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Abstract
No molecular targeted drug has been developed for poor-prognostic
triple-negative breast cancer (TNBC) because it has no hormone or
human epidermal growth factor receptor 2 (HER2) sensitivity. In
addition, TNBC has recently been sub classified into 6 types. In
this study, we analyzed the expression of Fascin, an actin-binding
protein associated with breast cancer, in 301 invasive breast cancer
samples. Of these, 32 were identified as TNBC and were classified
into the basal-like type and other non-basal-like subtypes. We
also investigated the association of Fascin expression with clinic
pathological factors. In the 301 breast cancer samples, the Fascinpositive rate was 56% (95% confidence interval [CI95%], 49-63)
in luminal A, 14.3%([CI95%], 0-29) in luminal B (HER2-negative),
52.9% ([CI95%], 36-70) in luminal B (HER2-positive), 31.3%([CI95%],
15-47) in HER2-positive (non-luminal), and 81.3% ([CI95%], 6895)in TNBC samples. In the 32 TNBC samples, the frequency
of positivity for Fascin staining significantly increased for a Ki-67
index of 30% or above (P = 0.00013). The Fascin expression rate
in the basal-like type of TNBC was significantly higher than that in
the non-basal-like types (P = 0.0056). These findings showed the
strong relationship between Fascin expression and the basal-like
type of TNBC. It is expected to be expressed in Fascin-positive
cells in proliferative basal-like type TNBC. The results suggest that
Fascin plays a role as a marker of malignant potential in basal-like
type TNBC and enhanced Fascin expression resulted in high cell
growth in TNBC in Japanese women. Thus, Fascin may be a new
candidate therapeutic target for TNBC in Japanese women.
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Introduction
Breast cancer is the most common cancer in women worldwide
and is classified into various subtypes based on gene expression
analysis. Triple-negative breast cancer (TNBC) is a subtype that does
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not express estrogen receptor (ER), progesterone receptor (PgR),
and human epithelial growth factor receptor (HER2) [1]. TNBC
accounts for 10-15% of breast cancer cases and has poor prognosis
accompanied with distant metastasis in 30% of cases [2]. Owing
to the lack of a specific target, hormone therapy and anti-HER2
treatments are ineffective, making the treatment of this breast cancer
subtype difficult. Moreover, the rates of metastasis to visceral organs,
as well that to the brain, and recurrence are high in TNBC and the
prognosis is poor. Since TNBC is not sensitive to hormone therapy,
no molecular target drug has been established, and the development
of new therapy is strongly needed.
TNBC has recently been subclassified into 6 types: the basal-like
(BL) types, i.e., BL1 and BL2, and the non-basal-like types, i.e., the
immunomodulatory (IM), mesenchymal (M), mesenchymal stem
like (MSL), and the luminal androgen receptor (LAR) types [3]. To
establish molecular targeted therapy for each subtype, it is critical to
identify the characteristics of and targets for the individual subtypes.
Fascin, a major actin filament-crosslinking protein encoded by
the FSCN1 gene, increases cell motility by reorganizing the distribution
and activity of the actin cytoskeleton. In tumor cells, Fascin tightly
bundles actin filaments to form finger-like plasma membrane
protrusions, invadopodia, which are associated with invasion. Fascin
expression is upregulated in various epithelial malignancies, including
high-grade breast carcinoma. Fascin is an actin-binding protein that
localizes in tumor margins; it forms membrane protrusions while
guiding the tip of the cell [4]. In addition, inverse correlations among
Fascin expression, ER, and PgR [5] and the correlation of Fascin
with poor-prognostic TNBC [6] have been reported. A recent study
showed a highly significant correlation between Fascin expression
and TNBC, especially in African-American women [7].
The aim of this study was to examine Fascin as a marker of high
malignant potential in basal-like TNBC in Japanese women and
investigate the relationship of Fascin expression with Ki-67 expression in
different TNBC subtypes by performing immunohistochemical analysis.
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Materials and Methods

antibody (1:100, DAKO).

Samples

The intensity was scored according to the overall appearance
as judged at different powers of magnification. The staining was
estimated using the German immunoreactive score technique as
follows [8]: slides were assessed for both the proportion of cells
stained and staining intensity. Proportions were scored as follows: 0,
no cell staining; 1, 1-25% stained cells; 2, 26-50% stained cells; 3, 5075% stained cells; or 4, > 75% stained cells. The intensity was scored
as follows: 0, no staining; 1, weak; 2, moderate; or 3, strong staining.
The two scores were simplified into negative or positive. A final
score > 3 was regarded as positive and < 3 was regarded as negative.
The scoring was done manually by more than three individuals in a
blinded manner.

Tumor specimens excised from 301 primary invasive ductal
breast cancer patients at the department of surgery, division of breast
surgery, Showa University School of Medicine, in 2011 were used.
The use of samples was approved by the ethics committee of Showa
University School of Medicine (application number: 1,374). In this
study, patients with multifocal, metachronal, or bilateral breast cancers
were excluded; the patients included had not received chemotherapy
or hormone therapy before surgery.

Immunohistochemical staining
All samples were fixed in 10% formalin for 24 hours, and serial
sections with 4 μm thickness were affixed to and dried on silanecoated slide glasses. After deparaffinization, preparations for Fascin
staining were treated with 0.3% H2O2 for 10 minutes to remove
endogenous peroxidase, followed by blocking with nonspecific
blocking reagent (X0909, DAKO, Glostrup, Denmark) for 5 minutes.
They were then reacted with the primary antibody, anti-Fascin
antibody (1:100, DAKO), for 1 hour followed by reaction with
Envision/HRP-labeled secondary antibody for 30 minutes. The color
was developed using DAKO DAB Liquid System. For CK5/6 (1:100,
DAKO), antigen activation by heat treatment was used before the
reaction with primary antibody. EGFR was treated with proteinase
K, which was followed by the use of the Envision method (diluted
antibody, NICHIREI BIOSCIENCES Inc., Tokyo, Japan). For Ki-67,
antigen activation treatment was applied before reaction with primary

Statistical analysis
Data were analyzed using the chi square test and P < 0.01 was
regarded as significant.

Results
The Fascin-positive rates were 56% (confidence intervals [CI95%],
49-63), 14.3% ([CI95%], 0-29), 52.9% ([CI95%], 36-70), 31.3% ([CI95%],
15-47) and 81.3% ([CI95%], 68-95) in the luminal A, luminal B
(HER2-negative), luminal B (HER2-positive), and HER2-positive
non-luminal types and TNBC, respectively, showing that the rate
was high in TNBC (Figure 1). Of the 32 TNBC patients, 14 and 12
patients younger than 50 years and 50 years old or older, respectively,
were Fascin-positive. The results for the Fascin-positive and negative
groups did not differ significantly by age (P = 0.17). For 16 and 10
patients, tumors with diameters lesser than 2 cm and 2 cm or larger,
respectively, were Fascin-positive (P = 0.21). The Ki-67 indices were
below 30% and 30% or higher in 1 and 25 Fascin-positive cases,
respectively. The Fascin-positive rate was significantly higher in
Table 1: Associations of clinicopathology factors with Fascin expression of TNBC.
Fascin positive
Age

14
12

1
5

0.17

Tumor size < 2 cm
≧ 2 cm

16
10

2
4

0.21

1
25

4
2

0.00013

CK5/6

<30%
≧ 30%

positive
negative

14
12

1
5

0.099

positive
negative

19
7

3
3

0.27

23
3

3
3

0.0056

Ki-67

Figure 1: The Fascin-positive rates were 56% (confidence intervals [CI95%],
49-63), 14.3% ([CI95%], 0-29), 52.9% ([CI95%], 36-70), 31.3% ([CI95%], 15-47)
and 81.3% ([CI95%], 68-95) in the luminal A, B (HER2-negative), and B (HER2positive) types, HER2-positive non-luminal type, and TNBC, respectively.

Fascin negative P

< 50
≧ 50

EGFR
Subtype

basal-like
Non basal-like

Figure 2: Immunohistochemical staining. (A) HE stain oftriple-negative breast cancer. (B) Ki-67 stain of triple-negative breast cancer. (C) Fascinstain oftriplenegative breast cancer. Fascin-positive in cytoplasm of tumor cells. (D) HE stain of luminal A. (E) Ki-67 stain of luminal A. (F) Fascin stain of luminal A. Fascin found
in tumor cells shown by arrows(magnification × 200).
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masses with a 30% or higher Ki-67 index (P = 0.00013). Regarding the
indices of TNBC sub classification, CK5/6 was positive in 14 and 12
Fascin-positive cases, respectively. CK5/6 results did not significantly
differ between the Fascin-positive and negative groups (P = 0.099).
EGFR plus Fascin-positivity were seen in 19 cases. EGFR-negative
plus Fascin-positive results were obtained in 7 cases. EGFR expression
did not significantly differ between the Fascin-positive and negative
groups (P = 0.27). The subtype was basal-like and non-basal-like in
23 and 3 Fascin-positive cases, respectively. The Fascin-positive rate
was significantly higher in the basal-like subtype (P = 0.0056; Figure
2, Table 1).

Discussion
Fascin-1 is a 55-kDa actin-binding protein, and its expression
has been reported to be similar between embryogenesis and cancer
histogenesis. It is also a tissue-specific protein expressed in nerves,
follicular dendritic cells of lymphoid tissue, and cells of the basal
lamina of stratified squamous epithelium from the embryogenesis
to adult stages in humans [7]. It is used as a prognostic marker of
oral squamous cell carcinoma [9] because its expression in invasive
adenocarcinoma of the endocervix [10], melanocytes in the oral
cavity, and highly malignant tumors of the uterus and human
lung tissue has been confirmed. The possibility of Fascin-1 being a
prognostic factor of breast cancer has been reported because it was
expressed at a higher level in breast cancer stages T0-1, 2, and 3 than
in the normal mammary gland, and the expression level was positively
correlated with the survival rate [11]. Furthermore, it was reported
that Fascin represents a potentially significant marker for targeted
therapy, especially in African-American women [7]. However, to our
knowledge, no such studies had been conducted on Fascin expression
in Japanese women.
Ki-67 is a protein present during all active phases of the cell
cycle (G1, S, G2, and M) and is a cellular marker for proliferation.
Ki-67 is strictly associated with cell proliferation. The Ki-67 index is
used to determine high malignant potential of breast cancer in many
institutions. The Ki-67 index evaluation varies across institutions
and is not unified across settings [12]. In our 32 TNBC patients, the
Fascin-positive rate was higher in basal-like type TNBC than the other
subtypes, strongly suggesting that basal-like type TNBC and Fascin
expression are associated. The Ki-67 index was significantly higher in
the Fascin-positive TNBC, and it appeared that the enhanced Fascin
expression was related with high cell growth activity in TNBC in
Japanese women. Our current results indicate that Fascin expression
is as useful as the Ki-67 index as an indicator of high malignant
potential.
In 2011, Pietenpol et al. subclassified TNBC into 6 subtypes
[13]. Of these, the BL1 and BL2 types account for 50% of all cases,
and CK5/6 and EGFR are positive. We divided the patients into the
basal-like (BL1, BL2) and non-basal-like (IM, M, MSL, LAR) types
and investigated the association with Fascin expression. The Fascinpositive rate was higher in the basal-like than non-basal-like types.
CK5/6 and EGFR were expressed at specifically high levels in the
basal-like type. Basal-like type cell growth is very high, and cell
cycle-related genes and DNA damage response genes (BRCA1 and
BRCA2) are highly expressed [14,15]. Fascin, which binds to the
actin cytoskeleton, is expressed during cell proliferation. Our results
showed that Fascin was highly expressed in the basal-like type.
Macromolecular keratin CK5/6 (58 kDa, 56 kDa) is expressed
in basal cells, mesotheliomas, and squamous cells in the active
proliferation period. Analysis of the expression of one or more high
molecular weight basal cytokeratins (CK5/6, CK14, and CK-17)
and/or epidermal growth factor receptor (EGFR) is most commonly
accepted as a method for identifying basal-like differentiation. EGFR
is a receptor tyrosine kinase (RTK) of the ErbB family. Multiple
signaling pathways, such as PI3K/AKT, mitogen-activated protein
kinase (MAPK), and Wnt/β-catenin, are activated by EGFR to
enhance proliferation, survival, invasion, and metastasis of cancer
cells. Expression of EGFR is frequently associated with TNBC and
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has been viewed as a promising therapeutic target. Unfortunately, the
therapeutic efficacy of EGFR-targeting agents has been disappointing
in breast cancer, suggesting that other molecular drivers also contribute
to the malignancy [14,15]. EGFR is expected to be expressed in
Fascin-positive cells of proliferative basal-like type TNBC. EGFR is
present on the cell membrane surface, expressed at a high level in
cancer tissue, and is resistant to hormone therapy, chemotherapy,
and radiotherapy, being related to poor prognosis and treatment
resistance [16,17]. Based on these findings, it was clarified that EGFR is
specifically expressed in Fascin-positive tissue of malignant basal-like
type TNBC associated particularly with markedly proliferative tissue.
This study suggested that enhanced Fascin expression was related to
high cell growth activity of TNBC in Japanese women. It is expected
to be expressed in Fascin-positive cells of proliferative basal-like type
TNBC. Fascin may play a role as a marker of malignant potential in
basal-like type TNBC and may be a new therapeutic candidate for
TNBC in Japanese women.
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