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Elevated Nectin-2 expression is involved in esophageal squamous
cell carcinoma by promoting cell migration and invasion
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Abstract. Nectin-2 is overexpressed in cancer cells and
is associated with poor prognosis in patients with various
types of cancers. However, its involvement in esophageal
squamous cell carcinoma (ESCC) remains unknown. The
present study aimed to investigate the expression pattern of
Nectin-2, its clinical significance and its roles in the malignant
phenotypes of ESCC. Expression levels of Nectin-2 mRNA
and protein were respectively detected by reverse transcrip-
tion-quantitative polymerase chain reaction, western blotting
and immunohistochemistry, based on 106 newly diagnosed
ESCC patients. The associations between Nectin-2 expression
and clinicopathological characteristics of ESCC patients were
statistically analyzed. The effects of Nectin-2 in migration
and invasion were then determined by wound healing and
Transwell assays performed using ESCC cell lines (ECA109
and KYSES510) transfected with small interfering (si) RNA
against Nectin-2. It was found that Nectin-2 expression was
significantly elevated at the mRNA and protein levels in
ESCC tissues, compared with the normal esophageal mucosa
(P<0.001). Nectin-2-positive immunoreactivity was mainly
localized in the cytoplasm of cancer cells in ESCC tissues.
In addition, the expression levels of Nectin-2 protein in ESCC
tissues with advanced tumor stage (P=0.006) and poor differ-
entiation (P=0.02) were increased compared with patients
with early tumor stage and well to moderate differentiation.
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Additionally, knockdown of Nectin-2 in the 2 ESCC cell lines
could effectively suppress the cell migration and invasion
abilities (P<0.05). In conclusion, these findings revealed that
Nectin-2 is generally overexpressed in ESCC and associated
with aggressive cancer progression. The present data also indi-
cated that the silencing of Nectin-2 with siRNA in ESCC cells
may inhibit cell malignant biological properties, indicating
its potential as a potential marker or a therapeutic target for
ESCC.

Introduction

As one of the major types of esophageal cancer, esophageal
squamous cell carcinoma (ESCC) is one of the most aggressive
malignancies of the digestive tract, with high cancer-associated
morbidity and mortality worldwide, due to the late diagnosis
at advanced stages and the lack of effective treatment (1,2).
ESCC occurs mostly in developing countries (3). ESCC is
characterized by early lymphatic and hematogenous metas-
tasis, which is the main cause of the poor prognosis in patients
with this malignancy (4). Among the available prognostic
factors for ESCC, the International Union Against Cancer
(UICC) tumor-node-metastasis stage has been recognized as
the most important factor, since staging is determined by the
involvement of lymph nodes, depth of invasion and presence
of distant metastasis (5). However, the prognostic value of the
stage is often affected by the heterogeneity of ESCC patients.
Therefore, there is an urgent requirement to clarify the molec-
ular mechanisms that drive the aggressive tumor progression
and to identify more specific and sensitive biomarkers for the
diagnosis and targeted therapy of ESCC.

Nectin-2, also termed cluster of differentiation 112 and
poliovirus receptor-related protein 2, in addition to Nectin-1,
-3 and -4, belongs to the Nectin family of cell adhesion
molecules, which exert similar functions to immunoglobulin
in the formation and continuation of tight junctions and adher-
ence connections (6). Four members in this family have the
same structure, containing extracellular loops, one transmem-
brane segment and a short cytoplasmic domain (7). Studies
have reported the aberrant expression of Nectins and revealed
their important roles in numerous cancer types (8-10). Notably,
strong Nectin-2 expression was observed in leukemic blasts,
myeloma, breast cancer, squamous cell and adenosquamous
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carcinomas, adenocarcinoma of gallbladder, colorectal
carcinoma, pancreatic ductal adenocarcinomas and ovarian
cancer, but its expression is reduced or absent in hepatocellular
carcinoma (11-17). However, to the best of our knowledge, the
involvement of Nestin-2 in ESCC remains unknown. The
present study aimed to investigate the expression pattern of
Nectin-2, its clinical significance and roles in the malignant
phenotypes of ESCC.

Materials and methods

Patients and tissue samples. The Ethics Committees of
People's Hospital of Lianshui County, People's Hospital of
Xuyi County and Huai'an First People's Hospital (Huai'an,
Jiangsu, China) approved the present study. All patients agreed
to the procedure and signed consent forms.

A total of 106 patients with ESCC were diagnosed by endo-
scopic biopsy pathology between February 2006 and March
2012 at People's Hospital of Lianshui County, People's Hospital
of Xuyi County and Huai'an First People's Hospital (Huai'an,
Jiangsu, China). These patients were enrolled in the present
study based on the following criteria: Newly diagnosed cancer
of the esophagus without preoperative adjuvant chemotherapy
or radiotherapy, and histologically-confirmed primary ESCC.
There were 78 men and 28 women, ranging in age between 38
and 82 years (mean age, 50.6 years; median age, 50 years). The
histological grade and clinical stage of the tumors were defined
based on the UICC 2009 criteria (18). Of the 106 patients with
ESCC, 16, 30 and 60 cases were classified as grades I-II, III
and IV, respectively. In addition, 26, 30 and 50 cases were
well, moderately and poorly differentiated, respectively. The
clinicopathological characteristics of the 106 EOC patients are
summarized in Table I. In total, 20 samples of normal esopha-
geal mucosa were used as a control group. All specimens were
collected from endoscopic biopsy, immediately snap-frozen in
liquid nitrogen and maintained at -80°C until use.

Cell culture and transfection. The human ESCC ECA109
and KYSES10 cell lines were purchased from the Chinese
Academy of Sciences (Shanghai, China) and were cultured in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (HyClone; GE Healthcare Life Sciences, Logan, UT,
USA) and 100 U/ml penicillin/streptomycin (Gibco; Thermo
Fisher Scientific, Inc.) and was maintained in a humidified 5%
CO, atmosphere at 37°C.

The Nectin-2-targeted small interfering (si)RNA
(si-Nectin-2; catalog no. sc-43169; sequence: GCCUUU
UCUCAGACUCGATT) and negative control siRNA (si-con;
catalog no. sc-44236; sequence: GACCAATCTCAGCAG
ACAGTGCCATCATG) were purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA) and transfected into
cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
After 48 h, the subsequent experiments were performed.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RT-qPCR was performed to detect the expres-
sion level of Nectin-2 mRNA in ESCC tissues and normal
esophageal mucosa, according to the protocol described in a
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previous study (19). GAPDH was used as an internal control.
The qPCR primers were as follows: Nectin-2 forward, 5'-CGC
CTCGATACCATGAGTT-3" and reverse, 5'-ACATCCCTG
GCAGAAAGC-3"; and GAPDH forward5'-AGGTCGGTG
TGAACGGATTTG-3' and reverse, 5'-GGGGTCGTTGAT
GGCAACA-3'". The quantification cycle (Cq) is defined as the
fractional cycle number at which the fluorescence passes the
fixed threshold. The relative expression of Nectin-2 mRNA
was normalized to the expression of GAPDH mRNA using
the 2444 method (20).

Western blot analysis. Western blot analysis was performed to
detect the expression level of Nectin-2 protein in ESCC tissues
and normal esophageal mucosa. Proteins in tissues and cell
lysates were extracted using cell lysis buffer (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) and separated by 10%
SDS-PAGE followed by electrotransference onto nitrocellulose
membranes, which were then blocked with nonfat dry milk
at room temperature for 1 h. Subsequently, the membranes
were incubated overnight at 4°C, with the primary antibodies
against Nectin-2 (dilution, 1:500; rabbit anti-human Nectin-2
antibody; cat. no. AF1166¢c; Abgent, Inc., San Diego, CA,
USA) and GAPDH (dilution, 1:2,000; cat. no. SAB168068;
Sigma-Aldrich; Merck KGaA). Subsequently, the membranes
were washed with TBST several times and then incubated
with horseradish peroxidase-conjugated secondary antibodies
(dilution, 1:3,000; cat. no. SAB186192; Sigma-Aldrich; Merck
KGaA) at room temperature for 1 h. Immunoblots were visu-
alized by the enhanced chemiluminescence detection system
(Pierce; Thermo Fisher Scientific, Inc.).

Immunohistochemistry. Immunohistochemistry was
performed to detect the expression pattern and subcellular
localization of Nectin-2 protein in 106 ESCC tissues and
20 normal esophageal mucosa. All tissue samples were fixed
with 4% formaldehyde, embedded in paraffin, and sectioned
into 4-um slices. The sections were deparaffinized in xylene
and rehydrated in graded ethanol. Endogenous peroxidase
activity was blocked for 15 min with 3% hydrogen peroxide in
phosphate-buffered saline (PBS). The sections were incubated
with primary rabbit anti-human Nectin-2 antibody (dilution,
1:500; cat. no. AF1166¢; Abgent, Inc.) overnight at 4°C and
then incubated with IgG-horseradish peroxidase (dilution,
1:1,000; cat. no. ZS6061; Zhongshan Biotechnology, Co.,
Ltd., Zhongshan, China) for 1 h at 37°C. Immunostaining was
performed using the avidin biotin peroxidase complex method
and antigen-antibody reactions were visualized with the chro-
mogen diaminobenzidine.

To evaluate the results of immunohistochemistry, the
sections were observed under optical microscopy (x10 and
x200) by two pathologists who were blinded to the clinico-
pathological characteristics of the 106 patients with ESCC. The
immunoreactive score (IRS) was calculated by multiplying the
intensity score and the percentage score of immunostaining.
The former was defined as follows: 3, strong; 2, moderate; 1,
weak; and 0, negative. The latter was defined as follows: 0,
<5% of cells; 1, 5-25%; 2, 26-50%; 3, 50-75%; and 4, >75%.
The median IRS value (3.9) of Nectin-2 protein was used
as a cutoff point to divide all 106 patients with ESCC into
Nectin-2-high (n=55) and Nectin-2-low (n=51) groups.
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Table I. Association between Nectin-2 and various clinico-
pathological features of patients with esophageal squamous
cell carcinoma.

Nectin-2
expression, n (%)
Clinicopathological
features Cases, n High Low P-value
Age NS
<60 years 40 20 (50.0) 20 (50.0)
=60 years 66 35(53.0) 31(47.0)
Gender NS
Male 70 37(52.9) 3347.1)
Female 36 18 (50.0) 18 (50.0)
Differentiation 0.02
Well-moderate 56 20 (35.7) 36 (64.3)
Poor 50 35(70.0) 15 (30.0)
Tumor size NS
<5 cm 46 25(54.3) 21(45.7)
>5cm 60 30 (50.0) 30 (50.0)
TNM stage 0.006
I-1I 16 1(6.3) 15(93.7)
11T 30 9(30.0) 21(70.0)
v 60 45 (75.0) 15(75.0)

NS, no significant difference; TNM, tumor-node-metastasis.

Cell migration and invasion assays. Transwell assay was
performed to assess the migration and invasion abilities of
ESCC cells transfected with si-Nectin-2 or si-con using a
modified two-chamber migration assay with a pore size of
8 ym (Merck KGaA).

For the migration assay, 1x10° cells were suspended with
serum-free RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.)
and seeded in the upper chambers of the 24-well Transwell plates.
The lower well of the chamber was supplemented with RPMI-1640
containing 10% serum (Gibco; Thermo Fisher Scientific, Inc.).
Following incubation for 24 h, any cells remaining on top of the
insert were removed by scraping and the migrating cells on the
underside of the membrane were fixed with 4% formaldehyde,
stained with 0.5% crystal violet, and examined under an optical
microscope (magnification, x10 and x200; Olympus Corporation,
Tokyo, Japan) in 10 randomly selected fields.

For the invasion assay, 1x10° cells were suspended with
serum-free RPMI-1640 (Gibco; Thermo Fisher Scientific,
Inc.) and seeded in the upper chambers of the 24-well
Transwell chambers coated with Matrigel (1 mg/ml; BD
Biosciences, Franklin Lakes, NJ, USA). The lower chamber
was supplemented with RPMI-1640 containing 10% serum
(Gibco; Thermo Fisher Scientific, Inc.) as a chemoattractant.
Subsequent to incubation for 24 h, the invading cells on the
underside of the membrane were fixed with 4% formaldehyde,
stained with 0.5% crystal violet, and examined under an
optical microscope (magnification, x10 and x200; Olympus
Corporation) in 10 randomly selected fields.
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Statistical analysis. All statistical analyses in the current study
were conducted by using SPSS version 11.0 for Windows (SPSS
Inc., Chicago, IL, USA). Each experiment was performed in
triplicate. Data were expressed as the mean + standard error
of three repeated assays. Differences between various groups
were assessed using Student's t-test. Fisher's exact test and ¥’
were performed to assess the associations between Nectin-2
expression and different clinicopathological characteristics.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Elevated Nectin-2 expression in human ESCC tissues.
RT-qPCR showed that the relative expression of Nectin-2
mRNA in ESCC tissues was significantly elevated compared
with that in the normal esophageal mucosa (ESCC vs.
normal, 4.09+1.37 vs. 2.00+0.67; P<0.001; Fig. 1A). Similarly,
western blot analysis also found an increased expression
level ofNectin-2 protein in ESCC tissues compared with
normal esophageal mucosa (ESCC vs. normal, 3.93£1.40 vs.
1.76+0.57; P=0.003; Fig. 1B).

In addition, the expression pattern and subcellular local-
ization of Nectin-2 protein in ESCC and normal esophageal
mucosa was further examined by immunohistochemistry. As
shown in Fig. 1C, positive staining of Nectin-2 protein was
localized in the cytoplasm of cancer cells in ESCC tissues. Of
the 106 ESCC tissues, 38 (35.8%) and 42 (39.6%), respectively,
demonstrated strong and moderate positive immunoreactivity
for the Nectin-2 protein, whereas 16 (15.1%) showed a low
Nectin-2 expression and 10 (9.4%) were Nectin-2-negative.
By contrast, all normal esophageal mucosa were weakly or
not immunostained for Nectin-2 expression. Additionally,
the statistical analysis demonstrated that the IRS of Nectin-2
protein in the ESCC tissues was significantly increased
compared with normal esophageal mucosa (ESCC vs. normal,
3.96+1.41 vs. 1.92+1.87; P=0.005; Fig. 1D), which was consis-
tent with the results of RT-qPCR and western blot analysis.

Elevated expression of Nectin-2 protein is associated with
aggressive progression of ESCC patients. Table I summa-
rized the association of Nectin-2 protein expression with the
clinicopathological parameters of ESCC patients. There were
significant associations between Nectin-2 protein expression
and clinicopathological parameters, such as age, gender and
tumor size (P>0.05). Conversely, significant associations were
observed between Nectin-2 protein expression, and tumor
stage and differentiation in ESCC patients. The average IRS
of Nectin-2 protein in ESCC tissues obtained from patients
with advanced tumor stage (P=0.006; Table I) and poor
differentiation (P=0.02; Table I) was increased compared
with tissues obtained from patients with early tumor stage and
well-moderate differentiation.

Loss of Nectin-2 protein expression inhibited ESCC cell
migration and invasion in vitro. To elucidate the involvement
of Nectin-2 in ESCC cell migration and invasion abilities,
Nectin-2 siRNA was used to knockdown the expression of
Nectin-2 in the human ESCC ECA109 and KYSES510 cell lines.
As shown in Fig. 2, the relative protein expression of Nectin-2
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Figure 1. Elevated expression of Nectin-2 mRNA and protein in human ESCC tissues. (A) Relative expression of Nectin-2 mRNA in ESCC tissues was
significantly elevated compared with that in the normal esophageal mucosa (ESCC vs. normal, 4.09+1.37 vs. 2.00+0.67; P<0.001). (B) Western blot analysis
found increased Nectin-2 protein expression in ESCC tissues compared with normal esophageal mucosa (ESCC vs. normal, 3.93+1.40 vs. 1.76+0.57, P=0.003).
(C) Positive staining of Nectin-2 protein was localized in the cytoplasm of cancer cells in ESCC tissues. (D) Statistical analysis demonstrated that the immu-
noreactive score of Nectin-2 protein in the ESCC tissues was significantly higher than that in the normal esophageal mucosa (ESCC vs. Normal, 3.96x1.41

vs. 1.92+1.87; P=0.005). ESCC, esophageal squamous cell carcinoma.

in ECA109 and KYSES510 cells was markedly decreased by
transfection with Nectin-2 siRNA (P<0.001). The migration
and invasion abilities of ECA109 and KYSES510 cells trans-
fected with Nectin-2 siRNA were suppressed compared with
the two control groups (P<0.05; Fig. 3).

Discussion

Metastasis is a complex process of cancer cell migration
and invasion to new tissues, and has been recognized as the
principal cause of mortality in ESCC patients (21,22). Thus, it
is important to better understand the mechanisms underlying
the carcinogenesis and to identify an indicator capable of
predicting the malignant potential of ESCC. In the current
study, the data illustrated the expression patterns of Nectin-2
in ESCC tissues, followed by demonstrating the association
between the Nectin-2 expression and clinicopathological
parameters based on 106 clinical samples, and identified the
role of Nectin-2 in malignant phenotypes of ESCC cells.
Differential expression of Nectin-2 at mRNA and protein
levels was measured among primary ESCC tissues and normal
esophageal mucosa by RT-qPCR, western blot analysis and
immunohistochemistry, which all showed the upregulation of
Nectin-2 in ESCC tissues compared with normal esophageal
mucosa. Nectin-2 upregulation was then found to be closely
correlated with advanced tumor stage and poor differentiation.
Additional in vitro experiments presented here showed that the
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Figure 2. Loss of Nectin-2 protein expression in the human esophageal
squamous cell carcinoma ECA109 and KYSES510 cell lines subsequent to
transfection with Nectin-2 siRNA in vitro. siRNA, small interfering RNA;
si-nectin-2, siRNA targeting Nectin-2; si-con, control siRNA.

two human ESCC cell lines transfected with Nectin-2 siRNA
had reduced migration and invasion abilities. These findings
suggested that Nectin-2 could play a vital role in the malignant
progression of ESCC.
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Figure 3. Loss of Nectin-2 protein expression inhibits esophageal squamous cell carcinoma cell migration and invasion in vitro. (A) The migration abilities of
ECA109 and KYSES10 cells transfected with Nectin-2 siRNA were suppressed compared to the two control groups (both P<0.05). (B) The invasion abilities
of ECA109 and KYSES5I0 cells transfected with Nectin-2 siRNA were suppressed compared to the two control groups (both P<0.05). siRNA, small interfering

RNA; si-nectin-2, siRNA targeting Nectin-2; si-con, control siRNA.

Nectin-2 belongs to the Nectin family of Ca**-independent
immunoglobulin-like cell adhesion molecules and functions
as a junction molecule regulating the cell adhesion between
epithelial cells by creating trans-dimmers with neighbor
cells of Nectin-2 member (23). It is ubiquitously expressed
in cells of various tissues, including neuronal, hematopoi-
etic, endothelial and epithelial cells (24). Nectin-2 has been
concerned in different diseases in humans, and has currently
been defined as a marker, and potential therapeutic target in
numerous types of cancers. Nectin-2 is often overexpressed
in cancer cells, and is associated with a poor prognosis.
For example, Karabulut et al (13) performed ELISA and
determined that the serum Nectin-2 levels in 140 colorectal
cancer patients were dramatically compared with patients
in the healthy control group. The diagnostic and prognostic
roles of serum levels of Nectin-2 in patients with colorectal
cancer were also reported. Miao et al (14) identified Nectin-2
as a biomarker for metastasis and poor prognosis of squamous
cell/adenosquamous carcinomas and adenocarcinoma of the
gallbladder. Oshima ef al (15) observed the overexpression
of Nectin-2 in breast and ovarian cancers and anti-tumor
activity of anti-Nectin-2 monoclonal antibodies via strong
antibody-dependent cellular cytotoxicity, indicating its
potential as a target for antibody therapy against breast
and ovarian cancers. Liang et al (16) reported that positive
Nectin-2 expression was associated with progression and poor
prognosis in pancreatic ductal adenocarcinoma patients. By
contrast, Huang et al (17) found that Nectin-2 expression was
significantly reduced in hepatocellular carcinoma tissues, as

well as the majority of hepatocellular carcinoma cell lines, as
determined by western blot analysis and immunofluorescence
analyses. This study also confirmed that the downregula-
tion of Nectin-2 may be an important mechanism through
which hepatocellular carcinoma cells evade the natural
killer cell-mediated immunosurveillance, and may function
as a marker for poor prognosis in patients with this malig-
nancy (17). These data suggest that Nectin-2 may function as
either an oncogene or a tumor suppressor in various cancers.

The present study evaluated the expression of Nectin-2
in 106 ESCC tissues at the mRNA and protein levels. The
results showed that Nectin-2 expression at the mRNA and
protein levels was evidently increased in human ESCC tissues
compared with adjacent normal esophageal tissues. In addi-
tion, consistent with the results of studies in other types of
cancers (14,17), the immunohistochemistry analysis demon-
strated that staining for Nectin-2 was present in the cytoplasm
of the cancer cells. Consequently, it was hypothesized that
overexpression of Nectin-2 plays an important role in the
progression of ESCC. Since tumor cell motility is a sign of
invasiveness and an essential step in metastasis, the function
of Nectin-2 in ECA109 and KYSESIO cells was investigated
using a gene knockdown technique. The present study showed
that the migration and invasion of the ESCC ECA109 and
KYSESIO0 cell lines subsequent to transfection with siRNA
specific to Nectin-2 were evidently reduced compared to the
negative control cells, indicating that Nectin-2 may act as an
oncogene for promoting cell migratory ability and invasive-
ness in ESCC progression.
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In conclusion, to the best of our knowledge, the present

data revealed for the first time that Nectin-2 is overexpressed
in ESCC and associated with aggressive cancer progression.
The present data also indicated that the silencing of Nectin-2
with siRNA in ESCC cells may inhibit malignant biological
properties in cells, indicating potential as a possible marker or
therapeutic target for ESCC. Additional studies are required to
elucidate the mechanisms underlying the functions of Nectin-2
as a useful marker for ESCC.
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