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Annexin 3 is associated with cytoplasmic granules in neutrophils and
monocytes and translocates to the plasma membrane in activated cells
Veronique LE CABEC and Isabelle MARIDONNEAU-PARINI*
INSERM U332, Institut Cochin de G6n6tique Mol6culaire, 22 rue Mechain, Paris, France

Annexins are soluble proteins capable of binding to phospholipid
membranes in a calcium-dependent manner. Annexin 3, a 33 kDa
protein mainly expressed in neutrophils, aggregates granules in
cell-free assays, and a 36 kDa variant of this protein, specifically
expressed in monocytes, has recently been identified. To obtain
further information on these proteins, we defined their subcellular
localization in resting and activated cells by immunofluorescence
microscopy. Both proteins were associated with cytoplasmic
granules in resting cells. We obtained evidence to indicate that,
in neutrophils which possess a heterogenous granule population,
annexin 3 was more likely to be associated with the specific

INTRODUCTION

Phagocytic cells accomplish their task of host defense by
destroying microorganisms through a combination of phago-
cytosis, generation of reactive oxygen metabolites and release of
granule contents. When neutrophils are activated, they de-
granulate by fusion of specific and azurophil granules with the
phagosome and/or the plasma membrane. Calcium is necessary

for various responses in neutrophils, and there is evidence that
translocation and fusion of granules with the plasma membrane
is regulated by transient increases in intracellular calcium con-

centrations.
Among the proteins potentially involved in regulating the

association and fusion of granules with the acceptor membrane,
annexins appear to be good candidates. Indeed, proteins from
the lipocortin/annexin family are able to bind to membrane
phospholipids in the presence of calcium [1-5]. These proteins
are structurally related; they all share four or eight repeated
sequences of 70 amino acids that contains the calcium- and
phospholipid-binding domains (for reviews see [6-8]). The physio-
logical roles of these proteins remain unclear, but several
functions have been proposed: membrane-cytoskeleton linkage,
inhibition of phospholipase A2, mediation of intracellular cal-
cium signals, transmembrane calcium transport, fusion ofvesicles
in secretory cells and involvement in the exocytic machinery
[2,7-9]. Several members of the annexin family have been
implicated in intracellular membrane fusion and granule ag-
gregation [6]: annexin 7 (synexin) mediates aggregation and
apparent fusion ofchromaffin granules [10-13]; a similar function
has been assigned to annexin 2 (calpactin) [9,14-16] and annexin
1 promotes calcium-dependent fusion of liposomes [17] as well as

fusion of phospholipid vesicles with plasma membranes isolated
from neutrophils [18,19]. In human neutrophils, annexin 3
represents 1 % of cytosolic proteins [20], whereas it is expressed
at low levels and often undetectable in many cell types [1,21].
When cells are engulfing yeast particles, annexin 3 accumulates at

granules. In cells activated with phorbol 12-myristate 13-acetate
or opsonized zymosan, the 33 kDa and 36 kDa proteins trans-
located to the plasma or the phagosome membrane. Upon
stimulation with A23187, annexin 3 translocated to the plasma
membrane only in neutrophils. We also report that while annexin
3 was associated with restricted membranes in intact cells, it
binds indiscriminately to every membrane fraction in cell-free
assay. In conclusion, association of both forms of annexin 3 with
granules suggests that these proteins could be implicated in
processes of granule fusion.

the periphagosomal area [22]. In addition, it promotes ag-
gregation in vitro of isolated specific granules in the presence of
1 mM calcium [20] but its effect on isolated azurophil granules
has not been investigated. A 36 kDa annexin 3 variant has
recently been identified in human monocytes [23]. This protein is
not expressed in human neutrophils, which only contain the
originally described 33 kDa form. While both forms are expressed
in undifferentiated HL60 cells to a similar level, differentiation
of these cells along the neutrophilic or monocytic pathway is
accompanied by progressive accumulation of the 33 kDa or the
36 kDa protein, respectively [23]. This suggests that the 33 kDa
and 36 kDa proteins could play specific roles in neutrophils and
monocytes.

In an attempt to study further the 33 kDa and 36 kDa forms
of annexin 3 in phagocytes, we decided to investigate their
subcellular localization in resting and activated cells. Using
immunofluorescence microscopy, we report that both forms of
annexin 3 were associated with cytoplasmic granules in resting
cells, and translocate to the plasma and/or the phagosome
membrane under particular conditions of stimulation. In ad-
dition, we observed that annexin 3 associates indiscriminately to
every cell membrane in cell-free assay while its membrane
association is restricted to specific compartments in intact cells.

EXPERIMENTAL

Antibodies
The specificities of rabbit anti-(annexin 3) antibodies and anti-
(rap2) antibodies have been described elsewhere [23,24].
Polyclonal antibodies directed against intrinsic membrane
proteins of azurophil granules were obtained by immunizing
rabbits with azurophil granule membranes extracted as described
previously [24]. The immune serum did not cross-react with other
neutrophil subcellular fractions. The antisera were affinity puri-
fied on their corresponding nitrocellulose-bound antigen as
described previously [24,25].

Abbreviations used: OZ, opsonized zymosan; PMA, phorbol 12-myristate 13-acetate; FITC, fluorescein isothiocyanate; MEM, minimum essential
medium; DMSO, dimethyl sulphoxide.
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Cell isolation and cell culture

Human leukocytes
Neutrophils and mixed monocytes/lymphocytes were isolated
from blood collected from healthy donors, after Dextran T-500
sedimentation and centrifugation through Ficoll separating sol-
ution as previously described [26], and resuspended in Hepes-
buffered minimum essential medium. Cells were stimulated with
phorbol 12-myristate 13-acetate (PMA) (stock solution 1 mg/ml
dimethyl sulphoxide (DMSO) stored at -80 °C, Sigma Chemical
Co.), A23187 (stock solution 10-2 M in DMSO, Sigma Chemical
Co.) or zymosan opsonized in human serum as previously
described [26].

HL60 cells
Cells were grown in suspension in RPMI 1640 supplemented
with 10% heat-inactivated fetal calf serum (Gibco
Laboratories, Grand Island, NY, U.S.A.), 1% L-glutamine,
100 units/ml ofpenicillin and 100 ,ug/ml of streptomycin at 37 °C
in a 5 % C02-humidified atmosphere, and differentiated as de-
scribed previously [27]. Briefly, differentiation along the mono-
cytic pathway was induced by exposing HL60 [(2-4) x 105
cells/ml] to 20 ng/ml of PMA for 4 days in large-culture Petri
dishes, and neutrophil differentiation was obtained by exposing
the HL60 cells to 1.3 % DMSO (v/v) for 6 days.

Subcellular fractionation
Subcellular fractionation. of neutrophils on discontinuous Percoll
gradient was performed as previously described [27,28]. Briefly,
neutrophils resuspended in relaxation buffer [27] (1 x 109
cells/lO ml) were cavitated in a nitrogen bomb at 375 p.s.i.,
collected in a tube containing EGTA (6 mM, final concentration)
and centrifuged in order to remove debris, nuclei and intact cells.
The supernatant was subjected to centrifugation at 48000 g for
20 min at 4 °C on a discontinuous isotonic Percoll gradient; four
fractions corresponding to the cytosol, the plasma membrane-
enriched fraction, the specific and the azurophil granules were
collected and washed to remove the Percoll by centrifugation at
245 000 g for 90 min at 4 'C. The granule and membrane fractions
were resuspended in 0.34 M sucrose, 10 mM Pipes, pH 7.2
(5 x 108 cell equivalents/ml). Markers (alkaline phosphatase for
the plasma membrane, lactoferrin for the specific granules and ,-
glucuronidase for the azurophil granules) were assayed in each
subcellular fraction as previously described [29-32].

In some experiments, neutrophil subcellular membrane
fractions (107 cell equivalents) were incubated in the presence
of cytosol run on a G25 Sephadex column (column PD-10,
Pharmacia) and supplemented by 1 mM EGTA, I ,uM or 100 ,uM
calcium for 15 min at 37 'C. To remove the cytosol, the mem-
brane fractions were centrifuged, the pellets were washed in PBS
with or without 1 mM calcium and resuspended in SDS sample
buffer at 100 'C.
HL60 cells were sonicated (ten 3 s pulses) at 4 'C with a

Branson sonifier 450 set on 1 in PBS supplemented with 1 mM
EDTA and proteinase inhibitors (aprotinin, 1000 units/ml;
pepstatin, 1 #g/ml; leupeptin, 3,g/ml; and PMSF, 1 mM).
After centrifugation at 150 g for 8 min at 4 'C, the supernatant
was centrifuged at 200000 g for 45 min at 4 'C, in order to
separate the cytosol from the cell membranes.

SDS/PAGE and immunoblot analysis
Proteins solubilized- by boiling in SDS-sample buffer for 10 min

[33] were separated on SDS/PAGE (12% polyacrylamide gel)
using the Mini-Protean II cell (Bio-Rad Laboratories, France)
and transfered to nitrocellulose. The nitrocellulose sheets were
subsequently treated as previously described [27].

Indirect Immunofluorescence
Human neutrophils or monocytes were allowed to adhere for 5
or 30 min, respectively, onto uncoated sterilized glass coverslips
in a 24-well tissue-culture plate as previously described [24]. For
immunolocalization of annexin 3 in DMSO-differentiated HL60
cells, the glass coverslips were coated with poly-L-lysine (mol-
ecular mass 70-150 kDa, Sigma) and the cells suspended in
RPMI were centrifuged onto the coverslips at 300 g for 10 min at
37 °C (1 ml/well, containing 4 x 105 cells) as described previously
[34].

Cells were fixed and permeabilized in methanol at -20 °C for
6 min, incubated in 0.1 % PBS-Tween for 5 min and exposed to
primary and secondary antibodies [affinity purified fluorescein
isothiocyanate (FITC)-conjugated goat anti-(rabbit IgG)] (KPL,
Gaithersburg, MD, U.S.A.) [24]. In a few experiments, cells were
fixed with 3.7% paraformaldehyde, in PBS supplemented with
0.03 M sucrose for 15 min at 4 °C, rinsed in 0.1 % PBS-BSA and
permeabilized with 0.05% saponin in PBS-BSA for 15 min [34].
The subsequent steps were performed as described above.

May-Grunwaid Giemsa staining
After cell fixation and permeabilization, neutrophils were stained
as previously described [35].

Measurement of superoxide production and lactoferrin release
The rate of superoxide generation by intact neutrophils was
determined as previously described [26] using the superoxide
dismutase-inhibitable cytochrome c reduction. Degranulation of
specific granule was assayed by measuring lactoferrin release as
previously described [30].
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Figure 1 Distributon of annexln 3 between the cytosol and cell membranes
In HL60 cells

Equal amounts of proteins (25 /sg/well) from membrane (lanes 2 and 4) or cytosolic fractions
(lanes 3 and 5) of DMS0-differentiated HL60 cells (lanes 2 and 3) and PMA-differentiated HL60
cells (lanes 4. and 5) fractionated in the presence of 1 mM EGTA were analysed by
immunoblotting. The proteins were run on a 12% SDS/PAGE gel and transfered to nitrocellulose
filters which were incubated with anti-annexin 3 antibodies, and the bands were visualized using
1251-protein A. 50 ng of purified 33 kDa annexin 3 were loaded in lane 1. Molecular mass
standards are shown on the left. Arrows indicate the position of the 33 and 36 kDa forms of
annexin 3.
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RESULTS
As a first step for determining the subcellular localization of the
33 kDa and 36 kDa annexin 3, we investigated whether the
36 kDa variant protein behaved as the other members of the
annexin family, i.e. is cytosolic rather than membrane-associated.

(a) (b)

Figure 2 May-GrOnwaid Giemsa staining

Adherent resting neutrophils were fixed and permeabilized as described in the Methods section
with methanol at -20 °C (a) or with paraformaldehyde and saponin (b) and subjected to
May-Grunwald Giemsa staining.

Neutroph il Monocyte

Figure 3 Subcellular localization of annexin 3 in resting neutrophils and
monocytes by indirect immunofluorescence

Adherent resting neutrophils (a, c, e) or monocytes (b, d) were fixed and permeabilized, as
described in the Methods section, with methanol at -20 °C (a-d) or with paraformaldehyde
and.saponin (e), and subjected to indirect immunofluorescence with affinity purified anti-annexin
3 antibodies. Antibodies were revealed by fluorescein-conjugated affinity purified goat anti-
(rabbit IgG) (magnification x 1050). When the fluorescein-conjugated antibodies were used
alone, no fluorescence was observed in neutrophils (c) or in monocytes (d).

Figure 4 Staining of specffic and azurophil granules in resting neutrophils,
and immunolocalization of annexin 3 in DMSO-differentiated HL60 cells

Adherent resting neutrophils (a, b) were stained with affinity purified anti-rap 2 (a) or anti-
azurophil granule membrane antibodies (b) as described in the legend to Figure 3 (magnification
x 1050). HL60 cells differentiated in neutrophils with DMS0 were centrifuged on poly-L-lysine-
coated glass coverslips, fixed with methanol and stained with anti-annexin 3 antibodies (c) or
anti-azurophil granule membrane antibodies (d).

Membrane and cytosolic fractions were prepared from HL60
cells, differentiated into monocytes with PMA, which express the
36 kDa form, and compared with HL60 cells differentiated into
neutrophils with DMSO, which express the 33 kDa form, as
previously described [23]. The original 33 kDa form of annexin 3
was located mainly in the cytosol of DMSO-differentiated cells.
Similarly, the 36 kDa variant protein behaved as a soluble
protein in PMA-differentiated HL60 cells (Figure 1). However,
a small fraction of annexin 3 remained membrane-bound
independently of the presence of EDTA in the fractionation
medium, and this was not due to contaminating cytosolic annexin
3 since the membranes were washed-free of cytosol.

In activated neutrophils, regional increments in intracellular
calcium concentration have been visualized [36]. These variations
cannot be mimicked in fractionation media, and since proteins
from the annexin family can associate with membranes or
dissociate in a calcium-dependent manner, subcellular fraction-
ation appeared to be inappropriate. Consequently, we in-
vestigated the subcellular localization of annexin 3 by indirect
immunofluorescence. A rapid cell-fixation technique must be
used to minimize modifications of intracellular calcium con-
centrations and consequent redistribution of annexin 3. There-
fore, cell fixation using paraformaldehyde or cold methanol were
compared on neutrophils. Before fixation, neutrophils are al-
lowed to adhere briefly to glass coverslips to facilitate the
localization of cytoplasmic proteins [24] when compared with
round cells fixed in suspension. Very different cell morphology
was obtained with methanol (Figures 2a and 3a) or para-
formaldehyde (Figures 2b and 3e), the cells being retracted after
paraformaldehyde fixation. We also observed that microtubules
were present in the cytoplasm of methanol-fixed neutrophils,
while they were mostly depolymerized in neutrophils fixed with
paraformaldehyde (not shown). In-addition, methanol at -20 'C
provides a rapid cell fixation, avoiding redistribution of cyto-
plasmic proteins, in contrast to paraformaldehyde [37]. Conse-
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quently, we considered that, in the present study, methanol was
more appropriate to maintain the neutrophil morphology and to
localize soluble proteins. Under these conditions, annexin 3
appeared as cytoplasmic granular structures in resting neutro-
phils (Figure 3a). As neutrophils contain an heterogeneous
population of granules, we attempted to identify the granules
stained with anti-annexin 3 antibodies. Annexin 3 (Figure 3a)
and rap2, a protein associated with the membrane of specific
granules [24] (Figure 4a), gave similar fluorescence profiles,
whereas the staining of azurophil granules (Figure 4b) showed a
distinct partitioning of the granules; they appeared more wide-
spread in the cytoplasm than specific granules. In addition,
although we have to consider the resolution limits of light
microscopy, it seems that larger dots were obtained when
azurophil granules were stained (Figure 4b). Differentiation of
HL60 cells with DMSO along the neutrophilic pathway does not
induce the formation of specific granules, whereas azurophil
granules are present [38] and can be stained with anti-azurophil
antibodies (Figure 4d). In these cells, no granular staining was
detected for annexin 3 (Figure 4c) but a diffuse staining in the
cytoplasm and large patches in nuclei were visualized. Next, the
subcellular localization of the 36 kDa variant form of annexin 3
was studied in resting human monocytes. As observed in neutro-
phils, cytoplasmic granules were stained (Figure 3b). No
fluorescence was observed when the FITC-conjugated second
antibody was used alone (Figure 3c and d).

Next, the localization of annexin 3 was examined in neutrophils
and monocytes activated with the phorbol ester PMA, the
calcium ionophore A23187, or opsonized zymosan (OZ). In
neutrophils stimulated with PMA (50 ng/ml), annexin 3 was
clearly detected at the plasma membrane (Figure 5a). As expected
for activated cells involved in granule exocytosis, fewer granules
were stained in the cytoplasm when compared with resting cells.
A similar pattern of fluorescence was observed in PMA-
stimulated monocytes (Figure 5a). When the cells were stimulated
with A23187 (2.5 x 10-6 M) for 1 min, we detected a staining of
the plasma membrane in neutrophils, whereas in monocytes, the
plasma membrane was not labelled (Figure 5a), even in cells
stimulated for a longer period of time (data not shown). Under
these conditions, both neutrophils and monocytes were efficiently
activated by A23187 as determined by the release of 02-
(neutrophils: 3.1 nmol/106 cells per min; monocytes:
0.55 nmol/106 cells per min). Stimulation of monocytes and
neutrophils with A23187 for 10 min provided in both cases the
apparition of large fluorescent patches in the cytoplasm (Figure
5a). This might correspond to calcium-induced annexin 3 self-
association as observed for other members of the annexin family
[39]. Neutrophil incubation for 15 min with OZ (1.5 mg/ml)
produced a high apparent fluorescence intensity in the peri-
phagosomal region (Figure 5a), confirming a previous obser-
vation that annexin 3 associates with the phagosome membrane
in neutrophils [22]. Periphagosomal staining was also observed in
monocytes that ingested OZ (Figure 5a).
We attempted to determine whether translocation of annexin

3 to the plasma membrane occurred with the same time de-
pendence as exocytosis of specific granules and activation of
NADPH oxidase. Cells were stimulated with PMA and submitted

in parallel to (i) immunofluorescence analysis with anti-annexin
3 antibodies, (ii) measurement of 02- production and (iii)
measurement oflactoferrin release. Generation of02- and release
of lactoferrin increased with parallel kinetics. Similarly, as-
sociation of annexin 3 with the plasma membrane was pro-
gressive, as anti-annexin 3 antibodies stained the plasma mem-
brane more intensely at 15 min than at 5 min of stimulation
(Figure Sb).

Next, we examined whether in cell-free assays, annexin 3 would
bind to specific membrane compartments, as observed in intact
cells. Neutrophils were disrupted and fractionated in the presence
of EGTA by centrifugation on a discontinuous Percoll gradient,
which efficiently separates azurophil granules, specific granules
and the plasma membrane-enriched fraction. The purity of the
fractions was confirmed by the assay ofmarkers for: (i) azurophil
granules (91 % of 8-glucuronidase was recovered in the high-
density fraction), (ii) specific granules [93 % of lactoferrin was
detected in the intermediate density fraction which was slightly
contaminated by azurophil granules (9 %)] and (iii) plasma
membrane (980% of alkaline phosphatase was present in the
plasma membrane-enriched fraction which was contaminated by
6% of the specific granule marker). The cytosol was run on a G-
25 size-exclusion-chromatography column to remove calcium
and EGTA, and incubated with granule or membrane fractions
in the presence of 1 mM EGTA, 1 4aM or 100 ,uM calcium. As
shown in Figure 6a, in the absence of calcium, annexin 3 was
mainly detected in the cytosol; only a small fraction of the
protein was associated with the plasma membrane-enriched
fraction. In the presence of calcium, annexin 3 associated
indiscriminately with the three membrane fractions, indicating
that, in cell-free assay, annexin 3 did not bind to specific
membrane compartments, as observed in intact cells. Equal
amounts of proteins from each fraction were loaded on the gels.
In granules, most of the proteins assayed are soluble, while in the
plasma membrane-enriched fraction, the proteins are mem-
branous. Therefore, in the granules, the percentage ofmembrane
to which annexin 3 can associate is lower than in the plasma
membrane. As cell activation could modify the binding ofannexin
3 with intracellular membranes, similar experiments were per-
formed using PMA-stimulated neutrophils. As shown on Figure
6, similar binding properties and calcium dependencies were
observed with annexin 3 isolated from resting (Figure 6a) or
PMA-activated cells (Figure 6b).

DISCUSSION
Here we report that the 33 kDa and 36 kDa forms of annexin 3
are associated with cytoplasmic granules in resting neutrophils
and monocytes, respectively. When neutrophils and monocytes
were activated with soluble stimuli, annexin 3 translocated to the
plasma membrane, while, upon phagocytosis, it was delocalized
to the phagosomal membrane. Since granules can fuse with
distinct membrane sites in activated cells (i.e. with the phagosome
in response to particulate stimuli or with the plasma membrane
with soluble stimuli), it can be proposed that annexin 3 associates
with an acceptor membrane which is the site of granule fusion.
We also report that, in cell-free assay, annexin 3 can bind

Figure 5 Subcellular localization of annexin 3 in activated human leukocytes

(a) Adherent human neutrophils or monocytes were stimulated with PMA (50 ng/ml) for 15 min, with the calcium ionophore A23187 (2.5 x 1 0-6 M) for 1 min or 10 min, or with OZ (1.5 mg/ml)
for 15 min, and subjected to indirect immunofluorescence with affinity-purified anti-annexin 3 antibodies as described in the legend to Figure 3 ( x 900). Small and large arrows show the plasma
membrane and the periphagosomal labelling, respectively. (b) Human neutrophils were stimulated with PMA and submitted in parallel to immunofluorescence analysis with anti-annexin 3 antibodies
(right panels), measurement of 02- production (left panel, *) and measurement of lactoferrin release (left panel, 0) as described in the Methods section. Release of lactoferrin is expressed as
a percentage of the total lactoferrin content.
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Figure 6 Association, in vitro, of annexin 3 with neutrophil membrane
fractions

Subcellular fractions from resting neutrophils or cells activated with PMA for 15 min were

prepared in the presence of EGTA on discontinuous Percoll gradient. The cytosolic fractions
were run on a G25 size-exclusion-chromatography column and mixed, for 15 min at 37 OC, with
azurophil granules (AG), specific granules (SG), or plasma membrane-enriched fraction (PM)
isolated from resting (a) or PMA-stimulated (b) neutrophils in the presence of 1 mM EGTA
(lanes 1) or in the presence of 1 ,uM calcium (lanes 2) or 100 ,uM calcium (lanes 3). The
particulate fractions were washed free of cytosol and equal amounts (25 #tg/lane) of proteins
were analysed by Western-blotting as described in the legend of Figure 1. 100 ng of purified
33 kDa annexin 3 was loaded in the first lane (std). Molecular mass markers are shown on

the left. Arrows indicate the position of the 33 kDa form of annexin 3.

indiscriminately to various membrane types while it is specifically
associated with granule membranes in intact cells.
Most ofour results are based on the use ofimmunofluorescence

as cell fractionation was not adapted to localize proteins that
bind to membranes or dissociate, depending on the calcium
concentration. Immunofluorescence has been widely used to
determine the distribution of proteins within cells. Although this
technique can provide novel information on the location, and
hence, function of proteins whose properties are poorly under-
stood, it can also be a source of artefacts, especially when the
protein studied is soluble. Unless the fixation procedure im-
mobilizes all soluble proteins completely and rapidly, redis-
tribution could lead to wrong interpretations. Indeed, Melan and
Sluder [37] have introduced soluble FITC-conjugated proteins
into living cells and showed that cell fixation/permeabilization
with -20°C methanol largely preserves the cytoplasmic dis-
tribution of these proteins while paraformaldehyde fixation-prior
to saponin permeabilization led to misleading protein distri-
bution. In addition to soluble proteins, distribution ofmembrane-
associated proteins has also been maintained by fixation with
cold methanol [24,34]. We also report here that while the
morphology of adherent neutrophils was maintained after meth-
anol fixation, the cells shrank upon paraformaldehyde fixation.
Therefore, we concluded that, in this particular study, methanol
fixation was more adapted to study the subcellular localization of

annexin 3. We have been able to demonstrate that annexin 3 is
associated with cytoplasmic granules in human neutrophils and
monocytes. Neutrophils contain heterogeneous populations of
granules. We show that annexin 3 and rap 2, a protein associated
with the specific granules [24], exhibited a similar granular
staining concentrated in the perinuclear area. Azurophil granules
appeared under apparently larger dots and spread throughout
the cytosol (Figure 4) as previously observed in adherent neutro-
phils [40]. The absence of granular staining in the cytoplasm of
HL60 cells which do not contain specific granules, while they do
possess azurophil granules, further supports that annexin 3 is
more likely associated with specific than with azurophilic granules
in human neutrophils. Interestingly, we have previously reported
that differentiation of HL60 cells into neutrophil-like cells does
not result in a hyperexpression of annexin 3 quantitatively
similar to that in neutrophils [231. This fact might be related to
the absence of specific granule formation during HL60 cell
differentiation.

Like the other members of the annexin family, the 36 kDa
variant of annexin 3 was mainly detected in the cytosol when
monocytic cells were fractionated in the presence of EGTA, while
in intact monocytes we report that it was associated with
cytoplasmic granules.
Although proteins from the annexin family are generally

assumed to be soluble at low calcium concentrations, it appears
from our data that the 33 kDa and 36 kDa annexin 3 are
associated with granule membranes in resting cells, in which the
intracellular calcium concentration is about 75 nM [36]. A similar
observation has been reported for annexin 2 which is associated
with the plasma membrane of resting chromaffin cells [41,42].
When monocytes or neutrophils were stimulated with a soluble

or a particulate stimulus, distinct patterns of fluorescence were
obtained. Indeed, in PMA-stimulated cells, the plasma membrane
was stained and the cytoplasmic granular staining was less
intense than in resting cells. This probably results from the
decreased number of granules in the cytoplasm as they are
involved in the process of exocytosis. Fusion of granules with the
plasma membrane is probably accompanied by the transfer of
annexin 3 to the acceptor membrane. Furthermore, we observed
that translocation of annexin 3 to the plasma membrane upon
neutrophil activation seems to follow similar time courses as
exocytosis of specific granules and activation ofNADPH oxidase.

In cells phagocytosing OZ, annexin 3 appeared at the phago-
some membrane, suggesting that granules bearing annexin 3 are
fusing preferentially with the phagosomal membrane rather than
the plasma membrane [43].

In neutrophils, an increase in cytosolic free calcium triggered
upon contact with opsonized particles is necessary to control the
subsequent fusion of specific granules with the plasma membrane,
while the ingestion step of phagocytosis is calcium-independent
[44,45]. Therefore, one can hypothesize that calcium-dependent
proteins associated with this granule population, such as annexin
3, might play a critical role in the phagosome-granule fusion
and, by extension, in the fusion of the granules with the plasma
membrane when neutrophils are stimulated with soluble stimuli.
The presence of a calcium-binding protein such as annexin 3 on,
presumably, the specific granules of neutrophils could account
for the lower calcium concentration capable of mediating the
fusion of this granule population when compared with the
azurophils [45,46].
Owing to the similar behaviour of the 33 kDa and 36 kDa

annexin 3 in resting cells and upon activation with OZ and PMA,
it seems likely that these proteins are involved in a role common
to these two cell types. A single difference between neutrophils
and monocytes consists in the absence of annexin 3 at the plasma
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membrane in monocytes stimulated with A23187, whereas the
33 kDa protein appeared very rapidly at the plasma membrane
of neutrophils. At present, we cannot explain this discrepancy as
we cannot exclude differences in behaviour of the granules in the
two cell populations in response to a calcium ionophore.

It is interesting to note that proteins which bind indiscrimi-
nately to every type of membrane in cell-free assays present
different behaviours in intact cells. Indeed, we have observed that
arn,exin 3 isolated from either resting or PMA-stimulated neutro-
phiils binds to the membrane of specific or azurophil granules and
plasma membrane-enriched fraction, whereas its association is
restricted to specific compartments in intact resting and activated
cells. These observations indicate that results obtained in cell-
free assays with annexin 3 have to be interpreted with caution, as
they cannot predict its localization, and therefore its function, in
cells.

Several proteins of the annexin family (annexins 1, 2 and 7)
have been implicated in processes of vesicle aggregation and
fusion [9,10,12-15,17,18,41,42,47]. In addition to previous results
showing that annexin 3 aggregated isolated specific granules [20],
our observation that annexin 3 is associated with granules and to
the plasma membrane or the phagosomes, suggests that it could
also be involved in fusion processes. Alternatively, some of the
other putative functions of annexins, which include inhibition of
phospholipase A2 [48-51], modulation of the intracellular levels
of inositol cyclic 1,2-phosphate [52] and interactions with the
cytoskeleton [53,54], may be exerted by annexin 3. The limiting
membrane of the specific granules serves as a reservoir ofproteins
which play their functional role after they translocate to the
plasma membrane upon degranulation. Therefore, we -cannot
exclude that, in addition to its potential role in the fusion
process, annexin 3 may regulate other functions in neutrophils
and monocytes.

V. leC. is the- recipient of a fellowship from the Minist6re de la Recherche et de la
Technologie.
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