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Original article

A critical role for vesicle-associated membrane protein-7
in exocytosis from human eosinophils and neutrophils

Background: Granulocyte exocytosis is proposed to be critically dependent on
the interaction of soluble N-ethylmaleimide-sensitive factor attachment protein
(SNAP) receptors (SNARESs) located on granules/vesicles (v-SNARESs) and
plasma membrane (t-SNARESs). Previous studies indicated that the v-SNARE,
vesicle-associated membrane protein (VAMP)-2, as well as t-SNAREs
(SNAP-23, syntaxin-4 and -6) are implicated in exocytosis from human
granulocytes. Vesicle-associated membrane proteins-7 and -8 have been impli-
cated in endosome/lysosome trafficking, however, their role in granulocyte
exocytosis remains obscure.

Objective: We sought to investigate the expression and functional role of
SNARE isoforms in the secretion of different granule-derived mediators in hu-
man eosinophils and neutrophils.

Methods: The expression of SNAREs was determined by subcellular fraction-
ation and flow cytometry. SNARE-specific antibodies were examined for their
ability to impair mediator release from permeabilized eosinophils and neu-
trophils.

Results: Vesicle-associated membrane proteins-7 and -8 were localized to granule
and membrane-enriched fractions in eosinophils and neutrophils, whereas syn-
taxin-6 was not detectable. In permeabilized cells, anti-VAMP-7, but not anti-
VAMP-§, antibody impaired the secretion of all mediators examined (in eosin-
ophils, eosinophil peroxidase and eosinophil-derived neurotoxin; in neutrophils,
myeloperoxidase, lactoferrin and matrix metalloprotease-9) in a dose-dependent
manner. In contrast, anti-VAMP-2 modestly and selectively impaired secretion
from small granules and vesicles. Syntaxin-4, but not syntaxin-6, was found to
interact with SNAP-23 and was partially involved in mediator secretion from
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multiple compartments.

Conclusion: Our observations indicate for the first time a critical role for
VAMP-7 in both eosinophil and neutrophil mediator release.
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The release of preformed granule-derived mediators from
eosinophils and neutrophils is critical in the manifestation
of inflammatory responses in airway diseases such as
asthma and chronic obstructive pulmonary disease (1, 2).
Eosinophils exhibit a rapid mobilization of secretory
vesicles, termed piecemeal degranulation, which may or
may not coincide with large crystalloid granule exocytosis
depending on culture conditions or activating agents (3,
4). Neutrophils have four distinct granules: azurophilic
granules, small (secondary) granules, tertiary granules
and secretory vesicles. Similar to eosinophils, mediator
release from neutrophils is characterized by a rapid and
sequential release of secretory vesicles, secondary gran-
ules and/or tertiary granules, followed by the slower
release of azurophilic granules (5).

Exocytosis of membrane-bound vesicles/granules has
been shown to be critically dependent on the interaction
of one vesicle (v-) soluble N-ethylmaleimide-sensitive

factor attachment protein (SNAP) receptors (SNARE)
isoform, vesicle-associated membrane protein (VAMP),
with two isoforms of target (t-) SNAREs: a syntaxin
isoform and either synaptosome-associated-protein of 25
or 23 kDa (SNAP-25 or SNAP-23) (6, 7). It has been
hypothesized that distinct SNARE isoforms may, in part,
determine the specificity of vesicle/granule trafficking. In
accordance with this paradigm, it may be anticipated that
different granule populations express nonoverlapping sets
of VAMPs. However, studies have supported the prom-
iscous interactions of SNARE:s in vitro (8) and that single
SNAREs are capable of participating in multiple traf-
ficking steps in vivo (7).

We previously showed VAMP-2 was localized to
secretory vesicles, but not on crystalloid granules, in
human eosinophils and implicated in IFN-y-induced
exocytosis (9). In separate studies, VAMP-2 was impli-
cated in exocytosis of neutrophil secretory vesicles,
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secondary and tertiary granules (10). Both human eosin-
ophils (11) and neutrophils (12) express the t-SNARE:s,
SNAP-23 and syntaxin-4, which are localized, although
not exclusively, to plasma membranes. In addition,
syntaxin-6 has been implicated in exocytosis of neutrophil
mediators (12). Vesicle-associated membrane protein(s)
localized to eosinophil crystalloid granules and neutro-
phil azurophilic granules have not been identified. Recent
investigations indicated that the isoforms, VAMP-7 and -
8, are involved in endocytic and/or exocytic trafficking
(13-16). In this study, we sought to determine whether
there is a differential role of v-SNAREs (VAMP-2, -7 and
-8) in the release of compartment-specific stored media-
tors. We also examined the functional role of syntaxin-4
and -6, previously shown to be involved in human
neutrophils (10, 12), in the release of multiple granule-
derived mediators. Our data demonstrate, for the first
time, a critical role for VAMP-7 in the secretion of stored
mediators from multiple granule populations in human
granulocytes.

Methods
Materials

Anti-human syntaxin-4, anti-rat syntaxin-6 and anti-CD63 mono-
clonal antibodies (mAbs; immunoglobulin G; (IgG;; BD Pharm-
ingen, San Diego, CA). Anti-VAMP-2 mAb (CI 69.1) and rabbit
anti-SNAP-23 (Synaptic Systems GmbH, Gottingen, Germany).
Anti-human VAMP-7 mAb (clone 158.2) (17) and human VAMP-8
(TG15) rabbit IgG (18) were gifts from Dr T. Galli (INSERM,
Paris, France). Mouse I1gG; (mIgG,; R&D Systems, Minneapolis,
MN) and purified rabbit-IgG (Cedarlane Laboratories, Hornby,
ON, Canada). Anti-human-major basic protein (MBP) (BMK-13)
mAb was described previously (19). Streptolysin-O (SLO) was
purchased from Dr S. Bhakdi (Johannes Gutenberg University,
Mainz, Germany). Botulinum B-light chain was purchased from
Calbiochem (La Jolla, CA).

Preparation of eosinophils and neutrophils

Eosinophils and neutrophils from atopic and healthy individuals,
respectively, were isolated as described previously (20). Briefly,
erythrocytes from peripheral blood (50 or 100 ml) were sedimented
in 6% dextran, followed by Ficoll (Amersham Biosciences,
Oakville, Canada ) centrifugation with resulting neutrophil purity
>98%. CD16™ eosinophils (>99%) were isolated by negative im-
munomagnetic selection (Miltenyi Biotec Inc., Auburn, CA).

Subcellular fractionation

Subcellular fractions of 5-8 x 107 eosinophils or neutrophils were
separated on a linear Nycodenz gradient as described previously
(11) and examined for marker proteins: eosinophil peroxidase
(EPO) and myeloperoxidase (MPO) (eosinophil crystalloid granules
and neutrophil AG respectively), B-hexosaminidase (eosinophil
crystalloid granules) and lactate dehydrogenase (cytoplasmic mar-
ker). Membrane-enriched fractions were detected by CD9 dot-blot
analysis for eosinophils and alkaline phosphatase for neutrophils.
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Concentrated high-speed membrane pellets were generated by high
speed (100 000 g) centrifugation as previously described (11).

Western blot analysis and immunoprecipitation

Subcellular fractions were subjected to sodium dodecyl sulphate
(SDS)-polyacrylamide gel electrophoresis (25 pl/lane) and Western
blot analysis with positive controls: human platelets, rat brain and
CaCo-2 cells. CaCo-2 cells were provided by Dr Glen Armstrong
(University of Calgary). For co-precipitation experiments, mem-
brane fractions were pelleted by centrifugation for 1 h at 100 000 g,
resuspended in 0.5 ml PBS + 1% Nonidet P-40 + 0.1% SDS
containing 5 pg/ml protease inhibitors [leupeptin, aprotinin and
TAME (Sigma, Oakville, ON, Canada)], precleared with 2.0 pg
mouse IgG; and 20 pl of Protein G Sepharose (Amersham Bio-
sciences) and incubated for 1 h with 2.0 ug anti-syntaxin-4 mAb
and 20 pl of Protein G Sepharose at 4°C. Precleared pellets and
immunoprecipitates were subjected to acrylamide gel electrophor-
esis.

Fluorescent antibody cell sorting analysis of granule fractions

Granule fractions exhibiting peak EPO and MPO activities were
formalin-fixed, labelled with primary antibodies (5 pg/ml) and
detected by phycoerythrin (PE)-conjugated secondary antibodies
(Cedarlane) as described in a previous study (9). Permeabilized
eosinophil granules (in 0.1% saponin) and nonpermeabilized neu-
trophil granules were examined for expression of markers for
crystalloid granules (MBP) and azurophilic granules (CD63). The
fluorescence intensity was recorded for the entire granule popula-
tion (ungated) and percentage of positive events determined in
respect to isotype control antibodies (percentage gated in MI).
Results from three separate experiments were averaged, the SEM
calculated, and the significance from isotype controls (P < 0.05)
were determined using a paired 7-test.

Cell permeabilization and Ca’* and GTPyS-induced mediator
secretion

Based on a previous report (21), cells were washed (3x) in BSS
(137 mM NacCl, 2.7 mM KCI, 2 mM MgCl,, 20 mM PIPES, pH
6.8), resuspended at 1 x 10° cells/ml, added in triplicate to V-well
plates (50 000 cells/well), and permeabilized in the presence or
absence of isotype control antibodies or SNARE-specific antibodies
with 1.0 pg/ml (eosinophils) or 0.1 pg/ml (neutrophils) SLO. After
2 min of permeabilization, degranulation was triggered by pCa5
(approximately 10 pM Ca®") supplemented with 10 uM GTPyS
and 1 mM ATP for 10 min at 37°C. Cells incubated at pCa7
(approximately 0.1 uM Ca®*) and 1 mM ATP served as negative
controls. Reactions were terminated at 10 min with 100-pl cold
BSS, plates centrifuged at 350 g for 5 min at 4°C and mediators
examined from cell supernatants. To determine the kinetic uptake of
exogenously added antibodies, cells were incubated in 1.0 pg/ml
PE-conjugated anti-mouse antibodies (Cedarlane) in the presence of
SLO. Cell populations were warmed for 1 min at 37°C to initiate
permeabilization and subsequently examined by flow cytometry for
changes in fluorescence intensity for an additional 8.5 min.
Eosinophil peroxidase and MPO release were determined using
3,3",5,5-tetramethylbenzidine (Sigma). The percentage-specific
release of EPO/MPO was determined according to the formula:
[(ODy4s0nm test — ODysonm negative control)/[(ODysonm lysed cells in
0.5% Triton-X-100 — ODysp,m negative control)] x 100. Enzyme-
linked immunosorbent assays were used to determine secreted



matrix metalloproteinase-9 (MMP-9; R&D Systems, Minneapolis,
MN) and lactoferrin (LF; Oxis Research, Portland, OR) from
neutrophils. Eosinophil-derived neurotoxin (EDN) was determined
by radioimmunoassay (22). Statistical significance from isotype
controls (P < 0.05) was determined by ANovA, followed by Tukey’s
multiple comparison test. For graphical representation, the mean
percentage release of control from three separate experiments was
calculated according to the formula: [(test Ab — negative control)/
(isotype Ab — negative control)] x 100 and expressed with error
bars representing SEM.

Results

Expression of v-SNAREs in membrane and granule fractions of
eosinophils and neutrophils

The expression of v-SNAREs in granulocytes was deter-
mined by Western blot analysis of subcellular fractions
containing peak marker activities for granules, mem-
branes and cytosol (Fig. 1A,B). Vesicle-associated mem-
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Figure 1. Expression of vesicle-associated membrane protein
(VAMP)-7 and VAMP-8 in granule and plasma membrane
fractions. Eosinophil (A) and neutrophil (B) subcellular frac-
tions were generated and examined for marker protein activities:
eosinophil peroxidase/B-hexosaminidase (eosinophil granules),
myeloperoxidase (neutrophil azurophilic granules); alkaline
phosphatase (neutrophil membranes); CD9 (eosinophil mem-
branes); and lactate dehydrogenase (cytosol) as indicated in the
Methods section. (C) Fractions with peak activity for marker
proteins were examined in duplicate by Western blot analysis for
expression of VAMP-7, VAMP-8 and syntaxin-6. Fractions (in
order of decreasing density) are indicated below each panel and
molecular-weight markers on the left. Immunoreactive bands
are shown in respect to positive controls: 100 ug rat brain
homogenate (RB) and 100 pg CaCo-2 cell lysate. (D) Mem-
brane pellets (LM) generated from high-speed centrifugation
and 50-100 pg granule (G) fractions from eosinophils (E) and
neutrophils (N) were examined for VAMP-2 immunoreactivity
with rat brain (RB) homogenate positive control (50 pg).

Role of VAMP-7 in granulocyte exocytosis

brane proteins-7 and -8 were expressed in fractions
containing crystalloid and azurophilic granules, as well
as other membrane-bound compartments, in ecosinophils
and neutrophils respectively (Fig. 1C). In contrast,
VAMP-2 was not detectable in subcellular fractions (data
not shown) or pooled crystalloid or azurophilic granules
(Fig. 1D). Vesicle-associated membrane protein-2 protein
was, however, detected following high-speed centrifuga-
tion (100 000 g) of 2-3 pooled cell membrane-positive
fractions (Fig. 1D). In three separate experiments, syn-
taxin-6 was not detected in either eosinophil or neutrophil
fractions despite consistent immunoreactive bands in rat
brain controls (Fig. 1C). Concentrated granule (50—
100 pg) and membrane fractions (25-50 pg), from neu-
trophils were similarly found to contain no detectable
syntaxin-6 (data not shown).

The localization of VAMP-7 and VAMP-§ to eosino-
phil and neutrophil granules was confirmed by flow
cytometric analysis (Fig. 2). Labelling for MBP
(69 £ 3%) and CD63 (59 = 7%) indicated significant
enrichment of crystalloid and azurophilic granules in
eosinophil and neutrophil low-density fractions, respect-
ively (P < 0.05). A significant number of eosinophil
granules expressed VAMP-7 on their surfaces (22 + 5%)
similar to azurophilic granules (20 £ 4%) (P < 0.05).
Vesicle-associated membrane protein-8 was also detected
on granules from both eosinophils (34 + 8%) and
neutrophils (37 £ 6%) (P < 0.05). In contrast, crystal-
loid and azurophilic-enriched fractions labelled with
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Figure 2. Flow cytometric analysis of vesicle-associated mem-
brane protein (VAMP)-7 and VAMP-8 expression in eosinophil
crystalloid and azurophilic-enriched fractions. Nonpermeabi-
lized eosinophil crystalloid granule and neutrophil azurophilic
granule fractions were stained with isotype control antibodies
[mouse immunoglobulin IgG; (IgG;) or rabbit IgG; grey-filled],
or isoform-specific VAMP antibodies (solid black). As positive
controls, saponin-permeabilized crystalloid granules were
mouse anti-human major basic protein (MBP) monoclonal
antibody (mAb) and nonpermeabilized azurophilic granules la-
belled with mouse anti-human CD63 mAb. Negative controls
labelled with secondary antibody alone are shown (dotted
black). Figures are representative of three separate experiments.
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VAMP-2 mAb exhibited negligible immunofluorescence
above isotype controls (5 £ 8% and 7 + 9% respec-
tively). No significant immunoreactivity for syntaxin-6
was found on granule fractions from either eosinophils or
neutrophils (data not shown).

SNARE-SNARE interactions in granulocytes

Immunoprecipitated v/t-SNARE pairings are readily
detected in neurons that have vesicles docked to the
plasma membrane prior to activation (23). In granulo-
cytes, which do not exhibit docked granules, we antici-
pated that v/t-SNARE partnering would occur following
Ca’" and GTPyS-evoked exocytosis. We observed
SNAP-23 consistently co-precipitated with syntaxin-4 in
granulocytes under both resting (Fig. 3) and activated
(data not shown) conditions. Similarly, syntaxin-4 was
detected in SNAP-23 immunoprecipitates (data not
shown). We were unable to detect immunoreactive bands
for either VAMP-2, -7 or -8 in either resting or activated
immunoprecipitates (data not shown). The addition of
1 mM N-ethylmaleimide, an inhibitor of SNARE com-
plex disassembly, either prior to SLO-permeabilization or
following stimulation with Ca®>* and GTPYyS for 10 min,
similarly, did not result in v-SNARE co-precipitation
with either syntaxin-4 or SNAP-23 (data not shown).

Effects of SNARE-specific antibodies on secretion of granule-
derived mediators from permeabilized granulocytes

To assess the rate of antibody diffusion into SLO-
permeabilized granulocytes, PE-labelled antibodies were
added to permeabilized cells and cells were monitored for
increased intracellular fluorescence by flow cytometry.
These antibodies rapidly entered cells incubated with
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Figure 3. In vivo interaction of target-soluble N-ethylmaleimide-
sensitive factor attachment protein (SNAP) receptors
(SNARESs), SNAP-23 and syntaxin-4. Eosinophil and neutro-
phil light-membrane pellets (20 x 10° cell equivalents; left and
right panels respectively) were precleared using control anti-
bodies (mouse IgG;) and subjected to immunoprecipitation
using syntaxin-4 antibodies (a-Syt-4). Western blot analyses of
precleared light membranes and syntaxin-4 immunoprecipitates
are shown using anti-syntaxin-4 (upper panels) or anti-SNAP-23
(lower panels) antibodies. Immunoreactivity of syntaxin-4 and
SNAP-23 was confirmed in respect to concurrently electro-
phoresed-positive controls, 50 pg platelet lysate (Plt). Molecu-
lar-weight markers are shown on the left.
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SLO (within 1 min) and demonstrated increasing immu-
noreactivity over time (Fig. 4A,B). Titration of SLO
revealed a minimum effective dose of 0.1 vs 1.0 pg/ml
SLO for neutrophils and eosinophils, respectively, for
rapid antibody entry. These concentrations are within the
range of previously reported effective doses, which vary
according to cell type (21, 24).

The secretion of EPO and MPO from permeabilized
eosinophils and neutrophils, respectively, was triggered
by Ca’" (pCa5) and GTPYS (10 pM) addition at the time
of SLO permeabilization. Longer incubations of 30 and
60 min did not enhance the amount of secreted EPO
and MPO (data not shown). Cells stimulated with Ca**
and GTPyS released 58 + 14% of total EPO, and
68 = 8% MPO, which was comparable with cells prein-
cubated with relevant isotype antibodies (mouse IgG; and
rabbit IgG) released 52 + 9% EPO and 70 £ 9% MPO
(n = 5). These values were designated as 100% isotype
control secretion for SNARE inhibition experiments and
mediator release expressed as a percentage of control. To
determine the role of different SNARES in exocytosis, we
quantitated secreted granule proteins from SLO-perme-
abilized cells incubated in the presence of isoform-specific
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Figure 4. Effects of vesicle-associated membrane protein
(VAMP)-2, -8 and syntaxin-4-specific antibodies on granule-
derived mediator secretion from permeabilized granulocytes.
Eosinophils (A, left) and neutrophils (B, left) were incubated
with 1.0 pg/ml phycoerythrin-secondary antibodies in the ab-
sence or presence of 1.0 or 0.1 pg/ml streptolysin-O (SLO),
respectively, for 1 min at 37°C. Cells were then examined con-
tinuously by flow cytometry for the change in log-fluorescence
intensity for approximately 8.5 min. Human eosinophils (A,
right) and neutrophils (B, right) were permeabilized in SLO and
incubated in the presence of 5-20 pg/ml isotype control anti-
bodies (mlIgG;), VAMP-2 mAb, syntaxin-4 mAb (Syt-4) or
VAMP-8 rabbit IgG prior to activation with pCaS (approxi-
mately 10 uM Ca®*) and 10 uM GTPyS for 10 min. Cell sup-
ernatants were examined for granule-derived mediators as
indicated in Methods. Data are expressed as the average per-
centage of isotype control £ SEM from three separate experi-
ments. (*P < 0.05 from isotype control antibody).



SNARE antibodies. In human eosinophils, VAMP-2
mADb impaired the secretion of EPO (58 + 6%) at an
effective dose of 5 pg/ml, but was not potentiated at
higher doses (Fig. 4A). In contrast, secretion of EDN was
unaffected by VAMP-2 mAb treatment. In neutrophils,
VAMP-2 mAb did not significantly inhibit the secretion
of MPO or LF. The release of MMP-9 appeared to be
slightly more sensitive to VAMP-2 mAb, however, the
level of inhibition observed was not statistically different
from control (mIgG;) (P = 0.058; Fig. 4B). We were
unable to detect any inhibitory effect by VAMP-8 Ab for
any of the tested mediators in either eosinophils or
neutrophils (Fig. 4A,B).

In contrast, VAMP-7 mAb impaired secretion of all
granulocyte-derived mediators in a dose-dependent man-
ner (Fig. 5). In eosinophils, the secretion of EPO and
EDN was significantly inhibited in response to 1 pg/ml
VAMP-7 mAb (Fig. 5A). Similar results were obtained
using VAMP-7 mAb for neutrophils, which impaired the
secretion of MPO, although slightly higher doses of
VAMP-7 mAb were required to inhibit MMP-9 and LF
secretion (Fig. 5B).
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Figure 5. Effect of vesicle-associated membrane protein-7
(VAMP-7) antibody on granule-derived mediator secretion
from permeabilized granulocytes. Streptolysin-O-permeabilized
eosinophils (A) and neutrophils (B) were incubated in the
presence of increasing doses of VAMP-7 mAb or matched
concentrations of isotype control antibody (mIgG;), activated
with Ca®>* and GTPyS as described in the legend for Fig. 4.
Data are expressed as the average percentage of isotype con-
trol = SEM from three separate experiments. (*P < 0.05 from
isotype control antibody).

Role of VAMP-7 in granulocyte exocytosis

To further address the role of VAMP isoforms, we
attempted to examine the effects of Botulinum B-light
chain (BoNT-B-LC) on degranulation from permeabi-
lized granulocytes. BONT-B-LC cleaves VAMP-2 but not
VAMP-7 or -8 (25, 26). Our experiments indicated that
10 nM BoNT-B-LC did not significantly impair release of
either EDN or MMP-9 from eosinophils and neutrophils,
respectively (data not shown). We were unable to
measure EPO and MPO release as boiled inactivated
toxin (at doses of >5 nM) interfered with peroxidase
measurements, probably due to added dithiothreitol for
maintaining LC-subunit activity. We also found that
sodium azide (>0.004%) in antibody preparations
impaired peroxidase readings from cell lysates. All
antibodies utilized in this study were, consequently, azide
free.

We sought to determine whether targeted inhibition of
t-SNAREs would cause a similar inhibitory response of
secreted granule mediator release to VAMP(s). Anti-
syntaxin-4 modestly inhibited secretion of EPO and EDN
from permeabilized eosinophils (Fig. 4A). A similar small
suppressive effect of anti-syntaxin-4 on MMP-9 and LF
release was observed in permeabilized neutrophils.
Although the release of MPO appeared to be slightly
downregulated, the values were not significantly different
from controls between the three separate experiments
(P = 0.053; Fig. 4B). We also examined the effect of
targeting the t-SNARE-binding partner of syntaxin-4,
SNAP-23. At a dose of 20 pg/ml, SNAP-23 antibodies
yielded values comparable (P > 0.05) with syntaxin-4
mAD treatment (data not shown). Finally, we determined
that 20 pg/ml syntaxin-6 mAb has negligible effect on
released mediators (data not shown), which was consis-
tent with our finding that detectable syntaxin-6 protein
was not found in these cells (Fig. 1C).

Discussion

The SNARE isoforms localized to eosinophil crystalloid
granules and neutrophil azurophilic granules have not
been previously characterized. We have shown the
v-SNAREs, VAMP-7 and -8, but not VAMP-2, are
localized to these granule compartments. Antibody-
mediated inhibition of VAMP-7, but not VAMP-8,
impaired the release of crystalloid granule mediators,
EPO and EDN, and the azurophilic granule-specific
mediator, MPO, in a dose-dependent manner. Our
observations are consistent with previous studies that
have shown VAMP-7 is localized to CD63 " lysosomes,
which are similar to CD63 " crystalloid and azurophilic
granules (14, 27, 28). In human neutrophils, we also
found VAMP-7 mAb dose-dependently impaired the
release of mediators from secondary (LF) and tertiary
granules (MMP-9). These findings indicate that VAMP-7
and VAMP-8 expression was not restricted to distinct
granule populations, but were also detected in low-
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density membrane-enriched fractions. Other studies have
similarly supported that these v-SNARESs are not strictly
compartment-specific. For example, VAMP-7 has been
implicated in exocytosis of numerous granule populations
in secretory cells (17, 25, 27) and VAMP-8 in either
endosome or granule trafficking (15, 16). Our data
indicate that exocytosis of separate granule populations
cannot be attributed to differences in SNARE isoform
expression alone. This finding is consistent with previous
studies that have shown SNAREs can interact with
multiple partners and may perform more than one
trafficking role in vivo (29).

In contrast to VAMP-7 mAb, we found VAMP-8-
specific antibodies did not demonstrate any inhibitory
effect on the release of any of the examined eosinophil or
neutrophil mediators. Both antibodies used in the current
study recognize the cytoplasmic NH,-terminal region
required for SNARE-SNARE interactions, and specific-
ally label native proteins (13, 18) which was confirmed in
this study by flow cytometry. Our observations suggest
that VAMP-8 is not critical for mediator release from
human granulocytes. However, our data do not conclu-
sively rule out a functional role for VAMP-8. To date, the
only ascribed function of SNARESs is to catalyse mem-
brane fusion. It is possible that VAMP-8 may play a role
in specific patterns of mediator release, such as granule—
granule fusion during compound exocytosis. Alternat-
ively, the expression of VAMP-§8 on the surface of
granules could be indicative of a role in the fusion of
granule with either endosomes or small vesicles.

In both eosinophils and neutrophils, secretory vesicles
are rapidly mobilized and exocytosed following agonist-
induced cell activation as a first line of defence (4, 5). In
eosinophils, secretory vesicles have also been postulated
to account for the release of mediators from cytoplasmic
crystalloid granules, which exhibit evidence of content
loss by microscopic analysis (termed piecemeal degranu-
lation) (7, 30). It has been postulated that membrane
budding of crystalloid granules may be a potential
mechanism for piecemeal degranulation. Alternatively,
secretory vesicles could comprise a separate population
that function as transport vesicles for the release of
crystalloid granule cargo (3, 4). In this study and in a
previous report (9), we have shown that VAMP-2 is
localized to secretory vesicles, but is not detected on large
crystalloid granules. This observation suggests that at
least a proportion of the secretory vesicle pool comprises
a separate population that is not derived from crystalloid
granules.

In human eosinophils, VAMP-2 vesicles were
co-localized with RANTES and implicated in vesicle-
mediated release of this cytokine following treatment with
interferon-y (9). In the present study, we have provided
evidence that VAMP-2 is functionally implicated in
exocytosis of EPO, but not EDN (2). Both of these
mediators are predominantly localized to crystalloid
granules, but EPO has also been reported in secretory
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vesicles by electron microscopy (3). However, the inhib-
itory effect of VAMP-2 mAb was not as pronounced as
that of VAMP-7 mAb for EPO. This suggests that, under
our experimental conditions, the bulk of secreted EPO
and EDN released by crystalloid granule fusion is
dependent on VAMP-7, but not on VAMP-2. A study
by Hoffmann et al. (31) similarly demonstrated that
VAMP-2 was expressed in secretory vesicles, but not
crystalloid granules, by subcellular fractionation of
human eosinophils. They reported that tetanus toxin
(TeNT) impaired the release of ECP from SLO-perme-
abilized eosinophils, although this was not compared with
an inactivated toxin control. We attempted to confirm
our findings with VAMP-2 mAb by examining BoNT-B-
LC (which cleaves VAMP-2 at the same site as TeNT).
Although reagent incompatabilty prevented our analysis
of EPO, we found no inhibitory effect of BONT-B-LC on
EDN release. Unlike the assays for MPO and EPO, the
assay for EDN was not sensitive to BONT-B-LC-related
reagents. Our observations suggest that VAMP-2 is
predominantly involved in exocytosis of a preformed
small secretory vesicle pool that is distinct from crystal-
loid granules.

Previous studies have provided evidence that VAMP-2
is localized to multiple compartments in neutrophils,
including small vesicles, secondary granules and tertiary
granules (10, 32). Mollinedo et al. (10) showed that
VAMP-2 mAb impaired the surface upregulation of the
common secondary/tertiary granule marker, CD66b, but
not the azurophilic granule marker, CD63, in electroper-
meabilized neutrophils. Consistent with this study, we
observed that the same VAMP-2 mAb had a negligible
effect on release of the specific azurophilic granule
mediator, MPO. However, we also found that VAMP-2
did not significantly impair exocytosis of LF or MMP-9
from neutrophils. This discrepancy may be due to
differences in experimental methods because we have
evaluated secreted mediators from secondary and tertiary
granules, rather than upregulation of surface markers.
Our observation that VAMP-2 is detected only in
concentrated high-speed membrane pellets from human
neutrophils is consistent with previous study by Brumell
et al. (32) that suggested a significant amount of this
v-SNARE was localized to small secretory vesicles that
pellet only at high-centrifugation speeds.

The t-SNAREs, SNAP-23 and syntaxin-4 are each
capable of interacting with VAMP-2, -7 and -8 in vitro (8,
13, 33) which suggests that they have the potential to
support exocytosis of multiple granule compartments.
SNAP-23 and syntaxin-4 are localized to the plasma
membrane in eosinophils (11), neutrophils (10, 12), but
are also detected on other intracellular organelles. We
detected a t-SNARE complex of SNAP-23 and syntaxin-4
in membrane fractions of resting and Ca®>* and GTPyS-
activated granulocytes, but we were unable to find
immunoreactivity for v-SNAREs (VAMP-2, -7 and -8)
in syntaxin-4 immunoprecipitates (with or without



N-ethylmaleimide). It is possible that rapid recycling of
SNARE complexes limited the ability to detect v/t-
SNARE pairings by immunoprecipitation. For example,
in neurons it has been shown that v/t-SNARE complexes
are rapidly disassembled and VAMPs recycled within
seconds following mediator release (34). Alternatively, it
is also possible that v/t-SNARE interactions may have
been obscured by additional regulatory molecules that are
recruited to the granule-docking site for assembly of
SNARE complexes and granule-membrane fusion. We
anticipate that such epitope obstruction may have limited
the inhibitory effect of SNAP-23 and syntaxin-4 anti-
bodies on mediator release. The inhibitory effect was
moderate for both the t-SNARE antibodies, whereas
VAMP-7 and VAMP-2 mAbs (for EPO) were more
effective inhibitors of secretion in permeabilized cells. In
contrast to a previous report, which indicated a role for
syntaxin-6 in neutrophil secretion (12), we were unable to
detect this t-SNARE in either subcellular fractions or
high-speed membrane pellets from eosinophils and neu-
trophils. We also confirmed that doses up to 20 pg/ml of
syntaxin-6 mAb did not exert any inhibitory effect on the
secretion of granule mediators from either cell type.

In summary, we have identified VAMP-7 as a predom-
inant SNARE involved in granule-derived mediator
release from eosinophils and neutrophils. However, this
conclusion is limited by the model of secretion used in this
study. In support of our findings, other studies suggest
VAMP-7 and/or VAMP-8 are implicated in secretion
from haematopoietic cell types. Both VAMP-7 and
VAMP-8 were previously localized to granules of rat
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