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Using immunofluorescence, an affinity-purified anti-annexin-1 polyclonal antibody showed
both cytoplasmic and nuclear staining, whereas antibodies against annexins 2, 5 and 6 labelled
almost exclusively the cytoplasm of cultured endothelial cells. This was further confirmed by
immunogold labelling and electron microscopy using a monoclonal antibody, annexin 1 being
detected close to the plasma membrane, in the cytoplasm, as well as inside the nucleus.
Finally, using immunoblotting, purified nuclei were shown to contain annexin 1, which was not
removed by EDTA treatment. These data open some new perspectives in the understanding of
annexin function, including possible involvement in nucleoskeleton dynamics and regulation of
proliferation through cell signalling.  © 1992 acadenic press, nc.

Annexins are products of a multigenic family characterized by their ability to bind
to anionic phospholipids in the presence of Ca2¥, which is responsible for their
antiphospholipase, anticoagulant and antiinflammatory activities (for a Review see (1)).
Furthermore, annexins could also be involved in membrane-cytoskeleton interactions (1) and
secretory processes (2), or display membrane channel activity (3,4). Among this family,
annexin 1 was described as a cellular substrate of the protein tyrosine kinase associated with
the epidermal growth-factor receptor (5) and its expression is modulated by cell proliferation
(6) or cell differentiation (7,8). But despite many functional possibilities, the cellular role of
annexin 1 and of annexins in general still remains obscure. In order to understand its function
in vivo, it would be important to know where annexin 1 is localized in the cell. Up to now
annexins were thought to be present near the plasma membrane or in close contact with the
cytoskeleton, owing to their ability to interact with phospholipids and with actin filaments and
fodrin (1). Interestingly, monomeric annexin 2 (p36) and annexin 1 display a cytoplasmic
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localization, whereas calpactin 1 (the heterotetramer of p36 and pll) is bound to the
membrane (9). In the present study, we have used immunoblotting of purified nuclei,
immunofluorescence and immunoelectron microscopy to determine in more detail the
distribution of annexin 1 in cultured endothelial cells.

MATERIALS AND METHODS

Proteins and antibodies. Annexins were purified and used to prepare specific
polyclonal antibodies as described in (10). An antiserum raised against annexin 1 was purified
by affinity essentially as described in (11) using annexin 1 from human placenta adsorbed onto
Hybond-C membrane (Amersham, UK). Anti-annexin-1 monoclonal antibody was from
Zymed, San Francisco, USA. Goat antibody against von Willebrand factor was from ICN,
Costa Mesa, CA, USA, and monoclonal anti-vimentin antibody was from Sigma (Saint-Louis,
MO, USA).

Cells and culture conditions. Human umbilical vein endothelial cells (HUVE cells)
were cultured as previously described (10) on fibronectin-coated supports (1 pg/cm<, Sigma).
Endothelial cells from fetal bovine aorta (ATCC CRL 1395) were kindly provided by Peter
Meyer (Hubrecht Laboratory, Institute for Developmental Biology, Utrecht, The Netherlands)
and were grown in DMEM containing 7.5 % (v/v) of fetal calf serum.

Preparation of nuclei from endothelial cells. This was achieved according to (12),
using a hypotonic lysis buffer lacking CaZ+ (10 mM Tris, pH 7.8, 10 mM KCl, 1 mM
EDTA, 1 mM phenylmethylsuifonyl fluoride, 10 pg/ml leupeptin). Briefly, cells were passed
30 times through a 25-gauge needle and the homogenate was centrifuged at 4 °C for 10 min at
1,000 g. The supernatant was then removed and the nuclei-containing pellet was washed 4
times in the lysis buffer.

Protein electrophoresis and immunoblot experiments. This was performed as
described previously (10), including prior digestion of nuclei with RNase and DNase.
Immunodetection was achieved using 1251-labelled second antibody (I uCi per immunoblot,
Amersham).

Immunofluorescence microscopy. Endothelial cells from bovine or human origin
were grown, respectively, on glass coverslips or fibronectin-coated 8 chamber plastic slides
(ICN). Cells were rinsed with PBS (137 mM NaCl, 8 mM NayHPOy, 2.7 mM KCl, 1.5 mM
KH,POy, pH 7.4, which was used all along the procedure as vehicle) and fixed for 15 min at
room temperature with 3 % (w/v) paraformaldehyde. Then, cells were permeabilized during
2 min with 0.2 % (v/v) Triton X-100, washed twice and incubated with 50 mM glycine for
10 min. Fish skin gelatin (0.2 %, w/v, in PBS, Sigma) was added during 30 min,
Subsequently, cells were labelled overnight at 4 °C with anti-annexin or anti-von Willebrand
factor antibodies, washed and incubated for 1 h at room temperature with FITC-conjugated
anti-immunoglobulins (goat anti-rabbit preadsorbed with human serum proteins, from Sigma;
goat anti-mouse from Jackson Immunoresearch Laboratories, Avondale, PA, USA; rabbit anti-
goat from ICN). Slides were viewed on a Nikon fluorescence microscope and pictures were
taken with Kodak T-Max 400 films.

Immunoelectron microscopy. Immunogold labelling of cryosections was
performed according to (13). Sections were labelled overnight at 4 °C with anti-annexin 1
antibodies, then washed and incubated at room temperature during 1 h with gold-conjugated
anti-rabbit or mouse immunoglobulins (1 nm particle size, Janssen Life Science Products,
Beerse, Belgium). Gold particles were amplified up to 10 nm by the silver enhancement
procedure according to (14). Sections were examined in a CM-10 Philips electron microscope
operated at 100 kV.
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RESULTS

Immunofluorescent staining of annexins in HUVE cells. As shown in Fig. 1, a
most striking observation was the appearance of a strong nuclear staining of HUVE cells
incubated with anti-annexin-1 antiserum (Fig. 1B), which contrasted with the intense
cytoplasmic labelling detected with a primary antibody directed against von Willebrand factor
(Fig. 1A). At variance with annexin 1, antibodies raised against annexin 2, 5 and 6 showed
weaker and diffuse cell staining, with a very discrete fluorescence signal in the nucleus
(Fig. 1C-E). A similar pattern of annexin-1 distribution was observed using affinity-purified
anti-annexin-1 immunoglobulins (Fig. 2A), the fluorescent signal being suppressed upon prior
incubation of immunoglobulins with an excess of pure annexin 1 (Fig. 2B).

Fig. 1. Immunofluorescent staining of von Willebrand factor and annexins 1, 2, 5 and 6
in HUVE cells. Cultured human endothelial cells were fixed, permeabilized and incubated
with polyclonal antibodies (1/100 dilution) directed against von Willebrand factor (A) and
annexins 1 (B), 2 (C), 5 (D), 6 (E). After washing, adsorbed immunoglobulins were revealed
with an FITC-labelled anti-immunoglobulin antibody and slides were viewed on a fluorescence
microscope (magnification x 340) .
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Fig. 2. Immunofluorescent staining of HUVE cells with the affinity-purified anti-annexin-
1 polyclonal antibody. The rabbit antiserum raised against annexin 1 was affinity purified as
described under "Materials and Methods". The affinity-purified antibody was applied onto
human endothelial cells either directly (A) or after a 3 h preincubation with 25 ug of pure
annexin 1 (B). Exposure time for pictures: 10 s (A), 50 s (B); magnification x 380.
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Fig. 3. Immunodetection of annexin 1 in nuclear fraction from bovine endothelial cells.
Nuclei were isolated as described under "Materials and Methods". Proteins (30 ug) from the
homogenate (H), the nuclear fraction (N) or the cytosolic/cytoskeletal fraction (C) were then
immunoblotted, after polyacrylamide gel electrophoresis in the presence of sodium dodecyl
sulfate, using the polyclonal anti-annexin-1 antibody (left panel) or a monoglonal anti-vimentin
antibody (right panel). Proteins immunodetected were revealed using 125]-1abelled second
antibodies and autoradiography.
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Association of annexin 1 with the nuclear fraction of bovine endothelial cells.
When applied to cultured endothelial cells, the method of Tessler and Neufeld (12) allowed us
to obtain nuclei with an excellent degree of purity, as shown by the disappearance of vimentin
in the nuclear pellet (Fig. 3, right panel). This differs from other methods using Triton X-100,
where vimentin is present in higher amounts in the final preparation (not shown). By
immunoblotting with the anti-annexin-1 antibody, a single band with an apparent molecular
mass of 35 kDa was observed in significant amounts in the nuclear fraction (Fig. 3, left
panel). However, annexin 1 was also detected in still higher amounts both in whole
homogenates and in supernatants. It is important to note that nuclei were prepared and washed
4 times in a buffer lacking Ca2¥ and containing 1 mM EDTA, which should have removed
any trace of annexin 1 adsorbed onto the nuclear membrane.

Ultrastructural localization of annexin 1 by immunogold labelling. The nuclear
localization of annexin 1 in bovine endothelial cells was further confirmed by immunoelectron
microscopy. As shown in Fig. 4A, many gold particles were detected in the cells with a
monoclonal anti-annexin 1 antibody, confirming the high expression level of this protein (10).
An identical pattern was observed using affinity-purified anti-annexin-1 polyclonal antibody.
Meanwhile, there was no labelling when cryosections were incubated with gold-conjugated
anti-mouse immunoglobulins only (Fig. 4B). In the nuclear compartment, annexin 1 did not
appear associated with the membrane, but was distributed all over the nucleus. Outside the
nucleus, the labelling was scattered without any obvious association with cell organelles like
mitochondria, endoplasmic reticulum or the Golgi system. However, annexin 1 was clearly
associated with the plasma membrane (Fig. 4A).

DISCUSSION

The present data support the surprising conclusion that annexin 1 is partly localized
in the nucleus of endothelial cells. Such an unexpected finding is actually based on three
different morphological or biochemical methods using either an affinity-purified polyclonal
antibody or a monoclonal antibody directed against annexin 1. The specificity of the detection
was clearly demonstrated, since the fluorescence disappeared when the affinity-purified
antibody was preincubated with pure annexin 1 (see Fig. 2), and non specific adsorption of the
antibody was in all cases avoided by the use of an excess of gelatin. In addition, we could rule
out the possibility that nuclear staining was due to annexin 2, the reactivity of the antibody
against the latter being 5 % compared to annexin 1 (not shown). It remains also important to
underline that annexin 1 was not extracted from nuclear fraction in the presence of EDTA,
ruling out the possibility that its presence in this fraction would be due to some contaminating
membranes.

A main question about annexins concerns their ability to cross lipid bilayers. Such
a possibility is suggested from electrophysiological studies indicating they are able to display
ionic channel activity in artificial membranes (3,4), although X-ray cristallography or electron
image analysis revealed that annexin 5 is simply adsorbed onto phospholipids (15-17).
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Fig. 4. Immunogold labelling of annexin 1 in bovine endothelial cells. Ultrathin sections
were adsorbed on grids, blocked with gelatin, incubated with anti-annexin-1 monoclonal
antibody (A) or buffer only (B), and processed as described under "Materials and Methods".
Then, sections were treated with 1 nm gold-conjugated anti-immunoglobulins which were
subsequently amplified. Finally, the preparations were stained with uranyl acetate in 1.8 %
methocel and examined on an electron microscope (magnification x 36,000 (A), x 30,000

®)).
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However, one study showed an active secretion of annexins 1 and 5 from prostatic epithelial
cells, despite the lack of signal peptide in their amino acid sequence (18). There is also good
evidence for the presence of annexin 6 in the lumen of sarcoplasmic reticulum vesicles (19).
One can thus suggest a similar, albeit unknown, mechanism being responsible for the
translocation of annexin 1 across the nuclear membrane. Another possibility would be the
presence of a cryptic nuclear localization signal allowing its active transport through nuclear
pores (20).

Another question raised by the present study concerns the biological significance of
annexin-1 localization in cell nucleus. A similar observation was recently made for annexin 2,
although at a lower level (21), in agreement with our data obtained with anti-annexin-2
antibody, which showed some discrete nuclear fluorescence (see Fig. 1). In the latter case,
annexin 2 and phosphoglycerate kinase are associated with the nuclear matrix, and they are
considered as "primer recognition proteins" (PRP) involved in the replication of the lagging
strand of DNA by polymerase « (22,23). A similar evidence is still lacking for annexin 1, but
the present observation should stimulate further studies to identify some specific interactions of
annexin 1 with other nuclear macromolecules.

Considering the ability of various annexins to interact with cytoskeleton, it is
interesting to note that several cytoskeletal proteins such as actin, a-spectrin, myosin light
chain kinase, caldesmon, calmodulin, and protein 4.1 were recently found to display a partial
nuclear localization, which might vary between proliferating and quiescent cells (24-26).
Annexin 1 can thus be added to the list of cytoskeletal proteins potentially involved in the
dynamics of nucleoskeleton. But further studies are still needed to precise the possible role of
each of these proteins in the nucleus.

Finally, annexins are primarily considered as proteins interacting with
phospholipids. In this context, there is growing evidence for the presence in cell nuclei of
various enzymes activated by lipid metabolites or involved in phospholipid metabolism such as
protein kinase C (27-33), phospholipase A, (34), phosphoinositide-specific phospholipase C
and various lipid kinases (35,36). Noteworthy, these enzymes seem to be associated with
nuclear matrices (and not with nuclear membrane) and a possible involvement of
phosphoinositide metabolism in cell nucleus in relation to signal transduction promoted by
insulin-like growth factor-1 (IGF-1) has even been recently shown (37,38). The present study
adds another candidate potentially involved in the regulation of this metabolism, as it also
opens a new way to investigate the biological role of annexin 1.
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