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Summary. Fascin contributes to the formation of actin-
based protrusions involved in cell migration. Fascin has
emerged as a prognostic marker in some carcinomas. We
examined ovarian neoplasms to check any correlation
between fascin expression and established
clinicopathologic parameters.

Fascin immunoreactivity was semiquantitavely
scored in 100 ovarian tumors (62 carcinomas, 15
borderline tumors and 23 cystadenomas). Double
staining for fascin and Ki-67 was performed in selected
carcinomas. Western Blotting was done in frozen
samples.

Fascin immunoreactivity was highest in carcinomas,
lowest in cystadenomas and intermediate in borderline
tumors; these results were in accordance with those from
Western blotting analysis. Fascin was statistically
increased in carcinomas of advanced stage and in serous
carcinomas. It was also increased in metastatic foci and
in tumor foci with lower Ki-67 labeling.

We conclude that in ovarian tumors fascin is
associated with certain features of increased tumor
aggressiveness. Future studies could determine if fascin
may become a routinely helpful marker in gynecological
pathology or clinical oncology.
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Introduction

Fascin is a 55kDa globular protein that belongs to a
unique family of actin-bundling proteins (Duh et al.,
1994; Kureishy et al., 2002). In vertebrates there are
three forms of fascin: fascin-1, which is expressed by
mesenchymal tissues and in nervous system, fascin-2,
which is expressed by retinal photoreceptor cells and
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fascin-3, which is testis specific (Tubb et al., 2002;
Adams, 2004a).

Fascin-1 (also known as fascin) contributes to the
formation of various actin-based cellular structures
(Jawhari et al., 2003; Adams, 2004b; Tseng et al., 2005;
Vignjevic et al., 2006). Among those, and critical in
cancer cell biology, appear to be the cellular surface
protrusions that mediate cell movement. In vitro studies,
based on transfection experiments, have shown that
elevated levels of fascin increased the speed of cell
migration and emphasized the association between
fascin expression and motility of transformed cells
(Jawhari et al., 2003).

In human carcinoma samples, preliminary studies of
fascin expression reveal increased expression in
comparison to that of non-neoplastic epithelial tissues,
whereas recent reports suggest the emergence of fascin
as a new prognostic indicator (Grothey et al., 2000;
Pelosi et al., 2003a,b; Goncharuk et al., 2003;
Hashimoto et al., 2004, 2005a,b, 2006; Yoder et al.,
2005; Tong et al., 2005; Choi et al., 2006; Jin et al.,
2006; Zigeuner et al., 2006).

Cancer cell invasion, in part a reflection of increased
cellular motility (Wang et al., 2005), remains a critical
parameter of the biologic behavior of all carcinomas in
general and of ovarian carcinomas in particular. There
are already two reports, from one team of investigators,
concerning fascin expression in ovarian carcinoma
(Kabukcuoglou et al., 2006a,b). In contrast to some other
carcinoma types, there was not a clear cut relation
between fascin immunohistochemical staining and
established clinicopathologic markers generally
considered to reflect the biological aggression of
carcinomas.

The aim of our study was to look at another well
studied group of cases for a possible relationship of
fascin expression with stage and grade of ovarian
carcinomas. The proliferative activity was additionally
examined, since some studies have suggested a
relationship between Ki-67 and fascin immuno-
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reactivities (Pelosi et al., 2003a; Hashimoto et al., 2004,
2006).

Materials and methods
Patients and surgical specimens

We assessed the immunostaining of fascin in 100
specimens of ovarian tumors from 98 patients, who
underwent tumor resections in conjunction with
complete surgical staging when indicated, between 2001
and 2006. The material was retrieved from the files of
the Pathology Department of the University Hospital of
Thessaly. There were 9 cases with a history of
preoperative treatment. The tumors were classified
according to the World Health Organization
classification and staged according to FI1.G.O. (W.H.O.
Classification of Tumours, 2003). A three-tiered grading
system was used (Silverberg, 2000).

The carcinoma group (62 cases) represented almost
all types of ovarian carcinomas thought to be derived
from the surface epithelium (Table 1). Forty-five were
serous carcinomas (6 stage IV, 31 stage III, 7 stage I).
Tumor grade was estimated to be 3 in 35 of these cases.
Additionally, there were 9 serous tumors of low
malignant potential. There were also 15 serous
cystadenomas. Few clear cell carcinomas were present,
only 3 cases. In addition, there were 9 endometrioid
carcinomas of variable stage (I-III) and grade (1-3). The
study tumor group included also one mucinous
carcinoma and 5 mucinous tumors of low malignant
potential.

Non-neoplastic samples included five non-neoplastic
ovaries removed at hysterectomy for leiomyomas or
cervical lesions.

The samples were fixed in 10% buffered formalin
solution, embedded in paraffin blocks and cut at 4 pm
sections.

Immunohistochemical procedures
Two different primary monoclonal antibodies were

used in every case: clone IM20 (dilution 1:300, 20min at
room temperature (RT), Novocastra, Newcastle upon

Table 1. Ovarian tumors included in the study.

Tumor type Malignant Borderline Benign
Serous 45 9 15
Endometrioid 9 1 -
Mucinous 1 5 7
Clear cell 3 -
Other 4a - 1b

: Including undifferentiated carcinomas and malignant mixed epithelial
tumors (The score was evaluated in the total area examined); P: Brenner
tumor.

Tyne, U.K.) and 55k-2 (dilution 1:100, 30min RT,
Cellmarque, Hot Springs, U.S.A.). Immunohisto-
chemical staining for the first antibody was performed in
a commercially available automated immunostainer
(Bond Max, Vision Biosystems, Australia). Immuno-
histochemical staining for 55k-2 was performed
manually. For antigen retrieval Bond Epitope Retrieval
Solution 2 (30min, Vision BioSystems, Mount Waverley,
Australia) was used for clone IM20 and Trilogy (15min,
600W, Cellmarque, Rocklin, U.S.A.) for 55k-2. Binding
of the primary antibodies was assessed by the Bond
Polymer Refine Detection (Vision Biosystems,
Newcastle upon Tyne, U.K.) and Envision Detection
System (Dako, Denmark), respectively, with DAB as a
chromogen.

For double immunohistochemical staining the slides
were pretreated in target retrieval solution high pH
(DakoCytomation, Glostrup, Denmark) and stained
manually with the double Envision Detection System
(Dako, Denmark), with MIB-1 (dilution 1:80, 25min RT,
DakoCytomation, Glostrup, Denmark) being the first
antibody, stained with Envision /HRP with DAB as a
chromogen (nuclear stain), and fascin (clone IM20,
dilution 1:300, 20min RT, Novocastra, Newcastle upon
Tyne, U.K.) being the second antibody, stained with
Envision /AP with Fast Red as a chromogen
(cytoplasmic stain).

Assessment of fascin immunohistochemical staining

All slides were initially evaluated by two
pathologists (GK, EK), blindly and independently.
During a subsequent joint evaluation a final consensus
immunoreactivity score was obtained and used for
statistical analysis. Cytoplasmic immunoreactivity of
tumor cells was assessed in comparison to the
immunoreactivity of endothelial cells, which were used
as internal positive controls. Two aspects of
immunoreactivity were semiquantitavely evaluated,
extent and intensity. The extent of immunoreactivity (EI)
was categorized into 4 groups according to the
percentage of immunostained neoplastic cells: <25%
(1+), 25%-50% (2+), 51%-75% (3+) and >75% (4+).
The intensity of immunoreactivity was also
semiquantitatively graded by comparing it to the staining
intensity of endothelial cells present in the same
histopathologic slide. Intensity was considered as “weak
to moderate” when it was less intense than that of
endothelial cells, “and “intense” when it was of similar
intensity to that of the endothelial cells.

After preliminary analysis of the findings, the
pathologists involved in the evaluation of the
immunohistochemical staining realized that the
visualized differences in the immunoreactivity among
various cases were appreciated best by counting only the
cellular subpopulation showing “intense” immuno-
histochemical staining, and expressing it as HIES
(Highest Immunohistochemical Expression Score). In
order to calculate HIES a value was assigned for the
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percentage of the said subpopulation (0, 1: <25%, 2: 25-
50%, 3: 50-75%, 4: >75%), with HIES ranging from 0 to
4.

Statistical evaluation

Statistical analyses were performed using the
Statistical Package SPSS 11.0 for Windows (Chicago,
U.S.A.). The Chi-square test or Fisher exact test was
used for qualitative data. The Mann-Whitney test was
used for quantitative data. A p value of 0.05 or less was
considered statistically significant.

Western blotting

Western Blotting experiments were performed on
proteins isolated from sections of tumor tissue kept at -
800C. Cells were lysed with NET-Triton Lysis Buffer
(0.01 M Tris-Cl, 0.1 NaCl, 1 mM EDTA pH 7.4, 1%
Triton X-100, 10% glycerol, 0.1% SDS, 0.5% Sodium
Deoxycholate and a cocktail of protease inhibitors).
Aliquots of lysates containing 10 pg of total protein for
fascin detection were run on 8-12% NuPAGE Tris-
Acetate gel (Invitrogen, Carlsbad, CA, USA) under
denaturing and reducing conditions. Proteins were
transferred to PVYDF membranes (BioRad, USA).
Nonspecific binding of antibody to the membrane was
blocked by one-hour incubation with 5% (w/v) non-fat
dry milk/0.01 (v/v) Tween 20 in PBS.

Immunoblot analysis was performed using mouse
monoclonal anti-fascin (1:50 dilution, IM20,
Novocastra, Newcastle upon Tyne, U.K.). Human 5-
actin monoclonal antibody (SIGMA, USA) was used as
a protein marker for the quantification of the protein
bands. Membranes were then immersed in ECL
detection solution (Santa Cruz, USA) and exposed to
XAR-5 film (Kodak, USA) for autoradiography. Protein
bands were quantified using Epson GT-8000 laser
scanner. The ratios of fascin protein band intensity
relative to B-actin band intensity were calculated for
each sample.

Results

A summary regarding fascin immunoreactivity is
presented in Tables 2 and 3. Representative examples of
fascin immunostaining are shown in Figures 1 to 6.

HIES was highest in carcinomas regardless of
histopathologic type (see table 2). HIES was lower in

Table 2. Fascin score and extent of immunoreactivity.

borderline tumors but the difference was not statistically
significant. Cystadenomas showed the lowest HIES,
lower not only than carcinomas, but also than borderline
tumors (p<0.0001). In addition HIES was found to be
significantly elevated in serous as compared to
endometrioid ovarian carcinomas (p=0.01), see table 3.
In borderline serous tumors there was an increase of
HIES when compared to mucinous borderline tumors
but the difference did not reach statistical significance
(p=0.06). Only two serous tumors with extensive
micropapillary areas were included in the study, with a
HIES of 1 and 3, respectively, so no definite conclusions
can be drawn concerning fascin positivity in these cases.
The exact numbers at the Tables are based on clone
IM20 staining, although both antibodies gave similar
results, with 55k-2 resulting in slightly higher staining
intensity in some cases.

HIES in metastatic foci was increased in comparison
to primary tumors, see table 4. The difference was not
statistically significant (p=0.07). Notably, increased
HIES values (mean 2.05) were observed in carcinomas
of advanced stages (3 and 4) whereas decreased HIES
(mean 0.83) was noted in stage 1 ovarian carcinomas.
The observed difference was proven to be statistically
significant (p=0.005). The corresponding values for
serous carcinomas were 2.21 for carcinomas of advanced
stage vs 1 for stage I (p=0.049).

We also studied another parameter, the extent of
immunoreactivity (EI), in a pattern analogous to that of
HIES (see table 2). EI was also higher in carcinomas
regardless of histopathologic type and it was
significantly lower in borderline tumors and

Table 3. Fascin score (HIES) in different tumor groups.

Tumor type Malignant Borderline Benign
Serous 2.10 1.7 0.06
Endometrioid 0.87 0* -
Mucinous 2* 0.6 0.12
Clear cell 1 - -
Other 1 - 0*

*one case each

Table 4. Fascin score in metastatic sites.

Number of cases

HIES El
Carcinomas 1.78 57.55
Borderline tumors 1.15 25

Cystadenomas 0.08 6.12

Increased 102
Unchanged 10°
Decreased 3¢
Total 23

2: In one case an increase was observed in 4 lymph nodes tested;
b: Four of the cases had HIES 4 in both primary tumor and metastasis;
¢ No omental metastases.
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cystadenomas (p=0.002 and <0.0001 respectively).
Similarly to HIES, the mean value of EI was higher in
serous than endometrioid carcinomas, higher in
carcinomas of advanced stages when compared to
carcinomas of stage 1, and in serous borderline tumors
when compared to mucinous tumors, but the statistical
evaluation did not reveal a difference of statistical
significance. A subset of 19 cases showing more than
80% of fascin immunoreactivity was characterized by
markedly increased HIES (mean 3.21), significantly
higher than that of all the other cases combined (mean
0.98, p<0.0001).

In general, non-neoplastic surface epithelium of the
ovary, as well as other epithelial elements, did not show
fascin immunoreactivity (Fig.1a). There was only weak
staining of an occasional mesothelial cell (not shown).
Exceptionally, a few cells in tubal epithelium showed
intense immunostaining (Fig. 1b). Fascin
immunostaining was noted in the ovarian stroma and
endothelial cells.

Intense immunostaining could be either extensive or
very focal (Fig. 2a,b). There were regions with intense
staining of the adjacent vasculature in the absence of

immunoreactivity of the tumor (Fig. 3b). The individual
tumor cells showed cytoplasmic localization of the
immunoreactivity with subtle enhancement at the
cellular periphery (Fig. 3a). Focally, there was basal
polarization of the reactivity, towards the underlying
stroma (Fig. 4b). In two borderline tumors with few foci
of microinvasion this phenomenon was particularly
prominent in tumor cells adjacent to these foci (Fig. 4b).
Some foci of microinvasion themselves showed strong
fascin immunoreactivity. In these cases, the extent of
immunoreactivity was also increased and it was not
restricted to the vicinity of the microinvasion. Overall,
serous carcinomas showed more intense and extended
immunoreactivity. Interestingly, in two carcinomas with
mixed differentiation, serous and endometrioid
phenotypes, included in the study, the serous component
showed preferential staining. In several cases of serous
carcinomas there were also qualitative differences of the
immunostaining. Specifically, there was more intense
staining of cells localized towards the periphery of the
papillae (Fig. 5a) and in these cells there was an almost
membrane-like or more accurately “submembranous”
distribution of the immunoreactivity (Fig. Sa-inset).

Fig. 1. a. Non-neoplastic surface epithelium of the ovary, in general without fascin immunoreactivity. Fascin immunostaining is noted in the ovarian
stromal and endothelial cells. b. Few cells in tubal epithelium showed intense immunostaining. x 200
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Fascin expression was also found in the stroma of
carcinomas. Often, stromal immunostaining was
intensified in the immediate vicinity of tumor nests, an
area that for the purpose of the discussion will be
designated as “IPS (immediate peritumoral stroma)”.
IPS immunoreactivity was noted even in the absence of
tumor cell staining and it was localized to
fibroblastic/myofibroblastic elements and the endothelial
cells (Fig. 6). Note that there was not any morphologic
indication that this IPS could be attributed to tumor
infiltrating dendritic cells. There was a tumor subgroup
consisting of 14 cases that showed high fascin
expression in the stroma. We did not observe significant
differences between this tumor subgroup and the rest of
the tumors. However, we noticed that stromal fascin
expression was decreased in a subset of carcinomas
showing high fascin expression (HIES above or equal to
2) and we found that this difference was statistically
significant (p=0.033).

There was not any statistically verified relationship
between tumor grade and HIES, although grade 3
carcinomas of all types showed increased HIES

compared to grade 1-2 carcinomas (mean 1.91 vs 1.73).
The respective values for serous carcinomas were 2.21
vs 1.75, but the difference was not statistically
significant.

Despite no clear association with tumor grade there
was an interesting association between HIES and MIB-1
immunoreactivity in the same tumor samples (Fig. 6-
double staining). Specifically, MIB-1 labeling index was
55.5% in all carcinomas showing HIES lower than 2 and
37.1% in all carcinomas showing HIES equal to or
higher than 2. This decrease of MIB-1 immunoreactivity
in tumors showing more intense fascin expression was
statistically significant (p=0.001). Similar findings were
noted when EI and MIB-1 labeling index were
compared.

Another interesting finding was the marked decrease
of both HIES and EI in a small subgroup of serous
ovarian carcinomas that were preoperatively treated by
chemotherapy (mean HIES 1.37 vs 2.10). The difference
was not proven to be statistically significant (p=0,08).

The relative amount of fascin protein in ovarian
tumour samples was also visualized by Western blotting

Fig. 2. Intense immunostaining could be either extensive (a) or very focal (b). a, x 100; b, x 200
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analysis. In 14 of the cases included in the study tumor
tissue kept at -80°C was tested. These included five
serous and three endometrioid carcinomas, three serous
and three mucinous borderline tumors. The median
fascin/B-actin band intensity ratio was 0.82 (range 0.63-
0.98) and 0.67 (range 0.44-0.85) for serous and
endometrioid carcinomas, respectively. Fascin protein
expression was significantly lower in mucinous than in
serous borderline samples: median 0.45 vs 0.66.
Although the number of samples examined by Western
blotting was lower than that examined by
immunohistochemistry, the results were comparable to
those obtained by fascin immunostaining. Representative
examples are shown in Fig. 7.

Discussion
Tumor cell motility is an important factor in

metastasis (Yamaguchi et al., 2005). Fascin is directly
involved in mechanisms controlling cellular motility and

indirectly in metastasis (Jawhari et al., 2003; Adams,
2004a; Hashimoto et al., 2005a). Our study showed that
fascin immunoreactivity is increased in primary ovarian
carcinomas of advanced stage and that in general it is
further increased in samples obtained from metastatic
sites. We have also shown that fascin immunoreactivity
is inversely related to MIB1 immunoreactivity. Possible
implications of the aforementioned observations are
discussed in the following.

Fascin expression in ovarian carcinomas has been
reported previously in cell lines and a limited number of
archival cases (Hu et al., 2000). There is overall
agreement between the findings by Hu et al. and ours.
Specifically, both of us found that fascin expression
increased in parallel with tumor progression from
borderline to advanced carcinomas. In addition, we
confirmed statistically the relationship between
increased fascin expression and advanced tumor stage.
This relationship was expected, since Hu et al. (2000)
found increased fascin expression in cell lines obtained

Fig. 3. a. Cytoplasmic localization of immunoreactivity with subtle enhancement at the cellular periphery was observed. b. Intense staining of the
adjacent vasculature in the absence of immunoreactivity of the tumor. a, x 400; b, x 100
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Fig. 4. A focus of microinvasion in a borderline serous tumor (a) showing increased fascin immunoreactivity (b). x 200

Fig. 5. a. In cases with mixed differentiation, serous and endometrioid phenotypes, the serous component showed preferential staining. x 200. b. Area
of endometrioid carcinoma, negative for fascin immunostain. Inset: HE stain. x 200, x 100
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Fig. 6. Double immunohistochemical labelling of fascin and Ki-67: an inverse association was often observed. Note IPS (immediate peritumoral stroma)
immunoreactivity. x 100

from advanced stage ovarian carcinomas.

Another study of ovarian carcinomas contained
different observations. Specifically, Kabukcuoglu et al.
(2006a) reported that epithelial fascin immunoreactivity
was not statistically different in cystadenomas vs.
borderline tumors or carcinomas. We found significant
differences of fascin between borderline tumors or
carcinomas vs. cystadenomas. In addition, we found
significantly increased fascin in advanced-stage tumors
vs. early stage carcinomas and in serous carcinomas vs.
endometrioid carcinomas

A careful review of the paper by Kabukcuoglu et al
(2006a), studying 132 neoplasms, reveals
methodological differences. The immunoreactivity
scores were calculated with different methods. They
added the score for extent and the score for intensity of
immunoreactivity. In addition, they did not specify how
the scoring for intensity of the immunoreactivity was
derived. We used the endothelial immunostaining as an
internal control in each slide, in accordance with
previous publications. More importantly, we chose to
highlight the neoplastic subpopulation showing the
highest intensity of immunoreactivity. The rationale for

fascin — — 58kDa

B_aCtin il — --_-_“ 43 kDa

Fig. 7. Western Blotting analysis of fascin protein in cell extracts of
frozen tumour samples: columns 1-2 represent samples of an
endometrioid carcinoma, 3- 4 of a mucinous borderline tumor, 5-8 of two
serous carcinomas.

this selection comes from studies using the so called “in
vivo invasion assays” (Wang et al., 2005), showing that,
at any given time and location within a tumor, the motile
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tumor cells -related to invasion and metastasis-
represented only a subset of the entire tumor cell
population. Finally, we tried to validate selected
immunohistological scores by comparing them to
western blotting results. Leaving the aforementioned
methodological issues aside, and studying the recent
literature one can find that, in other carcinomas, fascin
immunoreactivity has been related to tumor
aggressiveness estimated by TNM staging or patient
survival (Pelosi et al., 2003a; Yoder et al., 2005;
Zigeuner et al., 2006; Hashimoto et al., 2006; Choi et al.,
2006; Jin et al., 2006). Complete survival data is not yet
available for analysis in our cohort of patients but we
look forward to examining the role of fascin as a
potential prognostic indicator in ovarian carcinomas.

Our findings demonstrate, for the first time in
surgical material, that fascin immunoreactivity is
increased in samples obtained from metastatic ovarian
carcinomas compared to samples obtained from the
corresponding primaries. This observation suggests that
fascin may be an important factor in ovarian carcinoma
metastasis. Moreover, our findings are in agreement with
recent observations regarding the expression of BRMS]
(Zhang et al., 2006), which has been cloned as a
metastasis-suppressor gene for human breast cancer and
has been mapped to chromosome 11q13.1-q13.2 (Seraj
et al., 2000). In metastatic ovarian carcinomas BRMS1
is downregulated (Zhang et al., 2006). Its transfection in
highly metastatic ovarian carcinoma cell lines inhibits
metastasis and decreases cellular motility. One of the
functional roles assigned to BRMS1 is downregulation
of fascin expression. Fascin overexpression as a result of
BRMS1 downregulation has been proposed as an
important metastasis-promoting mechanism (Zhang et
al., 20006).

Generally, in surgical pathology, the prediction of
tumor behavior depends on the evaluation of several
parameters, one of them being the growth fraction.
MIB1 immunoreactivity is used frequently to estimate
the growth fraction of a tumor. MIB1 and fascin
immunoreactivities have been compared with variable
results. Some studies have suggested an inverse
relationship  between MIBI and  fascin
immunoreactivities (Pelosi et al., 2003a; Hashimoto et
al., 2006). We have confirmed that statistically and by
using double immunostaining. The latter showed clearly
that tumor cells overexpressing fascin were not cycling.
This finding is in agreement with the previously
expressed notion that the invading cells are not
proliferative (Wang et al., 2005). In addition, it
introduces the concept of using various markers to assess
tumor cell subpopulations with different characteristics.

Primary mucinous ovarian tumors do not show high
fascin immunoreactivity in general (Cao et al., 2004).
Especially, borderline mucinous tumors show limited
fascin expression. It is well known that various
adenocarcinomas metastatic to the ovaries may mimic
mucinous primaries, and focally they may simulate a
borderline mucinous tumor. Certain types of these

metastatic adenocarcinomas show increased fascin
expression (Lu et al., 2004; Hashimoto et al., 2006).
Thus, in agreement with the findings by Cao et al.
(2004), fascin immunoreactivity might be evaluated in
addition to other markers commonly used for the
diagnostic work-up of ovarian mucinous tumors, that is
cytokeratin 7, cytokeratin 20 and dpc4 (Wauters et al.,
1995; Chu and Weiss, 2002; Ji et al., 2002; Hart, 2005).

Our study was based on immunohistochemical data
and it could not overcome limitations imposed by the
nature of the investigative methodology. It was
presumed that enhanced immunostaining reflected
overexpression, for several reasons. The regulation of
fascin is predominantly transcriptional (Hashimoto et al.,
2005a). Fascin protein is in high demand during tumor
cell migration when repeated cycles of actin
polymerization and bundling take place (Nakagawa et
al., 2006; Vignjevic et al., 2006). In addition, fascin
mRNA quantification in whole tissue homogenates
would include non-neoplastic sources of fascin,
(endothelia and myofibroblasts), and it would reflect
changes in phenomena other than tumor cell migration,
such as neoangiogenesis and desmoplastic reaction.

Increased fascin immunoreactivity in ovarian
carcinomas, similarly to other carcinoma types, is
associated with certain features of increased tumor
aggressiveness. Future studies could determine if fascin
may become a routinely helpful marker in surgical
pathology or clinical oncology.
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