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The survival of osteosarcoma patients is connected to metastasis. The ezrin expression is associated with the

development of metastasis and poor outcome in osteosarcoma. Ezrin is present in the cytoplasm and after

phosphorylation assumes an active form and links F-actin to the cell membrane. This study evaluated ezrin and

phosphorylated ezrin at site Tyr354 and Thr567 expression and its subcellular localization in osteosarcoma. We

studied 50 osteosarcoma patients (mean follow-up 9.8 years). Ezrin expression was assessed using

immunohistochemical and immunofluorescence analysis on tissue microarray and cultured cells of human

osteosarcoma 143B. The western blot analysis was carried out on cultured cells. The majority of osteosarcomas,

showing cytoplasmic positivity for ezrin, phosphorylated and unphosphorylated, were associated with

membranous and nuclear positivity for phosphorylated ezrin Thr567 and phosphorylated ezrin Tyr354,

respectively. Ezrin expression was associated with high-grade osteosarcoma (P¼ 0.04), with metastasis

(P¼ 0.04) and with tumors that developed metastasis (P¼ 0.04); phosphorylated ezrin Thr567 expression was

present mostly in tumors with metastasis (P¼ 0.01) and in osteosarcomas that did not develop metastasis

(P¼ 0.002). The osteosarcoma patients with ezrin expression have a short survival. The cytoplasmic ezrin

expression in osteosarcoma matches its role of membrane-cytoskeleton linker protein. The subcellular trafficking

of ezrin is not blocked and it is linked to ezrin phosphorylation, also in cancer. The phosphorylated ezrin Tyr354

nuclear localization suggests its possible role as a nuclear factor in osteosarcoma. The phosphorylated ezrin

Thr567 phosphorylation may not be necessary in osteosarcoma metastatic progression but it was modulated. The

ezrin expression is associated with more aggressive osteosarcomas and with metastasis.
Modern Pathology (2010) 23, 1012–1020; doi:10.1038/modpathol.2010.77; published online 26 March 2010

Keywords: ezrin; phosphorylated ezrin Thr567; phosphorylated ezrin Tyr354; osteosarcoma; tissue microarray;
subcellular localization

Osteosarcoma is the most common primary bone
tumor in pediatric-age patients, in which osteoid or
bone is produced directly by tumor cells.1

Osteosarcoma includes several different clinical–
pathological entities, differing in clinical, radiologi-
cal, and histological features. Some of these entities
are of prognostic significance, indicating a low or
high grade of malignancy.1

The treatment of osteosarcoma is based on a
combined approach of primary antiblastic che-
motherapy and tumor surgery, followed by adjuvant
chemotherapy.2

The survival of patients affected by osteosarcoma
is connected to metastasis.3 Patients who present a
metastatic disease on diagnosis or who develop
metastatic progression usually have a worse prog-
nosis. Metastatic tumors are often nonrespondent
or only partially responsive to current therapeutic
strategies and are the primary cause of cancer-
related mortality.4

The identification of molecular events linked to
the metastatic process is crucial for understanding
tumor dissemination and for the development of
novel therapy.

Currently, some studies have tried to correlate the
up- or downregulation of molecular pathway com-
ponents with better prognosis or with metastasis.5

Gene expression and proteomic studies have
identified the possible role of ezrin in metastasis.6,7

The identification of ezrin expression is a neces-
sary component in osteosarcoma metastasis and it
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makes the study of this protein crucial in under-
standing the molecular pathways involved in
metastatic diffusion.8

Ezrin, the product of the Vil2 gene, is present in
the cytoplasm in an inactive form but after threonine
and tyrosine phosphorylation, ezrin assumes an
active form, moving to the cell membrane and
tethering F-actin to the cell membrane.9

Ezrin has been associated with the formation of
specialized cell surface domains and assists in the
placement of molecules within these structures.10 It is
known to be a component of cell surface structures
that are involved in cell adhesion to the extracellular
matrix, as well as in cell–cell interactions, receptor
tyrosine kinase signaling, signal transduction through
Rho GTPase and interactions with the Akt-mediated
cellular apoptotic machinery.11,12

Phosphorylation of ezrin promotes morphogen-
esis of apical microvilli and regulates E-cadherin-
dependent adherent junction assembly.13–15 Ezrin
directly interacts with signaling enzymes such as
phosphoinositide 3-kinase (PI3-kinase), and the
phosphorylated tyrosine 353 (Tyr-353) residue of
ezrin is regulated through the PI3-kinase/Akt path-
way.11 Ezrin is also preferentially degraded and
resynthesized after oxidative stress16 and the phos-
phorylation at threonine 567 (Thr-567) depends
on the p38 MAP-kinase activity.17 However, the
detailed signal transduction pathways of phos-
phorylated ezrin remain unclear.

Ezrin has been implicated in many roles in the
metastatic process, for example, as a conduit for
signals between metastasis-associated cell surface
molecules and signal transduction components.18

Ezrin as a key component of pediatric tumor
metastasis adds an important link to the molecular
chain connecting metastasis-associated cell surface
proteins to the signal transduction network and,
ultimately, to the nucleus.19

Transfection of full-length Vil2 constructs in low-
metastatic cell lines dramatically increase the ability
of these cell lines to form macroscopic pulmonary
lesions in experimental metastasis assays, demon-
strating that ezrin overexpression is sufficient to
confer metastatic capacity.20

In a mouse model of osteosarcoma, ezrin was
necessary for metastasis, and in dog tumors, a high
expression of ezrin was associated with the early
development of metastasis.8 A relationship was also
shown between high expressions of ezrin and poor
outcome in 19 pediatric osteosarcoma patients.8

More importantly, using dominant-negative mu-
tants, antisense RNA or RNA interference, both groups
demonstrated that ezrin overexpression is not only
sufficient for metastatic progression, but it is also
necessary, at least in these experimental systems.8

Suppression of ezrin protein expression in osteo-
sarcomas by antisense transfection or stable expres-
sion of short hairpin RNA, or the disruption of ezrin
function by transfection of a dominant-negative
ezrin significantly reduced the metastatic behavior

in both mouse models and was associated with
decreased Akt and mitogen-activated protein kinase
(MAPK) activity.20 The mechanisms of ezrin-related
metastatic behavior are linked to an Akt-dependent
mammalian target of rapamycin (mTOR).21 However,
the specific mechanism or mechanisms by which
ezrin mediates the metastatic process remain to be
clarified.

On the basis of the relevant role of ezrin in tumor
progression and metastasis, we decided to investi-
gate the ezrin protein expression in a series of
osteosarcomas, focusing on the immunohistochem-
ical subcellular distribution of this protein in its
active (phosphorylated) and inactive (unphosphory-
lated) forms. The data obtained were compared
with the clinical–pathological characteristics of the
tumors. The hypothesis was that the movement of
the ezrin was tied up to its state of phosphorylation,
also in tumors, and that ezrin expression and
subcellular localization were involved in osteosar-
coma metastatic progression.

Materials and methods

Population Study

The population of this study included 58 formalin-
fixed, paraffin-embedded blocks of surgical osteo-
sarcoma specimens obtained from the files of the
Department of Experimental Medicine, Sapienza
University of Rome, Polo Pontino, I.C.O.T, Latina,
Italy.

The osteosarcoma specimens included 22 biop-
sies, 31 surgical resections, and 5 metastatic lesions,
and they corresponded to 50 patients.

We had the following series available:

� 23 patients with only surgical resection speci-
mens;

� 17 patients with only surgical biopsy specimens;
� 5 patients with surgical biopsy and resection

specimens;
� 3 patients with surgical resection and metastasis

specimens;
� 2 patients with only surgical metastasis specimens;

Twenty-three patients with osteosarcoma were clini-
cally followed up with mean follow-up of 9.8 years
(range 1–18 years) with a 56% overall survival.

The WHO 2008 classification of bone tumors was
used for classifying the bone lesions (WHO 2008).
The osteosarcoma sites and types are described in
Table 1.

The osteosarcoma grade was available in 48
patients on 31 resection and 17 biopsy specimens
and were 40 of 48 (83%) and 8 of 48 (17%) high
grade and low grade, respectively.

Tissue Microarray Construction

Core tissue biopsies of 1 mm in diameter were
taken from representative regions of each paraffin-
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embedded tumors (donor block) and arrayed into a
new recipient paraffin block (45 mm� 20 mm) using
the ATA-100 Chemicon International System. To
minimize the influence of tumor and tissue hetero-
geneity, three different core biopsies for each donor
block were retrieved. Each array contained 50 tissue
cylinders; there were 30 malignant tissue tumors
corresponding to 10 patients and 20 normal tissue
controls.

Cell Culture

Human osteosarcoma cell lines (143B) were grown
under subconfluent or confluent conditions in
medium, at 371C with 5% of CO2. Cells were
cultured in Dulbecco’s minimum essential medium
(Sigma) supplemented with 10% fetal bovine serum
(GIBCO) with penicillin (100 mg/ml), streptomycin
(100 U/ml) and sodium pyruvate.

Cells were cultured on cover glass (12 mm +) for
immunohistochemical and immunofluorescence
analysis and were fixed with 3% paraformalde-
hyde/phosphatase-buffered saline and incubated
with primary antibodies.

Protein Expression Analysis (Immunohistochemical
and Immunofluorescence)

Immunohistochemistry
Immunohistochemical detection of ezrin unpho-
sphorylated (ezrin), phosphorylated ezrin at
Tyr354 level (p-ezrinTyr354), and phosphorylated
ezrin at Thr567 level (p-ezrinThr567) expression
was performed with standard streptavidin–biotin–

peroxidase on cell-culture confluent and subcon-
fluent and tissue microarray sections.

Histological sections (2 mm) were deparaffinized
and rehydrated in graded ethanol. Endogenous
peroxidase activity was blocked by 3% hydrogen
peroxide for 10 min. Antigen retrieval was per-
formed in 10 mM sodium citrate buffer (pH 6.0) for
15 min. The tissue microarray sections and cell
culture were then incubated with mouse IgG mono-
clonal antibody anti-ezrin (clone 3C12-Santa Cruz
Biotechnology) 1:150; rabbit IgG polyclonal anti-
body anti-phosphorylated ezrin (Tyr 354-Santa Cruz
Biotechnology) 1:50; and rabbit IgG polyclonal anti-
body anti-phosphorylated ERM (Ezrin (Thr567)/
Radixin (Thr564)/Moesin (Thr558) (Cell Signalling
Technology) 1:50, at room temperature for 1 h. After
incubation, specimens were washed with PBS–
Tween buffer and with the secondary biotinylated
antibody and subsequently with the streptavidin–
biotin–peroxidase (DAKO LSAB Kit peroxidase;
DAKO, Carpinteria, CA, USA). The samples were
then washed with PBS–Tween buffer and incubated
with freshly prepared DABþ substrate–chromogen
buffer at room temperature. After gently rinsing with
dH2O, slides were counterstained with hematoxylin
and mounted with permanent mounting media.
Both positive and negative controls were used in
each experiment.

Immunofluorescence

Immunofluorescence detection of ezrin, p-ezrin-
Tyr354, and p-ezrinThr567 expression was per-
formed on cell-culture confluent and subconfluent
and tissue microarray sections.

Immunofluorescence was performed on 2-m-thick
tissue microarray sections and on cellular cultures.
Sections and cellular cultures were incubated with
primary antibody as described before and then with
fluoresceinated secondary antibody. The anti-mouse
Alexa Fluor 488 antibody or anti-rabbit Alexa Fluor
488 antibody (1:300) was applied for 2 h at 371C after
three washes in 0.1% Tween in PBS for 10 min each.
Slides were counterstained with propidium iodide
and mounted in glycerol/buffer on a glass slide after
extensive washing with PBS.

Light and Confocal Microscope

The reaction was examined by light microscope
(Leika) for immunohistochemical analysis and by
confocal laser microscope (Nikon TE2000) for
immunofluorescence analysis.

Placental tissues, breast, and stomach cancer
tissues were used as immunohistochemical and
immunofluorescence positive controls for ezrin
and p-ezrin, respectively. For negative controls, the
primary antibody was omitted.

Only cases in which all the three tissue micro-
array tumor samples could be evaluated were

Table 1 Clinical–pathological data of primary osteosarcomas

Age
13/48 �27% r18 years
35/48 �73% Z18 years

Type of osteosarcoma
37/48 77% Conventional osteosarcoma

5/37 14% Osteoblastic osteosarcoma
4/37 11% Chondroblastic osteosarcoma
1/37 3% Fibroblastic osteosarcoma

5/48 1% Parosteal osteosarcoma
4/48 8% Periosteal osteosarcoma
2/48 4% Telangiectatic osteosarcoma

Site of osteosarcoma
26/48 54% Femur
10/48 21% Tibia (flute)
4/48 8% Humerus
2/48 4% Fibula (buckle)
2/48 4% Jaw
2/48 4% Mandible
1/48 2% Lumbar vertebra
1/48 2% Ulna

Stadio
I B 6
II A 7
II B 35
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considered in the study. Cases were grouped into
two classes: negative cases, when the cases showed
some immunohistochemical expression of AB in all
three samples, and positive cases, in which the
tumor cells showed in at least 1% of positive cells in
all three samples.

Membranous, cytoplasmic, and nuclear expres-
sions were also independently assessed.

Western Blot Analysis and Subcellular Fractionation

Only subconfluent cultured cells were lysed in RIPA
buffer (150 mM NaCl, 50 mM Tris, pH 8, 0.1% SDS,
0.25% deoxycholate, 1% NP-40) with protease
inhibitor cocktail (Roche Diagnostics, Indianapolis,
IN, USA) and 1 mM calyculin A (Alexis Biochem-
icals, Lausen, Switzerland) for whole-cell protein.
For nuclear extraction, the Active Motif Nuclear
Extract kit (Active Motif, Carlsbad, CA, USA) was
used following the manufacturer’s instructions.
The proteins were frozen at �701C until used. The
concentrations of protein were measured by the
Bradford method. Western blot analysis was carried
out after electrophoresis in SDS/10% polyacryla-
mide gels, and the membrane was incubated only
with ezrin (1:2000 dilution) or p-ezrinTyr354 (1:200
dilution) antibodies for 2 h at room temperature,
then incubated with horseradish peroxidase-conju-
gated goat anti-mouse IgG (1:10 000) for 1 h at room
temperature and proteins were detected using
enhanced chemiluminescence (Amersham).

Statistical Analysis

The two-tailed Fisher’s exact test was used to
analyze the correlation of the different variables.
The probability of survival was estimated by the
Kaplan–Meier method, with the log-rank test used to
estimate differences among levels of the analyzed
variables.

Results

Immunohistochemical Protein Expression and
Localization

Tissue microarray samples
Positive osteosarcoma immunoreactivity for ezrin
was detected in 43 of 50 (86%) cases, p-ezrinTyr354
was positive in 43 of 50 (86%) cases, and 44 of 50
(88%) cases were positive for p-ezrinThr567. All
ezrin-positive osteosarcoma cases only showed
positive to the cytoplasmic level (Figures 1a and b).

The p-ezrinTyr354 in osteosarcomas showed a
cytoplasmic stain in 36 of 50 (72%) and nuclear
stain in 25 of 50 (50%). The osteosarcoma-positive
cases for p-ezrinTyr354 showed both cytoplasmic
and nuclear stains in 18 of 43 (42%) (Figures 1c and
d), whereas 18 of 43 (42%) and 7 of 43 (16%) cases

showed only cytoplasmic and nuclear positivity,
respectively.

The p-ezrinThr567-positive osteosarcoma showed
only cytoplasmic and membranous positivity in 38
of 44 (86%) and 6 of 44 (14%) samples, respectively
(Figures 1e and f). All cases with membranous
staining also showed cytoplasmic positivity (Table 2).

The ezrin positivity was associated with
p-ezrinTyr354 expression (P¼ 0.01), but if we con-
sider the subcellular localization, only nuclear
expression was associated with ezrin expression
(P¼ 0.02). Ezrin expression was associated only with
p-ezrinThr567 membranous positivity (P¼ 0.004).
There was a statistical association of p-ezrinTyr354
and p-ezrinThr567 cytoplasmic expression (P¼
0.004).

Cell-Culture Samples

The immunohistochemistry was performed on con-
fluent and subconfluent osteosarcoma culture cells.

In the confluent cell culture, we found ezrin
localized at the cytoplasmic level; p-ezrinThr567
(Figure 2a) and Tyr354 (Figure 2b) localized at both
cytoplasmic and membranous levels.

In the subconfluent cell culture we found ezrin
localized at the cytoplasmic level; p-ezrinThr567
localized at the cytoplasmic and membranous levels
(Figure 2a, lower-right panel); and p-ezrinTyr354
localized in cytoplasmic and nucleus levels (Figure
2b, lower-right panel).

Immunofluorescence Protein Expression and
Localization in Tissue Microarray and Cell Culture

Tissue microarray samples
Immunofluorescence on tissue microarray sections
confirmed the localization of ezrin, p-ezrinTyr354,
and p-ezrinThr567 shown by immunohistochemis-
try. In fact, we found ezrin, p-ezrinThr567, and
p-ezrinTyr354 expression localized at the cytoplas-
mic level only, cytoplasmic/membranous, and
cytoplasmic/nuclear levels, respectively.

Cell-culture samples
The immunofluorescence was performed on
confluent and subconfluent osteosarcoma culture
cells, with the same results that were found in the
immunohistochemical analysis.

In the confluent cell culture, we found ezrin
localized at the cytoplasmic level; p-ezrinThr567
and Tyr354 localized at both cytoplasmic and
membranous levels.

In the subconfluent cell culture we found ezrin
localized at the cytoplasmic level; p-ezrinThr567
localized at the cytoplasmic and membranous levels
(Figure 2c); p-ezrinTyr354 localized in cytoplasmic
and nucleus levels (Figure 2d).
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Table 2 Immunohistochemical results of ezrin phosphorylated and unphosphorylated expression in osteosarcomas

Nuclear positivity Cytoplasmic positivity Membranous positivity

Erzin 43/50 (86%)
p-EzrinTyr354 36/50 (72%) 25/50 (50%)
p-EzrinThr567 44/50 (88%) 6/50 (12%)

Figure 1 Immunohistochemical ezrin phosphorylated and unphosphorylated localization in osteosarcomas. (a) Unphosphorylated ezrin
expression localized at cytoplasmic levels (� 200); (b) unphosphorylated ezrin expression localized at cytoplasmic levels (b � 400); (c)
p-ezrinTyr354 expression localized in cytoplasmic and nucleus levels (� 200); (d) p-ezrinTyr354 expression localized in cytoplasmic and
nucleus levels (� 400); (e) p-ezrinThr567 expression localized at cytoplasmic and membranous levels (�200). (f) p-ezrinThr567
expression localized at cytoplasmic and membranous levels (� 400).
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Western Blot Analysis and Subcellular Fractionation
in Cell Culture

The western blot analysis was carried out only on
the subconfluent osteosarcoma culture cell to con-
firm the nuclear localization of p-ezrinTyr354. In
fact, we found p-ezrinTyr354 localized in the
cytoplasmic and nucleus levels (Figure 2e).

Clinical–Pathological and Protein Expression
Correlation

There were not any significant differences in ezrin
expression, phosphorylated and unphosphorylated,
between histological osteosarcoma subtypes. How-
ever, all chondroid components of chondroblastic
osteosarcoma and parosteal osteosarcoma showed

Figure 2 Immunohistochemical, immunofluorescence, and subcellular fractionation western blot analysis of p-ezrinThr567 and
p-ezrinTyr354 in osteosarcoma cell culture. (a) Immunohistochemistry: p-ezrinThr567 localized at cytoplasmic and membranous levels;
(a lower-right panel) immunohistochemistry: p-ezrinThr567 localized at cytoplasmic and membranous levels in subconfluent cell
culture; (b) immunohistochemistry: p-ezrinTyr354 localized in cytoplasmic and nucleus levels; (b lower-right panel) immunohis-
tochemistry: p-ezrinTyr354 localized in cytoplasmic and nucleus levels in subconfluent cell culture; (c) immunofluorescence:
p-ezrinThr567 localized at cytoplasmic and membranous levels; (d) immunofluorescence: p-ezrinTyr354 localized in cytoplasmic
and nucleus levels; (e) western blot analysis shows the p-ezrinTyr354 localized in cytoplasmic and nucleus levels.
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positive immunoreactivity for ezrin, p-ezrinTyr354,
and p-ezrinThr567 at the cytoplasmic level and
p-Tyr354 with nuclear localizations.

Only ezrin expression was statistically associated
with high-grade osteosarcoma (P¼ 0.04). We found
that ezrin expressions were associated with meta-
static lesions with respect to primary tumors
(P¼ 0.04). Ezrin expression was present mostly
in primary tumors that developed metastasis
(P¼ 0.04). Although the cytoplasmic and membra-
nous p-ezrinThr567 expression was present mostly
in primary tumors with respect to metastatic lesions
(P¼ 0.01), we have found this expression in associa-
tion with primary tumors that did not develop
metastasis (P¼ 0.002).

Tumor-Specific Survival Analysis

No statistical relation was found between the
outcome in patients with osteosarcoma and ezrin
expression, phosphorylated and unphosphorylated.
However, the overall survival was 50, 59, and 64%
in ezrin, Tyr347, and Thr567 phosphorylated ezrin-
positive cases, respectively, and the patients with
ezrin expression in primary tumors had a worse
prognosis for survival (Figure 3).

Discussion

ERM proteins (Ezrin, Radixin, and Moesin) are
involved in tumor development and progression
and regulate cellular activities, such as survival,
adhesion, and migration/invasion by organizing
membrane-cytoskeleton-associated complexes.10,22

In osteosarcoma, it has been reported that ezrin is
necessary for metastasis in a mouse model and that
high ezrin expression in dog tumors is associated
with early metastases development.8 Furthermore, a
relation between high ezrin expression and poor

outcome in 19 pediatric osteosarcoma patients has
been described.2

This study tested different forms of ezrin and its
subcellular localization in osteosarcomas, with
regard to the different functional states of this
protein: active phosphorylated form (p-ezrinTyr354;
p-ezrinThr567) and inactive unphosphorylated form
(ezrin). The data obtained were compared with the
clinical–pathological characteristics of tumors.

The ezrin function link to mobility and cellular
adhesion seems to depend on the specific ezrin
residual Tyr354 phosphorylation through the mod-
ulation of the same one in cellular tubulogenesis.23

The phosphorylation of residual Thr567 in ezrin
opens the protein to accessible domains for binding
to membrane and F-actin and it is crucial for the
membrane-cytoskeleton anchorage function.24

Studies carried out on normal cell cultures have
underlined that ezrin is located in the microvillus,
filopodis, and the membrane task, and it therefore
contributes to the organization of dynamic cell
structures implicated in the cellular motility.25

The cellular redistribution of ezrin from the
cytoplasm to the microvillus and task membrane
has been shown in many cancer cell lines treated
with growth factors.26 Besides, the ezrin localization
in these structures has been associated with an
improvement of cell invasion, migration, and pro-
liferation.22

The ezrin abnormal location could cause a loss of
normal anchorage to the cellular membrane of
adhesion molecules or receptors or promote the
activation of intracellular oncogenetic signals.27

Moreover, the loss of the apical location of ezrin
could interfere with the maintenance of cell polarity
and could promote the acquisition of an aggressive
or metastatic phenotype in cancer.26

The hypothesis was that the movement of ezrin
was tied up to its state of phosphorylation, also in
tumors. In this study, we used Abs anti-ezrin
unphosphorylated, anti-ezrin phosphorylated at
Tyr354 site, and anti-ERM (Ezrin (Thr567)/Radixin
(Thr564)/Moesin (Thr558), Cell Signaling Technol-
ogy) Ab, because at present, an Ab that is specific for
phosphorylated ezrin at Thr567 site does not exist.

In our osteosarcoma tissue microarray samples,
ezrin showed cytoplasmic immunostaining only,
whereas p-ezrinTyr354 also showed nuclear locali-
zation and p-ezrinThr567 rarely showed membra-
nous expression associated with cytoplasmic
localization.

These results show that phosphorylated ezrin
transmigrates to the nucleus or in the membranes
in osteosarcomas and cytoplasm–nucleus and cyto-
plasm–membrane movement is not blocked in
neoplastic cells and it is linked to the site of ezrin
phosphorylation, also in tumors.

The different protein subcellular localizations
could be in relation to different activities deve-
loped by this protein, also in tumors. The cyto-
plasmic ezrin and cytoplasmic and membranous
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Figure 3 Tumor-specific survival analysis of ezrin unphosphory-
lated expression.
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p-ezrinThr567 expression could confirm the ezrin
role, also in osteosarcomas, of the bond protein
between F-actin and the cell membrane.

The presence of ezrin in the nucleus has been
noted in vitro19 and in vivo.26 We have demonstrated
for the first time the nuclear localization of the
p-ezrinThr354 in osteosarcomas using immunohis-
tochemical analysis. We have confirmed this data by
immunofluorescence in tissue microarray (data not
shown) sections and by immunofluorescence and
subcellular fractionation western blot analysis in
subconfluent osteosarcoma-cultured cells.

The nuclear localization of p-ezrinThr354 active
forms in osteosarcomas suggests a possible role of
the nuclear transcription factor in cancer. Further
studies are necessary to confirm this hypothesis.

Kaul et al28 found a nuclear localization of the
N-terminus ezrin fragment of 55 kDa, where the Tyr
354 site of phosphorylation is located. He postulated
that this ezrin nuclear expression could be involved
in communication between the cytoskeleton and
nucleus.28

We have found different localizations of the
p-ezrinTyr354 expression in immunofluorescence
tests on confluent and subconfluent cell cultures. In
fact, in the confluent cell culture the p-ezrinTyr354
expression was cytoplasmic and membranous, and
in the subconfluent study it was cytoplasmic and
nuclear. The different ezrin localization among the
confluence and subconfluence cell culture has
already been described.19 The authors showed
that the relative nucleocytoplasmic distribution of
cytoskeleton-associated proteins would therefore be
cell type and cell context dependent. There is an
increase in the number of cells expressing nuclear
ezrin when there is a mutant form of ezrin, which
lacks the actin-binding domain.19 In our study, we
do not know the effective state of the whole protein
or the Vil2 gene in our tumor samples.

In our study, only ezrin unphosphorylated cyto-
plasmic expression was associated with high-grade
osteosarcoma and with metastatic lesions with
respect to primary tumors. Ezrin expression was
present mostly in primary tumors that developed
metastasis. This result shows a correlation among
the cytoplasmic ezrin expression, osteosarcoma
aggressiveness, and metastatic progression.

Although the cytoplasmic and membranous
p-ezrinThr567 expression was associated with pri-
mary tumors with respect to metastatic lesions, we
found that this expression was associated with
primary tumors that did not develop metastasis.
Ren et al29 has recently shown that the Thr 567-
phosphorylated ezrin expression decreased in
osteosarcoma metastatic lesions.

Our findings are in agreement with the hypothesis
that ezrin phosphorylation at Thr567 level may not
be necessary for osteosarcoma metastasis but it is
modulated during the metastatic progression.

We found an interesting association between ezrin
expression and osteosarcoma type as a chondroblas-

tic subtype and a chondroid component of parosteal
osteosarcoma. These data have already been found
recently in other papers, in which the authors
emphasize the role of ezrin in the differential
diagnosis among chondroid and osteoid tumors.30

It is possible that ezrin may be involved in
chondroid differentiation of osteosarcoma.

We observed that immunohistochemical detection
of ezrin is not statistically associated with poor
prognosis as reported for other cancer types, such as
uveal malignant melanoma,31 high-grade soft tissue
tumors,32 or recently found in osteosarcomas.2

However, the patients with ezrin expression in
primary tumors have a worse prognosis for survival.

These findings support the relevance of ezrin in
the metastatic process in osteosarcoma. In our study,
the possible role in the metastatic process of ezrin
subcellular movement has not emerged, but, never-
theless, we have shown that it is not blocked and it
is linked to the site of ezrin phosphorylation, also in
tumors. It is possible that ezrin phosphorylation
may not be necessary for the metastatic process but
it is modulated.

Considering the rapid development of targeted
molecular therapies, a more detailed knowledge of
the specific behavior of metastasis-related proteins
and their activation or activated pathways is
required.

A comparison between immunohistochemical
and molecular data in the group of tumors used for
this study is in progress in our laboratory.
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