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ABSTRACT
Annexin A1 (ANXA1) is a Ca2C-binding protein overexpressed in the invasive stages of prostate
cancer (PCa) development; however, its role in this tumor metastatization is largely unknown.
Moreover, hypoxic conditions in solid tumors have been related to poor prognosis in PCa patients.
We have previously demonstrated that ANXA1 is implicated in the acquisition of chemo-resistant
features in DU145 PCa cells conferring them a mesenchymal/metastatic phenotype. In this study,
we have investigated the mechanisms by which ANXA1 regulates metastatic behavior in LNCaP,
DU145 and PC3 cells exposed to hypoxia. ANXA1 was differentially expressed by PCa cell lines in
normoxia whereas hypoxic stimuli resulted in a significant increase of protein expression.
Additionally, in low oxygen conditions ANXA1 was extensively secreted out-side the cells where its
binding to formyl peptide receptors (FPRs) induced cell invasion. Loss and gain of function
experiments performed by using the RNA interfering siANXA1 and an ANXA1 over-expressing
plasmid (MF-ANXA1), also confirmed the leading role of the protein in modulating LNCaP, DU145
and PC3 cell invasiveness. Finally, ANXA1 played a crucial role in the regulation of cytoskeletal
dynamics underlying metastatization process, such as the loss of adhesion molecules and the
occurrence of the epithelial to mesenchymal transition (EMT). ANXA1 expression increased inversely
to epithelial markers such as E-cadherin and cytokeratins 8 and 18 (CKs) and proportionally to
mesenchymal ones such as vimentin, ezrin and moesin. Our results indicated that ANXA1 may be a
key mediator of hypoxia-related metastasis-associated processes in PCa.
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Introduction

Prostate cancer (PCa) is one of the most widespread
tumors and the sixth leading cause of cancer-related
death in men of Western industrialized countries.1 PCa
onset and development are generally androgen-depen-
dent but in the course of time the tumor tends to convert
into a castration-resistant disease that remains largely
incurable.2 This transition to castration resistant PCa
(CRPC) is supposed to originate by several genetic muta-
tions underlying activation of oncogenes and/or inactiva-
tion of tumor suppressor genes,3 however, many of the
mechanisms essential for PCa progression remain to be
clearly defined.

A number of evidences are accumulating that the
tumor microenvironment strongly contributes to the
malignant transformation of cancer cells and that hypoxia
is one of the environmental feature essential to progres-
sion of solid tumors, including PCa. It has been well

known that, because of a size increase, the inner areas of
the tumor mass become gradually hypoxic until enough
blood vessels are formed. Hypoxic conditions within
tumors purportedly result in increased phosphorylation
levels of some kinases such as extracellular signal-regu-
lated kinase (ERK) and p38, which in turn lead to
improved hypoxia inducible factor 1 (HIF1) stability and
activity.4 Once stabilized and activated, HIF1 dimerizes in
the nucleus where it binds to Hypoxia Responsive Ele-
ments (HREs). In this way, it regulates genes generally
associated with a poor prognosis,5,6 and with decisive roles
in some stages of tumor development, including cancer
cell spreading and invasion and metastasis formation.6

One of the proteins upregulated in low oxygen conditions
by HIF-1 overexpression is annexin A1 (ANXA1).7

ANXA1 is a 37 kDa protein belonging annexin super-
family of proteins and able to bind membrane phospho-
lipids in a Ca2C-dependent manner. This protein is
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involved in a wide range of physio-pathological pro-
cesses, including cancer development.8,9,10

ANXA1 dysregulation in PCa has been reported by
numerous studies with controversial results. It has been
shown that overall ANXA1 expression is unaffected11,12

or downregulated in in situ PCa13,2 whereas cancer
microarray databases from Oncomine (publicly available
at http://www.oncomine.org) show an increase of the
protein expression in the more metastatic PCa stages.14,15

We have previously demonstrated that ANXA1 is able
to confer and maintain a more aggressive phenotype
in chemo-resistant PCa cells.9 Here we have investi-
gated the mechanism(s) by which ANXA1 promotes
PCa progression, utilizing a well characterized in vitro
experimental model of cancer development based on
the comparison of the 3 human LNCaP, DU145 and
PC3 PCa cells. These cell lines differ in their pheno-
types and malignancy levels and reflect the androgen-
independent progression of PCa: more interestingly,
they show dissimilar expression profiles of ANXA1
protein.16 Thus, we have analyzed the effects of short-

and long-term hypoxic conditions on ANXA1 expres-
sion and on the metastatic-associated functional
behaviors of transiently ANXA1 knock down and
overexpression in PCa cells.

We show that ANXA1 expression strongly increased
during hypoxia and that the protein played a central role
in some of the hypoxia-related cytoskeletal events under-
lying the acquisition of an improved metastatic potential
in PCa cells. Moreover, the protein conferred a high
aggressive phenotype to all PCa cell lines acting intracel-
lularly and extracellularly as pro-metastatic factor.

Results

ANXA1 expression and localization in PCa cell lines

LNCaP, DU145 and PC3 PCa cell lines show many dif-
ferences about their genotype, as RB1 and p53 muta-
tions, and phenotype, as in adhesion, migration and
invasion capacities.17 Thus, we initially focused to
describe ANXA1 expression in these PCa cells. As shown

Figure 1. (A) RT-PCR for ANXA1 mRNA expression in LNCaP, DU145 and PC3 cells, measured on levels of HPRT in the same experimental
models. (B) Western blotting showing the expression of ANXA1 in total, membrane, cytosolic and supernatant cell compartments from
LNCAP, DU145 and PC3 lines. (C, D, E) Densitometry for total, membrane, cytosol and extracellular ANXA1 relative expression in LNCaP
(C), DU145 (D) and PC3 (E) cell lines. The protein bands were normalized on tubulin levels. The blots were exposed to Las4000 (GE
Healthcare Life Sciences) and the relative intensities of bands were determined using ImageQuant software (GE Healthcare Life Scien-
ces).The data are representative of 5 experiments with similar results.
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in Figure 1A, RT-PCR analysis revealed that DU145 and
PC3 expressed a large amount of ANXA1 whereas
LNCaP had low protein expression.

ANXA1 can be cytoplasmic, membrane associated
and/or secreted in extracellular environment.18,9 Hence,
we analyzed sub-cellular protein expression by Western
blotting. In particular, we obtained membrane, cytosol
and supernatant protein extracts as described in Materi-
als and Methods section. In DU145 and PC3 cells we
found ANXA1 signal in both cytosol and membrane
extracts (Fig. 1, panels B-E). Additionally, ANXA1 was
detected in DU145 and PC3 cell supernatants suggesting
active secretion of the protein in the extracellular envi-
ronments. A weak ANXA1 signal was obtained from
LNCaP total and cytosolic extracts (Fig. 1, panels B-E)
confirming RT-PCR results.

ANXA1 expression increases in hypoxic conditions

A growing body of evidences indicates that cancer cells
surviving to hypoxic insults are arguably responsible for
cancer progression, metastasis and resistance to thera-
pies.19 These hypoxia-exposed cancer cells express HIF1-
a that in turn regulates the transcription of several genes
with a crucial role in cytoskeletal dynamics, cell adhesion
and motility such as EMT-related proteins,20 some
Ezrin/Radixin/Moesin (ERM) family members,21 Inter-
mediate Filament proteins (IFs)22 and Mitogen-
Activated Protein Kinases (MAPKs).23

Exploiting the differential expression of ANXA1 protein
in LNCaP, DU145 and PC3, we next analyzed ANXA1
expression profiles in these cell lines maintained or not in
short- and long-term hypoxic conditions. Hypoxia was
induced as described in Materials andMethods section. The
expression of HIF1-a and of some of its target proteins was
monitored by Western blot (Fig. 2, panels A, C, E) and
immunofluorescence analysis (Fig. 2, panels B, D, F).

The phosphorylation increase of p38 and ERK kinases
has been reported to underlie significant enhance of HIF1-
a stability and activity.24 Therefore, we evaluated the acti-
vation status of these proteins in our experimental low oxy-
gen conditions. As reported in Figure 2 (panels A, C, E),
hypoxia induced the phosphorylation of p38 kinase in all
considered PCa cell lines whereas only in DU145 and PC3
cells we observed the activation of ERK. Thus, we assessed
HIF1-a expression profiles in hypoxia exposed PCa cells
up to 72 hours of treatment. As shown, HIF1-a expression
increased from 24 hours of treatment in all PCa cells. Inter-
estingly, in parallel to HIF1-a augment we observed
ANXA1 overexpression in LNCaP, DU145 and PC3 cells
(Fig. 2, panels A-F) (Fig. S1, panels A-C).

Numerous studies have demonstrated that tumor
metastasis is associated with EMT, a biological process in

which epithelial cells lose cell-cell contact, E-cadherin
expression and acquire mesenchymal features, resulting
in enhanced motility, invasiveness and vimentin expres-
sion.25,26 The signaling pathways that rule EMT in tumor
progression are triggered by several factors including
hypoxic stimuli. Here, we found a significant downregu-
lation of the epithelial marker E-cadherin and a substan-
tial increase of the mesenchymal marker vimentin
together with its overall cytosolic re-organization (Fig. 2,
panels A, C, E; Fig. S2, panels A-F) confirming the occur-
rence of a hypoxia-induced EMT switch. Immunofluo-
rescence analysis corroborated the Western Blot results
(Fig. 2, panels B, D, F) and showed the loss of cortical
actin and the gain of numerous stress fibers indicating
an overall cytoskeletal re-organization. Further investiga-
tion showed as well a considerable downregulation of the
epithelial cytokeratins 8 and 18 (CK8, CK18). These pro-
teins are 2 of the mainly expressed cytokeratins within
normal human prostate epithelium and typically indicate
a low-aggressive phenotype of PCa cells and a good
prognosis in patients (Fig. 2, panels A-F; Fig. S3, panels
A-F).27

ERM protein members such as ezrin and moesin
have been frequently described to have a role in the
progression of many types of human malignancies
since their overexpression alters cell shape, adhesion,
and motility and correlates with the metastatic behav-
ior of many human cancers.28 Therefore, we hypothe-
sized a modulation of ERM protein expression in
LNCaP, DU145 and PC3 PCa cell lines during low
oxygen stress adaptation. Our results showed an
intriguing increase of both ezrin and moesin proteins
starting from 24 hours of hypoxic treatment in PCa
cells (Fig. 2, panels A-F; Fig. S4, panels A-F).

Hypoxic stress determines significant changes in
ANXA1 sub-cellular localization

ANXA1 protein has been frequently detected in several
sub-cellular localizations: in the cytosol, at the plasma
membrane surface (inner and/or outer membrane
side), in the nucleus and in the extracellular environ-
ments enclosed or not in different types of vesicles
such as micro-particles (MPs).29 Consequently, we
have investigated the effects of hypoxia on ANXA1
sub-cellular localization in PCa cell lines. We found a
huge secretion of ANXA1 in the extracellular environ-
ments starting from 24 hours of incubation in low
oxygen conditions. Additionally, we detected the
cleaved form (34 kDa) of ANXA1 protein (Fig. 3, pan-
els A, C, E) in both DU145 and PC3 cells. The occur-
rence of ANXA1 in the extracellular environment has
been frequently reported as a way for the protein to
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Figure 2. Western blot using antibodies against HIF1-a, ANXA1, E-cadherin, vimentin, ezrin, moesin, CK8, CK18, p-ERK, ERK, p-p38, p38
on protein extracts from LNCaP (A), DU145 (C) and PC3 (E) cells. Protein normalization was performed on b-actin levels. Immunofluores-
cence analysis to detect: ANXA1, F-actin, E-cadherin, vimentin, ezrin, moesin, CK8 and CK18 on LNCaP (B), DU145 (D) and PC3 (F) cells in
both normoxia and hypoxia conditions. Immunofluorescence images refer to 48 hours of low oxygen treatment. Nuclei were stained
with DAPI. Magnification 63x. Bar D 10 mm. The data are representative of 3 experiments with similar results.
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exert its pro-oncogenic effects, mainly interacting with
FPRs that were identified as its cognate partners and
were involved in actin polymerization and cell

motility.30 Therefore, we analyzed by flow cytometry
(Fig. 3, panels B, D, F) and RT-PCR (Fig. S4, panels A,
B) FPR expression in LNCaP, DU145 and PC3 PCa

Figure 3. Western blots showing the increased expression of HIF1-a when LNCaP (A), DU145 (C) and PC3 (E) cells were incubated in
hypoxia conditions as described in Materials and Methods section. Total protein extracts from 2 up to 72 hours of hypoxia were analyzed
with HIF1-a antibody. Total and supernatants protein extracts at 24, 48 and 72 hours of hypoxia were also analyzed with ANXA1 anti-
body. Protein normalization was performed on b-actin levels. The data are representative of 3 experiments with similar results.
(B) (D) (E) Cell surface expression of FPR1 and FPR2 was analyzed by flow cytometry. The violet area in the plot is relative to human
IgG1; FPR signals were showed in green.
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cells. Our results showed that all PCa cell lines express
both FPR1 and FPR2 with no significant differences
with exception of a major expression of FPR2 in
LNCaP cells (Fig. 3, panels B, D, F).

Secretion of ANXA1 protein has a crucial role during
hypoxia adaptation of PCa cells

Several lines of evidence exist referring that ANXA1-
nFPR bond could trigger numerous cellular responses, as
the induction of cell motility.31,32 and that the occurrence
of this event in cancer cells possibly will result in the
acquisition of a very aggressive phenotype characterized
by the acquisition of augmented invasion capability and
of stem-cell like features.9

Therefore, we evaluated if ANXA1 could have a pro-
invasive role in LNCaP, DU145 and PC3 cell lines thanks
to its ability to activate FPRs, as previously reported in
pancreas and colon carcinomas.18,33 We performed a
matrigel invasion assay by stimulating or not LNCaP,
DU145 and PC3 cells by administration of Ac2–26 pep-
tide, the N-terminus mimetic peptide of ANXA1, of the
natural FPR agonist N-FormylmethionyL-leucyL-phenyl-
alanine (fMLP) peptide30 and of 2 FPR antagonists, in
normoxia and hypoxia conditions.

As showed in Figure 4 (panels A-C) when treated with
Ac2–26 (1 mM) and fMLP (50 nM), LNCaP (Fig. 4, panel
A), DU145 (Fig. 4, panel B) and PC3 (Fig. 4, panel C)
cells showed an invasion increase through the coating of
matrigel in both normal (data not shown) and low oxy-
gen conditions. In all cases, experimental points were
compared with non treated controls, with cells treated by
the selective FPR1 antagonist cyclosporin H (CicloH;
500 nM) or the selective FPR2 antagonist WRW4
(10 mM). On the other hand, the rate of invasion
decreases when hypoxia exposed PCa cells were treated
by Ac2–26 peptide together with FPR antagonists (Fig. 4,
panels A-C).

Altogether our data strongly support the functional
engagement of FPR receptors by ANXA1 in regulating
invasion in all considered PCa cells.

ANXA1 regulates PCa cell invasion capability in
hypoxic conditions

Epithelial cells possess apical-basal polarity and are
strictly connected to adjacent cells by cell adhesion mole-
cules and junctions. During embryogenesis, they under-
take EMT to generate a differentiated tissue. Differently
from epithelial cells, mesenchymal cells have front end
to back end polarity and the capability to move from the
initial site by digesting the surrounding extracellular
matrix (ECM).34

Since our previous results showed a strict correlation
between the expression increase of ANXA1 and of some
metastatic-related proteins such as vimentin, ezrin and
moesin in hypoxia conditions, we next evaluated the
effects of ANXA1 loss and gain of function by transfect-
ing LNCaP, DU145 and PC3 cells respectively with siR-
NAs (siANXA1) and with ANXA1 over-expressing
plasmid (MF-ANXA1). As shown in Figure 5, hypoxia
induced a significant increase of invasiveness in PCa cells
whereas siANXA1 were able to partially (LNCaP) or
drastically (DU145 and PC3) reduce invasion (Fig. 5,
panels A-F). Interestingly, ANXA1 loss of function
strongly decreases LNCaP invasion capability in low oxy-
gen conditions (Fig. 5, panels A, B).

On the other hand, a different scenario disclosed
when PCa cells were treated to over-express ANXA1
protein (MF-ANXA1). In this case, we observed a signifi-
cant enhance of PCa cell line invasion capability in both
normoxia and hypoxia conditions (Fig. 5, panels A-F).

ANXA1 expression strictly correlates with PCa cell
mesenchymal phenotype

As mentioned above, numerous translational studies
have suggested a link between loss of epithelial markers,
gain of mesenchymal markers, overall re-organization of
cytoskeletal proteins and the induction of signaling path-
ways that promote EMT and metastatization of PCa
cells.35

Therefore, we defined by Western Blot analysis the
expression profiles of the proteins involved in EMT in
normal and hypoxic conditions and their variations fol-
lowing ANXA1 downregulation. Our results showed a
significant reversion of EMT process upon ANXA1
knock down in normoxia and hypoxia exposed PCa cells
suggested by noteworthy E-cadherin enhancement and
vimentin decrease (Fig. 6, panels A-C). The loss of mes-
enchymal features was also confirmed by enhancement
of the 2 epithelial cytokeratins 8 and 18 (Fig. 6, panels A-
C). Interestingly, our results showed a strict correlation
between ANXA1, ezrin and moesin expression. Specifi-
cally, we found a significant reduction of these proteins
coincidently with siANXA1 transfection similar to those
observed in low oxygen conditions (Fig. 6, panels A-C).

Discussion

At the begin, PCa growth is typically androgen-dependent,
however it tends to convert to androgen-independent dis-
ease (CRPC) over time following pharmacological/surgical
castration.36 The process by which PCa cells become hor-
mone-resistant is unidentified, but it has been proposed
that hormone depletion could result in a selective
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advantage to androgen-independent cells, which grow,
repopulate the tumor and eventually migrate away from
the original site to give rise to metastasis.37 The evolution
from hormone-dependent to hormone-independent PCa
is supposed to be an effect of genetic alterations,38 however
numerous evidences are accumulating about the role of
tumor microenvironment on the outset of a metastatic
disease.39

Hypoxia is an essential feature of the microenviron-
ment of several solid tumors including those of PCa.40,41

One of the key mechanisms mediating the adaptation to
low oxygen conditions is the induction of HIF-1, a factor

with critical roles in many aspects of cancer biology.6

HIF-1 coordinates the adaptive cellular response to low
oxygen microenvironment by activating gene programs
regulating metabolism, angiogenesis, cell proliferation,
differentiation, and apoptosis, cell migration and inva-
sion. Both initiation and progression of tumorigenesis
are promoted by HIF signaling and tumors use several
strategies to trigger this pathway.39 Interestingly, the
accumulation of HIF-1 has been associated with ANXA1
expression increase.7 The role of this protein in PCa
development and progression is still debated, however
we have recently showed that the protein plays a signifi-
cant part in regulating aggressive behaviors of a chemo-
resistant sub-line of DU145 PCa cells.9 In the present
study, we demonstrated that ANXA1 is able to mediate
some of the pro-oncogenic hypoxia-related events in vitro.

We have taken advantage of a widely used experimen-
tal model of PCa progression represented by the
androgen-dependent cell line LNCaP and by the andro-
gen-independent cell lines DU145 and PC3. Protein
expression and localization in PCa cell sub-cellular com-
partments showed that LNCaP cells were characterized
by very low expression of ANXA1 whereas considerable
amounts of the protein were observed for DU145 and
PC3 cell lines, indicating a correlation between malig-
nant phenotype and protein expression. Moreover,
DU145 and PC3 cells displayed ANXA1 translocation
onto plasma membrane and a basal level of protein
secretion in the extracellular environments.

Hence, we evaluated possible alterations of ANXA1
expression in LNCaP, DU145 and PC3 PCa cell lines
exposed to hypoxia. The activation of hypoxia-related
pathway was confirmed through the observation of a sig-
nificant increase of phosphorylation of p38 and ERK kin-
ases, an event which is reported as precursor of HIF1-a
activity induction. HIF1-a overexpression is sufficient to
induce EMT and invasion in multiple cell types by mod-
ulating cytoskeletal dynamics.42,43,44 We observed E-cad-
herin downregulation, vimentin upregulation and a
significant reduction of the 2 epithelial cytokeratins CK8
and CK18 in all PCa cells starting from 24 hours of hyp-
oxic treatment. Interestingly, at the same experimental
time points, we also found a significant increase of ezrin.
This is a membrane-cytoskeleton-binding protein and a
member of the ERM protein family.45 Several studies
suggest that ezrin may play a key role in tumor
development, invasion, and metastasis, possibly regulat-
ing adhesion molecules, cell signal transduction, and sig-
naling to other cell membrane channels in the tumor.28

Together with ezrin, we found a significant expression
increase of moesin, another ERM protein which has
been equally involved in EMT, metastatization and can-
cer progression.46,47,28

Figure 4. Invasiveness rate of LNCaP (A), DU145 (B) and PC3 (C)
cells exposed to hypoxia for 48 hours in the presence of FPRs
agonists, as fMLP (50 nM) and Ac2–26 (1 mM), and antagonists as
Ciclosporine H (CicloH; 500 nM) and WRW4 (10 mM). Data repre-
sent mean cell counts of 12 separate fields per well § SEM of 5
experiments. �p < 0.05, ��p < 0.01, ���p < 0.001 vs untreated
cells; #p < 0.05, ###p < 0.005 vs fMLP treated cells and �p < 0.05,
��p < 0.01, ���p < 0.001 vs Ac2–26 treated cells.
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ANXA1 biological effects could differ according to its
intra- or extra-cellular localization.29 Cytosolic ANXA1
for example has been frequently implicated in

cytoskeletal organization in several cellular mod-
els.48,31,32,9,18,10 ANXA1 localization after hypoxia admin-
istration to PCa cell lines showed a noteworthy alteration

Figure 5. Invasiveness rate of LNCaP, DU145 and PC3 cells transfected or not with siANXA1 and MF-ANXA1 plasmid, further incubated or
not in hypoxia conditions. 48 hours from transfection correspond to invasion assay starting point whereas 48 hours refer to invasion
assay ending one. Representative bright field images of invasion assay experimental end points for LNCaP (A), DU145 (C) and PC3 (E)
cells. Invasiveness rate was determined by counting stained cells on the lower surface of the filters of LNCaP (B), DU145 (D) and PC3 (F)
cells. Data represent mean cell counts of 12 separate fields per well § SEM of 5 experiments. �p < 0.05, ��p < 0.01, ���p < 0.001 vs
untreated normoxia; #p < 0.05, ###p < 0.005 vs untreated hypoxia.

254 V. BIZZARRO ET AL.



of its expression profiles. The protein was indeed signifi-
cantly expressed onto plasma membrane and in the
extracellular environments over the time during hypoxia
treatment.

The extracellular form of ANXA1 has been described
to stimulate cell motility and cancer cell invasion capa-
bility, mostly interacting with specific receptors.33,18,9

These have been identified as members of the G-protein
coupled FPR family that is involved for the most part in
cell motility.30 Our results showed that these receptors
are expressed in PCa cell lines and that they are able to
mediate PCa cell invasion following stimulation with the
ANXA1 mimetic peptide Ac2–26. The alteration of
ANXA1 expression and localization profiles by hypoxia
suggests an adaptive role of the protein in PCa cells to
the adverse tumor microenvironments and implicates a
possible mechanism by which cancer cells may acquire
more aggressive behavior following exposure to hypoxic
conditions. This adaptive role of ANXA1 in PCa pro-
gression was to some extent previously observed by
Geary et al.,49 which showed how ANXA1 secreted by
cancer associated fibroblast (CAF) could contribute to
tumor stem cell dynamics and sustain PCa onset and
development.

While ANXA1 seems to be inducible by hypoxia in a
HIF-1-dependent fashion,7 a functional role for the pro-
tein under low oxygen conditions has not been fully
investigated. ANXA1 protein has also been reported to
promote migration and invasion as a modulator for EMT
phenotypic switch.50,9 Our hypothesis was that ANXA1
could induce the acquisition of a mesenchymal phenotype
during low oxygen PCa cell adaptation and therefore, to
play a crucial role in hypoxia-related invasion capability.
Interestingly in LNCaP cells where ANXA1 expression is
feeble, the MF-ANXA1 over-expressing plasmid deter-
mined a significant increase of invasiveness, by contrast
the siRNA-mediated knock down (siANXA1) was able to
drastically reduce invasion, mainly the hypoxia-induced
one. On the contrary in DU145 and PC3 cell lines where
ANXA1 is typically overexpressed, the protein loss signifi-
cantly reduced invasion capability in both normoxia and
hypoxia environment. Even in this case, ANXA1 overex-
pression acted as pro-invasive stimulus, confirming the
initial hypothesis about a pro-metastatic role of the pro-
tein in PCa progression.

To identify a potential molecular mechanism by
which ANXA1 regulates hypoxia-mediated cell invasion,
we analyzed the effects of ANXA1 deregulation on the
expression of the epithelial/mesenchymal PCa markers
and of 2 ERM proteins, ezrin and moesin. Our results
confirmed that ANXA1 is able to mediate EMT switch as
it does in other tumors, by inducing the loss of the epi-
thelial E-cadherin, CK8 and CK18 proteins and the

Figure 6. Western blot analysis performed using antibodies
against ANXA1, E-cadherin, CK8, CK18, vimentin, ezrin and
moesin on protein extracts from LNCaP (A), DU145 (B) and
PC3 (C) cells treated or not with scrambled and siANXA1s for
48 hours. After transfection cells were exposed or not to hyp-
oxia for 48 hours. Protein normalization was performed on
b-actin levels. The data are representative of 3 experiments
with similar results.
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overexpression of the mesenchymal marker vimentin.
Additionally, we demonstrated for the first time a strict
correlation between ezrin, moesin and ANXA1 expres-
sion confirming once again, the role of this protein in
regulating the expression of cytoskeletal proteins under-
lying metastatic process.

Taken together, the results from this study suggest
that hypoxia may modify the expression and the localiza-
tion of ANXA1 which in turn promotes hypoxia-related
cell invasion by regulating expression and activity of pro-
teins involved in EMT, cell shape, adhesion and motility.
Our results about ANXA1 contribution to PCa cell inva-
sion particularly under hypoxic conditions suggest that
this protein may act as a key signaling factor in modulat-
ing PCa cell characteristics and behavior in response to
hypoxia. The present data suggest that ANXA1 may
serve as a potential target for therapeutic interventions
for metastatic PCa.

Materials and methods

Cell cultures

LNCaP FGC (Fast Growth Clone), DU145 and PC3 cells
were purchased from American Type Culture Collection
(ATCC) and cultured following provider’s instructions
(www.lgcstandards-atcc.org). Briefly, cells were cultured
in RPMI (Euroclone) containing 10% of heat-inactivated
fetal bovine serum (FBS; Lonza) supplemented with anti-
biotics (10000 U/ml penicillin and 10 mg/ml streptomy-
cin; Lonza) and were grown at 37�C in 5% CO2 - 95% air
humidified atmosphere.

RNA isolation and quantitative RT-PCR

mRNA levels of LNCaP, DU145 and PC3 cells were ana-
lyzed by Real-time PCR using the Light Cycler 480 II
instrument (Roche). 1 mg of total RNA extracted from
cells was reverse transcribed into cDNA with Transcrip-
tor First Strand cDNA Synthesis Kit (Roche). cDNAs
were processed using Light Cycler 480 Probes Master
mix and Real Time Ready Catalog Assay primers
(Roche) for ANXA1 (50-ATCAGCGGTGAGCCCC-
TATC-30, 30-TTCATCCAGGGGCTTTCCTG-50) and
HPRT (50-GACCAGTCAACAGGGGACAT-30, 30-
CCTGACCAAGGAAAGCAAAG-50) following the
manufacturer’s protocols (www.lifescience.roche.com).
Results were analyzed using the Delta-Delta CT method.

Cytosol and membrane extracts

LNCaP, DU145 and PC3 protein extracts were obtained
as previously reported.9 Briefly, cells were harvested and

centrifuged for 5 minutes at 600 £ g at 4�C. After that,
the pellets were resuspended in 4 ml of lysis buffer (Tris
HCl 20 mM, pH 7,4; sucrose 250 mM; DTT 1 mM; prote-
ase inhibitors, EDTA 1 mM in water), sonicated and cen-
trifuged at 4�C for 10 minutes at 5000 £ g. The obtained
supernatants were ultra-centrifuged for 1 hour at 100000
£ g at 4�C, until to get new supernatants that represent
cytosol extracts. The pellets were then resuspended in
250 ml of solubilization buffer (Tris HCl 20 mM, pH 7,4;
DTT 1 mM; EDTA 1 mM; Triton X-100 1%, in water)
and left overnight on orbital shaker at 4�C. After that,
the solution was centrifuged for 30 minutes at 50000 £ g
at 4�C: the supernatants represent membrane extracts.

Supernatant analysis

Cell growth media were harvested, frozen at ¡80�C and
lyophilized. Dried samples were suspended in lysis buffer
containing protease inhibitors and left at 4�C for 30
minutes. After centrifugation, the supernatants contain-
ing protein extracts were analyzed by Western blotting.

Hypoxic culture conditions

Hypoxic culture conditions were obtained by incubating
cells in tissue culture dishes in a modular incubator cham-
ber (Billups-Rothenberg Inc.) flushed with a gas mixture
containing 5% CO2 and 95% N2 at 37�C. Cells were then
harvested at different times (from 2 up to 72 hours from
treatments) and analyzed as described below.

Western blotting

Protein expression was examined by Western blot, as
previously described.48 Proteins were visualized using
the chemioluminescence detection system (Amersham)
after incubation with primary antibodies against ANXA1
(rabbit polyclonal; 1:10000; 71–3400, Invitrogen),
a-tubulin (mouse monoclonal; clone DM1A; 1:1000;
Sigma-Aldrich), E-cadherin (mouse monoclonal; clone
36/E-Cadherin; 1:10000; BD Transduction Laboratories),
vimentin (mouse monoclonal; clone E-5; 1:1000; Santa
Cruz Biotechnologies), HIF1-a (rabbit polyclonal; clone
A300–286A; 1:5000; Bethyl Laboratories), Ezrin (mouse
monoclonal; clone 3C12; 1:250; Santa Cruz Biotechnolo-
gies), Moesin (mouse monoclonal; clone E-10; 1:250;
Santa Cruz Biotechnologies), CK8 (mouse monoclonal,
clone M20; 1:1000; Santa Cruz Biotechnologies), CK18
(mouse monoclonal, clone C-04; 1:1000; Santa Cruz Bio-
technologies), p-ERK (rabbit monoclonal, clone Aw39;
1:1000; Cells Signaling), ERK (mouse monoclonal, clone
MK12; Cells Signaling), p-p38 (mouse monoclonal; clone
D-8; 1:1000; Santa Cruz Biotechnologies), p38 (rabbit
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polyclonal; clone C-20; 1:1000; Santa Cruz Biotechnolo-
gies), b-actin (mouse monoclonal; clone C-4, 1:1000;
Santa Cruz Biotechnologies). The blots were exposed to
Las4000 (GE Healthcare Life Sciences) and the relative
band intensities were determined using ImageQuant
software (GE Healthcare Life Sciences). Results were
considered significant if p < 0.01.

Confocal microscopy

LNCaP, DU145 and PC3 cells were fixed in p-formalde-
hyde (4% v/v in PBS) for 5 minutes. The cells were per-
meabilized in Triton X-100 (0.5% v/v in PBS) for 5
minutes, and then incubated in goat serum (Lonza; 20%
v/v PBS) for 30 minutes, and with rabbit anti-ANXA1
antibody (1:100; Invitrogen), mouse anti-E-cadherin
(1:1000; BD Transduction Laboratories), mouse anti-
vimentin (1:500; Santa Cruz Biotechnologies), mouse
anti-ezrin and anti-moesin (1:100; Santa Cruz Biotech-
nologies), mouse anti-CK8 and anti-CK18 (1:1000; Santa
Cruz Biotechnologies) overnight at 4�C. After two wash-
ing steps with PBS, cells were incubated with anti-rabbit
and/or anti-mouse AlexaFluor (488 and/or 555; 1:1000;
Molecular Probes) for 2 hours at RT and then with
FITC-conjugated anti-F-actin (5 mg/ml; Phalloidin-
FITC, Sigma) for 30 minutes at RT in the dark. The cov-
erslips were mounted in Mowiol (Mowiol 4–88, Sigma-
Aldrich). A Zeiss LSM 710 Laser Scanning Microscope
(Carl Zeiss MicroImaging GmbH) was used for data
acquisition. To detect nucleus, samples were excited with
a 458 nm Ar laser. A 488 nm Ar or a 555 nm He-Ne laser
was used to detect emission signals from target stains.
Samples were vertically scanned from the bottom of the
coverslip with a total depth of 5 mm and a 63X (1.40
NA) Plan-Apochromat oil-immersion objective. Images
and scale bars were generated with Zeiss ZEN Confocal
Software (Carl Zeiss MicroImaging GmbH) and pre-
sented as single stack. Images were processed using
ImageJ software (NIH), Adobe Photoshop CS version
5.0, and figures assembled using Microsoft PowerPoint
(Microsoft Corporation).

Flow cytometry

LNCaP, DU145 and PC3 cells were harvested at a num-
ber of 1£106 and analyzed for FPR1 and FPR2 proteins
as previously described.9 Briefly, pellets were incubated
on ice for 1 hour in PBS containing a primary antibody
against FPR1 (rabbit polyclonal, clone H-230; 1:500,
Santa Cruz Biotechnology) or a primary antibody against
FPR2 (mouse monoclonal, clone GM-1D6; 1:100, Geno-
vac). Then, cells incubated on ice for 1 hour in 100 ml of
PBS containing or not AlexaFluor 488 anti-rabbit (1:500;

Molecular Probes) or Alexa-Fluor 488 anti-mouse
(1:500; Molecular Probes). The cells were analyzed with
Becton Dickinson FACScan flow cytometer using the
Cells Quest program.

Matrigel invasion assay

LNCaP, DU145 and PC3 invasiveness was evaluated
using the Trans-well Cell Culture (12 mm diameter, 8.0-
fim pore size) purchased form Corning Inc. The cham-
bers were coated with Matrigel (Becton Dickinson
Labware) that was diluted with 3 volumes of RPMI
serum-free and stored at 37�C until its gelation. Cells
were plated in 350 ml of RPMI serum-free at a number
of 9£104/insert in the upper chamber of the trans-well.
1,4 ml of RPMI with FBS were put in the lower chamber
and the trans-well was left for 48 hours at 37�C in 5%
CO2 -95% air humidified atmosphere as normoxia or in
hypoxia conditions. In the lower chamber were also
added fMLP (50 nM, Sigma Aldrich), Ac 2–26 (1 mM,
Tocris Bioscience), Ciclosporin H (CicloH; 500 nM,
Alexis-Biochemicals) and WRW4 (10 mM, Tocris Biosci-
ence). After that, the medium was discarded, the filters
were washed twice with PBS and fixed with 4% p-formal-
dehyde for 10 minutes, then with 100% methanol for 20
minutes. The filters so fixed, were stained with 0,5% crys-
tal violet prepared from stock crystal violet (powder,
Merck Chemicals) by distilled water and 20% methanol
for 15 minutes. After that, the filters were washed again
in PBS and cleaned with a cotton bud. The number of
cells that had migrated to the lower surface was counted
in 12 random fields using EVOS light microscope (10X)
(Life technologies Corporation).

siRNA and overexpression plasmid transfection

siRNA sequences against ANXA1 were purchased from
IDT (Integrated DNA Technologies Inc.) and used at a
final concentration of 5 nM. siRNA Oligo-Scrambled
(Santa Cruz Biotechnology) was used as control at the
same concentration. 2 mg of a pcDNA3.1 plasmid with
c-Myc tagged on the N terminus and FLAG tagged on
the C terminus (MF-ANXA1) to over-express ANXA1
was transfected into cells. MF-ANXA1 plasmid was gen-
erated as reported previously51 and kindly gifted by Prof.
Mauro Perretti (William Harvey Research Institute,
Barts and The London School of Medicine and Dentistry,
Queen Mary University of London, London, UK).
pcDNA3.1 empty vector was used as control. siRNAs
and plasmids were transfected using Lipofectamine 2000
Reagent (Life technologies Corporation), according to
the manufacturer’s instructions. Cells were harvested
after 48 hours from transfection.
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