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Abstract Protein Tyrosine Phosphatase Receptor J (PTPRJ)
has been reported to be a tumor suppressor in various human
cancers. The aim of this study was to investigate the clinical
significance of PTPRJ in ESCC patients and its effects on
biological behaviors of ESCC cells. PTPRJ expression, at
mRNA and protein levels, were respectively detected by
quantitative real-time PCR, western blot and immunohisto-
chemistry, based on 106 newly diagnosed ESCC patients.
The associations between PTPRJ expression and clinicopath-
ological characteristics of ESCC patients were statistically an-
alyzed. Then, the effects of PTPRJ in migration and invasion
were determined bywound healing and transwell assays based
on ESCC cell line transfected with siRNA or expression vec-
tor of PTPRJ. Expression of PTPRJ at mRNA and protein
levels were both significantly lower in ESCC tissues than
those in normal esophageal mucosa. Immunohistochemistry
showed that PTPRJ protein was localized in the cytoplasm of
cancer cells in ESCC tissues. In addition, PTPRJ downregu-
lation was found to be closely correlated with advanced tumor

stage (P = 0.01) and poor differentiation (P = 0.03).Moreover,
knockdown of PTPRJ in KYSE510 cells could significantly
promote cell migration and invasion (both P < 0.05), which
were reversed by the restoration of PTPRJ expression in vitro
(both P < 0.05). Our data offer the convincing evidence that
loss of PTPRJ expression may predict an aggressive clinical
course in ESCC patients. PTPRJ may function as a tumor
suppressor and play an important role in the regulation of
ESCC cell motility, suggesting its potentials as a therapeutic
agent for human ESCC.
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Introduction

Esophageal squamous cell carcinoma (ESCC) represents one
of the most aggressive malignancy with the highest incidence
and poor prognosis [1]. Due to early lymphatic and hematog-
enous metastases, ESCC is usually diagnosed locally at an
advanced stage or with lymph node metastases. Despite im-
provements in prevention, early detection, surgical removal
and chemo-radiotherapy for ESCC have been achieved, its
morbidity and mortality have changed little over recent de-
cades [2]. Accumulating studies suggest that it is a multistep
process of the tumorigenesis of ESCC from esophagitis to
metastasis [3]. Therefore, the clarification of the molecular
mechanisms that drive the aggressive tumor progression is
of great clinical significance to develop novel and efficient
diagnostic methods, and treatment strategies of ESCC.

Protein Tyrosine Phosphatase Receptor J (PTPRJ, also
recognized as DEP-1, HPTPg or CD148) belongs to a type
III receptor-like protein tyrosine phosphatase (RPTP) with an
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extracellular receptor containing eight fibronectin type III-like
domains, a transmembrane region and a single phosphatase
catalytic domain [4]. PTPRJ maps at chromosome 11p11.2, a
region implicated in human tumors through loss of heterozy-
gosity [5]. Substrates of PTPRJ include proteins which belong
to the family of tyrosine kinase receptors (PDGFR, EGFR,
VEGFR2, HGFR and RET) as well as those involved in cell
adhesion (c-Src, p120-catenin and ZO-1), thus, PTPRJ can
control multiple signaling pathways of cell growth, prolifera-
tion, adhesion and angiogenesis [6]. Of particular note, several
lines of evidence have shown that PTPRJ expression may be
downregulated in a vast majority of human epithelial cancers
and cancer cell lines (i.e. thyroid, mammary, lung, pancreatic
and colon cancers), and function as a tumor suppressor
[7–10]. For example, Ortuso et al. [7] reported that PTPRJ
agonist peptides could effectively inhibit in vitro cancer cell
proliferation and tube formation; Smart et al. [8] found that
PTPRJ regulated the differentiation of normal mammary epi-
thelia and that dysregulation of protein localization might be
associated with tumorigenesis. In contrast, Spring et al. [9]
identified a new role for PTPRJ as a mediator of an invasive
cell program implicating Src activation and the promotion of
breast cancer progression. These findings suggest that PTPRJ
might play different roles depending on the cancer types.

However, the role of PTPRJ in ESCC remains unclear. To
address this problem, we here detected the expression of
PTPRJ, at mRNA and protein levels, respectively, by quanti-
tative real-time PCR, western blot and immunohistochemistry,
based on 106 newly diagnosed ESCC patients. Then, the as-
sociations between PTPRJ expression and clinicopathological
characteristics of ESCC patients were statistically analyzed.
After that, the effects of PTPRJ in migration and invasion
were determined by wound healing and transwell assay based
on ESCC cell line transfected with siRNA or expression vec-
tor of PTPRJ.

Materials and Methods

Patients and Tissue Samples

The Ethics Commitee of People’s Hospital of Lianshui Coun-
ty, People’s Hospital of Xuyi County and Huai’an First Peo-
ple’s Hospital approved the current study. All patients agreed
to the procedure and signed consent forms.

A total of 106 patients with ESCC were diagnosed by en-
doscopic biopsy pathology between 2006 and 2012 at Peo-
ple’s Hospital of Lianshui County, People’s Hospital of Xuyi
County and Huai’an First People’s Hospital. There were 78
men and 28 women ranging in age from 38 to 82 years (me-
dian age 50 years). The histological grade and clinical stage of
the tumors were defined based on the International Union
Against Cancer (UICC) in 2009. Of the 106 patients with

ESCC, 16, 30 and 60 cases were I ~ II, III and IV, respectively;
26, 30 and 50 cases were well, moderately and poorly differ-
entiated, respectively. The clinicopathologic characteristics of
106 EOC patients are summarized in Table 1. Twenty cases
from normal esophageal mucosa were used as a control group.
All the specimens were collected from endoscopic biopsy im-
mediately, snap-frozen in liquid nitrogen and maintained at
−80 °C until use.

Cell Culture and Transfection

The human ESCC cell line KYSE510 was purchased from
Chinese Academy of Sciences (Shanghai, China) and was cul-
tured in Roswell ParkMemorial Institute (RPMI)-1640 (GibCo
BRL, Grand Island, NY, USA) supplemented with 10 % fetal
bovine serum (FBS; Hyclone) and 100 U/ml penicillin/strepto-
mycin (GibCo BRL, Grand Island, NY, USA) and was main-
tained in a humidified 5 % CO2 atmosphere at 37 °C.

The PTPRJ-targeted small interfering RNA (si-PTPRJ)/
negative control (si-con) and pCEFL-PTPRJ/pCEFL-empty
vector (pCEFL-con) plasmids were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China) and transfected by Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) based on the
manufacturer’s instructions.

Quantitative Real-Time PCR

Quantitative real-time PCR was performed to detect the ex-
pression level of PTPRJ mRNA in ESCC tissues and normal

Table 1 Association of Protein Tyrosine Phosphatase Receptor J
(PTPRJ) with different clinicopathological parameters of esophageal
squamous cell carcinoma (ESCC) patients

Clinicopathological features No. of
cases

PTPRJ-high
(n, %)

PTPRJ-low
(n, %)

P

Age (years)

<60 40 16 (40.0) 24 (60.0) NS
≥60 66 34 (51.5) 32 (48.5)

Gender

Male 70 34 (48.6) 36 (51.4) NS
Female 36 16 (44.4) 20 (55.6)

Differentiation

Well ~ moderate 56 35 (62.5) 21 (37.5) 0.03
Poor 50 15 (30.0) 35 (70.0)

Tumor size (cm)

<5 46 26 (56.5) 20 (43.5) NS
≥5 60 24 (40.0) 36 (60.0)

TNM stage

I ~ II 16 15 (93.8) 1 (6.2) 0.01
III 30 20 (66.7) 10 (33.3)

IV 60 15 (25.0) 45 (75.0)

‘NS’ refers to the difference without statistical significance
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esophageal mucosa according to the same protocol as our
previous study [11]. Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal control. The quantita-
tive PCR primers were used for PTPRJ: 5’- GTA TTA TCA
TTG GTG GCT TGT TC -3’ (forward) and 5’- CAT CTC
CGT GGT GGT GAC -3’ (reverse), and GAPDH: 5’- AGG
TCG GTG TGA ACG GAT TTG -3’ (forward) and 5’- GGG
GTC GTT GAT GGC AAC A -3’ (reverse). The threshold
cycle (Ct) is defined as the fractional cycle number at which
the fluorescence passes the fixed threshold. The relative ex-
pression of PTPRJ mRNAwas normalized to the expression
of GAPDH mRNA using the 2-ΔΔCt method.

Western Blot Analysis

Western blot analysis was performed to detect the expression
level of PTPRJ protein in ESCC tissues and normal esopha-
geal mucosa. Proteins in tissues and cell lysates were extracted
by using cell lysis buffer (Sigma-Aldrich, MO, USA) and
separated by SDS-PAGE followed by electrotransferring onto
nitrocellulose membrane which were blocked with nonfat dry
milk at room temperature for 1 h. Subsequently, the mem-
branes were incubated overnight at 4 °C with the primary
antibodies against PTPRJ (1:1000 dilution, Sigma-Aldrich,
MO, USA) and GAPDH (1:2000 dilution, Sigma-Aldrich,
MO, USA), respectively. After that, the membranes were
washed by TBST for several times and then incubated with
horseradish peroxidase-conjugated secondary antibodies
(1:3000, Sigma-Aldrich, MO, USA) at room temperature for
1 h. Immunoblots were visualized by the enhanced chemilu-
minescence detection system (Pierce Biotechnology, Rock-
ford, IL).

Immunohistochemistry

Immunohistochemistry was performed to detect the expres-
sion pattern and subcellular localization of PTPRJ protein
in ESCC tissues and normal esophageal mucosa. All tissue
samples were fixed with 4 % formaldehyde, embedded in
paraffin, and sectioned at 4 μm thickness. The sections
were deparaffinized in xylene and rehydrated in graded eth-
anol. Endogenous peroxidase activity was blocked for
15 min with 3 % hydrogen peroxide in phosphate-
buffered saline (PBS). The sections were incubated with
primary antibody against PTPRJ (1:100 dilution, Sigma-
Aldrich, MO, USA) overnight at 4 °C and then incubated
with IgG-horseradish peroxidase (1:1000, Zhongshan, Chi-
na) for 1 h at 37 °C. Immunostaining were performed using
the avidin biotin peroxidase complex method and antigen-
antibody reactions were visualized with the chromogen
diaminobenzadine.

To evaluate the results of immunohistochemistry, the sec-
tions were observed under microscope by two different

pathologists who were blinded with the clinicopathological
characteristics of 106 patients with ESCC. The immunoreac-
tive score (IRS) was calculated by multiplying the intensity
score and the percentage score of immunostaining. The former
was defined as strong (3), moderate (2), weak (1), or negative
(0) and the latter was defined as <5 % of cells (0), 5–25 % (1),
26–50% (2), 50–75% (3), and >75% (4) of cells. The median
IRS value (3.0) of PTPRJ protein was used as a cutoff point to
divide all 106 patients with ESCC into PTPRJ-high (n = 50)
and PTPRJ-low (n = 56) groups.

Wound Healing Assay

Wound healing assay was performed to assess the migration
ability of KYSE510 cells transfected with si-PTPRJ/si-con
or pCEFL-PTPRJ/pCEFL-con plasmids. In brief, wounds
were created in confluent cells (approximately 80 %) using
a 100-μl pipette tip, at 48 h after transfection. Cell migra-
tion was assessed by measuring the movement of cells to-
ward the scratch, and the wound healing was observed at
different time points (0 h, 24 h and 48 h) within the scrape
line.

Transwell Assay

Transwell assay was performed to assess the invasion abil-
ity of KYSE510 cells transfected with si-PTPRJ/si-con or
pCEFL-PTPRJ/pCEFL-con plasmids. In brief, 1 × 105 cells
were suspended with serum-free RPMI 1640 (GibCo BRL,
Grand Island, NY, USA) and seeded in the upper chambers
of the 24-well transwells (8 mm pore size) coated with
matrigel (1 mg/ml, BD Biosciences, USA). The lower
chamber was supplemented with RPMI 1640 containing
10 % serum (GibCo BRL, Grand Island, NY, USA) as a
chemoattractant. Following incubation for 24 h, the invad-
ing cells on the underside of the membrane were fixed with
4 % formaldehyde, stained with 0.5 % crystal violet, and
examined under an Olympus microscope in ten randomly
selected fields.

Statistical Analysis

All statistical analyses in the current study were conduct-
ed by using the software of SPSS version 11.0 for Win-
dows (SPSS Inc., IL, USA). Each experiment was per-
formed in triplicate. Data were expressed as the
mean ± standard error of three repeated assays. Differ-
ences between various groups were assessed using Stu-
dent’s t test. Fisher’s exact test and Chi-square were per-
formed to assess the associations between PTPRJ expres-
sion and different clinicopathological characteristics. Dif-
ferences were considered statistically significant when p
was less than 0.05.
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Results

Decreased Expression of PTPRJ mRNA and Protein
in Human ESCC Tissues

The mRNA expression levels of PTPRJ were detected in 106
ESCC tissues and 20 normal esophageal mucosa using quan-
titative real-time PCR. The relative expression of PTPRJ
mRNAwas significantly lower in the ESCC tissues than that
in the normal esophageal mucosa (P = 0.001, Fig. 1a). Con-
sistent with quantitative real-time PCR, western blot analysis
revealed that PTPRJ protein expression was downregulated in
the ESCC tissues compared to that of the normal esophageal
mucosa (P = 0.002, Fig. 1b).

To further confirm the quantitative real-time PCR and
western blot results, immunohistochemistry was performed
to evaluate the expression pattern and subcellular localization
of PTPRJ protein in paraffin wax slices of ESCC and normal
esophageal mucosa. As shown in Fig. 1c, positive staining of
PTPRJ protein was localized in the cytoplasm of cancer cells
in ESCC tissues. Of the 106 ESCC tissues, 8 (7.5 %) were
strongly positive for PTPRJ immunoreactivity, whereas 66
(62.3 %) showed a medium to low PTPRJ expression and
32 (26.4 %) were PTPRJ negative. In contrast, all of the nor-
mal esophageal mucosa were PTPRJ strongly positive. The
statistical analysis showed that the IRS of PTPRJ in the ESCC
tissues was significantly lower than that in the normal esoph-
ageal mucosa (P < 0.001, Fig. 1d), which was consistent with

the results of quantitative real-time PCR and western blot
analysis.

Decreased Expression of PTPRJ Protein Associates
with Aggressive Progression of ESCC Patients

Table 1 summarized the association of PTPRJ protein expres-
sion with clinicopathological parameters of ESCC patients.
There were significant associations of PTPRJ protein expres-
sion with clinicopathological parameters, such as age, gender
or tumor size, respectively (all P > 0.05). Conversely, signif-
icant correlations were observed between PTPRJ protein ex-
pression, and tumor stage and differentiation of ESCC pa-
tients. The average IRS of PTPRJ protein for ESCC patients
in early TNM stage was significantly lower than that in ad-
vanced TNM stage (P = 0.01, Table 1). Besides, we also
observed the negative correlations of PTPRJ protein immuno-
staining with tumor differentiation of ESCC patients
(P = 0.03, Table 1).

Decreased Expression of PTPRJ Protein Promotes ESCC
Cell Migration and Invasion in Vitro

To investigate the function of PTPRJ in ESCC progression,
PTPRJ siRNAwas used to reduce the expression of PTPRJ in
the human ESCC cell line KYSE510. Forty-eight hours after
transfection, PTPRJ siRNA could dramatically reduce the ex-
pression of PTPRJ protein in KYSE510 cells (P < 0.01, Fig.

Fig. 1 Decreased expression of
PTPRJ mRNA and protein in
human ESCC tissues. a The
relative expression of PTPRJ
mRNAwas significantly lower in
the ESCC tissues than that in the
normal esophageal mucosa
(P = 0.001). b Western blot
analysis revealed that PTPRJ
protein expression was
downregulated in the ESCC
tissues compared to that of the
normal esophageal mucosa
(P = 0.002). c Positive staining of
PTPRJ protein was localized in
the cytoplasm of cancer cells in
ESCC tissues. d Statistical
analysis showed that the IRS of
PTPRJ in the ESCC tissues was
significantly lower than that in the
normal esophageal mucosa
(P < 0.001)
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2a). Then, the transfected cells were subjected to cell migra-
tion assay and invasion assay. As a result, we found that the
loss of PTPRJ protein promoted the migration and invasion of
KYSE510 cells (both P < 0.05, Fig. 2b and c).

Restoration of PTPRJ Expression Inhibited ESCC Cell
Migration and Invasion in Vitro

To further evaluate whether PTPRJ upregulation could inhibit
tumor migration and invasion, KYSE510 cells were
transfected with pCEFL-PTPRJ plasmid which effectively in-
creased the expression of PTPRJ as shown in Fig. 3a. Then,
the transfected cells were subjected to cell migration assay and
invasion assay. Compared to KYSE510 cells transfected with
pCEFL-empty vector (pCEFL-con) plasmid, over-expression
of PTPRJ significantly inhibited the migration and invasion
abilities of KYSE510 cells (both P < 0.05, Fig. 3b and c).

Discussion

As the most common subtype of esophageal cancer in China,
ESCC has an increase incidence of relapse and metastasis, and
poor prognosis despite improvements in diagnostic and ther-
apeutic techniques [12]. It is extremely necessary to identify
factors underlying carcinogenesis, invasion and metastasis of
ESCC. In the current study, our data first illustrated the ex-
pression patterns of PTPRJ in ESCC tissues, followed by
demonstrating the association between the PTPRJ expression
and clinicopathologic parameters based on 106 clinical sam-
ples, and finally discovered the role of PTPRJ in malignant
phenotypes of ESCC cells. Differential expression of PTPRJ
at both mRNA and protein levels had been measured among
primary ESCC tissues and normal esophageal mucosa by
quantitative real-time PCR, western blot and immunohisto-
chemistry, which all showed the decreased expression of

Fig. 2 Decreased expression of PTPRJ protein promotes ESCC cell
migration and invasion in vitro. a PTPRJ siRNA could dramatically
reduce the expression of PTPRJ protein in KYSE510 cells (P < 0.01). b

and c Loss of PTPRJ protein promoted the migration and invasion of
KYSE510 cells (both P < 0.05), respectively

Fig. 3 Restoration of PTPRJ expression inhibited ESCC cell migration
and invasion in vitro. a KYSE510 cells were transfected with pCEFL-
PTPRJ plasmid which effectively increased the expression of PTPRJ
protein. b and c Compared to KYSE510 cells transfected with pCEFL-

empty vector (pCEFL-con) plasmid, over-expression of PTPRJ signifi-
cantly inhibited the migration and invasion abilities of KYSE510 cells
(both P < 0.05), respectively
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PTPRJ in ESCC tissues compared with normal esophageal
mucosa. Then, PTPRJ downregulation was found to be close-
ly correlated with advanced tumor stage and poor differentia-
tion. Further experiments presented here showed that
KYSE510 cells interference of PTPRJ had a stronger migra-
tion and invasion abilities than that of normal control which
were verified by wound healing and transwell assay. In con-
trast, the enforced expression of PTPRJ in KYSE510 cells led
to the suppression of cell migration and invasion.

PTPRJ is one of receptor-like protein tyrosine phosphatases
which function as crucial antagonists of tyrosine kinase-
dependent signaling and are involved into various biological
responses including cell development, transformation, prolifer-
ation and migration [13–15]. Among all protein tyrosine phos-
phatases, PTPRJ is of particular interest since accumulating
studies have revealed that its expression is lower in several types
of cancers, and the loss of PTPRJ plays important roles in car-
cinogenesis and cancer progression [7–10]. Consistent with the
results of studies in other types of cancers, we here observed the
obviously decreased expression of PTPRJ at the mRNA and
protein levels compared to normal esophageal mucosa. Simul-
taneously, immunohistochemistry demonstrated that positive
staining of PTPRJ was noted in the cytoplasm of the cancer
cells, suggesting that PTPRJ might be a cytosolic protein, which
is consistent with the previous studies. More importantly, our
clinical evidence clearly supported that compared with different
tumor stage and differentiation of ESCC, PTPRJ was lower
expressed in later stage and poorly differentiated ESCC tissues,
suggesting that PTPRJ might participate in ESCC progression.

Cancer cell motility has been recognized as a sign of inva-
siveness and an essential step duringmalignant metastasis [16,
17]. Moreover, cancer cell migration and invasion are also
important characteristics of the molecular pathology of malig-
nancies and are the main causes of cancer-related death [18].
Our study showed that the migration and invasion of ESCC
cell line KYSE510, following transfection with siRNA-
PTPRJ were obviously enhanced compared to the negative
control cells, which could be effectively reversed by the trans-
fection of expression vector of PTPRJ, implying that PTPRJ
might be an important factor for suppressing migratory ability
and invasiveness in ESCC progression.

In conclusion, our data offer the convincing evidence that
loss of PTPRJ expression may predict an aggressive clinical
course in ESCC patients. PTPRJ may function as a tumor
suppressor and play an important role in the regulation of
ESCC cell motility, suggesting its potentials as a therapeutic
agent for human ESCC. Further studies should be required to
elucidate the mechanisms underlying the functions of PTPRJ
as a useful marker for ESCC.
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