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ABSTRACT
Aims To evaluate the actin-bundling protein fascin-1
(FSCN1) as marker for borderline ovarian tumours
(BOTs).
Methods We analysed a retrospective cohort of 140
BOTs with validated diagnosis by an independent
pathologist. Immunohistochemical detection of FSCN1
was quantified as combined immunoreactive score (CIS)
blinded to clinical patient data. Analyses were first
performed for FSCN1 positive versus negative, and then
verified using three categories derived from the observed
distribution (negative, weak, strong; CIS 0, 1–2, 3–9).
Results We detected FSCN1 positivity in 51.4%, and
strong expression (CIS 3–9) in 14.3% of the samples.
FSCN1 positivity was associated with serous subtype
(p<0.001) and micropapillary pattern (p<0.001).
Correlation with micropapillary pattern remained
significant within the serous BOT (SBOT) subgroup
(p=0.022). Strong FSCN1 expression (CIS 3–9) was
associated both with the presence of implants
(p=0.022), and a higher International Federation of
Gynecology and Obstetrics (FIGO) stage (p=0.020).
Conclusions Our analysis links FSCN1 with SBOT with
micropapillary pattern. Strong expression is associated
with higher FIGO stage and the presence of implants,
both related to elevated risk of recurrence. Hence,
FSCN1 is an interesting marker worth further analyses of
its prognostic value in BOTs.

INTRODUCTION
Borderline ovarian tumours (BOTs) have been
extensively investigated since this category was
created 40 years ago.1 About 9%–15% of all serous
neoplasms are of borderline type and an incidence
of 2.5 per 100 000 women-years has been reported
for the USA.1 2 These tumours are puzzling neo-
plasms that do not fall neatly into benign or malig-
nant categories, their behaviour is enigmatic, their
pathogenesis unclear and their clinical management
controversial, especially for serous BOTs (SBOTs),
the most common of the five histological subtypes.3

Patients with a BOT tend to be younger than those
with invasive ovarian cancer and prognosis is excel-
lent for limited tumour extent and surprisingly
good even for those with extensive peritoneal
disease.4 Still some patients relapse or succumb to
disease.1 5 Since high-risk BOTs have not been
defined by consensus, identification of risk factors
for invasive recurrence or disease-related death is
pivotal.1 6 7 Much of the confusion and contro-
versy concerning these tumours is due to a lack of
understanding of their pathogenesis and the
absence of a model for the development of ovarian
carcinoma.3 To this end a unifying theory for

origin and pathogenesis of epithelial ovarian cancer
(EOC) has been proposed which distinguishes two
distinct groups (type I and type II) of tumours
including both borderline and invasive forms of the
disease.8 Kurman et al9 divided serous tumours
into five categories, consisting of adenoma or
benign disease, SBOTs devoid of micropapillary
patterns (now designated atypical proliferative
serous tumours), non-invasive micropapillary low-
grade serous carcinoma, invasive low-grade serous
carcinoma (invasive micropapillary serous carcin-
oma) and high-grade serous carcinoma.1 The main
issue was if patients with SBOTs with micropapil-
lary patterns should be included in a high-risk
group and their disease regarded as low-grade car-
cinoma.1 Molecular data seem to confirm the view
that invasive low-grade serous carcinoma develops
in a stepwise fashion from benign cystadenofibroma
to classic invasive low-grade serous carcinoma via
transformations to SBOT (or, atypical proliferative
serous tumours) and serous lesions with micropa-
pillary pattern.9–12 Several studies indicate that
SBOTs with micropapillary patterns have a worse
prognosis than lesions without this histological
feature13–18 but debate still exists.19 Indeed, SBOTs
with micropapillary patterns without implants
(stage I) or with non-invasive implants (stage II–III)
have the same prognosis as do SBOTs without
micropapillary patterns (or, atypical proliferative
serous tumours).9

A crucial step in the progression of ovarian
tumours relates to the alteration of intercellular
adhesion and cell motility.20 These processes are
modulated by many factors but one key regulator is
the actin-bundling protein fascin-1 (FSCN1), which
has been associated with invasion and metastasis in
different cancers.21–26 In previous work we demon-
strated that invasive EOC is associated with
increased expression of FSCN1.25 Moreover,
higher expression of FSCN1 was found in the
serous subtype of EOC. In the present study, we
have analysed the expression of FSCN1 in a cohort
of 140 BOTs. We found expression of FSCN1 to be
associated with SBOTs with micropapillary pattern.
However, not all SBOTs with a micropapillary dif-
ferentiation show FSCN1 expression. Therefore,
FSCN1 could be a valuable marker to differentiate
micropapillary cases with differing prognosis.

MATERIALS AND METHODS
Patients and samples
All analyses were performed according to the
‘REporting recommendations for tumour MARKer
prognostic studies’ (REMARK).27 A corresponding
REMARK diagram is given in online
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supplementary figure S1. We retrospectively assembled a cohort
of 156 BOTs undergoing surgical resection between January
1997 and September 2013 at the Goethe University Hospital in
Frankfurt/Main, Germany. Formalin-fixed paraffin-embedded
tissue samples were obtained from the Senckenberg Institute of
Pathology, University of Frankfurt, and were re-evaluated by a
second pathologist at the Institute of Pathology at the Charité
Universitätsmedizin Berlin, Germany. For 140 of the samples
with validated diagnosis sufficient archival material for immuno-
histochemical analysis was available. Pathological characteristics
of this cohort are listed in table 1. The Local Research Ethics
Committees approved studies of human tissue and samples were
processed anonymously.

Histopathological evaluation and immunohistochemistry
Routine histopathology sections stained with H&E were used
for primary diagnosis (KE) and second reviewing (RA) by two
experienced pathologists. Diagnosis and classification was per-
formed according to the current criteria of WHO.28 After
mounting on Superfrost Plus slides, paraffin sections (2 mm)
were dewaxed in xylene and rehydrated to water by a series of
graduated ethanol. For antigen retrieval, sections were incubated
for 20 min in a microwave oven (800 W) using EDTA buffer
(10 mmol/L; pH 8.0). Monoclonal anti-FSCN1 antibody (Cat.
no. M356701-08, Clone55K-2; Dako, Glostrup, Denmark) was
used at a 1:100 dilution. Incubation with the antibody for 1 h at
room temperature was performed. For negative controls, the
primary antibody was omitted. For secondary antibody incuba-
tion, the Dako REAL Detection System Alkaline Phosphatase/
RED (Dako) was applied, following the instructions of the
vendor. Sections were counterstained with haematoxylin.
FSCN1 were scored semiquantitatively (RA) based on the
product of staining intensity (SI) and percentage of positively
stained cells (PP) as a combined immunoreactive score (CIS):
CIS=SI×PP. SI was assigned as 0, negative; 1, weak; 2, moder-
ate or 3, intense. PP was defined as 0, none; 1, <25%; 2, 25%–

50%; 3, 51%–75% or 4, >80% positive stained cells. All assess-
ments were made blinded with respect to clinical patient data.
For samples consisting of invasive carcinoma with an underlying
borderline tumour in the histology only the borderline tumour
was scored.

Statistical analysis
χ2 and Fisher’s exact tests were used to determine the signifi-
cance of categorical variables, Mann–Whitney U test for the
analysis of continuous variables. All p values are two sided and
0.05 was applied as the significance level. Subjects with missing
values were excluded from the analyses. For the first analysis a
dichotomic classification between no expression of FSCN1
(CIS=0) and any expression (CIS>0) was used. Subsequently,
based on the distribution of the CIS a further separation in the
three categories was also applied. All analyses were performed
using SPSS Statistics V.22 (IBM).

RESULTS
Cohort
We retrospectively identified 156 cases of BOT from pathology
records. For 142 samples sufficient archival material was present
for standard H&E staining and immunohistochemistry using a
monoclonal antifascin antibody. However, on re-evaluation one
of the 142 samples was recharacterised as adenoma of the ovary
and for one BOT only material from implants was available,
leaving a total of 140 BOT samples for analysis.

Sample characteristics of the cohort
We finally studied a cohort of 140 BOTs with validated diagno-
sis by a second pathologist and sufficient archival material for
immunohistochemical analysis. Median age of patients was
49.5 years (IQR 36.0–64.3). Additional sample characteristics
are given in table 1. The majority of the samples were either of
serous (60.0%, SBOT) or mucinous subtype (32.1%, MBOT).
The high frequency of mucinous histology in BOT as compared
with EOC has also been described by others.29 The FIGO stage
for most of the patients was either IA (30.0%) or IC (37.9%).
Micropapillary pattern was observed for 22.9% (17.9% par-
tially) and implants were detected among 9.3% of the patients
(table 1).

To analyse consistency of subtype classification we also com-
pared results of the second pathology in the present study with
the original subtype classification from primary diagnosis avail-
able for 136 samples and found an overall agreement of 89.0%
(serous 98.8%, mucinous 86.7%, mixed 11.0%). For a subset of
22 samples the BOT diagnosis was also verified at the time of
primary diagnosis by an additional reference pathology. For this
subset of samples agreement with subtype classification from the
present study reached 100%.

FSCN1 expression in borderline tumours of the ovary
We next studied FSCN1 expression by immunohistochemical
analysis of tissue samples from all 140 borderline tumours from

Table 1 Sample characteristics

Characteristic according to second pathology n Per cent

Subtype
Serous 84 60.0
Mucinous 45 32.1
Endometroid 2 1.4
Mixed 9 6.4

FIGO stage
IA 42 30.0
IB 8 5.7
IC 53 37.9
II 7 5.0
III 7 5.0

IV 1 0.7
n.a. 22 15.7

Implants
No 127 90.7
Yes 13 9.3

Micropapillary pattern
No 108 77.1
Partially 25 17.9
Yes 7 5.0

Presence of in situ carcinoma*
No 121 90.7
Yes 13 9.3

Macroinvasion†
No 126 92.6
Yes 10 7.4

Microinvasion
No 137 97.9
Yes 3 2.1

*According to WHO criteria: Cribriform glands measuring 5 mm in one dimension and
nuclear atypia greater than that allowed in serous borderline ovarian tumour.28

†Macroinvasion refers to invasive carcinoma with underlying borderline tumour in the
histology.
FIGO, International Federation of Gynecology and Obstetrics; NA, not available.
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table 1. Representative examples of FSCN1 staining results are
shown in figure 1A–E. As previously reported, FSCN1 was loca-
lised to cell membrane and cytoplasm in all tumours with posi-
tive staining results. Fibroblasts, endothelial cells and dendritic
cells of surrounding lymphoid tissue stained positive for FSCN1
and served as internal positive controls. No expression was seen
in non-neoplastic epithelium. Intensity of staining and percent-
age of stained cells were scored separately and amalgamated as a
combined immunoreactive score (CIS, see Materials and
Methods section). For the first analysis we applied a dichotomic

classification between no expression of FSCN1 (CIS=0) and
any expression (CIS>0) resulting in 68 (48.6%) negative cases
and 72 (51.4%) positive cases, respectively. We then compared
this classification with sample characteristics as presented in
table 2. We found no strong differences regarding patients’ age,
FIGO stage, presence of in situ carcinoma, macroinvasion or
microinvasion and the presence of implants between samples
positive and negative for FSCN1, respectively (table 2). In con-
trast, FSCN1 positivity was highly correlated to serous subtype
of BOTs with 75.0% of samples with serous histology showing

Figure 1 Immunohistochemical detection of fascin-1 (FSCN1) expression in borderline tumours of the ovary. Immunohistochemical staining of
formalin-fixed paraffin-embedded borderline tumour tissues using FSCN1 antibody. Examples of tissue sections with different staining intensities are
shown: Serous borderline ovarian tumours (BOTs) with negative (A), weak (B), moderate (C) and intense (D) FSCN1 staining. An example of a
negative mucinous BOT is shown in (E). ×300, scale bar 500 mm.
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FSCN1 expression compared with only 16.1% among other
subtypes (p<0.001; table 2). Moreover, we also detected a high
frequency of FSCN1 positivity in those BOTs displaying a
micropapillary pattern. About 85.7% and 88.0% of samples
with micropapillary pattern and partially micropapillary pattern,
respectively, were positive for FSCN1, in contrast to only
40.7% of those with no micropapillary pattern (p<0.001;
table 2). To verify that this observation is independent from the
association of both FSCN1 expression and micropapillary

pattern with the serous subtype, we also repeated the analysis
within the subgroup of SBOT. As presented in table 3 we vali-
dated the significant association of micropapillary pattern with
FSCN1 expression even within this subgroup (p=0.044;
table 3).

We also analysed the CIS using additional categories.
Figure 2A shows the distribution of the observed CIS among
the 140 BOT samples. Based on the observed bimodal distribu-
tion we stratified samples into three categories with either no
FSCN1 expression (CIS 0), weak FSCN1 expression (CIS 1–2)
or strong FSCN1 expression (CIS 3–9). Figure 2B demonstrates
that expression of FSCN1 was mainly found in the subtype of
SBOTs independently of the applied cut-off (weak or strong,
p<0.001). Figure 2C demonstrates that the same holds true for
the association of micropapillary pattern with FSCN1 expres-
sion. However, since in SBOTs micropapillary pattern is recog-
nised as an important pathological feature, we also repeated this
analysis within the serous subgroup. Still we observed a trend
for an association of FSCN1 expression and micropapillary
pattern within this group (p=0.079; figure 2D). Finally, we ana-
lysed the association of strong FSCN1 expression (CIS 3–9)
with pathohistological parameters in our cohort. As shown in

Table 2 FSCN1 expression in borderline tumours of the ovary

Sample characteristic FSCN1 negative (CIS=0) Per cent FSCN1 positive (CIS>0) Per cent p Value

Frequency 68 48.6 72 52.1
Median age

(95% CI) 53.0 (48.5 to 57.4) 47.8 (43.9 to 51.8) 0.086
FIGO stage

IA 19 45.2 23 54.8 0.173
IB 3 37.5 5 62.5
IC 26 49.1 27 50.9
II 1 14.3 6 85.7
III 3 42.9 4 57.1
IV 0 0 1 100
n.a. 22

Subtype
Serous 21 25.0 63 75.0 <0.001
Mucinous 40 88.9 5 11.1
Endometroid 1 50.0 1 50.0
Mixed 6 66.7 3 33.3

Presence of in situ carcinoma*
No 66 47.2 67 52.8 0.39
Yes 8 61.5 5 38.5

Micropapillary pattern
No 64 59.3 44 40.7 <0.001
Partially 3 12.0 22 88.0
Yes 1 14.3 6 85.7

Macroinvasion†
No 63 50.0 63 50.0 0.75

Yes 4 40.0 6 60.0
Microinvasion

No 68 49.6 69 50.4 0.25
Yes 0 0 3 4.2

Implants
No 65 51.2 62 48.8 P=0.079
Yes 3 23.1 10 76.9

*According to WHO criteria: Cribriform glands measuring 5 mm in one dimension and nuclear atypia greater than that allowed in serous borderline ovarian tumour.28

†Macroinvasion refers to invasive carcinoma with underlying borderline tumour in the histology.
Significant p Values are given in bold face.
CIS, combined immunoreactive score; FIGO, International Federation of Gynecology and Obstetrics; FSCN1, fascin-1; NA, not available.

Table 3 FSCN1 expression and micropapillary pattern in SBOT

Sample
characteristic

FSCN1
negative

Per
cent

FSCN1
positive

Per
cent p Value

Micropapillary pattern
No 18 34.0 35 66.0 0.044
Partially 2 8.3 22 91.7
Yes 1 14.3 6 85.7

Significant p Values are given in bold face.
FSCN1, fascin-1; SBOT, serous borderline ovarian tumours.
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table 4 we observed a significant positive association of strong
FSCN1 expression with the presence of implants (p=0.022).
Moreover, strong FSCN1 expression was associated with a
higher FIGO stage (FIGO II and above, p=0.088; FIGO IC and
above, p=0.020).

DISCUSSION
In the present study, we analysed the expression of the actin-
bundling protein FSCN1 in a cohort of 140 BOTs. To our
knowledge, this represents the largest analysis of FSCN1 in
BOT up to date. The overall composition of our cohort with
respect to high prominence of SBOT and MBOT subtypes
(64.5% and 31.9%, respectively) resembled that of large
meta-analyses.29 In our analysis we found a highly significant
association of FSCN1 positivity both with serous histology
(SBOT) and with micropapillary patterns (p<0.001 for both).
Importantly, even within the subgroup of SBOT the correlation
of FSCN1 with micropapillary pattern is still significant
(p=0.044). Strong FSCN1 expression (CIS 3–9) was also asso-
ciated with the presence of implants (p=0.022) and a higher
FIGO stage. The comparison of FIGO I with FIGO II and
above only showed a trend (p=0.088, table 4) to significance,
presumably due to the small number of samples (n=8).
However, a significant difference was found for samples of
FIGO IC and above (p=0.020, table 4). Cases of FIGO IC are
characterised by capsule rupture and/or the release of malignant
cells in the peritoneal cavity. Unfortunately, not enough data
were available to distinguish cases with surgical tumour spill
(FIGO 1C1) from those with capsule ruptured before surgery

(FIGO 1C2). However, it seems unlikely that the surgical
tumour spill would be associated with FSCN1 expression.

The strength of our study is the large sample size, the use of a
central pathology as well as the blinded re-evaluation by a
second pathologist. Limitations, however, include the retrospect-
ive design of the analysis and most importantly the missing
follow-up of the patients.

The distinction between BOT and cystadenoma is based on
the presence of cellular atypia. BOTs are delineated from serous
low-grade and high-grade ovarian carcinomas by the presence of
destructive stromal invasion.30 Cystadenoma can progress to
BOT and finally becomes an ovarian carcinoma.30 However,
presently no final consensus on the definition of high-risk
SBOTs exists.1 6 7 Several factors have been associated with the
prognosis of BOT. Surgical pathological stage and classification
of extraovarian disease into invasive and non-invasive implants
are the most important prognostic indicators for SBOTs.31 On
the other hand, the presence of a micropapillary architecture in
the primary SBOT is a strong predictor of invasive implants.31 32

Since we found in our analysis that SBOT micropapillary archi-
tecture is associated with FSCN1 expression, it may be of inter-
est to correlate expression of this marker with relapse-free
survival. The loss of cell–cell adhesion and increased cell motil-
ity of epithelial precancerous or cancer cells is a fundamental
process in the progression to malignant disease. FSCN1 bundles
actin filaments thereby forming motility-associated cell struc-
tures and membrane protrusions resulting in a central role in
regulation of cell adhesion, migration and invasion.21 22 Much
of the controversy on SBOTs is due to the lack of understanding

Figure 2 Stratification of borderline
ovarian tumour (BOT) according to
three categories of combined
immunoreactive score (CIS) of fascin-1
(FSCN1) expression. (A) Based on the
observed distribution of CIS three
categories (CIS 0, CIS 1–2 and CIS 3–
9) were chosen for stratification. (B)
Distribution of CIS categories of FSCN1
expression in histological subtypes of
BOTs. (C) Distribution of CIS categories
of FSCN1 expression according to
micropapillary pattern. (D) Distribution
of CIS categories of FSCN1 expression
according to micropapillary pattern
within the subgroup of serous BOTs.
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of their pathogenesis.3 Analyses of SBOT on the molecular level
have shown that these tumours are frequently associated with
KRAS and BRAF mutations.33 Interestingly, in colorectal adeno-
carcinoma positivity for FSCN1 correlates with the presence of
KRAS mutations.34 On the other hand, Vignjevic et al35 have
recently shown that β-catenin-signalling is involved in regulating
FSCN1 expression in human colon cancer cells. Since mutated
KRAS activates CDK8 to stimulate epithelial mesenchymal tran-
sition (EMT) via the β-catenin pathway,36 KRAS is also involved
in FSCN1 regulation. These data are in line with the observa-
tion that activating EMT in SBOT promoted both cell migration
and invasion.37

Similar to the results obtained in BOTs we previously also
observed higher FSCN1 expression in the serous subtype of
EOC25 in line with results of other groups.38 Moreover, in a
smaller study restricted to serous histology a steady increase in
the frequency of FSCN1-positive samples comparing benign
serous cystadenoma (0%), SBOT (65%) and EOC (84%) was
seen, suggesting that upregulation of FSCN1 plays a role in
increasing aggressiveness of serous ovarian tumours.39 Similar
results of an increase in FSCN1 expression comparing benign
ovarian tissue with BOT and EOC have also been reported by
others.40–43

Taken together, our analysis links FSCN1 expression to
SBOT with micropapillary pattern. In addition, strong expres-
sion of FSCN1 is associated with higher FIGO stages and the
presence of implants, both of which are related to an elevated

rate of recurrence. Hence, FSCN1 is an interesting marker
and may be worth further analyses of its prognostic value in
BOTs.

Take home messages

▸ Risk factors for invasive recurrence of borderline ovarian
tumours (BOTs) are needed.

▸ Strong fascin-1 (FSCN1) expression was found in 14.3% of
BOTs linked to features related to elevated risk of recurrence
such as serous subtype, higher FIGO and the presence of
implants.

▸ FSCN1 could be a valuable marker worth further analyses of
its prognostic value in BOTs.
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REMARK diagram 


n=156  BOT  (1997-2013) 


second pathology,   FSCN1 IHC 


n=140 BOT  (analysis cohort, Table 1) 


FSCN1 negative (CIS=0, n=68)   vs.  positive (CIS>0, n=72) 
(Table 2) 


n=15 unsufficient material or failed IHC, n=1 reclassified 


Suppl. Figure S1 


FSCN1 negative(CIS=0)  / weak(CIS=1-2)  / strong(CIS 3-9) 
(Fig. 2, Table 4) 





