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Abstract

Background xCT is a component of the cysteine/gluta-
mate transporter, which plays a key role in glutathione
synthesis. The objectives of the present study were to
investigate the role of xCT in the regulation of genes
involved in cell cycle progression and the clinicopatho-
logical significance of its expression in esophageal squa-
mous cell carcinoma (ESCC).

Methods xCT expression in human ESCC cell lines was
analyzed by Western blotting and immunofluorescent
staining. Knockdown experiments were conducted with
xCT siRNA, and the effect on cell cycle was analyzed. The
cells’ gene expression profiles were analyzed by micro-
array analysis. An immunohistochemical analysis of 70
primary tumor samples obtained from ESCC patients that
had undergone esophagectomy was performed.
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Results xCT was highly expressed in TE13 and
KYSE170 cells. In these cells, the knockdown of xCT
using siRNA inhibited G;-S phase progression. Microarray
analysis identified 1652 genes whose expression levels in
TE13 cells were altered by the knockdown of xCT. Path-
way analysis showed that the top-ranked canonical path-
way was the G;/S checkpoint regulation pathway, which
involves TP53INP1, CDKNI1A, CyclinD1/cdk4, and E2F5.
Tmmunohistochemical staining showed that xCT is mainly
found in the nuclei of carcinoma cells, and that its
expression is an independent prognostic factor,
Conclusions These observations suggest that the expres-
sion of xCT in ESCC cells might affect the G/S check-
point and impact on the prognosis of ESCC patients. As a
result, we have a deeper understanding of the role played
by xCT as a mediator and/or biomarker in ESCC.

Keywords xCT/SLC7A11 - Esophageal cancer - Cell
cycle

Introduction

xCT, or SLC7A11 (solute carrer family 7, membrane 11),
encodes the transporter subunit of the Na*-independent hete-
rodimeric amino acid transport system xc- [1, 2]. System xc-,
which consists of xCT and a regulatory heavy chain component
(4F2hc), functions as an exchange system for cystine/gluta-
mate with cystine entering cells in exchange for the release of
glutamate in a 1:1 ratio. xCT expression at the cell surface is
essential for the uptake of cysteine, which is required for
intracellular glutathione (GSH) synthesis and, thus, is an
important determinant of the intracellular redox balance [3, 4].

In human cancer cells, cystine uptake is largely medi-
ated by system xc-, and high expression levels of XCT have
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been demonstrated in a variety of human carcinomas,
including glioma and colon, breast, prostate, ovarian,
pancreatic, gastric, and esophageal cancer {5-12]. There
are several reports about the role of xCT in cancer cell
proliferation. Lyons et al. [13] showed that xCT affects
glioma invasion through the autocrine glutamate signaling
loop in the brain. Ishimoto et al. [11] showed that CD44
variants regulate redox status in gastrointestinal cancer
cells by stabilizing the xCT subunit, and thus, promote
tumor growth. Furthermore, Chen et al. [12] showed that
disruption of xCT inhibits esophageal cancer cell metas-
tasis via the caveolin-1/b-catenin pathway. Although these
studies suggest that the modulation of xCT activity is an
intriguing strategy for cancer therapy, the detailed mech-
anisms by which xCT regulates the proliferation of
esophageal squamous cell carcinoma (ESCC) cells have
not been fully investigated. Furthermore, the clinicopath-
ological impact of xCT expression in ESCC remains
uncertain.

The objectives of the present study were to investigate
the role of xCT in the regulation of genes involved in cell
cycle progression and the clinicopathological significance
of its expression in ESCC. Our results indicate that xCT
plays an important role in the tumor progression of ESCC.

Materials and methods
Cell lines, antibodies, and other reagents

The poorly differentiated human ESCC cell lines TE2,
TES, TE9, and TE13 were obtained from the Cell Resource
Center for Biomedical Research Institute of Development,
Aging, and Cancer (Tohoku University, Sendai, Japan)
[14]. The human ESCC cell lines KYSE70 and KXYSE170
were obtained from Kyoto University (Kyoto, Japan) [15].
These cells were grown in RPMI-1640 medium (Nacalai
Tesque, Kyoto, Japan) supplemented with 100 U/ml of
penicillin, 100 pg/ml of streptomycin, and 10 % fetal
bovine serum (FBS). The cells were cultured in flasks and
dishes in a humidified incubator at 37 °C under 5.0 % CO,
in air.

The anti-xCT antibody used for the immunofluorescent
and immunohistochemical analysis came from Trans
Genic Inc. (Kumamoto, Japan), and that for the protein
assay came from Novus Biologicals (Littleton, CO, USA).
Anti-Ki67 antibody was obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). Antibodies for p21, horse-
radish peroxidase (HRP)-conjugated horse anti-mouse and
goat anti-rabbit secondary antibodies were purchased from
Cell Signaling Technology (Beverly, MA, USA), and the
antibody for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was from Santa Cruz Biotechnology. A
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monoclonal cyclin D1 (CCND1) antibody was from Abcam
(clone SP4, Cambridge, MA, UK). The Alexa Fluor 488
labeled goat anti-rabbit secondary antibody was from Invit-
rogen (Carlbad, CA, USA), and the rhodamine phalloidin
was from Cytoskeleton (Denver, CO, USA).

Western blotting

The cells were harvested in M-PER lysis buffer (Pierce,
Rockford, IL, USA) supplemented with protease inhibitors
(Pierce, Rockford, IL, USA). The protein concentration
was measured with a modified Bradford assay (Bio-Rad,
Hercules, CA, USA). Cell lysates containing equal
amounts of total protein were separated by SDS-PAGE and
then transferred onto PVDF membranes (GE Healthcare,
Piscataway, NJ, USA). The membranes were then probed
with the indicated antibodies, and proteins were detected
by an ECL Plus Westem Blotting Detection System (GE
Healthcare, Piscataway, NJ, USA). Separation and prepa-
ration of cytoplasmic and nuclear extracts from ESCC cell
lines were performed according to the manufacturer’s
instructions by using the NE-PER Nuclear and Cytoplas-
mic Extraction Reagents (Thermo Scientific, Rockford, IL,
USA).

Immunofluorescent staining and confocal microscopy

ESCC cells were cultured on glass coverslips for 72 h.
Thereafter, the cells were fixed with 4 % paraformaldehyde
for 20 min at room temperature and permeabilized in
025 % Triton X-100 in phosphate-buffered saline. The
cells were then incubated with anti-xCT antibody for 2 h at
room temperature. After being washed three times in PBS,
the cells were incubated with Alexa Fluor 488 labeled goat
anti-rabbit secondary antibodies and rhodamine phalloidin
for 1 h at room temperature, Slides were then mounted
with VECTASHIELD mounting medium and 4',6-diami-
dino-2-phenylindole (DAPI) (Vector Laboratories, Burlin-
game, CA, USA), and the distribution of xCT was
examined by confocal fluorescence microscopy (LSM510;
Carl Zeiss Co. Ltd, Germany).

Small interference RNA. (siRNA) transfection

Loss-of-function screening was performed using siRNA
targeting xCT mRNA (Santa Cruz Biotechnology). The
cells were transfected with 50 nM xCT siRNA using
Lipofectamine 2000 (Invitrogen, St Louis, MO, USA)
according to the manufacturer’s instructions. The medium
containing siRNA was replaced with fresh medium after
24 h, Control siRNA from Santa Cruz Biotechnology was
used as a negative control.
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Cell cycle analysis

The cell cycle was evaluated at 48 h after the siRNA trans-
fection by fluorescence-activated cell scoring (FACS).
Briefly, the cells were treated with Triton X-100 and RNase,
and their nuclei were stained with propidium iodide (PI)
before their DNA content was measured using a Becton—
Dickinson FACS Calibur (Becton-Dickinson, Mountain
view, CA, USA). At least 10,000 cells were counted, and the
ModFit LT software (Verity Software House, Topsham, ME,
USA) was used to analyze cell cycle distribution.

Cell proliferation

Cells were seeded onto G-well plates at a density of
1.0 x 10° cells per well and incubated at 37 °C with 5 %
CO,. At 24 h after the cell seeding, the sIRNA transfection
was performed. At 48 h after the siRNA transfection, the
cells were detached from the flasks in trypsin-EDTA
solution and counted with a hemocytometer.

Patients and primary tissue samples

ESCC tumor samples were obtained from 70 patients with
histologically-proven primary ESCC who underwent
esophagectomy (potentially curative RO resection) at
Kyoto Prefectural University of Medicine (Kyoto, Japan)
between 1998 and 2007 and embedded in paraffin after
12 h formalin fixation. The patient eligibility criteria were
as follows: no synchronous or metachronous cancers (in
addition to the ESCC) and no preoperative chemotherapy
or radiation therapy. We excluded the patients with non-
curative resected tumor or non-consecutive data. All
patients gave written informed consent. Relevant clinico-
pathological and survival data were obtained from the
hospital database. Twenty-two patients (31.4 %) died of
cancer recurrence, Staging was principally based on the
International Union Against Cancer (UICC)/TNM Classi-
fication of Malignant Tumors (7th edition) [16].

Immunohistochemistry

Paraffin sections (4 wm thick) of the tumor tissues were
subjected to immunohistochemical staining for the xCT
protein using the avidin-biotin-peroxidase method. Briefly,
paraffin sections were dewaxed in xylene and dehydrated
through a graded series of alcohols. Antigen retrieval was
performed by heating the samples in Dako REAL Target
Retrieval Solution (Glostrup, Denmark) for 40 min at
98 °C. Endogenous peroxidases were quenched by incu-
bating the sections for 30 min in 0.3 % H,0,. The sections
were then treated with protein blocker and incubated
overnight at 4 °C with anti-xCT or anti-Ki67 antibody. The

avidin-biotin-peroxidase complex system (Vectastain ABC
Elite kit; Vector laboratories, Burlingame, CA, USA) was
used for color development with diaminobenzidine tetra-
hydrochloride. The sections were counterstained with
hematoxylin. Finally, the sections were dehydrated through
a graded series of alcohols, cleared in xylene, and mounted.

Tumor cells with nuclei containing brown immunore-
active products were considered to be positive for xCT, Ki-
67, p21 or CCND1 expression. Control sections of known
cases of ESCC were included in each run, and negative
control sections were produced by omitting the primary
antibody. To evaluate the positivity rate, the numbers of
%xCT, Xi-67, p21 or CCND1 stained cells were quantified in
five randomly selected fields at a magnification of 400x.
The positivity rate in each case was calculated as the
number of positive cells divided by the total number of
examined cells in all examined fields.

Real time reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA was isolated from the ESCC cell lines using an
RNeasy Mini kit (Qiagen, MD, USA). The primers used for
the quantitative RT-PCR are shown in Supplementary
Table 1. Quantitative real-time one-step RT-PCR was
performed by monitoring the increase in the fluorescence
of SYBER GREEN I dye with a QuantiTect SYBR Green
RT-PCR kit (Qiagen, Hilden, Germany) and the Light
Cycler 1.5 instrument (Roche Diagnostics, Basel, Swit-
zerland) according to the manufacturer’s protocol. All
assays were performed in triplicate. Gene expression levels
were normalized to the level of B2ZMG.

Microarray sample preparation and hybridization

RNA integrity was determined using an Agilent 2100
Bioanalyzer (Agilent Technologies Inc., Santa Clara, CA,
USA). We followed the standard Affymetrix protocols to
perform the gene expression profiling experiments using
Human Gene 1.0 ST arrays (Affymetrix, Santa Clara, CA,
USA), Two hundred and fifty ng of total RNA were
amplified and labeled with the Ambion® WT Expression
Kit (Ambion, Austin, TX) and GeneChip® WT Terminal
Labeling kit (Affymetrix). Array hybridization was carried
out on a GeneChip® platform (Affymetrix). The labeled
¢DNA was hybridized to Human Gene 1.0 ST arrays for
17 h, and then washed, stained with streptavidin-phyco-
erythrin, and scanned.

Processing of microarray data

Data analysis was performed using the Affymetrix
Expression Console software (Affymetrix). Raw data were
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normalized with RMA-sketch using the default settings of
the Expression Console for Gene 1.0 ST arrays. Signal
transduction networks were analyzed by Ingenuity Pathway
Analysis (JPA) (Ingenuity Systems, Inc., Redwood City,
CA, USA).

Statistical analysis

The chi-square test or Fisher's exact test was used to
evaluate differences between proportions, and Student’s
t test was used to evaluate continuous variables. Survival
curves were constructed by the Kaplan-Meier method, and
differences in survival were examined using the log-rank
test. A multivariate analysis of factors influencing survival
was performed using the Cox proportional hazards model.
Differences were considered significant when the relevant
p value was <0.05.

These analyses were performed using statistical soft-
ware (JMP, version 8, SAS Institute Inc., Cary, NC, USA).
Correlation analysis was performed by creating Fit Y by X
plots using JMP.

Results
Bxpression of xCT in ESCC cells

To determine the role of xCT in ESCC, we first examined
six ESCC cell lines, TE2, TES, TE9 TE13, KYSE70, and
KYSE170, for xCT protein expression. Western blotting
revealed that xCT was expressed in all 6 cell lines, and
higher levels of expression were observed in the TE13 and
KYSE170 cell lines (Fig. 1a). The subcellular distribution
of xCT protein in TE13 and KYSE170 cells was deter-
mined with confocal microscopy. Immunofluorescent
staining with xCT antibody demonstrated that xCT was
predominantly distributed in the nucleus of TEI3 and
KYSE170 cells (Fig. 1b). Further, cytoplasmic and nuclear
extracts were separated from TE13 or KYSE170 cell lines,
and we found xCT expressions in nuclear extracts of both
cell lines (Supplementary Fig. 1).

xCT controls the cell cycle progression of ESCC cells

We conducted knockdown experiments with xCT siRNA in
TE13 and KYSE170 cells, and analyzed the effects of xCT
knockdown on cell cycle progression. xCT siRNA effec-
tively reduced the xCT protein levels (Fig. 2a) and xCT
mRNA levels (Fig. 2b) of the TE13 and KYSE170 cell lines.
The downregulation of xCT partially reduced cell cycle
progression from the Gy to S phase (Fig. 2c). At 48 h after
the siRINA transfection, the cell counts of the xCT siRNA
transfected cells were significantly lower than those of the
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control siRNA transfected cells (Fig. 2d). These results
suggest that xCT plays an important role in the regulation of
cell cycle progression and cell proliferation in ESCC cells.

Gene expression profile of XCT siRNA transfected cells

To determine the molecular mechanisms by which xCT
regulates cellular functions, we analyzed the gene expres-
sion profiles of xCT siRNA transfected TE13 cells in
microarray and bioinformatics studies. Microarray analysis
showed that the expression levels of 1652 genes displayed
fold changes of >1.5 in TE13 cells subjected to xCT
knockdown. Of the genes, 931 were upregulated, and 721
were downregulated in the xCT siRNA transfected TE13
cells. The 50 genes whose expression levels were most
strongly up- or downregulated in the xCT siRNA trans-
fected TE13 cells are shown in Supplementary Table 2.
xCT expression was downregulated in the xCT siRNA
transfected TE13 cells (fold change: —2.5; Supplementary
Table 2). Ingenuity Pathway Analysis showed that cancer
was one of the top-ranked diseases related to xCT (Sup-
plementary Table 3). Furthermore, “Cell Cycle: G1/8
Checkpoint Regulation” was one of the top-ranked
canonical pathways related to xCT (Supplementary
Table 3). Among the 1652 genes whose expression levels
were changed by xCT knockdown, 248 genes had cell
proliferation-related functions (cellular growth and prolif-
eration, cell cycle, cell death, or cellular development)
(data not shown). Among these genes, 105 genes were
upregulated, and the other 143 genes were downregulated
(data not shown). We then examined the signal transduc-
tion networks induced by the knockdown of xCT expres-
sion (Supplementary Table 3). One of the top-ranked
signal networks was “Cell Cycle, Amino Acid Metabolism,
Small Molecular Biochemistry”, which includes
TP53INP1, CDKNI1A (p21), cyclin Dl/cdk4, and E2F5
(Supplementary Fig, 2). These results indicate that the
expression level of xCT influences genes related to cellular
growth and cell cycle progression.

Verification of gene expression by real-time
quantitative RT-PCR

Four genes (cyclin D1, E2F5, p21, and TP53INP1) were
examined further using quantitative RT-PCR. The expres-
sion levels of cyclin D1, E2ES, p21, and TP53INP1 mRNA
were significantly decreased in the xCT siRNA transfected
TE13 cells compared with the control siRNA transfected
cells (Fig. 3). Furthermore, the expression levels of these 4
genes were also significantly decreased in the xCT siRNA
transfected KYSE170 cells compared with the control
siRNA transfected cells (Fig. 3). These changes are in
agreement with the microarray results.
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Fig. 1 Expression of xCT in ESCC cells. a xCT protein expression
was analyzed in 6 ESCC cell lines. Western blotting revealed that
xCT was expressed in all 6 cell lines, and higher levels of expression
were observed in the TE13 and KYSE170 cell lines. b The subcellular

xCT protein expression in human ESCC

We further examined the expression of xCT in 70 primary
tumor samples of human ESCC based on their immuno-
histochemical reactivity. An immunohistochemical exam-
ination of non-cancerous esophageal epithelia performed
with xCT antibody demonstrated that xCT expression was
chiefly confined to the parabasal cell layer and that xCT-
positive cells could be clearly identified by their brown
nuclear staining (Fig. 4a). Figure 4b shows the typical xCT
immunohistochemistry findings obtained in the ESCC
patients. XCT was mainly found in the nuclei of the car-
cinoma cells, as was found during the immunofluorescent
staining of ESCC cell lines (Fig. 4c).

Next, we analyzed the relationship between xCT and Ki-
67 expression, a cell proliferation marker, by immunohis-
tochemistry with Xi-67 antibody (Fig. 4c). Ki-67 labeling
tumor cells were clearly identified by their brown nuclear
staining, and the distribution of Ki-67 in ESCC was similar
to the distribution of xCT (Fig. 4¢). In 70 primary tumor
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distribution of xCT protein was determined by confocal microscopy.
Immunofluorescent staining with xCT autibody demonstrated that
XCT was mainly distributed in the nucleus

samples, the mean xCT positivity rate was 24.7 % (range
0.6~74.8 %), and the mean Ki-67 labeling index was 28.3 %
(range, 2.9-55.9 %). The xCT positivity rate was positively
correlated with the Ki-67 labeling index (R* = 0.117,
p = 0.0038) (Fig. 4d). These results suggest that xCT plays
an important role in the proliferation of ESCC cells. Further,
we analyzed p21 and CCND1 labeling index by immuno-
histochemistry. Immunohistochemistry staining revealed
that the expression of p21 or CCND1were clearly identified
in the nucleus of ESCC (Supplementary Fig 3AB). The xCT
positivity rate was not correlated with the p21 labeling index
(p = 0.97) (Supplementary Fig 3C). Further, the xCT pos-
itivity rate was not correlated with the CCND] labeling
index (p = 0.28) (Supplementary Fig 3D).

We divided the ESCC patients into 2 groups, the xCT
positivity rate of <20 % (n = 35) and xCT positivity rate
of =20 % (n = 35) groups, and compared their clinico-
pathological features. The median and mean xCT positivity
rate of the low expression group were 10.1 and 10.5 %
(range 0.6-19.7 %), respectively. The median and mean
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Fig. 2 xCT controls the cell cycle progression of ESCC cells.
a Western blotting revealed that xCT siRNA effectively reduced the
protein levels of xCT in the TE13 and KYSE170 cells. b xCT siRNA
effectively reduced the mRNA levels of xCT in the TE{3 and
KYSE170 cells. Mean = SEM. n == 5. *p < 0.05 (compared with the
control siRNA group). ¢ xCT downregulation partially reduced cell
cycle progression from G to S phase in the TE13 and KYSEI70

xCT positivity rate of the high expression group were 36.6

and 38.9 % (range 20.1-74.8 %), respectively. No corre-
lation was found between the xCT positivity rate and any
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cells, Cells that had been transfected with the control or XCT siRNA
were stained with propidium jodide (PI) and analyzed by flow
cytometry, Mean &= SEM. n = 5, ¥p < 0.05 (compared with control
siRNA). d xCT downregulation inhibited the proliferation of the
TEL3 and KYSE170 cells. The number of cells was counted at 48 h
after siRNA transfection. Mean + SEM. n = 4. *p < 0.05 (compared
with control siRNA)

other clinicopathological parameter; ie., pT, pN, pStage,
histological type, lymphatic invasion, or verous invasion
(Table 1).
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We also assessed which of 8 variables (pT, pN category,
pStage, histological type, lymphatic invasion, venous
invasion, Xi-67 labeling index and xCT positivity rate {cut
off value 20 %) influence survival after the curative resec-
tion of esophageal cancer. In a univariate analysis of sur-
vival after esophagectomy, pT, pN category, pStage,
lymphatic invasion and venous invasion were found to be
prognostic factors (p = 0.004, 0.005, 0.012, 0.017, and
0.028, respectively) (Table 2). The S-year survival rate of
the patients with low xCT expression (76.2 %) was higher

0.8 4
0.7 4
0.6
0.5
* 0.4 ¥

0.3
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. 0.1 ] -

0
xCT Cont XCT
SIRNA SiRNA SiRNA

than that of the patients with high expression (56.8 %),
although there was no statistical difference (p = 0.056)
(Table 2) (Supplementary Fig. 4). When the patients were
divided into two groups using an Ki-67 labeling index cut
off value of 35 %, the S-year survival rate of the patients
with Ki-67 labeling index of >335 % was 74.5 %, which was
significantly higher than that of the patients with Ki-67 LI of
<35 % (40.7 %). Multivariable analysis demonstrated that
venous invasion, Ki-67 labeling index and the xCT posi-
tivity rate were independent prognostic factors (p = 0.010,

a) Springer
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Fig. 4 xCT protein expression A
in human ESCC.

a Immunohistochemical
staining of human esophageal
epithelia with xCT antibody.
xCT expression was chiefly
confined to the parabasal cell
layer. b Immunohistochemical
staining with xCT antibody for
hunan ESCC. Marked xCT
expression was observed in
ESCC. ¢ Intracellular
distribution of xCT and Ki-67
proteins in ESCC. xCT was
mainly found in the nuclei of
the carcinoma cells. Ki-67
labeling tumor cells were
clearly identified by their brown
nuclear staining, and their
distribution in ESCC was
similar to the distribution of
xCT. (2, b magnification x200,
¢ magnification x400). d A
correlation analysis of the
relationships between the xCT
and Ki-67 positivity rates was
performed by producing Fit Y
by X plots. The xCT positivity
rate was positively correlated
with the Ki-67 labeling index
(R* = 0.117, p = 0.0038)

XCT positive rate (%)

ki67 labeling index (%)

0.037, and 0.035, respectively) (Table 3). These findings
suggested that xCT expression was induced in ESCC and
that the xCT positivity rate is related to prognosis.

Discussion

xCT is a component of a plasma membrane transporter,
system xc-, that mediates the cellular uptake of extracel-
lular cystine in exchange for intracellular glutamate and
thereby plays a key role in GSH synthesis. Previous studies
have detected increased xCT expression in a broad range of
cancer cell lines [5~12). The activity of xCT-mediated

_@ Springer

cystine uptake in cancer cells is strongly associated with
cell proliferation and tumor growth [3, 17]. The inhibition
of xCT has been demonstrated to suppress the growth of a
variety of carcinomas both in vitro and in vivo [5, 7, ). In
ESCC, Chen et al. [12] showed that sulfasalazine (SASP), a
pharmacological inhibitor of systern xc-, inhibited the
growth of KYSE150, an ESCC cell line, in a dose-depen-
dent manner. In the present study, we showed that
knocking down xCT with xCT siRNA significantly inhib-
ited cell cycle progression and proliferation in the ESCC
cell lines TE13 and KYSE170. These reports and our
results suggest that XCT plays an important role in tumor
growth and could be used as a target of cancer therapy.

- 225 —



4 r ay ot
KYSTERIST

J Gastroenterol (2014) 49:853-863

SLRETSOTE Oy

861

Table 1 Correlations between clinicopathological parameters and
xCT expression

Table 2 S-year survival rate of esophageal cancer according to
clinicopathological features

Variables xCT positivity rate p value

<20 % =20 %
(n=135 (n=235

pT
pT1 15 17 0.811
pT2-3 20 18

pN
Negative 19 13 0.230
Positive 16 22

pStage
0-I1 25 19 0.216
-1y 10 16

Histological type
Differentiated type SCC 23 26 0.603
Poorly differentiated type SCC 12 9

Lymphatic invasion
Negative 15 17 0.811
Positive 20 18

Venous invasion
Negative 21 18 0.631
Positive 14 17

pT pathological T stage, pN pathological N stage, pStage pathological
stage, SCC squamous cell carcinoma

* p < 0,05 Fisher's exact test

Several studies have investigated the mechanism by
which xCT regulates cell cycle progression. Lastro et al.
[18] showed that xCT directly affects cell cycle progres-
sion at the G;-8 phase through the regulation of AP-1
transcription factor activity. Chen et al. [12] showed that
SASP downregulated b-catenin-mediated transcriptional
activity and cyclin D1 expression, implying that suppres-
sion of the canonical Wnt signaling pathway contributes to
the inhibition of cell cycle progression by SASP. Ishimoto
et al. [11] showed that CD44 ablation suppressed gasiric
tumor growth in a mouse model of spontaneous tumori-
genesis concomitant with the upregulation of p3gMAPK
phosphorylation and p21°FYWAF! gene expression, and
that treatment with the specific xCT inhibitor SASP
induced p38MAFK activation and suppressed CD44-depen-
dent tumor growth in a xenograft model. To determine how
the downregulation of xCT affects cell proliferation, we
used a bioinformatics approach to analyze the genome-
wide consequences of xCT knockdown. Microarray anal-
ysis showed that among the 1652 genes that displayed
changes in their expression levels after xCT knockdown,
248 had cell proliferation related functions (data not
shown). Furthermore, many of these genes were well
comnected in the top-ranked signaling network

Variables 5-year survival p value
rate (%)

pT
pT1 81.8 0.004%
pT2-3 52.1

pN
Negative 82.3 0.005*
Positive 51.1

pStage
011 747 0.012%
-1V 51.8

Histological type
Differentiated type SCC 74.3 0.093

Poorly differentiated type SCC 49.0
Lymphatic invasion

Negative 782 0.017+
Positive 56.0

Venous invasion
Negative 77.6 0.028*
Positive 50.6

Ki-67 labeling index
<35 % 74.5 0.007+
>35 % 40.7

xCT positive rate
<20 % 76.2 0.056
>20 % 56.8

pT pathological T stage, pN pathological N stage, pStage pathological
stage, SCC squamous cell carcinoma

* p < 0.05 the log-rank test

(Supplementary Fig. 2), indicating that they are not only
functionally related but are also regulated together at the
expression level by xCT-related signal transduction path-
ways. Cancer was one of the top-ranked diseases associated
with xCT-related genes, and G/S checkpoint regulation
was one of the top-ranked canonical pathways related to
xCT (Supplementary Table 3).

Regarding signaling networks, we noted that the
expression levels of several G/S checkpoint related genes,
such as TP53INP1, CDKNIA (p21CFYWARL) euclin D1/
cdk4, and E2F5 were altered by the knocking down of xCT
(Supplementary Fig. 2). xCT-mediated cystine transport
for GSH synthesis plays a key role in the preveation of
oxidative stress signaling. Oxidative stress has been
implicated in p53-p21 SFYWAFL gonaling, and conse-
quently, in cell cycle regulation [19). p21cu’”WAFI is a
cyclin-dependent kinase inhibitor that directly inhibits the
activity of cyclin D1/CDK4 complex. The active cyclin
D1/CDK4 complex targets the retinoblastoma protein for
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Table 3 Prognostic factors for esophageal cancer according to mul-
tivariate analysis

Variables Risk
ratio

95 % Cl p value

pT
pT1 3.397
pT2-3

pN
Negative 1.596
Positive

0.942-15.029 0.063

0.365-7.203  0.533

pStage
0-1I 0.855
In-1v

Histological type
Differentiated type SCC 2.491

Poorly differentiated type
ScC

Lymphatic invasion
Negative 2314
Positive

Venous invasion
Negative 4,262
Positive

Ki-67 labeling index
<35 % 3.000
>35 %

xCT positive rate
<20 % 27746
>20 %

0.191-3.752  0.834

0.763-7.953  0.129

0.900-6.976  0.083

1.403-14.810 0.010%

1.071-8.439  0.037%

1.672-7.720  0.035*

pT pathological T stage, pV pathological N stage, SCC squamous cell
carcinoma, CI 95 % confidence interval

* p < 0.05 Cox's proportional hazards model 95 % CI

phosphorylation, allowing the release of E2F transcription
factors that activate ()-S phase gene expression [20].
However, our results showed expressions of these genes
were changed by the knocking down of xCT regardless of
the mutation status of TP53 (The mutation status of TP53
exon 5-8 determined by direct sequencing showed that
TE13 cells had wild-type, and KYSE170 cells had muta-
tion.) [21]. Further, in our data, although the knocking
down of xCT inhibited G/S cell cycle progression, gene
expressions of TP53INP1 and p21°FYWAFL were signifi-
cantly decreased, suggesting the effect of negative feed-
back. These observations suggest that xCT may controls
the G/S checkpoint via the direct regulation of down-
stream factors, such as cyclin D1/cdk4 and E2F, without
passing through p33-p21 “FYWAF! sionaling pathway.
Our immunofluorescent staining of ESCC cell lines and
immunchistochemical analysis of human ESCC samples
revealed that xCT was predominantly distributed in the
nuclei of ESCC cells. In general, system xc- is known to

@__ Springer

function as the exchange system for cystine/glutamate in
the cell membrane. The nuclear localization of several cell
membrane proteins is known to be correlated with onco-
genic transformation and cell proliferation [22-24], sug-
gesting that changes in the intracellular localization of
several molecules are correlated with cancer development.
Our results regarding the nuclear expression of xCT and
our gene expression profile findings indicate that xCT
functions as not only a cystine/glutamate exchanger but
also as a transcriptional regulator in cancer cells. We
showed that knocking down of xCT significantly decreased
the gene expression of E2F5 which belongs to the E2F
transcription factor family [25, 26). Although the func-
tional roles of E2F5 have still to be fully characterized,
Umemura et al. {27] reported that the overexpression of
E2F5 is correlated with an aggressive pathology in certain
breast cancer subtypes. In the present study, E2F5 was the
fourth most downregulated gene (fold change: —3.18) in
the xCT siRNA transfected TE13 cells (Supplementary
Table 2). One possible mechanism and meaning of the
distribution of xCT in ESCC may be explained by the
regulation of this transcriptional factor. Although the sig-
nificance of xCT expression in the nuclear region in ESCC
should be verified by further studies, these observations
suggest that xCT may act as a novel regulator of E2F5 in
ESCC.

The clinical significance of xCT expression in cancer
tissue remains to be fully elucidated. As far as we know,
there have ever been no reporis to investigate the correction
between xCT expression and clinicopathological features
in ESCC patients, Peters et al. [28] examined the gene
expression profile of esophageal adenocarcinoma and
showed that the expression levels of 270 genes were sig-
nificantly associated with the number of involved lymph
nodes, and xCT was one of these genes. In the present
study, multivariable analysis demonstrated that xCT
expression was an independent prognostic factor for ESCC.
Although no correlation was found between the xCT pos-
itivity rate and any other clinicopathological parameter, our
observations indicate that xCT may bave prognostic effect
on ESCC patients via the regulation of Gy/S checkpoint
transcriptional factors, suggesting that it might be a useful
indicator for selecting the postoperative treatment
approach.

In summary, we have found that xCT plays a role in the
proliferation of ESCC cells. As far as we know, this is the
fixst report to analyze the gene expression profiles of xCT
siRNA transfected ESCC cells in microarray, and investi-
gate the clinicopathological and prognostic significance of
xCT expression in an immunohistochemical analysis of
human ESCC samples. Microarray analyses showed that
xCT siRNA transfection changed the expression levels of
genes related to Gy/S cell cycle progression, including
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TP53INP1, CDKENI1A, CyclinD1l/cdkd, and E2F5. Fur-
thermore, immunohistochemical staining showed that xCT
expression is an independent prognostic factor of ESCC
patients. A deeper understanding of the role of xCT might
lead to it being used as an important biomarker of tumor
development and/or a novel therapeutic target for ESCC.
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The objectives of the present study were to investigate the role of K-Cl cotransporter 3 (KCC3) in the regulation of celtular invasion
and the clinicopathological significance of its expression in esophageal squamous cell carcinoma (ESCC). Immunohistochemical
analysis performed on 70 primary tumor samples obtained from ESCC patients showed that KCC3 was primarily found in the
cytoplasm of carcinoma cells. Although the expression of KCC3 in the main tumor (MT) was related to several clinicopathological
features, such as the pT and pN categories, it had no prognostic impact. KCC3 expression scores were compared between the MT
and cancer nest (CN), and the survival rate of patients with a CN > MT score was lower than that of patients with a CN < MT
score. In addition, the survival rate of patients in whom KCC3 was expressed in the invasive front of tumor was lower than that of
the patients without it. Furthermore, multivariate analysis demonstrated that the expression of KCC3 in the invasive front was one
of the most important independent prognostic factors. The depletion of KCC3 using siRNAs inhibited cell migration and invasion
in human ESCC cell lines, These results suggest that the expression of KCC3 in ESCC may affect cellular invasion and be related to

a worse proguosis in patients with ESCC.

1. Introduction

The K~Cl cotransporter (KCC) mediates the coupled move-
ment of K* and Cl” ions across the plasma membrane and
is involved in the regulation of cell volume, transepithelial
ion transport, and maintenance of intracellular CI” concen-
trations {[Cl"};) [L 2]. Pour isoforms of the KCC have been
identified and are termed KCCl, KCC2, KCC3, and KCCA4 [3].
The four KCC isoforms share a common protein structure
with 12 transmembrane regions in a central hydrophobic
domain, together with hydrophilic N- and C-termini that
may be cytoplasmic [4]. Although the expression of KCCl

is reportedly ubiquitous {5], that of KCC2 is restricted to
neurons in the central nervous system [6]. KCC3 is expressed
in the muscle, brain, lung, heart, and kidney [7], and KCC4
transcripts are the most abundant in the heart and kidney [4].

Several recent studies described the important roles of
KCC in cancer development, tumor invasion, and possibly
metastasis [8-11]. KCC3 was found to be important for
cell-cycle progression, migration, and invasion in cervical
carcinoma, ovarian cancer, breast cancer, and glioma [8, 9, 12,
13]. In addition, the overexpression of KCC3 downregulated
the formation of the E-cadherin/S-catenin complex, and
the subsequent upregulation of KCI cotransport activity was
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shown to benefit cancer cells in the epithelial-mesenchymal
transition (EMT) [8]. However, the roles of KCC3 in the
invasion of esophageal squamous cell carcinoma (ESCC)
cells remain uncertain, Furthermore, the clinicopathological
meaning of the expression of KCC3 in human ESCCs has not
yet been evaluated.

The objectives of the present study were to investigate the
roles of KCC3 in the cell migration and invasion of ESCC.
Furthermore, we analyzed the expression of KCC3 in human
ESCC samples and determined its relationships with the
clinicopathological features and prognosis of ESCC patients.
Our results revealed the important role of KCC3 in the tumor
progression of ESCC.

2. Materials and Methods

2.1. Patients and Primary Tissue Samples. ESCC tumor sam-
ples were obtained from 70 patients with histologically
proven primary ESCC who underwent esophagectomy
(potentially curative RO resection) at Kyoto Prefectural Uni-
versity of Medicine (Kyoto, Japan) between 1998 and 2007 and
were analyzed retrospectively. These samples were embedded
in paraffin 24 h after being fixed in formalin. Patient eligi-
bility criteria included not having developed synchronous
tumors or multiple metachronous tumors and not having
received preoperative chemotherapy or radiation therapy.
‘We excluded patients with noncuratively resected tumors or
nonconsecutive data. All patients gave their written informed
consent for inclusion in this study. Relevant clinicopatho-
logical and survival data were obtained from the hospital
database. Staging was principally based on the seventh TNM
staging system [14].

2.2. Immunohistochemistry. Paraffin sections (3 ym thick) of
tumor tissue were subjected to immunchistochemical
staining for KCC3 using the avidin-biotin-peroxidase
method. Briefly, paraffin sections were dewaxed in xylene
and hydrated through a graded series of alcohols. Antigen
retrieval was performed by heating the samples in Dako
REAL Target Retrieval Solution (Glostrup, Denmark)
for 40min at 95°C. Endogenous peroxidase activity was
quenched by incubating the sections for 30 min in 0.3%
H,0,. Sections were incubated for one hour at room
temperature with the following antibody: the KCC3 antibody
(HPA034563; Atlas Antibodies AB, Stockholm, Sweden).
The avidin-biotin-peroxidase complex system (Vectastain
ABC Elite kit; Vector Laboratories, Burlingame, CA, USA)
was used for color development with diaminobenzidine
tetrahydrochloride. Sections were counterstained with
hematoxylin. These sections were then dehydrated through
a graded series of alcohols, cleared in xylene, and mounted.
Control sections of known positive ESCC were included
in each antibody run, and negative control sections were
produced by omitting the primary antibody.
Immunohistochersical samples stained with KCC3 were
graded semiquantitatively by considering both the staining
intensity and percentage of positive tumor cells using an
immunoreactive score (IRS) [15]. Staining intensity was
scored as 0 (no staining), 1 (weak staining), 2 {(moderate
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staining), or 3 (strong staining). The proportion of positive
tummor cells was scored from 0 to 1.0. The score of each sample
was calculated as the maximum multiplied product of the
intensity and proportion scores (0 to 3.0).

2.3. Cell Culture, The human ESCC cell lines TES and TE9
were obtained from the Cell Resource Center for Biomedical
Research at the Institute of Development, Aging, and Cancer
(Tohoku University, Sendai, Japan) [16]. These cells were
grown in RPMI-1640 medium (Nacalai Tesque, Kyoto, Japan)
supplemented with 100U/mL of penicillin, 100 pg/mL of
streptomycin, and 10% fetal bovine serum (FBS). Cells were
cultured in flasks or dishes in a humidified incubator at 37°C
under 5% CO, in air. )

2.4. Small Interfering RNA (siRNA) Transfection. Cells were
transfected with 10 nmol/L. KCC3 siRNA (Stealth RNAi
siRINA #HSS HSS115159, FSS190762, HSS190763; Invitrogen,
Carlsbad, CA} using the Lipofectamine RINAIMAX reagent
(Invitrogen), according to the manufacturers instructions,
The medium containing siRNA was replaced with fresh
medjum after 24 h. We used three independent KCC3 siRNAs
to exclude off target effects. The control siRNA provided
(Stealth RNAi siRNA Negative Control; Invitrogen) was used
as a negative control.

2.5, Real-Time Reverse Transcription-Polymerase Chain Reac-
tion (RT-PCR). Total RINA, was extracted using an RNeasy kit
(Qiagen, Valencia, CA). Messenger RNA (mRNA) expression
was measured by quantitative real-time PCR (7300 Real-Time
PCR System; Applied Biosystems, Foster City, CA) with Tag-
Man Gene Expression Assays (Applied Biosystems), accord-
ing to the manufacturer’s instructions. Expression levels were
measured for the following gene: KCC3 (Hs00994548_m1)
(Applied Biosystems). Expression was normalized for the
KCC3 gene to the housekeeping gene beta-actin (ACTB,
Hs01060665.g1; Applied Biosystems). Assays were performed
in duplicate,

2.6. Analysis of Cell Migration and Invasion. The migration
assay was conducted using a Cell Culture Insert with a
pore size of 8 ym (BD Biosciences, Bedford, MA). Biocoat
Matrigel (BD Biosciences) was used to evaluate cell invasion
potential. Briefly, cells (1.5 x 10° cells per well) were seeded
in the upper chamber in serum-free medium 24h after
siRNA transfection. The lower chamber contained medium
with 10% FBS. The chambers were incubated for 48h at
37°C in 5% CO,, and nonmigrated or noninvaded cells were
then removed from the upper side of the membrane by
scrubbing with cotton swabs. Migrated or invaded cells were
fixed on the membrane and stained with Diff-Quick staining
reagents (Sysmex, Kobe, Japan)., The migrated or invaded
cells on the lower side of the membrane were counted in
four independent fields of view at 100x magnification of each
insert. Each assay was performed in triplicate.

2.7, Statistical Analysis. Statistical analysis was carried out
using Fisher’s exact test to investigate correlations between
clinicopathological parameters and KCC3 expression.
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Survival curves were constructed using the Kaplan-Meier
method, and differences in survival were examined using the
log-rank test. Multivariate analysis of the factors influencing
survival was performed using the Cox proportional hazard
model. Multiple comparisons were carried out using
Dunnett’s test after one-way ANOVA., Differences were
considered significant when the associated P value was less
than 0.05. All analyses were performed using statistical
software (JMP, version 10; SAS Institute Inc, Cary, NC,
USA). Correlation analyses were performed by creating Fit
Y by X plots using JMP.

3. Results

3.1 KCC3 Protein Bxpression in Human ESCCs, Animmuno-
histochemical investigation with the KCC3 antibody revealed
the expression of KCC3 in the parabasal cell layer of normal
esophageal mucosa (Figure 1(a)). We examined the expres-
sion of KCC3 in 70 primary tumor samples of human ESCC
based on their immunohistochemical reactivity. The KCC3
protein was mostly expressed in the cytoplasm of carcinoma
cells (Figure I(b)). The KCC3 score in the main tumor (MT)
varied widely between the tumors. The minimum KCC3
score was 0 while the maximum KCC3 score was 2.4 in MT
{median = 0.725; mean + standard error of the mean (SEM) =
0.780 + 0.072). Regarding the expression of KCC3 in MT, we
divided ESCC patients into 2 groups using the median stain-
ing score: a low grade KCC3 expression group with staining
scores £0.725, n = 35, and a high grade KCC3 expression
group with staining scores >0.725, n = 35. Figures 1(c) and
1(d) show the representative histopathological findings of low
or high KCC3 expression samples. Correlations between the
expression of KCC3 in MT and various clinicopathological
parameters were analyzed (Table 1). We found correlations
between the expression of KCC3 in MT and location of the
primary tumor, the pT or pN category (Table I).

‘We then focused on the expression of KCC3 in the cancer
nest (CN) of ESCC (Pigure 1{e)) and analyzed the KCC3
score in CN. The minimum KCC3 score was 0, and the
maximum KCC3 score was 2.6 in CN (median = 1.000;
mean + SEM = 1.087 + 0.096). The KCC3 score in CN was
positively correlated with the KCC3 score in MT (R* =
0.3388, P < 0.0001) (Figure 2). Regarding the expression
of KCC3 in CN, we divided ESCC patients into 2 groups
using the median staining score, alow grade KCC3 expression
group with staining scores <1.000, n = 36, and a high grade
KCC3 expression group with staining scores >1.000, n = 34,
and compared their clinicopathological features (Table 1). A
correlation was found between the expression of KCC3 in
CN and location of the primary tumor (Table 2). Regarding
the comparison of KCC3 scores between MT and CN in
each sample, we divided ESCC patients into 2 groups, CN
>ML#n = 39, and CN £ MT, » = 31, and compared
their clinicopathological features (Table 1). A correlation was
not found between the comparison of KCC3 scores and
clinicopathological features (Table 1),

Purthermore, we analyzed the localization of KCC3
expression in tumors. In 48 cases, the expression of KCC3
was found in the invasive front of the tumor (Figure 1(f)).

Regarding the expression of KCC3 in the invasive front
of the tumor, we divided ESCC patients into 2 groups,
negative (n = 22} and positive (n = 48), and compared
their clinicopathological features (Table 2). A correlation was
found between the expression of KCC3 in the invasive front
and the MT score, CN score, or their comparison (CN/MT)
(Table 2). No correlation was found between the expression of
KCC3 in the invasive front and any other clinicopathological
parameter (Table 2).

3.2. Prognostic Impact of KCC3 Protein Expression for Patients
with ESCC., We determined the prognostic impact of the
expression of KCC3 for patients with ESCC, Regarding the
expression of KCC3 in MT, no significant difference was
observed in the 5-year survival rate between patients with
the high grade expression of KCC3 and those with the low
grade expression of KCC3 in MT (Figure 3(a)). Similarly, no
significant differences were observed in the 5-year survival
rate between patients with the high grade expression of KCC3
and those with the low grade expression of KCC3 in CN
(Figure 3(b)). Regarding comparisons of KCC3 score, the 5-
year survival rate of the patients with CN > MT (55.5%) was
lower than that of patients with CN < MT (76.7%) (P = 0.133)
(Figure 3(c)). The 5-year survival rate of the patients with
KCC3 expression in the invasive front (57.1%) was lower than
that of the patients without it (81.8%), although there was no
statistical difference (P = 0.089) (Figure 3(d)). Interestingly,
when patients were divided into 2 groups, CN > MT and
invasive front positive, n = 31, and others, n = 39, the 5-
year survival rate of patients with CN > MT and invasive front
positive (46.1%) was significantly lower than that of other
patients (79.0%) (P = 0.022) (Figure 3(e)).

Furthermore, we assessed which of the 13 variables stud-
ied (age, gender, location of the primary tumor, histological
type, turnor size, lymphatic invasion, venous invasion, pT
and pN category, KCC3 score in MT, KCC3 score in CN
and CN/MT, and KCC3 expression in the invasive front)
influenced survival following curative resection of esophageal
cancer. Univariate analysis of survival after esophagectomy
revealed that lymphatic invasjon, venous invasion, and the
pT and pN categories were found to be significant prognostic
factors (P = 0.017, 0.017, 0.002, and 0.003, resp.) (Table 3).
Multivariate analysis with variables whose P values were less
than 0.100 in univarjate analysis demonstrated that lymphatic
invasion, pT and pN category, and KCC3 expression in inva-
sive front were independent prognostic factors (P = 0.044,
0.015, 0.011, and 0.001, resp.) (Table 4). KCC3 expression
in invasive front was the strongest prognostic factor of all
clinicopathological features. These findings suggest that the
expression of KCC3 might be a valuable prognostic factor for
patients with ESCC.

3.3. KCC3 Controlled Cell Migration and Invasion in ESCC
Cells. We conducted knockdown experiments with KCC3
siRNA in ESCC cells and analyzed the effects of KCC3
knockdown on cell migration and invasion. We used three
independent KCC3 siRNAs to exclude off target effects. All
three KCC3 siRNAs effectively reduced KCC3 mRNA levels
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Figure 1: KCC3 protein expression in human esophageal squamous cell carcinoma (ESCC). (a) Immunohistochemical staining of
noncancerous esophageal epithelia with the KCC3 antibody. Magnification: x200. (b) Immunohistochemical staining of primary hurnan
ESCC samples with the KCC3 antibody. Magnification: x400, (¢) Immunohistochemical staining of primary human ESCC samples with the
low grade expression of KCC3 in the main tumor (MT). Magnification: x200. (d) Immunohistochemical staining of primary human ESCC
samples with the high grade expression of KCC3 in the main tumor (MT). Magnification: x200. () Immunohistochemical staining of primary
human ESCC samples with the high grade expression of KCC3 in the cancer nest (CN). Magnification: x200. {f) Immunohistochemical
statning of primary human ESCC samples that expressed KCC3 in the invasive front of the tumor. Magnification: x40.

in both TES and TES cells (Figure 4(a)). In TE5 cells, all
three KCC3 siRNAs significantly inhibited cell migration and
invasion (Figure 4(b)). In TE9 cell, downregulation of KCC3
inhibited cell migration and invasion, too (Figure 4(c)).
These results suggest that KCC3 plays an important role in
regulating cell migration and invasion in ESCC cells.

4. Discussion

Recent studies have shown that ion channels and transporters
play crucial roles in cellular functions, and their roles have

been studied in cancer cells (17,18}, Various types of ion chan-
nels, such as voltage-gated K* channels, voltage-gated HERG
channels, Ca,” channels, and transient receptor potential
channels, have been found to be expressed in gastrointestinal
cancer cells and tissues and to regulate tumor behavior [19-
22]. Regulators of intracellular pH such as anion exchanger,
sodium-hydrogen exchanger, and carbonic anhydrases also
related to tumor development of gastrointestinal cancer cells
[23-25]. Purthermore, several reports have indicated that
CI” channels/transporters, such as Cl” channels, chloride
intracellular channel (CLIC), KCC, and NKCC, play crucial
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FIGURE 2; A correlation analysis of the relationship between the KCC3 score in main tumor (MT) and KCC3 score in the cancer nest (CN)

was performed by producing Fit Y by X plots. The KCC3 score in CN was positively correlated with the KCC3 score in MT (R? = 0.3388,
P < 0.0001).

TasLE 1: Relationships between the clinicopathological features of esophageal cancer and expression of KCC3 in the main tumor or cancer
nest,

MT CN CN/MT
Variable Low Bigh  Pvalue Low High Pvalue CN<MT CN>MT Pvalue
(n=35) (n=35) n=36) (m=34) (n=31) (n=39)

Age
<60 years i 11 1.000 1 i L000 6 16 0.071
260 years 24 24 25 23 25 23

Gender
Male 30 29 1.000 30 29 1.000 25 34 0.520
Female 5 6 é 5 6 5

Location of the primary tumor
Ve-Mt 18 2 o0 ¥ 2 oo 2 2 1000
Lt-Ae 17 6 17 [ 10 13

Histological type
‘Well/moderately differentiated SCC =~ 22 27 0.297 26 23 0796 22 27 1000
Poorly differentiated SCC 13 8 10 1 9 12

Tumor size
<50 mm 22 27 02968 24 25 0.6069 24 25 02967
250 mm 13 8 12 g 7 14

Lymphatic invasion
Negative 5 B gese 2 B g0 B )
Positive 20 17 16 21 13 24

Venous invasion
Negative 19 21 0.8094 20 20 0.8133 18 22 L0600
Pasitive 16 14 16 u 13 17

pT
pTl 1 B g0 ¥ B o209 8 B pue
pT2-3 25 12 22 15 13 24

pN
pNO 1 2 omser B Y 7 ea
pN1-3 24 13 21 16 15 22

MT: main tumor; CN: cancer nest; Ut: upper thoracic esophagus; Mt: middle thoracic esophagus; Lt: lower thoracic esophagus; Ae: abdominal esophagus; SCC:
squamous cell carcinoma; pT! pathological T stage; pN: pathological N stage.
*P < 0.05: Fisher's exact test.
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FrGure 3: Survival curve of patients after curative resection for esophageal squamous cell carcinoma (ESCC) according to the expression of
KCC3, (a) Patients were classified into two groups: low grade expression of KCC3 {n = 35) and high grade expression of KCC3 (n = 35) in
the main tumor (MT). (b) Patients were classified into two groups: the low grade expression of KCC3 (n = 36) and high grade expression
of KCC3 (n = 34} in the cancer nest (CN). (c) Patients were classified into two groups based on comparisons of the KCC3 score: CC £ MT
{n = 31) and CN > MT (n = 39) in the cancer nest (CN). (d} Patients were classified into two groups based on the expression of KCC3 in the

invasive front of the tumor: negative (n = 22) and positive (1 = 48), (e) Patients were classified into two groups: patients with CN > MT and
invasive front positive (# = 31} and others (# = 39). * P < 0.05: log-rank test.
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