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Abstract
Purpose Triple negative breast cancer (TNBC) patients generally have an adverse clinical outcome because their tumors often
recur and metastasize to distant sites in the first 3 years after surgery. Therefore, it has become pivotal to identify potential factors
associated with metastasis. Here, we focused on the effects of S100P and Ezrin on the trans-endothelial migration (TEM) of
TNBC cells, as they have both been suggested to play a role in this process in other malignancies.
Methods The expression of S100P and Ezrin was examined by immunohistochemistry in 58 primary TNBC samples. The
mRNA and protein levels of S100P and Ezrin were assessed in breast cancer-derived cell lines using qRT-PCR and Western
blotting, respectively. Proliferation and migration assays were performed using TNBC-derived MFM-223 and SUM-185-PE
cells transfected with S100P and Ezrin siRNAs. Two different timeframes were employed for TEM assays using TNBC-derived
cells and human umbilical vein endothelial-derived cells, respectively. Correlations between the status of EzrinThr-567 expression
and various clinicopathological features were analyzed by immunohistochemistry.
Results We found that S100P and Ezrin double negative TNBC cases were significantly associated with a better disease-free
survival. We also found that single and double siRNA-mediated knockdown of S100P and Ezrin in TNBC-derived cells
significantly inhibited their TEM and destabilized the intercellular junctions of endothelial cells. In addition, we found that
EzrinThr-567 immunoreactivity significantly correlated with vascular invasion in TNBC patients.
Conclusions From our data we conclude that S100P, Ezrin and EzrinThr-567 are involved in the trans-endothelial migration of
TNBC cells and that they may serve as potential targets in TNBC patients.
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1 Introduction

Triple negative breast cancer (TNBC) is defined by absence of
the estrogen receptor, progesterone receptor and human epi-
dermal growth factor receptor 2 (HER2). Treatment of TNBC
patients has been challenging due to the intratumoral hetero-
geneity and the lack of specific targeted therapies [1]. The
only systemic treatment option available is chemotherapy
with standard cytotoxic agents including anthracyclines and
taxane combination treatment [2, 3]. TNBC patients have gen-
erally an adverse clinical outcome due to recurrences and me-
tastases to distant organs such as bone, lung brain and liver in
the first 3 years following the first surgery [4–7]. Therefore, it
is pivotal to identify factors that can predict postoperative
metastasis at the time of surgery.

S100P is a member of the S100 family of small calcium-
binding proteins containing an EF hand motif that has a
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high affinity for calcium. S100P has been found to have
multiple functions, including calcium homeostasis, differ-
entiation and proliferation regulation [8–12]. It was first
detected in placenta and later in various other normal tis-
sues [13]. S100P has also been found to be expressed in
diverse malignancies, and to be associated with their pro-
liferation, metastasis and poor clinical outcome [8, 14].
Although S100P expression has also been found to be el-
evated in TNBC tissues [15] and to be associated with a
poor survival of TNBC patients [16], its exact role and
mode of action still remain to be established.

Ezrin is a member of the ERM (Ezrin, Radixin,
Moesin) family of proteins that links F-actin to the cell
membrane following phosphorylation, thereby playing an
important role in structure formation of cells, motility and
endocytosis [17, 18]. The C-terminal domain of ERM
proteins is capable of binding to the N-terminal domain
of the same molecule, resulting in a dormant conforma-
tion [19]. ERM proteins are activated after binding of the
N-terminal domain to PIP2 (Phosphatidylinositol 4, 5-
bisphosphate), which is located at the cell membrane, af-
ter which threonine residues are phosphorylated (i.e.,
Ezrin T567, Radixin T564, Moesin T558) [19–21]. Ezrin
has been reported to be upregulated in various cancer
tissues compared to their normal counterparts, including
breast and lung cancer, and has been associated with tu-
mor invasion and metastasis [22–25]. However, the mech-
anisms underlying the role of Ezrin in these processes
have so far remained unknown.

It has been suggested that S100P dimers, formed in
response to increases in cellular calcium concentrations,
can bind and activate Ezrin [26–28]. This interaction
has been reported to promote trans-endothelial migration
(TEM) in lung and pancreatic cancer patients [29–31].
As yet, the effect of this interaction in breast cancer
patients, particularly TNBC patients, has not been ex-
amined. Here, we set out to elicit possible effects of
S100P and Ezrin on the TEM of TNBC cells.

2 Materials and methods

2.1 Patients

In total 58 paraffin-embedded TNBC tissue specimens were
obtained from patients undergoing surgical resection from
1998 to 2008 at Tohoku University Hospital (Miyagi, Japan)
for immunohistochemistry. The mean age of the patients was
55.3 years (range: 30 to 81 years). This study was approved by
the Ethics Committee at the Tohoku University School of
Medicine (2012–1-185). Informed consent was obtained from
all patients.

2.2 Immunohistochemistry

A Histofine kit (Nichirei Bioscience, Tokyo, Japan), based on a
biotin-streptavidinmethod, was used for immunohistochemistry
(IHC). Paraffin sections (3μm thick) were dewaxedwith xylene
and ethanol. Next, antigen retrieval was performed by heating
the slides in an autoclave at 121 °C for 5 min in antigen retrieval
buffer, pH 9.0 (Nichirei Bioscience) for S100P immunostaining,
and in a microwave for 20 min in citrate buffer, pH 6.0 for Ezrin
and EzrinThr-567 immunostaining. The sections were subse-
quently washed with PBS and incubated for 30 min at room
temperature with blocking solution, after which they were incu-
bated overnight at 4 °C with primary antibodies. The conditions
of the primary antibodies employed in this study are listed in
Table 1. Endogenous peroxidase activity was quenched by im-
mersing the slides in 0.3% hydrogen peroxide in methanol for
30 min at room temperature. The sections were subsequently
incubated with a biotinylated secondary antibody for 30 min at
room temperature and peroxidase labeled using a streptavidin
solution. Finally, the proteins were visualized using a 3, 3-
diaminobenzidine (DAB) solution and the sections were coun-
terstained with hematoxylin. Normal stomach, colon and skin
were used as positive controls for S100P, Ezrin and EzrinThr-567

staining, respectively. In order to evaluate cytoplasmic expres-
sion of the proteins, a semi-quantitative scale (Immunoreactive

Table 1 Antibodies used in this
study Antigen Clone Species Reference Dilution

IHC WB ICC

S100P EPR6143 Rabbit Abcam 1:500 1:200

Ezrin Polyclonal Rabbit CST 1:100 1:1000

EzrinThr-567 Polyclonal Rabbit SAB 1:1000

β-actin AC-15 Mouse Sigma 1:1000

Pan-cytokeratin AE1/AE3 Mouse Abcam 1:200

CST, Cell Signaling Technologies (Danvers, MA, USA); SAB, Signalway Antibody (College Park, MD, USA);
Sigma, Sigma-Aldrich (St. Louis, MO, USA); IHC, Immunohistochemistry; WB, Western blotting; ICC,
Immunocytochemistry
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Score (IRS)) was applied, which takes into account the intensity
of the color reaction (0: no reaction, 1: weak reaction, 2: mod-
erate reaction, 3: intense reaction) as well as the proportion of
positive cells (0: no positive cells, 1: < 10% positive cells, 2: 10–
50% positive cells, 3: 51–80% positive cells, 4: > 80% positive
cells) as previously described [12]. The final scores represent the
products of points given for the individual characteristics and
ranges between 0 and 12. The scores were classified into two
groups as follows: low: 0–6, high: 8–12 for S100P, low: 0–4,
high: 4–12 for Ezrin and EzrinThr-567.

2.3 Cell culture

The human breast cancer-derived cell lines MCF-7, T-47D,
ZR-75-1, SK-BR-3, MDA-MB-231 and MDA-MB-453 were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). MCF-7, T-47D, ZR-75-1 and SK-BR-3
cells were cultured in RPMI-1640 medium (Sigma-Aldrich,
St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS, Biosera, Boussens, France) at 37 °C in an atmosphere
containing 5% CO2. MDA-MB-231 and MDA-MB-453 cells
were cultured in Leibovitz’s L-15medium (Life Technologies,
Carlsbad, CA, USA) containing 10% FBS at 37 °C in a hu-
midified atmosphere according to the supplier’s description.
The TNBC-derived cell lines MFM-223 and SUM-185-PE

were obtained from the Cell Bank Australia (Westmead,
NSW,Australia) and Asterand (Detroit, MI, USA), respective-
ly. MFM-223 cells were cultured in Minimum Essential
Medium (Life technologies) containing 10% at 37 °C, 5%
CO2 and SUM-185-PE cells were cultured in HAM F-12 me-
dium (Sigma-Aldrich) containing 5% FBS, 1 μg/ml
Hydrocortisone (MP Biomedicals, Santa Ana, CA, USA),
5 μg/ml insulin (Sigma- Aldrich) and 2 mM L-glutamine
(Life Technologies) at 37 °C, 5% CO2. The immortalized
human umbilical vein endothelial cell line HUEhT-1 was ob-
tained from the JCRB Cell Bank (Osaka, Japan) and cultured
in MCDB131 medium (Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% FBS, 0.03 g/L endothelial cell
growth supplement (Sigma-Aldrich), 5 μg/ml heparin
(Sigma-Aldrich) and 10 mM L-glutamine (Wako: Wako pure
chemical industries, Osaka, Japan) at 37 °C, 5% CO2.
Trypsin-EDTA (Life technologies) was used for cell passage.

2.4 Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using TRI reagent (Cosmo Bio,
Tokyo, Japan). After extraction, chloroform (Wako) was added
to each sample, followed by shaking, incubation for 3 min at
room temperature and centrifugation (13,000 rpm, 4 °C,
15 min). The resulting water phase was transferred to clean

Table 2 Primer sequences used in
this study Target Sequence (5′→ 3′)

RPL13A Forward GAT CCA CTA CCG GAA GAA ACA G

Reverse ATG GAG GAA GGG CAG GCA AC

S100P Forward ACG CAG ACC CTG ACC AA

Reverse ACG AAC ACG ATG AAC TCA CTG

Ezrin Forward CGC TCTAAG GTT CTG CTC T

Reverse TCC TGG GCA GAC ACC TTC TTA

CDH1 (E-cadherin) Forward GCC TCC TGA AAA GAG AGT GGA AG

Reverse TGG CAG TGT CTC TCC AAATCC G

Vimentin Forward TCA GAATAT GAA GGA GGA AAT GGC

Reverse GAG TGG GTATCA ACC AGA GGG AGT

Table 3 Target sequences used in this study

Targets Sequence (5′→ 3′) Concentration

S100P #1 Sense CCU GUC ACA AGU ACU UUG AGATT 5 nM
Anti-sense UCU CAA AGU ACU UGU GAC AGG TT

S100P #2 Sense CAC GUC UGC CUG UCA CAA GUATT

Anti-sense UAC UUG UGA CAG GCA GAC GUG TT

Ezrin #1 Sense GGA GCA GCA CCU UCA GGA UTT MFM-223:
25 nM
SUM-185-PE:
30 nM

Anti-sense AUC CUG AAG UGC UGC UCC TT

Ezrin #2 Sense AAG CAG CAG CUG AAC AAC AUG TT

Anti-sense CAU GUU GUU CAG CUG CUG CUU TT
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tubes after which total RNAwas precipitated using isopropanol
(Wako). Following centrifugation (13,000 rpm, 4 °C, 10 min),
RNA pellets were washed twice in 70% ethanol (Wako),
allowed to dry and dissolved in distilled water (Qiagen). After
measurement of the RNA concentrations using Nano Drop One
equipment (Thermo Fisher Scientific), cDNA was synthesized
using a QuantiTect reverse transcription kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. In brief,
1 μg RNA of each sample was incubated with gDNAWipeout
Buffer (2 μl) and RNase free water (variable, 14 μl of total
reaction volume) for 2 min at 42 °C in a Life Touch Thermal
Cycler (Bioer Technology, Hangzhou, China). After the subse-
quent addition of Quantiscript RT buffer (4 μl), a RT Primer
Mix (1μl) andQuantiscript Reverse Transcriptase (1μl), cDNA
was synthesized through incubation for 30 min at 42 °C and

3min at 95 °C in a Thermal Cycler. qRT-PCRwas carried out in
triplicate using a LightCycler 96 System (Roche Diagnostics,
Mannheim, Germany) in conjunction with a FastStart Essential
DNA Green Master (Roche) according to the manufacture’s
instruction. Reactions were performed as follows: 15 min
95 °C→ 10 s 95 °C, 10 s 63 °C, 15 s 72 °C (40 cycles). All
mRNA quantitative data were normalized to the RPL13A ex-
pression level. Primers were obtained from Nihon Gene
Laboratories (Miyagi, Japan) and their sequences are listed in
Table 2.

2.5 Western blotting

Total cell protein samples were extracted using Mammalian
Protein Reagent (M-PER, Thermo Fisher Scientific)

Fig. 1 S100P and Ezrin immunoreactivity is significantly associated with
a worse disease-free survival of TNBC patients. (a-c) Representative
illustrations of S100P expression in normal stomach (positive control;
a) and S100P-positive (b) and -negative (c) TNBC cases. (d-f)
Representative illustrations of Ezrin expression in normal colon (positive

control; d) and Ezrin-positive (e) and -negative (f) TNBC cases. (g)
Disease-free survival and (h) overall survival of TNBC patients according
to their combined S100P and Ezrin expression status using Kaplan-Meier
analyses. Statistical significance was assessed using the Wilcoxon test.
Scale bar = 50 μm
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containing 1% Halt Protease Inhibitor Cocktail (Pierce
Biotechnology, Rockford, IL, USA) and EDTA (Pierce
Biotechnology) followed by centrifugation for 10 min at
4 °C and 15,000 rpm. The protein concentrations were mea-
sured using a Protein Assay Rapid kit (Wako), based on a
pyrogallol red method. Next, approximately 15 μg protein
samples were denatured in a Sample Buffer Solution (Wako)
supplemented with 2-mercaptoethanol (Wako) for 4 min at
100 °C, subjected to SDS-PAGE and transferred to
Immobilon Transfer Membranes (Merck Millipore, Billerica,
MA, USA). After blocking with TBS containing 0.05%
Tween 20 (TBS-T, Wako) and 5% skim milk (Wako), the
membranes were incubated overnight at 4 °C with primary
antibodies (listed in Table 1). Subsequently, the membranes
were washed with TBS-T and incubated with HRP-
conjugated Mouse IgG (GE Healthcare, Buckinghamashire,
UK) or HRP-conjugated Rabbit IgG (GE Healthcare) for 1 h
at room temperature. Finally, the membranes were washed
with TBS-T and the protein bands were visualized using an
ECL-Prime Western Blotting Detection Reagent (GE
Healthcare) in conjunction with a ChemiDoc XRS+ System
(Bio-Rad, Hercules, CA, USA).

2.6 Small interfering RNA (siRNA) transfection

siRNA transfections were performed using a MISSION
Universal Negative Control siRNA (siNC) and S100P and
Ezrin MISSION siRNAs (Sigma-Aldrich). The target se-
quences of the siRNAs are listed in Table 3. Appropriate
amounts of siRNA were incubated with Opti-MEM (Life

Technologies) and Lipofectamine RNAiMAX (Invitrogen,
Carlsbad, CA, USA) for 30 min at room temperature, after
which each siRNA was transfected into MFM-223 and
SUM-185-PE cells for 72 h.

2.7 Cell proliferation assay

Cell cultures were performed at 37 °C in a 5% CO2 incubator.
Changes in cell proliferation were evaluated in quintuplicate
using a Cell Counting Kit-8 assay (CCK-8; Dojindo,
Kumamoto, Japan), based on a WST-8 [2- (2-methoxy-4-nitro-
phenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt] method according to the manufacturer’s
instructions.

2.8 Cell migration assay

Cell migration assays were performed using Cell Culture
Insert Transparent PET membranes with 8.0 μm pores

Table 4 Correlations between the
S100P / Ezrin combination status
and clinicopathological features
in TNBC cases

S100P / Ezrin (n = 58) p value

Double low (n = 19, 32.8%) Others (n = 39,67.2%)

Age 52.1 ± 2.9 56.9 ± 2.0 0.1785

Tumor size < 2 cm 7 (41.2%) 22 (59.5%)

≥ 2 cm 10 (58.8%) 15 (40.5%) 0.2105

Stage 1 5 (27.8%) 15 (41.7%)

2 9 (50.0%) 13 (36.1%)

3 4 (22.2%) 8 (22.2%) 0.5470

Histological grade 1 2 (11.1%) 0 (0.0%)

2 3 (16.7%) 8 (21.6%)

3 13 (72.2%) 29 (73.0%) 0.1965

LYV – 13 (72.2%) 10 (27.0%)

+ 10 (55.6%) 27 (73.0%) 0.1965

Lymph node metastasis – 13 (72.2%) 23 (62.2%)

+ 5 (27.8%) 14 (37.8%) 0.4572

Ki-67 LI 35.3 ± 6.8 49.1 ± 4.8 0.1045

Age and Ki-67 LI are presented as mean ± SEM. All other values represent numbers of cases and percentages

LYV, lymph and vascular invasion

Table 5 Subtypes of breast carcinoma cell lines used in this study

No. 1 2 3 4

Cell MDA-MB-231 MDA-MB-453 MFM-223 SUM-185-PE

Subtype TNBC HER2 TNBC TNBC

No. 5 6 7 8

Cell MCF-7 T-47D ZR-75-1 SK-BR-3

Subtype Luminal A Luminal A Luminal A HER2

S100P and Ezrin promote trans-endothelial migration of triple negative breast cancer cells 71



inserted in 24-well plates (CORNING, NY, USA). siRNA
transfected MFM-223 cells were seeded in the upper cham-
bers in serum-free Minimum Essential Media (MEM), while
MEM containing 10% FBS was added to the bottom cham-
bers. After incubation for 24 h, the cells on the upper surface
of the membranes were mechanically removed with cotton
swabs. The migrated cells (lower surface) were fixed in meth-
anol for 10 min and stained with hematoxylin for 30 min at
room temperature. Next, the membranes were mounted on
glass slides and the migration rates were evaluated as the
average number of cells in nine randomly selected fields (each
three fields in triplicate, ×200 under an optical microscope) on
the membrane surfaces.

2.9 Trans-endothelial migration assay

For the trans-endothelial migration (TEM) assays two time
courses were used, i.e., a short term (1 min - 1 h) [32] and a
long term (24 h) course [33]. The long term TEM assay was
used to screen selected cell lines for their trans-endothelial
migration ability. For this assay Millicell 8-well glass EZ
slides were used (EMD Millipore, Billerica, MA, USA).
1.0 × 106 HUEhT-1 cells were seeded onto 8-well glass slides
and allowed to grow for approximately 24 h to form mono-
layers. After washing with PBS, 8 × 104 carcinoma cells were
added onto the monolayers and allowed to trans-endothelially
migrate for 24 h. Following removal of the non-migrated car-
cinoma cells by washing with PBS, the migrated carcinoma
cells and HUEhT-1 cells were fixed with 10% Formalin
Neutral Buffer Solution (Wako) for 10 min at room tempera-
ture and, subsequently, permeabilized with 0.1%Triton X-100
(Sigma-Aldrich) for 15 min at room temperature. After
blocking with 10% goat normal serum (Nichirei) for 30 min
at room temperature, the cells on the slides were incubated
overnight at 4 °C with a primary pan-Cytokeratin antibody
as a marker of epithelial cells in order to quantify their migra-
tion. The conditions for the primary antibody are presented in
Table 1. Next, the cells on the slides were incubated with
EnVisionTM+ Dual Link System-HRP (DAKO, Carpinteria,
CA, USA) for 1 h at room temperature and visualized using a
3, 3-diaminobenzidine (DAB) solution. Finally, the cells were
counterstained with hematoxylin and trans-endothelial migra-
tion rates were evaluated as average values of positive areas in
six randomly selected fields (each three fields in duplicate,
×100 under an optical microscope) using Lumina vision
(Mitani Corporation, Fukuoka, Japan).

For the short term TEM assay a xCELLigence Real Time
Analyzer DP (ACEA Biosciences, San Diego, CA, USA) was
used. Through this system, electrical impedance across gold
microelectrodes integrated in the bottom of cell culture plates
are measured in real time in order to determine the cohesive-
ness of a cellular monolayer. Specifically, 50 μl culture medi-
um was added to an E-Plate VIEW 16 plate (ACEA
Biosciences) after which background electrical impedance
was measured. Next, 1.0 × 104 HUEhT-1 cells were seeded
into the plate after which monolayers were allowed to estab-
lish during approximately 28 h. Finally, 4 × 104 MFM-223
cells were added to the HUEhT-1 monolayers and the electri-
cal impedances were measured during 1 h with 1 min inter-
vals. All data in duplicate were normalized to the cell cohe-
siveness index at the time of addition of the MFM223 cells.

2.10 Statistical analysis

All statistical analyses were performed using JMP Pro 13.1.0
(SAS Institute, Tokyo, Japan). For immunohistochemistry, as-
sociations between IHC and clinicopathological features were

Fig. 2 S100P is overexpressed in TNBC-derived cell lines. mRNA ex-
pression levels of (a) S100P and (b) Ezrin in various breast cancer-
derived cell lines determined by qRT-PCR. The data are presented as
mean ± standard deviation. (c) S100P and Ezrin protein expression deter-
mined by Western blotting. 1: MDA-MB-231, 2: MDA-MB-453, 3:
MFM-223, 4: SUM-185-PE, 5:MCF-7, 6: T-47D, 7: ZR-75-1 and 8:
SK-BR-3 cells
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evaluated using ANOVA or Pearson’s χ2 tests. Disease-free
survival (DFS) and overall survival (OS) rates were analyzed
using the Kaplan-Meyer method, and assessed by Wilcoxon
test. The results of the in vitro studies are presented as mean ±
standard deviation, with significant differences between two
groups evaluated by Dunnett’s test and multiple comparisons
by Tukey’s test. A p value < 0.05 was considered to be statis-
tically significant.

3 Results

3.1 Co-expression of S100P and Ezrin correlates
with a worse DFS in TNBC patients

In order to investigate the possible relevance of S100P and
Ezrin in TNBC, we first examined their expression in 58 pri-
mary tumor samples by immunohistochemistry (IHC). We
found that S100P and Ezrin were mainly localized in the cy-
toplasm of the tumor cells (Fig. 1a-f). A relatively high S100P
immunoreactivity was observed in 17 out of 58 (29.3%) cases,
and was found to significantly correlate with the Ki-67 label-
ing index (LI) (p = 0.0306, Supplementary Table 1). Likewise,
a relatively high Ezrin immunoreactivity was observed in 37
out of 58 (63.8%) cases, and trended towards a correlation
with the Ki-67 LI (p = 0.0833, Supplementary Table 2).

Next, the cohort was classified into two groups, low: S100P
and Ezrin double low cases, high: S100P or Ezrin single high
cases and S100P and Ezrin double high cases. We found that
the combined expression status of S100P and Ezrin was not
associated with any of the clinicopathological features tested
(Table 4). Upon survival analyses, we found that TNBC pa-
tients with a double low S100P and Ezrin expression had a
better DFS compared to the other TNBC patients (p = 0.0467,
Fig. 1g). On the other hand, we found that the OS of the
TNBC patients was not significantly different according to
their combined S100P and Ezrin expression status (Fig. 1h).

3.2 S100P and Ezrin are markedly expressed
in TNBC-derived cell lines

In order to select appropriate cells for subsequent in vitro ex-
periments, we set out to examine the expression of S100P and
Ezrin in various breast cancer-derived cell lines (listed in
Table 5) by qRT-PCR and Western blotting. We found that
Ezrin was expressed in all cell lines tested at both the
mRNA (Fig. 2b) and protein (Fig. 2c) levels, while S100P
was found to be expressed in only two TNBC-derived cell
lines, MFM-223 and SUM-185-PE, at the protein level (Fig.
2a, c). Therefore, the MFM-223 and SUM-185-PE cell lines
were selected for our further experiments.

Fig. 3 S100P and Ezrin
expression are downregulated
after siRNA transfection. MFM-
223 and SUM-185-PE, both
TNBC cell lines, were transfected
with a negative control siRNA
and siRNAs directed against
S100P or Ezrin for 72 h. The
protein expression levels of
S100P and Ezrin were determined
by Western blotting
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3.3 S100P and Ezrin induce proliferation
and migration in TNBC-derived cells

According to the IHC data reported above, the S100P and
Ezrin expression status trended towards a correlation with
the Ki-67 LI in the TNBC patient samples. Therefore, we set
out to examine the involvement of both S100P and Ezrin in
the proliferation of TNBC-derived cells in vitro. To this end,
MFM-223 and SUM-185-PE cells were transfected with
S100P and Ezrin siRNAs, after which their proliferation was
assessed using a CCK-8 assay (Fig. 3). We found that single
knockdown of S100P and double knockdown of S100P and
Ezrin significantly inhibited the proliferation of these two cell
lines compared to that of control cells (Supplementary Fig. 1).

Based on our IHC analyses, S100P and Ezrin expression
were found to be associated with metastatic recurrences (DFS)
in TNBC patients. As migration is a cellular process closely
related to metastasis, we next set out to elucidate putative
effects of S100P and Ezrin expression on the migration of
TNBC cells. To this end, a migration assay was performed
with S100P and Ezrin siRNA-transfected MFM-223 cells.
SUM-185-PE cells were not included in this assay as they
did not show a sufficient basal level of migration. We found
that all MFM-223 cells transfected with targeted siRNAs
(Ezrin, S100P or both) exhibited a significantly reduced mi-
gration capacity compared to that of control cells (Fig. 4a-e).
Based on these results, the expression of Epithelial-
Mesenchymal Transition (EMT) markers was examined by
qRT-PCR. We found that the expression of E-cadherin, an
epithelial marker [34], was significantly upregulated in all
MFM-223 cells transfected with a targeted siRNA compared
to that of control cells (Fig. 4f). Conversely, we found that the
expression of Vimentin, a mesenchymal marker [34], was

Fig. 4 S100P and Ezrin promote the migration of TNBC cells. (a-d)
Representative illustrations of cells transfected with (a) negative
control, (b) S100P, (c) Ezrin and (d) S100P and Ezrin siRNAs. Scale
bar = 500 μm. (e) Migrated cells evaluated as the average number of
cells in nine fields randomly selected on the lower surface of the
membrane using optical microscopy. (f) Expression of E-cadherin and
Vimentin as epithelial and mesenchymal markers, respectively, deter-
mined by qRT-PCR. The data are presented as mean ± standard deviation.
S + E: S100P and Ezrin, *p < 0.05

�Fig. 5 S100P and Ezrin attenuate intercellular junctions of endothelial
cells and accelerate the trans-endothelial migration ofMFM-223 cells. (a)
Representative illustrations of trans-endothelial migration of MFM-223
cells visualized by pan-Cytokeratin immunocytochemistry (ICC). Scale
bar = 200 μm. (b) Trans-endothelial migration of MFM-223 cells evalu-
ated as the average of pan-Cytokeratin positive areas in six randomly
selected fields using optical microscopy in conjunction with Lumina vi-
sion. S100P and Ezrin attenuate intercellular junctions of endothelial cells
and accelerate trans-endothelial migration of SUM-185-PE cells. (c)
Representative illustrations of trans-endothelial migration of SUM-185-
PE cells by pan-Cytokeratin ICC. Scale bar = 100 μm. (d) Trans-
endothelial migration of SUM-185-PE cells evaluated as the average of
pan-Cytokeratin positive areas in six randomly selected fields using op-
tical microscopy in conjunction with Lumina vision. The data are pre-
sented as mean ± standard deviation. S + E: S100P and Ezrin. *p < 0.05.
(e) Impedance (cell index) measurement monitored in real time by
xCELLigence. The normalized cell index of HUEhT-1, an immortalized
human umbilical vein endothelial cell line, was calculated using RTCA
software. In the horizontal axis the time of MFM-223 dissemination was
set at zero. (f) Relative cell index at 1 h after MFM-223 dissemination
calculated using RTCA software. The data are presented as mean ± stan-
dard deviation. 223: MFM-223, H: HUEhT-1, S: S100P, E: Ezrin, S + E:
S100P and Ezrin. *p < 0.05
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significantly inhibited only in MFM-223 transfected with a
S100P siRNA compared to that of control cells (Fig. 4f).

3.4 S100P and Ezrin enhance trans-endothelial
migration of TNBC-derived cells

To investigate the involvement of S100P and Ezrin in the
trans-endothelial migration of TNBC cells, a long term
(24 h) TEM assay was carried out using S100P and Ezrin
siRNA transfected MFM-223 and SUM-185-PE cells. We
found that a single siRNA-mediated knockdown of S100P
or Ezrin significantly decreased the TEM of MFM-223
cells compared to that of control cells. In addition, we
found that a double knockdown of S100P and Ezrin signif-
icantly decreased the TEM of MFM-223 cells compared to
that of single 100P or Ezrin knockdown MFM-223 cells
(Fig. 5a, b). Similar results were obtained with SUM-185-
PE cells (Fig. 5c, d).

Short-term (up to 1 h) changes in TEM following S100P
and/or Esrin knockdown were also examined by
xCELLigence Real Time Analyzer DP. This approach has
the technical advantages of removing the effects of prolifera-
tion and intercellular adhesion through short term measure-
ment of cellular interactions, thus being able to confirm the
validity of the results in the long term TEM assay used above.
Due to limited access to this technology, the experiments were

only performed onMFM-223 cells. These cells showed stron-
ger results in the long term TEM assay and exhibited a more
pronounced EMT phenotype in the qRT-PCR assays above.
We did not observe significant differences in the TEM be-
tween single and double S100P and Ezrin knockdown
MFM-223 cells, but found that S100P and Ezrin knock-
down significantly decreased the rate at which the imped-
ance of the HUEhT-1 monolayer was lowered compared to
that of MFM-223 control cells, suggesting that even over a
short time period S100P and Ezrin knockdown may abro-
gate TEM (Fig. 5e, f).

3.5 EzrinThr-567 expression status is associated
with TNBC lymph and vascular invasion

Although we found that S100P and Ezrin expression may be
involved in the TEM of TNBC cells in vitro, an in vivo cor-
relation with lymph and/or vascular invasion still remains to
be established (Table 4). To this end, we decided to assess the
expression of EzrinThr-567, the phosphorylated, active form of
the protein, in primary TNBC samples. We found that
EzrinThr-567 was localized in both the cytoplasm and the mem-
branes of TNBC cells. Representative images are shown in
Fig. 6a-c. A high immunoreactivity was observed in 27 out
of 58 (46.6%) cases. In addition, we found that the EzrinThr-567

expression status was significantly correlated with lymph and

Fig. 6 EzrinThr-567 immunoreactivity is significantly associated with
lymph and vascular invasion in TNBC patients. (a-c) Representative
illustrations of EzrinThr-567 expression in normal skin (positive control;
a) and EzrinThr-567-positive (b) and -negative (c) TNBC cases. (d)

Disease-free survival and (e) overall survival of TNBC patients according
to EzrinThr-567 expression status using Kaplan-Meier analyses. Statistical
significance was analyzed using the Wilcoxon test. Scale bar = 50 μm
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vascular invasion (p = 0.0405, Table 6) and the Ki-67 LI (p =
0.0110, Table 6). Upon survival analyses, we found that pa-
tients with a low of EzrinThr-567 expression tended towards a
better DFS compared to those with a high expression (p =
0.0659, Fig. 6d). No significant differences were noted with
respect to OS (Fig. 6e).

4 Discussion

We investigated the expression of S100P and Ezrin in a cohort of
TNBC patients and its correlation with clinicopathological fea-
tures. We found that a combined expression of S100P and Ezrin
was significantly correlated with a worse DFS, and that the
(activated) EzrinThr-567 status was significantly associated with
lymph and vascular invasion in TNBC patients. In addition, we
found that a combined expression of S100P and Ezrin promoted
the migration and trans-endothelial migration (TEM) of TNBC-
derived cells. This is the first study showing the involvement of
S100P, Ezrin and EzrinThr-567 in the TEMof TNBC, both in vitro
and in vivo.

Previously, it has been reported that membranous Ezrin ex-
pression in breast cancer may be negatively correlated with the
Ki-67 LI, whereas cytoplasmic Ezrin expression may be posi-
tively correlated with the Ki-67 LI [35]. These data suggest that
the role of Ezrin in regulating breast cancer cell proliferation
may differ, depending on its intracellular sub-localization. As
the majority of Ezrin immunoreactivity observed in our cohort
was cytoplasmic in nature, the results reported by Sarrio et al.
[35] appear to be in agreement with ours, in that the Ezrin
positive cases exhibited a higher proliferation rate and, hence,

a worse prognosis. Another previous in vitro study, aimed at
uncovering the effect of knocking down Ezrin in the MDA-
MB-231 TNBC cell line, revealed only a minor effect on its
proliferation rate [25]. Conversely, we found that Ezrin knock-
down in TNBC cell lines expressing both S100P and Ezrin
resulted in significantly reduced proliferation rates.

Likewise, it has previously been reported that S100P expres-
sion may be correlated with the Ki-67 LI in primary breast
cancer lesions [36], which would agree with our findings in
the current TNBC cohort. Next to studies showing a direct effect
of S100P expression on breast cancer cell proliferation, amyriad
of studies has suggested its association with a proliferative state
across a number of cancers, including endometrium and colon
cancer [37–46], suggesting a common phenomenon across can-
cer types. Mechanistically, S100P has previously been shown to
promote cellular proliferation through binding to RAGE
(Receptor for Advanced Glycation End Products) and activation
of downstream factors such as ERKs (Extracellular-regulated
kinases), NF-κB (Nuclear factor-kappa B) [44, 47] and β-
catenin [37]. The latter factors are particularly interesting as they
have already been shown to act as important players in aggres-
sive breast cancer behavior, suggesting that S100P may be em-
bedded in a wider network of known breast cancer drivers.

While the clinical data from our present study do not allow
verification of a direct interaction between S100P and Ezrin in
TNBC, previous studies have reported that such interactions in
other cancer cells may have an effect on their metastatic behav-
ior [26, 30]. In hepatocellular carcinoma, Ezrin has been found
to be phosphorylated at Thr-567 by Rho kinase and to subse-
quently promote the metastasis of these carcinoma cells [48],
suggesting an involvement of Rho in the phosphorylation and

Table 6 Correlations between
EzrinThr-567 expression and
clinicopathological features in
TNBC cases

EzrinThr-567 (n = 58) p value

Low (n = 31, 53.4%) High (n = 27, 46.6%)

Age 55.4 ± 2.3 55.2 ± 2.5 0.9615

Tumor size < 2 cm 15 (53.6%) 14 (53.9%)

≥ 2 cm 13 (46.4%) 12 (46.1%) 0.9839

Stage 1 10 (34.5%) 10 (40.0%)

2 13 (44.8%) 9 (36.0%)

3 6 (20.7%) 6 (24.0%) 0.8046

Histological grade 1 2 (6.9%) 0 (0.0%)

2 5 (17.2%) 6 (23.1%)

3 22 (75.9%) 20 (76.9%) 0.2472

LYV – 13 (44.8%) 5 (19.2%)

+ 16 (55.2%) 21 (80.8%) 0.0405

Lymph node metastasis – 21 (72.4%) 15 (57.7%)

+ 8 (27.6%) 11 (42.3%) 0.2512

Ki-67 LI 35.2 ± 5.2 55.3 ± 5.6 0.0110

Age and Ki-67 LI are presented as mean ± SEM. All other values represent numbers of cases and percentages.
Significant correlations are shown in bold. LYV: lymph and vascular invasion
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activation of Ezrin. Giampieri et al. [49] found that Rho kinase-
associated signaling pathways may be involved in the promo-
tion of migration and metastasis of breast cancer cells. Thus,
despite the fact that we did not show a direct interaction between
Ezrin and S100P, we considered it important to assess these
proteins not only in isolation, but also in combination.

Since Ezrin and S100P in combination or in isolation have
been suggested to play a role in either physical or endothelial
cell migration in various cancers, including lung [29, 30, 50],
breast (luminal and subtype not specified) [25, 46], gastric [51],
colon [52] and pancreatic cancer [31, 53], we set out to explore
their effect in two suitable TNBC-derived cell lines. We found
that siRNA-mediated knockdown of either or both Ezrin and
S100P reduced the migratory ability of these cell lines concom-
itant with an increased E-Cadherin expression, confirming an
important role of both proteins in migration and establishing the
EMT phenotype. Mechanistically, it has previously been found
that S100P may induce EMT through binding to Integrin α7
and subsequent activation of the FAK (Focal Adhesion Kinase)/
Src/Akt pathway, and enhancement of the expression of ZEB1,
which is a known EMTmarker [50]. Ezrin has also been report-
ed to promote EMT throughNF-κB activation [52]. Since many
of these pathways are known to play roles in breast cancer
progression, it adds credence to the idea that also Ezrin and
S100Pmay act as central players, but further studies are required
to elucidate the exact mechanistic underpinnings of this process.

In summary, we found that S100P and Ezrin may promote
the trans-endothelial migration of TNBC cells. Both S100P and
Ezrin, and the phosphorylated form EzrinThr-567, were found to
be involved in the proliferation and recurrence of TNBC.While
we acknowledge that the cohort used in this study is relatively
small and that ideally these findings should be replicated in a
larger series, the indication that these two proteins may regulate
fundamental processes leading to adverse clinical outcomes is
an important one. A further elucidation of the precise mecha-
nisms underlying the trans-endothelial migration of breast can-
cer cells may contribute to development of novel treatment
strategies, not only for TNBC patients, but also for patients
suffering from various other malignancies.
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