCC TCCTCCGAGCA
TTTCGAGAAG and GCTCTAGAGCTCAATGG
TGTCGAAAG), and digested with EcoRI and XbaI.
Bothproductswere ligated into the vectorpDMyc, tobe
in frame with the C-terminal double myc tag.

Transfection and immunofluorescence microscopy

Growing of cells on cover slips and transfection were
performed according to previously established meth-
ods (Lowe et al. 1997, Wong et al. 1998, Xu et al.
1998). Briefly, transfected cells (24 h post-transfection)
were fixed with 4% paraformaldehyde in PBS, washed,

permeabilized with 0.1% saponin for 20 min, prior to
incubation in 5 mg/ml of anti-myc antibodies for 1 h.
After four washes with PBS, cells were incubated in the
dark with goat anti-mouse fluorescein (Chemicon
International) for 1 h, washed four times in PBS,
mounted and viewed under a fluorescence microscope
(Olympus BX60). As for the siRNA transfection study,
transfection was performed using Invitrogen Lipofec-
tamineTM 2000. SiRNA directed towards Vti1a (cat-
alog number: LQ-040824-01), Vti1b (catalog number:
LQ-062978-01), as well as non-targeting siRNA pool
(catalog number: D-001810-10), were purchased from
Dharmacon. The amount of siRNA used for transfec-
tion was optimized at 2000 pmol per 10 cm dish
transfection. The cells were assayed for their phago-
cytic activity 48 h post-transfection.

Phagosome isolation

DC2.4 cells were allowed to internalize fixed GFP-
Escherichia coli (0.75 � 109 particles/ml) for 1 h. The
cells were then washed three times with ice-cold PBS
to remove extracellular bacteria, trypsinized for
10 min at room temperature, and centrifuged at
100 g (720 rpm on Beckman Coulter Allegra
X-22R centrifuge) for 5 min at 4�C to further remove
extracellular bacteria. DC pellet was resuspended in
3 volumes of H buffer (8.6% sucrose, 25 mM Hepes,
5 mM MgCl2, 1 mM PMSF), and then homogenized
with a Dounce Homogenizer. The homogenate was
centrifuged at 100 g to remove intact cells, heavier cell
debris and nucleus. The supernatant containing pha-
gosomes and lighter membranes were carefully lay-
ered on 62% sucrose and centrifuged at 13,000 rpm
for 45 min using Beckman Coulter OptimaTM MAX
ultracentrifuge (MLS-50 rotor). The lighter mem-
branes remained on top of the 62% sucrose, while
the heavier phagosomes were pelleted to the bottom.
The phagosomal pellet was washed twice with ice-
cold PBS and processed for Western blot analysis.

Phagocytosis assay

Phagocytosis assay was performed using the
VybrantTM Phagocytosis Assay Kit (V-6694) pur-
chased from Molecular Probes, with some modifica-
tions from the recommended protocol. Briefly, after
treatment with various concentrations of ASA, 100 ml
of cell suspension containing 2 � 105 viable DC
(checked by Trypan blue) were seeded on an ELISA
plate and incubated for 4 h to allow the DC to adhere.
Fluorescent E. coli (100 ml) was added to each well.
After incubation for 2 h at 37�C, the medium was
removed and Trypan blue (100 ml) was added to each
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well to quench un-internalized fluorescent E. coli, and
incubated at room temperature for 5 min. The cells
were then measured in a fluorescence plate reader
(Gemini EM and Tecan, Molecular devices) using
480 nm excitation and 520 nm emission.

In vitro transcription and mRNA electroporation

mRNA was prepared using the Promega Ribo-
MAXTM in vitro transcription system. Primary DC
were resuspended in Opti-MEM (Gibco) medium at
a concentration of 5 � 107 cells/ml. RNA (40 mg) was
added to 200 ml of cell suspension containing 1 � 107

cells/ml and placed in a 2 mm cuvette. The mixture
was placed in the electroporator (Electro Square
Porator ECM 830, BTX) and a 300 V current was
delivered for 500 ms. The cells were allowed to recover
at 37�C for 15 min before they were resuspended in
complete DMEM containing 10% FBS.

Flow cytometry

Cells were prepared according to the protocols pro-
vided in Current Protocols in Immunology (Unit 5.3,
basic protocol 1 and 2). Briefly, for detection of
surface antigens, cells were washed and resuspended
in staining buffer containing 0.1% (w/v) NaN3 and
1% (w/v) bovine serum albumin in PBS. Labelled
antibodies were added, mixed and incubated on ice
for 20 min. Next, the cells were washed twice with
staining buffer, resuspended in fixation solution con-
taining 2% (w/v) paraformaldehyde in PBS and stored
at 4�C until they were analyzed by flow cytometry.

Results

ASA inhibits phagocytosis in immature DC

Murine myeloid DC differentiated in the presence of
ASA in vitro was shown previously to be less able in
presenting antigens to T cells (Matasic et al. 2000,
Hackstein et al. 2001). This was suggested to be one
of the ways ASA exerts its immune-regulatory effects.
Since phagocytosis is the initial step taken by antigen
presenting cells for the up-take of antigens for proces-
sing and presentation, we envisage that ASA might
exerts its immune-regulatory effects by regulating the
phagocytosis process. To determine the effects of
ASA on the phagocytic activity of DC in vitro,
DC2.4 were incubated with various concentrations
of ASA (0, 1, 2, 3, 4, 8, 9, and 10 mM) in DMEM for
18 h prior to incubation with fluorescence-labelled
bioparticles (E. coli) in a phagocytosis assay. As shown
in Figure 1A, we observed a slight elevation in phago-
cytic activity at ASA concentrations below 3 mM.

However, the phagocytic activity dropped in a dose-
dependent manner when DC2.4 were exposed to
higher concentrations (above 3 mM) of ASA.
Similar results were also observed in primary DC

(data not shown) and the macrophages cell line,
RAW264.7 (Figure 1B). The ASA-mediated phagocy-
tosis inhibitory effect observed here at concentrations
above 3 mMwas suggested to be COX-2/15-epi-lipox-
inA4-independent in view of the fact that the ASA-
triggered production of 15-epi-lipoxinA4 through
modification of COX-2 activity was shown previously
to enhance phagocytosis (Godson et al. 2000,
Mitchell et al. 2002). This prompted us to explore the
possible mechanism that governs the COX-2/15-epi-
lipoxinA4-independent phagocytic inhibitory effect of
ASA in DC. We have chosen to use the ASA concen-
tration of 5 mM in the subsequent experiments.
Although the ASA concentration of 5 mM is beyond
the published in vivo physiological concentration
(3 mM) used in the treatment of autoimmune diseases
(Hackstein et al., 2001), we observed that at this con-
centration, themorphologyandviabilityof cellswerenot
altered significantly as compared to those treated with
ASA at 3 mM (data not shown). Furthermore, we
consistently and repeatedlyobserveda significant reduc-
tion in phagocytosis activity in DC upon treatment with
5 mM ASA.
Phagocytosis involves the endosomes, and the endo-

somal system governs robust membrane vesicles traf-
ficking and protein degradative compartment
(lysosomes). The function of SNARE proteins in
phagocytosis was highlighted in our study demonstrat-
ing the negative regulatory roles of endosomal SNAREs
during phagocytosis in DC (Ho et al. 2008, 2009).
Thus, it is possible that endosomal SNAREs (Hong
2005) are potential intracellular targets of aspirin. To
ascertain this possibility, we determined the effects of
5 mM ASA on the expression of Vti1a (Golgi, trans-
Golgi network, and early/late endosomes SNARE),
Vti1b (trans-Golgi network and early/late endosomes
SNARE), VAMP-3 (recycling endosomes SNARE),
VAMP-8 (early/late endosomes SNARE), Syn-6
(trans-Golgi network and early endosomes SNARE),
Syn-8 (early/late endosomes SNARE), and Syn-16
(trans-Golgi network and early endosomes SNARE)
by Western blotting. Interestingly, ASA up-regulates
protein expression of Vti1a, Vti1b, VAMP-3, VAMP-8,
and Syn-8, but not Syn-6 and Syn-16 in primary
DC (Figure 2A). Figure 2B shows the normalized
quantification of protein bands in Figure 2A. Since
most of the endosomal SNAREs above share overlap-
ping intracellular localization (in the early/late endo-
somes) andarepotentialASA targets,wehave chosen to
focus only on Vti1a and Vti1b in the subsequent
experiments.
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The ASA-mediated phagocytic inhibitory effect is
dependent on Vti1a and Vti1b expression

We next asked the question whether the ASA-
mediated phagocytosis inhibition was Vti1a and
Vti1b-dependent. DC2.4 were treated with siRNAs
to knock down the expression of either Vti1a or Vti1b
prior to incubation with ASA and phagocytosis anal-
ysis. Scrambled siRNA-treated DC2.4 was used as
control. DC2.4 was used in this experiment because
of its higher susceptibility to siRNA transfection and
thus showed a better gene-knockdown result as com-
pared to murine primary DC. As shown in Figure 3A
(panel a), down-regulation of either Vti1a or Vti1b
significantly reduced the phagocytic inhibitory effects
of ASA. Thus, suggesting that Vti1a and Vti1b are key

molecules involved in the ASA-mediated inhibition of
phagocytosis in DC. Immunofluorescence micros-
copy analysis using Vti1a- and Vti1b-specific
antibodies in Figure 3A (panel b) shows the down-
regulation of Vti1a and Vti1b expression in
DC2.4 cells upon siRNA treatment.

Vti1a and Vti1b recruits to the phagosomes and
negatively regulates phagocytosis in DC

Since the phagocytic inhibitory effect of ASA is
dependent on Vti1a/Vti1b expression and since
Vti1a/Vti1b localizes to the phagosomes, it is possible
that Vti1a and Vti1b might play important roles in
regulating phagocytosis in DC. We first attempted to
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Figure 1. ASA modulates phagocytosis in DC and macrophages. (A) DC2.4 were incubated with various concentrations of ASA (0, 1, 2, 3, 4,
8, 9, and 10mM) in DMEM for 18 h prior to incubation with fluorescence-labelled bioparticles (E. coli) in a phagocytosis assay. The amount of
fluorescent bioparticles (E. coli) ingested by the control and ASA-treated cells was quantified using Gemini EN plate reader. (B)
RAW264.7 cells were incubated with various concentrations of ASA (0, 0.1, 0.5, 1, 2, 3, 4, 5, 6, and 7 mM) in DMEM for 18 h prior
to incubation with fluorescence-labelled bioparticles (E. coli) in a phagocytosis assay. The amount of fluorescent bioparticles (E. coli) ingested
by the control and ASA-treated cells was quantified using Gemini EN plate reader.
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examine if Vti1a and Vti1b recruites to phagosomes in
DC. DC2.4 cells were incubated with GFP-E. coli for
1 h, fixed and viewed under the confocal microscope.
As shown in Figure 3B, Vti1a (red) colocalizes with
the green GFP-E. coli (in yellow), suggesting that
Vti1a recruits to GFP-E. coli-positive membrane com-
partment. Furthermore, in Figure 4A, stereo 3D
convolution images showed the recruitment of
Vti1a and Vti1b (in red) to the green GFP-E. coli-
positive phagosomes (indicated by white arrows).
To further confirm the localization of Vti1a and

Vti1b to phagosomes, DC2.4 cells were incubated
with GFP-E. coli for 1 h and GFP-E. coli-containing
phagosomes were purified by centrifugation through a
sucrose step gradient. Twenty micrograms of total cell
lysate (TL) and 4-fold lower amount (5 mg) of pha-
gosomal fraction (PE) were analyzed by Western blot.
As shown in Figure 4B (panel a), both Vti1a and Vti1b
were significantly enriched in the phagosomal fraction
(PE). VAMP-3 was used as a positive control, as it
had previously been shown to localize to phagosomes
(Fiorucci et al. 2001). The protein bands in panel a
were quantified, normalized against the amount of
proteins, and presented in panel b.
To determined the role of Vti1a and Vti1b in

regulating the phagocytic pathway in DC, c-myc
epitope-tagged Vti1a (Myc-Vti1a) and Vti1b (Myc-
Vti1b) were expressed in DC2.4 cells. As shown
in Figure 5A, like endogenous Vti1a and Vti1b,
Myc-Vti1a and Myc-Vti1b were predominantly

localized to the perinuclear regions and endo-
somes in DC. Interestingly, we observed that phago-
cytic up-take of fluorescence bioparticles was
significantly reduced in both pDMyc-Vti1a and
pDMyc-Vti1b transfected DC2.4 cells (Figure 5B,
panel a). Figure 5B, panel b showed the level of
Myc-Vti1a and Myc-Vti1b protein expression by
Western blotting.
To exclude the possibility that the reduction of

intracellular fluorescence label (in our phagocytosis
assay) observed in pDMyc-Vti1a and pDMyc-
Vti1b transfected DC2.4 cells as compared to control
cells was due to an increase in degradation of phago-
cytosed fluorescence bioparticles (phagosome matura-
tion), DC2.4 cells transfected with control plasmid and
plasmids encoding Myc-Vti1a and Myc-Vti1b were
incubated with GFP-E. coli for 15 min at 37�C
(0 min time-point). Cells were washed to remove
unbound bacteria, and further incubated at 37�C for
1, 1.5 and 2 h prior to quantification using a fluores-
cence ELISA reader (detection of intracellular GFP-
proteins). As shown in Figure 5C (panel a), expression
of either Myc-Vti1a or Myc-Vti1b did not promote
degradation of GFP-proteins (phagosome matura-
tion). In fact, Myc-Vti1a and Myc-Vti1b prevents
GFP-protein degradation. Figure 5C, panel b showed
the level of Myc-Vti1a and Myc-Vti1b protein expres-
sion by Western blotting.
DC2.4 is a DC cell line and to eliminate the

possibility of cell lines specificity, the function of
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Vti1a was examined in murine bone marrow-
derived primary DC. Bone marrow-derived primary
DC were prepared and cultured as described in the
Methods section. Flow-cytometry analysis showed that
majority of the day 6 murine primary DC produced
were CD11c+ (Figure 6A, panel a). After checking the
integrity of the mRNAs (Figure 6B), both the in vitro
transcribed control and Myc-Vti1a mRNAs were
transfected into murine primary DC by electropora-
tion. Figure 6A (panel b) showed that a significant

pool of murine primary DC expressed the Myc-
Vti1a proteins (a shift to the right in the histogram).
As anticipated, Myc-Vti1a mitigates phagocytosis in
murine primary DC as well (Figure 6C).
To further confirm the function of Vti1a and Vti1b

in regulating phagocytosis in DC, knock-down experi-
ments using siRNA specific for Vti1a and Vti1b were
performed. DC2.4 cells were transfected with either
scrambled RNA (as control), Vti1a siRNA or Vti1b
siRNA and checked for phagocytosis activity. As
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Aspirin regulates SNARE protein expression 95



anticipated, silencing of either Vti1a or Vti1b by siRNA
transfection enhances phagocytosis (Figure 6D, panel
a) thus establishing their role in negatively regulating
phagocytosis. Panel b shows the knock-down of Vti1a
and Vti1b expression by siRNA.

ASA induces redistribution of Vti1a, Vti1b, and
scavenger receptor CD204 in DC

To determine whether ASA changes intracellular local-
ization of Vti1a and Vti1b in DC, untreated and ASA-
treated DC2.4 cells were fixed, stained using
anti-Vti1a and -Vti1b monoclonal antibodies, and ana-
lyzed by fluorescence microscopy. As shown
in Figure 7A (panel a and b), ASA causes

accumulation of Vti1a in larger punctate membrane
compartments in the cytoplasm as compared to
untreated cells. Vti1b proteins were observed to con-
centrate at the perinuclear region in ASA-treated cells
(Figure 7A, panel c and d). Our results show that Vti1a
and Vti1b plays important role in regulating phagocytic
up-take of bacteria in DC and ASA causes intracellular
redistribution of Vti1a and Vti1b. Therefore, the ASA-
mediated abrogation of phagocytosis in DC could be
due to changes to the endosomal membrane trafficking
machinery that govern trafficking of scavenger recep-
tors to and from the cell surface. Scavenger receptor-
A or CD204 had been shown recently to be essential
for the up-take of E. coli by phagocytosis (Amiel et al.
2007). It is interesting to determine if ASA induces
redistribution of CD204 protein in DC. Murine
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primary DC were treated with 5 mM ASA for 24 h in
DMEM, fixed, and stained with CD204-specific anti-
body prior to analysis by immunofluorescense
microscopy.
As shown in Figure 7B, ASA induces redistribution

of CD204 and formation of CD204-positive punctate
membrane structures in murine primary DC. To
further determine the effects of ASA on trafficking
of CD204 in DC, an experiment was designed to
visualize the kinetics of endocytosed CD204 from the
cell surface in the absence and presence of ASA.
Murine primary DC were either untreated or pre-
treated with 5 mM ASA for 4 h in DMEM, incubated
with anti-CD204 monoclonal antibody on ice to label
the cell surface CD204, transferred to 37�C to

allow endocytosis of antibody-tagged cell surface
CD204 either in the absence or presence of ASA.
Cells were fixed at indicated time-points and stained
with VAMP-8-specific rabbit polyclonal antibody
prior to analyzing by immunofluorescense micros-
copy. As shown in Figure 7C (panel a–d), in the
absence of ASA, no significant co-localization
between endocytosed CD204 (red) and VAMP-8
(green) was observed in all the time-points. However,
co-localization (in yellow) could be observed as early
as 5 min post-endocytosis of CD204 from the cell
surface in cells treated with ASA (Figure 7C, panel f, g
and h). Since VAMP-8 localizes to the early/late
endosomes, it is possible that endocytosed CD204
accumulate at the early/late endosomes and thus
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indirectly affects their trafficking to the cell surface
upon ASA-treatment. Taken together, our results
suggest that the ASA-mediated mitigation of phago-
cytosis in DC could be associated with the functions
of ASA in regulating the expression and intracellular
localization of endosomal SNAREs, which indirectly
influenced scavenger receptor (CD204) trafficking.

Discussion

In recent years, although much has been known
about the importance of phagocytosis in mounting

both the innate and cell-mediated immune responses,
great effort is still required to determine how the
phagocytosis machinery, which is crucial for MHC
class I (through cross-priming) and class II restricted
antigen presentation are controlled in DC. The for-
mation of phagosomes requires the targeted delivery
of membrane vesicles from the recycling endosome
compartment, which contributes to the elongation of
membranous pseudopods during the early stages of
the phagocytosis process. Others (Godson et al.
2000, Mitchell et al. 2002) have shown that ASA
promotes phagocytic up-take of apoptotic neutro-
phils by macrophages. This enhancement of

ASAControl

ASAControl

A.
B.

C.

Vti1a

Vti1b

Ctr

ASA

0 min 5 min 10 min 30 min

Figure 7. ASA induces redistribution of Vti1a, Vti1b, and scavenger receptor CD204 in DC. (A) Mouse bone marrow-derived primary DC
(murine primary DC) were either untreated (Control) or treated with 5 mMASA for 24 h in DMEM, fixed, and stained with Vti1a- and Vti1b-
specific antibodies prior to viewing by immunofluorescense microscopy. ASA promotes redistribution of Vti1a and Vti1b in DC. Size bar:
10 mm. (B) Murine primary DC were treated with 5 mM ASA for 24 h in DMEM, fixed, and stained with CD204-specific antibody prior to
viewing by immunofluorescense microscopy. CD204 localized to ASA-induced punctate membrane structures. Size bar: 5 mm. (C) Kinetics of
endocytosed CD204 from the cell surface in the absence and presence of ASA. Murine primary DC were either untreated or pre-treated with
5 mMASA for 4 h in DMEM, incubated with anti-CD204 monoclonal antibody on ice to label the cell surface CD204, transferred to 37�C to
allow endocytosis of antibody-tagged cell surface CD204 in the presence of ASA, fixed cells at indicated time-points and stained with
VAMP-8-specific rabbit polyclonal antibody prior to analyzing by immunofluorescense microscopy. In the presence of ASA, a significant pool
of CD204 accumulated in the early/late endosomes marked by VAMP-8. Size bar: 10 mm.

Aspirin regulates SNARE protein expression 99



phagocytosis was shown to be associated with the
COX-2-dependent synthesis of ASA-triggered
15-epi-lipoxinA4. Consistently, in this study we
also observed a slight increase in phagocytic activity
when DC and macrophages were treated with low
concentration of ASA (below 3 mM). However, treat-
ment of DC and macrophages with higher concen-
tration of ASA (above 3 mM) significantly abrogates
phagocytic up-take of E. coli. Thus, the effect of ASA
on the phagocytosis activity in DC and macrophages
is biphasic. What is the possible mechanistic of the
biphasic effect of ASA on the phagocytic pathway
in DC?
Hormesis is a considerably new concept that

explains the biphasic dose response to an environ-
mental agent or drug characterized by a low dose
stimulation and a high dose inhibitory effect
(Kendig et al. 2010). In the fields of biology and
medicine, hormesis defined as an adaptive response
of cells and organisms to a moderate stress. Interest-
ingly, recent findings have elucidated the cellular
signaling pathways and molecular mechanisms that
mediate hormetic responses which typically involve
enzyme such as kinases and deacetylases, and tran-
scription factors such as Nrf-2 and NF-kB
(Mattson et al. 2007, Marini et al. 2008). Thus, it
is possible that the biphasic dose response of DC to
ASA observed in this study could be explained based
on the hormesis concept. It is possible that at a low
ASA dosage, DC response to the ASA-mediated
‘moderate stress’ by down-regulating expression of
endosomal SNAREs such as Vti1a and Vti1b. This is
supported by our observation that serum starvation (a
form of moderate stress) down-regulates Vti1b
expression in DC2.4 (data not shown). Consistently,
we repeatedly observed a downward trend in the
protein expression of Vti1b in DC2.4 treated with
low dosage of ASA (Supplementary Figure 1, avail-
able online). Since lipoxinA4 enhances phagocytosis,
it is possible that low dosage of ASA induces synthesis
of ASA-triggered 15-epi-lipoxinA4 which in turn
down-regulates expression of Vti1a, Vti1b and other
endosomal SNAREs. At higher dosages however,
ASA activates the lipoxinA4-independent pathway
(which enhances expression of Vti1a, Vti1b and other
endosomal SNAREs) and mitigates phagocytosis.
Quantification of Vti1a and Vti1b expression in
untreated and lipoxinA4-treated DC will shed lights
on this interesting possibility.
The ability of ASA in inhibiting phagocytosis, an

essential pathway for extracellular antigen capture by
DC, prompted us to explore the endosomal mem-
brane trafficking pathways in DC. In view of the
ability of ASA in up-regulating expression of several
endosomal SNARE proteins, we speculated that

endosomal SNAREs might modulate phagocytosis
by affecting the focal exocytosis of membranes. Since
endosomal SNAREs such as Vti1a and Vti1b are
known to be involved in the secretory pathway as
well, overexpressing these proteins is expected to
increase secretion, resulting in a larger amount of
membrane receptors delivered to the cell surface,
and hence, positively influencing phagocytosis. Inter-
estingly, in contrary, our experimental results show
that both Vti1a and Vti1b negatively regulate phago-
cytosis. Hence, it is likely that Vti1a and Vti1b mod-
ulate phagocytosis by other mechanisms, other than
replenishing surface membrane via focal exocytosis.
Others (Yang et al. 2001, Allen et al. 2002) have

shown that VAMP-3 does not play a role in regulating
phagocytosis. This is consistent with our previous
results where up-regulation and silencing (siRNA)
of VAMP-3 do not significantly alter bacteria-up-
take by DC (Ho et al. 2008). Interestingly, like
Vti1a and Vti1b, up-regulation of VAMP-8 in DC
inhibits phagocytosis (Ho et al. 2008). The effect of
VAMP-8 up-regulation on phagocytosis correlates
well with this study, in view of the fact that
VAMP-8 forms SNARE complex with Vti1b/Syn-7/
Syn-8 on endosomal membranes (Wade et al. 2001).
Consistently, Syn-8 is also up-regulated upon ASA
treatment. In contrast, Syn-6 and Syn-16 which forms
other SNARE complexes was not significantly
up-regulated in the presence of ASA (Figure 2).
Membrane trafficking and fusion not only involves

interaction between cognate SNARE proteins on
opposing membranes but also tethering factors which
interact with SNARE proteins and facilitate SNARE
complex assembly. Tethering factors typically form
highly extended coiled-coil structures and enhance
the efficiency of membrane trafficking by linking the
opposing membranes (Pfeffer et al. 1999). In this
study, ASA induced intracellular redistribution of
Vti1a and Vti1b in DC. Consistently, trafficking of
scavenger receptor CD204 (Amiel et al. 2007) in DC
was also significantly altered upon ASA-treatment.
Thus, ASA-treatment and overexpression of endoso-
mal SNAREs might change the expression of scaven-
ger receptors on the cell surface of DC. Since Vti1a
containing complex had been demonstrated tomediate
homotypic fusion in the early endosomes (Brandhorst
et al. 2006), there is a possibility that the ASA-
dependent increase in Vti1a and Vti1b expression
causes homotypic fusion of membranes near to the
cell surface. These homotypic fusion events might
affect the recycling of membrane proteins to the cell
surface and thus possibly perturb the proper formation
of membrane projection essential for the phagocytosis
process. This is supported by our observation that
up-regulation of Vti1a and Vti1b in DC mitigates

100 D. T. Cai et al.



degradation of phagosomal contents most likely by
inhibiting phagosome maturation to become phagoly-
sosome (Figure 5C). Thus, it is possible that inhibition
of phagosome maturation abrogates release (from the
phagosomes) and recycle (to the cell surface) of mem-
brane proteins (including CD204) which are required
for subsequent rounds of phagocytosis.

Conclusion

The major finding of this study is the identification of
endosomal SNAREs as key players in the COX-2/
15-epi-lipoxinA4-independent regulation of phagocy-
tosis by ASA. ASA up-regulates expression of some
endosomal SNAREs and interestingly, our results
show that up-regulation of Vti1a and Vti1b expression
reduces the rate of bacterial up-take via phagocytosis.
The ability of ASA to inhibit phagocytosis (one of the
essential route of antigen intake) is consistent with its
role as an immune-regulatory drug. Phagocytosis is
the initial step taken by antigen-presenting cells for
the up-take of antigens. Thus, regulating the effi-
ciency of this process may potentially control antigen
processing and presentation.
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