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Abstract

Background: The erythropoietin-producing hepatocellular (Eph) receptor A5 (EphA5) has been found to be overex-
pressed in some malignant tumors and is associated with disease prognosis. However, the role of EphA5 in esopha-
geal squamous cell carcinoma (ESCC) is not clear.

Methods: In the present study, we measured the expression of EphA5 in ESCC tissues and cell lines including
KYSE150 and KYSE450 cells. siRNA transfection was used to interfere with EphA5 expression in ESCC cell lines. Cell
viability, colony formation, scratch and invasion assays were performed to explore the roles of EphA5 in ESCC cell
lines. Flow cytometry analysis was performed to investigate whether EphA5 could affect the cell apoptosis and cycle.
The biomarkers related to epithelial-mesenchymal transition (EMT) and molecules associated with Wnt/3-catenin
signaling were also measured by western blot and immunofluorescence.

Results: The protein and mRNA expression of EphA5 were significantly higher in fresh ESCC tissues and cell lines
compared with normal control groups and human normal esophageal epithelial cells (HEEC). The cell viability assay
and colony formation assay revealed that EphA5 knockdown enhanced the proliferation of KYSE150 and KYSE450
cells in vitro. The invasion and migration of ESCC cells were accelerated after EphA5 knockdown. The expression of
EMT biomarkers was altered in ESCC cells transfected with siRNA targeting EphA5. Moreover, EphA5 downregulation
enhanced the protein levels of B-catenin and p-GSK-3B°¢", which play a key role in the Wnt/B-catenin pathway.

Conclusions: EphA5 knockdown promotes the proliferation of esophageal squamous cell carcinoma,enhances inva-
sion and migration ability via epithelial-mesenchymal transition through activating Wnt/(3-catenin pathway.
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countries. In the past few decades, the development of
multidisciplinary treatments has improved the overall
survival of ESCC patients, but the 5-year survival rate is
less than 20% [2].

Erythropoietin-producing human hepatocellular carci-
noma receptors (Eph receptors) are the largest subgroup
of the receptor tyrosine kinases family. It was first iden-
tified in human cancers,and has also been found to play
important roles in pathology and physiology [3]. Depend-
ing on their ephrin ligands, Eph receptors are subdivided
into EphA or EphB subfamilies [4]. Eph receptors were
originally found to regulate embryogenesis, by fine-tun-
ing cell adhesion, location, and migration, especially in
the nervous system [5]. Recent studies have also shown
that these receptors regulate cell adhesion, differentiation
and stemness [5]. EphA5, a member of Eph receptors, has
been implicated in various biological activities, including
tumorigenesis and progression of different cancers [6—
10], radioresistance in lung cancer [11] and sensitivity to
trastuzumab in HER2-positive breast cancer [12]. How-
ever, the role of EphA5 in patients with ESCC remains
unknown.

Therefore, this study aimed to investigate the roles of
EphA5 in ESCC and the mechanism by which EphA5
regulates ESCC cells, its association with metastasis and
prognosis of patients with esophageal cancer.

Methods

Patients and samples

Patients with ESCC (N =52) who underwent surgery at
Taixing People’s Hospital were enrolled in this study. All
patients were confirmed by pathology as squamous cell
carcinoma, and did not receive preoperative radiotherapy
or chemotherapy. According to their dates of operation,
patients were divided into 2 groups. Tumor tissue sam-
ples and paired normal tissues used for immunoblotting
were obtained from 4 patients diagnosed with esopha-
geal carcinoma between September 2018 and October
2018 (group 1). The resected samples were briefly stored
in a fridge at — 80 °C for subsequent experiments. Tumor
specimens used in the immunohistochemical analy-
sis were consecutively harvested from 48 patients with
ESCC from 2016 to 2018 (group 2). This study was per-
formed with the approval of the Biomedical Research
Ethics Committee, and all patients signed written
informed consent.

Cell lines and culture

Human esophageal carcinoma cell lines (KYSE30, KYSE
70, KYSE 140, KYSE150, KYSE 180, KYSE 410, KYSE450,
KYSE510) and human normal esophageal epithelial
cells (HEEC) were provided by the Chinese Academy of
Cell Resource Center (Shanghai, China). Cell lines were
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cultured in RPMI-1640 medium (Invitrogen, USA) con-
taining 10% FBS (Invitrogen, USA) at 37 °C in a humidi-
fied chamber with 5% CO,.

siRNA and plasmid transfections

The human esophageal carcinoma cells (KYSE150,
KYSE450) were grown in 60-mm plates at about 30%
confluence and transfected with siRNA duplexes after
incubation for 24 h, using the riboFECT CP transfec-
tion kit (Ribobio, Guangzhou, China). The EphA5-tar-
geting and p-catenin-targeting siRNA oligonucleotides
were synthesized by Ribobio, Guangzhou, China. The
B-catenin-targeting siRNA sequences (si-p-catenin)
designed previously were used [13]. For siRNA-mediated
EphA5 (si-EphA5) silencing, the following sequences
were used: 5-GGAAAGACGTGTCATATTA-3' (si-
EphA5#1) and 5-GGCAGAACATAGCCCACTA-3’ (si-
EphA5#2), The sequence of negative controls (NC) was
a non-targeting sequence. The human EphA5 expres-
sion plasmid (p-EphA5) was provided by GeneCopoeia
company. KYSE150 cells after EphA5 knockdown were
transfected with the EphA5 overexpression vector by
Lipofectamine 3000 (Invitrogen, USA) according to man-
ufacturer’s protocol.

Real-time PCR

Total RNA from the fresh frozen tissues and the treated
cells at the logarithmic phase was isolated with Trizol
(Tiangen Biotech Co, Beijing, China). Then, cDNA was
synthesized from the lug RNA using the HiScript II
Q RT SuperMix (Vazyme Biotech Co, Nanjing, China)
according to the manufacturer’s instructions. The AceQ
qPCR SYBR Green Master Mix (Vazyme Biotech Co,
Nanjing, China) was used for quantitative-PCR to detect
the amount of EphA5 and p-catenin mRNA, with Gapdh
as the internal reference. The sequences of primers were:

hEphA5-f:5-TCTGTGGTACGACACTTGGC-3/;
hEphA5-1:5-CTTGCACATGCATTTCCCGA-3/;
hp-catenin-f:5'-GCCAAGTGGGTGGTATAG
AGG-3;
hpB-catenin-r:5-GCGGGACAAAGGGCAAGA-3/;
hGapdh-f:5’-TCCATGACAACTTTGGTATCGTG-
3/
hGapdh-r:5-ACAGTCTTCTGGGTGGCAGTG-3'.

Cell viability assay

The cells transfection with the EphA5-targeting siRNA
and non-targeting sequence were seeded into 96-well
plates (3000 cells/well). Cell viability was determined
with the cell counting kit-8 (CCK-8) according to the
manufacturer’s protocol. The absorbance values of each
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plate were measured at a wavelength of 450 nm with a
microplate reader (Thermo Fisher Scientific, USA).

Colony formation assay

The treated cells were plated in triplicate on 6-well plates
(250 cells/well) and cultured at 37 °C for 7-14 days for
colony formation. Next, methanol was utilized to treat
the cells followed and 0.1% crystal violet utilized to stain
the cells. Finally, the stained colonies containing at least
50 cells were counted.

Flow cytometry analysis

To analyze cell apoptosis and cell cycle, the KYSE150 and
KYSE450 cells were harvested after transfection with
siRNA duplexes for 72 h. For cell apoptosis analysis, col-
lected cells were incubated with Annexin V-FITC and
propidium iodide (Beyotime, shanghai, China) for 15 min
and then detected with flow cytometry (Beckman, USA).
For cell cycle analysis, we fixed the collected cells using
70% ethanol overnight at 4 °C. After that, the samples
were incubated with propidium iodide (Beyotime, Shang-
hai, China) at 37 °C for 30 min in the dark. Next, the cells
were tested within 2 h by flow cytometry (Beckman,
USA).

Western blot assay

The total protein of cells at the logarithmic phase was
extracted by a lysis buffer. BCA Protein Assay Kit (Bey-
otime, Shanghai, China) was used to measure the total
protein concentration. The harvested samples were
heated for 10 min at 100 °C for denaturation. About 30 pg
proteins were separated by gel electrophoresis and trans-
ferred to a polyvinylidene difluoride membrane (0.45 pm,
Millipore, Billerica, MA, USA). The PVDF membrane
was blocked with skimmed milk and then incubated with
primary antibodies overnight at 4 °C. After incubation
with HRP goat anti-rabbit or goat anti-mouse IgG anti-
body (Proteintech, Wuhan, China), the protein signal was
captured with autoradiography films. The E-Cadherin,
p-GSK-3p5¢™ and B-catenin antibodies were all obtained
from Cell Signaling Technology. GSK3p, N-Cadherin,
c-Myc, CyclinD1 and Gapdh antibodies were purchased
from Proteintech, while EphA5 was purchased from Inv-
itrogen. Snail was purchased from R&D Systems.

Wound-healing assay

The migration of the treated cells was evaluated by
wound scratch assays. After siRNA transfection for
24 h, the cells were plated on 24-well plates. For re-
expression of EphA5 in KYSE150 cells transfected with
siRNA, transient transfection of plasmids were per-
formed. After about 24 h when the cells covered 80-90%
of the bottom area of the 24-well plates, scratch wounds
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were made usingasterile 10 uL. pipettetip. The distance
and area covered by migrated cells were recorded using
a microscope (Olympus Corp, Tokyo, Japan) at O h, 12 h,
24 h and 48 h after scratching.

Invasion assay

Invasion assays were conducted using transwell cham-
bers (Corning Incorporated, Corning, USA) with a thin
coating of matrigel (BD Biosciences, USA). The dilution
ratio of matrigel is 1:10. After transfection with siRNA,
1.5 x 10° cells were seeded on the upper chamber con-
taining medium without serum. The lower chamber was
filled with 500 pl medium containing 10% fetal bovine
serum. After 48 h of incubation, the cells were removed
from the incubator, fixed and then stained. The invasive
cells were counted in at least five random fields at a mag-
nification of 100 x (Olympus Corp, Tokyo, Japan).

Immunofluorescence

KYSE150 and KYSE450 cells treated for 24 h were seeded
on 24-well plates containing an aseptic coverslip in each
plate. After 24 h in the incubator, the cells were fixed with
4% paraformaldehyde, penetrated by 0.5% Triton X-100
and blocked with 5% bovine serum albumin. Subse-
quently, the primary antibodies were used for incubation
at 4 °C overnight. The Cy3 goat anti-rabbit IgG antibody
(1:400, ABclonal, Wuhan, China) was added and incu-
bated for 1 h and DAPI (Sigma, USA) used to strain the
nuclei for 5 min. The Images were captured with a fluo-
rescence microscope (Olympus Corp, Tokyo, Japan). The
primary antibodies (E-cadherin, p-GSK-3p5¢", B-catenin)
were obtained from Cell Signaling Technology and anti-
body against Snail was purchased from Genetex.

Immunohistochemistry

Briefly, 4 pm sections prepared from stored FFPE human
esophageal tumor tissues and the paired normal tis-
sues were incubated at 65 °Cfor 30 min. They were then
deparaffinized, rehydrated, and quenched with 3% H,O,.
EphA5 was examined as described previously with anti-
human EphA5 monoclonal antibody (1:50, Invitrogen,
USA). The extent of immunostaining was assessed based
on the staining intensity and percentage of stained tumor
cells [14]. The point representing the percentage of posi-
tive tumor cells was: 0, 0-5%; 1, 6-25%; 2, 26—50%; 3,
51-75%; and 4, 75-100%. The intensity was graded as:
0 (negative), 1 (weak), 2 (moderate), and 3 (strong). The
two primary scores were multiplied to obtain the stain-
ing index (SI). The SI> 3 was considered as EphA5-high
expression tumors, those with 0<SI<3 were regarded as
EphA5-low expression while others with SI=0 regarded
as EphA5-negative expression.
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Statistical analysis

All experimental data were analyzed using Prism 7.0 and
IBM SPSS Statistics 20. The 2-tailed Student’s t test, a X2
test or a one-way analysis of variance was used to meas-
ure statistical significance. P <0.05 indicated a significant
difference.

Result
EphA5 Expression is increased in ESCC cells and patients
The protein expression of EphA5 in ESCC cell lines was
analyzed by western blot assay (Fig. la). EphA5 was
rarely expressed in HEEC cells, but was highly expressed
in KYSE150, KYSE450 and KYSE410 cells. For KYSE150
and KYSE410 cells were from the patients with poorly-
differentiated squamous cell carcinoma and KYSE450
cells was from the patient with well-differentiated squa-
mous cell carcinoma, thus KYSE150 and KYSE450 cell
lines were chosen for subsequently tests. Four fresh
ESCC and normal samples were harvested during opera-
tion and preserved in — 80 °C refrigerator to be analyzed
within 2 weeks. The EphA5 expression was detected by
immunoblot analysis (Fig. 1b). Immunoblot analysis
revealed that EphA5 expression of ESCC samples was
higher than the normal samples, indicating that EphA5
may be involved in ESCC patients.

Subsequently, we analyzed EphA5 expression in 48
ESCC patients and 13 matched paracancerous tissues
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using archived paraffin-embedded tissues (Fig. 1c and
Table 1). EphA5 was not detected in the squamous epi-
thelium of the paracancerous tissues but was weakly
expressed in the basal cells. No strong positive expres-
sion was detected in all patients, and all EphA5 SI
were less than or equal to 6 points. There was no sig-
nificant correlation of EphA5 with gender, age, TNM
stage, vascular and neurological invasion. Among the
48 patients, regional lymph node metastasis occurred
in 24 patients. In the 24 patients with positive lymph
nodes, 8 patients had EphA5-high, whereas only 2 out
of 24 patients with negative lymph nodes had EphA5-
high. No statistical difference between the two groups
was found, which may be due to the small number of
samples. Among 10 ESCC patients with high expres-
sion of EphA5, there were 7 patients with advanced
tumor stage (T3 and T4), 8 patients with positive lymph
nodes, and 9 patients with moderately differentiated
squamous cell carcinoma. There were 6 male patients
and 4 female patients. Thus, we conclude that high
EphA5 expression is correlated with regional lymph
node status, advanced tumor stage and moderately dif-
ferentiated squamous cell carcinoma. Further analysis
showed that the EphA5 SI of patients with only neuro-
logical invasion but without vascular invasion (n=4)
was less than 2, implying that low EphA5 expression
was correlated with neurological invasion.
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Table 1 Association of EPHA5 expression with clinicopathological features in ESCC patients

Characteristic Patients with FFPE EPHAS5 expression X Pvalue®

Tissue (n=48) Negative + low High

Age 0.844 0.358
<65 23 20 3
>65 25 18 7

Sex 0 1
Male 34 27 7
Female 14 11 3

Histologic grade 0448 0.503
Grade Il 37 28 9
Grade lll 11 10 1

TNM stage 0.034 0.854
Il 18 15 3
I-IVA 30 23 7

Lymph node status 3.158 0.076
Negative 24 22 2
Positive 24 16 8

Vascular or nerve invasion 0 1
Negative 34 27 7
Positive 14 1 3

Lymph node status: negative, no positive nodal metastases; positive, number of positive nodal metastases > 1

FFPE, formalin fixed paraffin-embedded

2 Pearson’s * test

EphA5 knockdown promoted the proliferation, migration,
and invasion of ESCC cells

To further explore the roles of EphA5, KYSE150 and
KYSE450 cells were transfected with siRNA. This trans-
fection decreased EphA5 protein and mRNA expres-
sion significantly (Fig. 2a, Additional file 1: Fig Sla, b).
Next, we evaluated whether EphA5 could regulate the
ESCC cells proliferation by the cell viability assay and
colony formation assay. The cell viability assay showed
that EphA5 knockdown accelerated the proliferation of
KYSE150 cells and KYSE450 cells (Fig. 2b, Additional
file 1: Fig. 1c). We observed that the number of colonies
formed by cells with EphA5 knockdown was more than
that of negative controls (Fig. 2c). Having shown that
EphA5 knockdown enhanced the cell proliferation, we
then analyzed the cell apoptosis and cell cycle by flow
cytometry. Interestingly, there was no significant differ-
ence between the EphA5 knockdown cells and negative
controls.

Further tests were performed to determine the effects
of EphA5 on the migration and invasion of KYSE150
and KYSE450 cells. In the wound-healing assay, the
cells with EphA5 knockdown displayed significantly
accelerated wound healing compared to the respec-
tive controls (Fig. 2e, Additional file 2: Fig. S2a, b).

Transwell invasion assay revealed that EphA5 knock-
down significantly increased the invaded number of
cells and promoted the invasion ability (Fig. 2d, Addi-
tional file 2: Fig. S2c). When EphA5 was re-expressed in
the KYSE150 cells interfered with siRNA, the speed of
wound healing was slowed down and the invaded num-
ber of cells was decreased compared with the KYSE150
cells with EphA5 knockdown (Additional files 3, 4: Figs.
S3, S4).

EphA5 knockdown induced EMT in ESCC

To explore whether EphA5 promoting the migration
and invasion was associated with EMT process, we
measured the protein levels of EMT markers (E-cad-
herin, N-cadherin, Snail) in the KYSE150 and KYSE450
cells after siRNA infection. As expected, E-cadherin
was decreased, while N-cadherin and the relevant tran-
scription factor Snail were remarkably increased in
KYSE150 and KYSE450 cells with EphA5 knockdown
compared with the controls cells (Fig. 3a, b). Immuno-
fluorescence analysis was also performed to verify the
alteration of E-cadherin and Snail expression (Fig. 3c,
d). Consistently, silencing of EphA5 promoted EMT in
KYSE150 and KYSE450 ESCC cells.
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Fig. 2 Knockdown of EphAS5 promoted the proliferation, migration, and invasion of ESCC cells in vitro. a Western blotting and gRT-PCR results
showed that EphA5 expression in KYSE150 and KYSE450 cells was downregulated by siRNA treatment. b The proliferation rate of the si-EphA5
groups was higher than that of the NC groups in KYSE150 and KYSE450 cells. ¢ The colonies formed by cells treated with si-EphA5 was more than
that of NC groups in KYSE150 and KYSE450 cells. d EphA5 knockdown significantly promoted the invasion of KYSE150 and KYSE450 cells compared
with the NC groups. e Wound-healing assay showed knockdown of EphA5 enhanced cell migration in KYSE150 at 12 h and KYSE450 cells at 48 h.

EphA5 knockdown regulated EMT by activating Wnt/
B-catenin signaling pathway

To evaluate whether the effect of EphA5 knockdown on
the EMT process was associated with Wnt/B-catenin
signaling pathway, the expression of total B-catenin,

GSK-3p and phosphorylated GSK-3p (p-GSK-3p5¢)
were investigated. As shown in Fig. 4a, b, the expres-
sion of p-GSK-3p%™ was obviously increased by
suppression of EphA5 together with the [-catenin
compared with the controls by western blot. Similarly,
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detected by immunofluorescence analysis. Nuclei were counterstained with DAPI (blue). *P < 0.05, **P <0.01, ***P <0.001 versus NC group

immunofluorescence analysis showed increasing
amounts of p-GSK-3%" expression concurrently with
the increased P-catenin expression (Fig. 4c, d). Moreo-
ver, -catenin expression could been observed in the
cytoplasm and nucleus of cells with EphA5 knockdown,
but it was only expressed on the cell membrane in the
control groups (Fig. 4c, d). In addition, immunoblotting
was performed to analyze the expression of c-Myc and

CyclinD1, as the downstream targets of Wnt/p-catenin
signaling. As shown in Fig. 4a, b, EphA5 knockdown
increased the expression of c-Myc and CyclinD1 com-
pared with the negative controls. Therefore, whether
the influence of EphA5 depletion on EMT was con-
nected with the activation of Wnt/B-catenin signaling
should be further studied. For this reason, the KYSE450
cells were transfected with siRNA duplexes of both
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Fig. 4 The effect of EphA5 knockdown on EMT was mediated by activating Wnt/(3-catenin signaling pathway. a, b Western blot was used to
determine the expression of the key factors in Wnt/B-catenin signaling (total and phosphorylated GSK-3@, 3-catenin), and the downstream

targets of Wnt/{-catenin signaling(c-Myc and CyclinD1) in KYS150 and KYSE450 cells. ¢, d Immunofluorescence analysis showed (3-catenin and
phosphorylated GSK-3(3 localization and expression. Nuclei were counterstained with DAPI (blue). *P < 0.05, **P <0.01, ***P <0.001 versus NC group

EphA5 and B-catenin. As shown in Fig. 5, the effect of
cotransfection rescued the expression of E-cadherin
and downregulated N-cadherin, Snail, and B-catenin
expression compared with the cells only EphA5 knock-
down. Thus, Wnt/B-catenin signaling pathway was
essential to the development of EMT triggered by
EphA5 knockdown.

Discussion

This current study shows that EphA5 is differen-
tially expressed in esophageal cancer samples but not
expressed in the squamous epithelium of the para-
cancerous normal tissues. We observed that EphA5
expression was high in 10 patients but low in 38
patients. Consistent with our study, Staquicini et al.
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[11] revealed that EphA5 was overexpressed in lung
cancer while EphA5 was barely detectable in normal
bronchial epithelium and alveoli. The study revealed
that high EphA5 expression in lung cancer indicated
higher locoregional recurrence and lower cumulative
overall patient survival. But the association between
EphA5 expression and regional lymph node metasta-
sis or nerve and vascular invasion was not analyzed.
And in high-grade hepatocellular carcinoma,the EphA5
gene was also demonstrated to be upregulated [15, 16].
However, other previous studies proved that EphA5
was detected to be low-expressed in some other malig-
nant tumors [6—10]. The low expression of EphA5 was
associated with lymph node metastasis of breast can-
cer [10], colorectal cancer [7] and gastric cancer [6],
indicating poor prognosis in colorectal carcinoma [7]
and ovarian cancer [8]. Contradictory with the above
reports, we found that high EphA5 expression implies
a greater likelihood of regional lymph node metastasis
and advanced tumor stage, while low EphA5 expression
may be related to nerve invasion. Additionally, increase
of EphA5 expression was more often found in the ESCC
patients with moderately differentiated squamous cell
carcinoma. However, in ovarian serous carcinoma [8],
loss of EphA5 expression was found to be associated
with high-grade and advanced FIGO stage.

Next, we explored the roles of EphA5 and the associ-
ated molecular mechanisms in the ESCC cells. We found
that EphA5 was expressed in all ESCC cells but was
rarely expressed in HEEC cells. KYSE150, KYSE450 and
KYSE410 cells exhibited higher EphA5 expression than
other ESCC cells. KYSE150 cell line was derived from
a 49 years old female patient with poorly differentiated
squamous cell carcinoma from cervical esophagus, while
KYSE450 cell line was from a 59 years old male patient
with well differentiated squamous cell carcinoma from
middle inhathoracic esophagus [17]. Thus KYSE150 and
KYSE450cell lines were selected for further experiment.
To downregulate EphA5 expression, we used siRNA
duplexes to interfere KYSE150 and KYSE450 cells. Our
finds showed that EphA5 knockdown enhanced malig-
nant characteristics of KYSE150 and KYSE450 cells
in vitro,such as the ability of cell proliferation, migra-
tion and invasion. It seems to be contradictory with the
results that high EphA5 expression is related to lymph
node metastasis in ESCC patients. To explain the con-
tradictory data, an EphA5 overexpression plasmids was
transfected into the EphA5 knockdown KYSE150 cells.
We found that EphA5 overexpression could reverse the
cancer-related characteristics in the KYSE150 cells with
EphA5 knockdown. Thisis consistent with the report by
Li et al. [9], which demonstrated EphA5 overexpression
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compressed the ability of prostate cancer cell migration
and invasion. The possible reason is that EphA5 plays
different roles in different tumors. Staquicini et al. [11]
proved that after irradiation EphA5 silenced lung cancer
cells displayed a defective G1/S cell cycle checkpoint. A
recent study [12] reported that in HER2-positive breast
cancers treated with trastuzumab EphA5 was involved in
the cell cycle and apoptosis. EphA5 increased cell apop-
tosis and induced synthesis phase arrest in the presence
of increasing concentrations of trastuzumab. However,
the current study did not find cell cycle and apopto-
sis changes in the ESCC cells with EphA5 knockdown.
As we known, cell cycle can be blocked by both irradia-
tion and trastuzumab. Thence, we conclude that EphA5
is involved in the progress of cell cycle when external
factors affect cell cycle. It has been shown that Epithe-
lial-mesenchymal transition (EMT) is associated with
various tumor functions including tumor cell migration,
invasion, and metastasis [18-20]. Several researchers
have shown that EMT plays an important role in ESCC
[21-25] and is associated with the prognosis of patients
[25]. Thus, the expression of E-cadherin, N-cadherin,
and Snail was measured in ESCC cells following EphA5
knocked down. The results demonstrated that the level
of E-cadherin in the EphA5 knockdown cells was down-
regulated whereas the levels of N-cadherin and Snail
were upregulated compared with the negative controls.
This indicated that EphA5 inhibition promoted migration
and invasion by inducing EMT in ESCC. A recent study
[12] also showed that EphA5 could regulated the expres-
sion of E-cadherin. Furthermore, the report [12] found
that loss of EphA5 resulted in higher expression of cancer
stem cell (CSC) markers in HER2-positive breast cancer
cells, including CD44*/CD247°%, NANOG, CD133+. So
they concluded that EphA5 was involved in the Notchl
and PTEN/AKT signaling pathway.

It has been reported that EMT is regulated by multi-
ple pathways including MAPK, Wnt, and PI3K pathways
[18, 26, 27]. Previous researchers have found that in gas-
tric cancer EMT process can be promoted by EphA2
through activating Wnt/B-catenin signaling [28, 29]. As
EphA5 and EphA2 belong to the same family, thus the
connection between EphA5 and Wnt/B-catenin signal-
ing was evaluated. First, we found the p-GSK-3p%" and
[-catenin expression were markedly increased compared
with the controls, which are very important in the classi-
cal Wnt/B-catenin signaling pathway. The levels of c-Myc
and CyclinD1 were enhanced following EphA5 inhibi-
tion. And then to further confirm that the Wnt/B-catenin
pathway linked EphA5 and EMT, -catenin was depleted
in the EphA5 knockdown cells by siRNA duplexes trans-
fection. Western blot analysis showed that B-catenin
depletion eliminated the effects of EphA5 knockdown on
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EMT, indicating a reversal of the EMT markers altered
in the ESCC cells with EphA5 knockdown. As known,
GSK-3p and B-catenin act key roles in the classic Wnt
signaling pathway. When the activity of GSK-3p is inhib-
ited by phosphorylation at Ser9 site, a decrease in the
transcription coactivator B-catenin degradation results
in B-catenin accumulating in the cytosol. B-catenin then
translocates into the nucleus and binds to TCF factors,
thereby promoting Wnt target genes expression, such as
c-Myc and CyclinD1 [30].

The present study indicated that EphA5 knockdown
increased the levels of N-cadherin and Snail, and yet
decreased the E-cadherin expression. The p-GSK-3p5¢
and B-catenin expression was also observed to be upreg-
ulated in the cells with EphA5 depletion, as well as c-Myc
and CyclinD1. Together, these findings demonstrate that
EphA5 knockdown can trigger EMT by activating Wnt/
B-catenin signaling in ESCC.

Conclusions

This study shows that EphA5 acts as an EMT suppres-
sor through the Wnt/p-catenin pathway and hence
plays an essential role in ESCC migration and invasion.
EphA5 was highly expressed in ESCC tissues but lowly
expressed in normal esophageal epithelial tissues. High
EphA5 expression may promote lymph node metastasis,
although this seems to be inconsistent with the in vitro
results. Thus, whether the effect of EphA5 on other
signaling pathways contributes to regional lymph node
metastasis should be explored. And overexpression of
EphAS5 in ESCC cell lines need to be performed to better
understand the roles of EphAS5 in the future work. Stud-
ies enrolling more patients with esophageal cancer are
required to examine the prognosis of ESCC patients. The
direct regulatory mechanism of EphA5 in ESCC remains
unknown and should also be explored in further studies.
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Additional file 1: Fig. S1. Knockdown of EphAS5 by si-EphA5#2 promoted
the proliferation, migration, and invasion of ESCC cells in vitro. a Western
blotting and gqRT-PCR results showed that the protein(A) and mRNA(B) of
EphAS5 in KYSE150 cells was downregulated by siRNA treatment. b West-
ern blotting and gqRT-PCR results showed that the protein(A) and mRNA(B)
of EphA5 in KYSE450 cells was downregulated by siRNA treatment. ¢ The
proliferation rate of the si-EphA5#2 groups was higher than that of the

NC groups in KYSET50 and KYSE450 cells. *P < 0.05, ***P < 0.001 versus NC
groups.

Additional file 2: Fig. S2. a Wound-healing assay showed knockdown of
EphAS5 by si-EphA5#2 enhanced cell migration in KYSET150(A) at 12 h and

KYSE450(B) cells at 48 h. b EphA5 knockdown by si-EphA5#2 significantly
promoted the invasion of KYSE150 and KYSE450 cells compared with the

NC groups. **P <0.01, ***P <0.001 versus NC groups.
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Additional file 3: Fig. S3. The expression of EphA5 in KYSE150 cells
transfected with si-EphAS5 and co-transfected with si-EphA5 and
p-EphAS was analyzed. b EphAS knockdown significantly promoted
the invasion of KYSE150 cells compared with the NC groups, while
EphAS re-expression could rescue the phenomenon. Representative
images of the invasion cells—NC(A), si-EphA5 + p-EphA5(B), si-
EphA5(C).*P <0.05,*P <0.01,***P <0.001.versus si-EphA5 group.

Additional file 4: Fig.S4. Wound-healing assay showed knockdown

of EphA5 enhanced cell migration in KYSE150 at 12 h, while EphAS5 re-
expression could rescue the phenomenon. ***P <0.001.versus si-EphA5

group.

Abbreviations

EphAS: erythropoietin-producing hepatocellular receptor A5; ESCC: esopha-
geal squamous cell carcinoma; siRNA: small interfering RNA; EMT. epithe-
lial-mesenchymal transition; HEEC: human normal esophageal epithelial cells;
EAC: esophageal adenocarcinoma.

Acknowledgements
Not applicable.

Authors’ contributions

RZ and JL performed cell biology experiments, gRT-PCR, western blot, flow
cytometry analysis, immunofluorescence, immunohistochemistry and
analyzed the statistical data. WZ participated in immunohistochemistry. LH
participated in western blot and flow cytometry analysis. LTQ and SBZ partici-
pated in the design of the study, data analysis, and manuscript preparation. All
authors read and approved the final manuscript.

Funding

This work was supported by the Science and Technology Foundation of Anhui
Province (No. 1704a0802157) and Shanghai Qingpu Science and Technology
Development Foundation (CN) (QKY 2018-07).

Availability of data and materials
All the data used for the present study is available from the corresponding
authors on reasonable request.

Ethics approval and consent to participate

This study was approved by the the Biomedical Research Ethics Committee
of Taixing People’s Hospital (No. K20170001). Written informed consent to use
clinical data & pathological samples was obtained from patients or their legal
surrogates.

Consent for publication
The authors consent for publication.

Competing interests
The authors declare that they have no competing interests.

Author details

! School of Clinical Medicine, Shan Dong University, Jinan 250000, Shandong,
People’s Republic of China. ? Department of Oncology, Qing Pu Branch

of Zhongshan Hospital Affiliated to Fudan University, Shanghai 201799, Peo-
ple’s Republic of China. > Department of Pathology, Taixing People’s Hospital,
Taixing 225400, Jiangsu, People’s Republic of China.  Department of Provin-
cial Clinical College, Anhui Provincial Hospital of Anhui Medical University,
Hefei 230031, Anhui, People’s Republic of China. > Department of Radiation
Oncology, The First Affiliated Hospital of USTC, Division of Life Sciences

and Medicine, University of Science and Technology of China, Hefei, Anhui
230001, People’s Republic of China. ® Department of Radiation Oncology, Taix-
ing People’s Hospital, Taixing, Jiangsu 225400, People’s Republic of China.

Received: 3 August 2019 Accepted: 7 January 2020
Published online: 13 January 2020

Page 11 of 12

References

1.

20.

21.

22.

23.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

Lagergren J, Smyth E, Cunningham D, Lagergren P. Oesophageal cancer.
Lancet. 2017;390(10110):2383-96.

Pasquale EB. Eph-ephrin bidirectional signaling in physiology and dis-
ease. Cell. 2008;133(1):38-52.

Eph Nomenclature Committee. Unified nomenclature for Eph family
receptors and their ligands, the ephrins. Cell. 1997,90(3):403-4.

Giaginis C, Tsourouflis G, Zizi-Serbetzoglou A, Kouraklis G, Chatzopoulou
E, Dimakopoulou K, Theocharis SE. Clinical significance of ephrin (eph)-
AT1,-A2,-a4, -a5 and -a7 receptors in pancreatic ductal adenocarcinoma.
Pathol Oncol Res. 2010;16(2):267-76.

Zhang W, Wei X, Guo S, Wang J, Liu J, Wang H. Differential expression of
EphA5 protein in gastric carcinoma and its clinical significance. Oncol
Lett. 2019;17(6):5147-53.

Gu S, Feng J, Jin Q, Wang W, Zhang S. Reduced expression of EphA5 is
associated with lymph node metastasis, advanced TNM stage, and poor
prognosis in colorectal carcinoma. Histol Histopathol. 2017,32(5):491-7.
Chen X, Wang X, Wei X, Wang J. EphAS5 protein, a potential marker for
distinguishing histological grade and prognosis in ovarian serous carci-
noma. J Ovarian Res. 2016;9(1):83.

Li S, ZhuY,Ma C, Qiu Z, Zhang X, Kang Z, Wu Z, Wang H, Xu X, Zhang

H, et al. Downregulation of EphA5 by promoter methylation in human
prostate cancer. BMC Cancer. 2015;15:18.

Fu DY, Wang ZM, Wang BL, Chen L, Yang WT, Shen ZZ, Huang W, Shao
ZM. Frequent epigenetic inactivation of the receptor tyrosine kinase
EphA5 by promoter methylation in human breast cancer. Hum Pathol.
2010;41(1):48-58.

. Staquicini FI, Qian MD, Salameh A, Dobroff AS, Edwards JK, Cimino DF,

Moeller BJ, Kelly P, Nunez MI, Tang X, et al. Receptor tyrosine kinase EphA5
is a functional molecular target in human lung cancer. J Biol Chem.
2015;290(12):7345-59.

LiY, Chu J, Feng W, Yang M, Zhang Y, Zhang Y, Qin Y, Xu J, Li J, Vasilatos

SN, et al. EPHAS mediates trastuzumab resistance in HER2-positive breast
cancers through regulating cancer stem cell-like properties. Faseb j.
2019;33(4):4851-65.

Mirza MK, Sun'Y, Zhao YD, Potula HH, Frey RS, Vogel SM, Malik AB, Zhao
YY. FoxM1 regulates re-annealing of endothelial adherens junctions
through transcriptional control of beta-catenin expression. J Exp Med.
2010;207(8):1675-85.

Zhang W, Hong R, Xue L, OuY, Liu X, Zhao Z, Xiao W, Dong D, Dong

L, Fu M, et al. Piccolo mediates EGFR signaling and acts as a prognos-

tic biomarker in esophageal squamous cell carcinoma. Oncogene.
2017;36(27):3890-902.

Sun B, Wu J, Zhang T, Wang C. High-resolution analysis of genomic
profiles of hepatocellular carcinoma cells with differential osteopontin
expression. Cancer Biol Ther. 2008;7(3):387-91.

Wu JC, Sun BS, Ren N, Ye QH, Qin LX. Genomic aberrations in hepatocellu-
lar carcinoma related to osteopontin expression detected by array-CGH. J
Cancer Res Clin Oncol. 2010;136(4):595-601.

Shimada'Y, Imamura M, Wagata T, Yamaguchi N, Tobe T. Characteriza-

tion of 21 newly established esophageal cancer cell lines. Cancer.
1992,69(2):277-84.

Nieto MA, Huang RY, Jackson RA, Thiery JP. EMT: 2016. Cell.
2016;166(1):21-45.

Puisieux A, Brabletz T, Caramel J. Oncogenic roles of EMT-inducing tran-
scription factors. Nat Cell Biol. 2014;16(6):488-94.

Brabletz T. To differentiate or not-routes towards metastasis. Nat Rev
Cancer. 2012;12(6):425-36.

Zhu X, Han S,Wu'S, Bai Y, Zhang N, Wei L. Dual role of twist1 in cancer-
associated fibroblasts and tumor cells promoted epithelial-mesenchymal
transition of esophageal cancer. Exp Cell Res. 2019;375(2):41-50.

Su H,WuY, FangV, Shen L, Fei Z, Xie C, Chen M. MicroRNA301a targets
WNT1 to suppress cell proliferation and migration and enhance radiosen-
sitivity in esophageal cancer cells. Oncol Rep. 2019;41(1):599-607.

QinT, Liu W, Huo J, Li L, Zhang X, Shi X, Zhou J, Wang C. SIRT1 expres-
sion regulates the transformation of resistant esophageal cancer cells



Zhang et al. Cancer Cell Int

24.

25.

26.

27.

28.

(2020) 20:20

via the epithelial-mesenchymal transition. Biomed Pharmacother.
2018;103:308-16.

Gao,YiJ, Zhang K, Bai F, Feng B, Wang R, Chu X, Chen L, Song H.
Downregulation of MiR-31 stimulates expression of LATS2 via the hippo
pathway and promotes epithelial-mesenchymal transition in esophageal
squamous cell carcinoma. J Exp Clin Cancer Res. 2017;36(1):161.

NiwaY, Yamada S, Koike M, Kanda M, Fujii T, Nakayama G, Sugimoto H,
Nomoto S, Fujiwara M, Kodera Y. Epithelial to mesenchymal transition
correlates with tumor budding and predicts prognosis in esophageal
squamous cell carcinoma. J Surg Oncol. 2014;110(6):764-9.

Singh M, Yelle N, Venugopal C, Singh SK. EMT: mechanisms and therapeu-
tic implications. Pharmacol Ther. 2018;182:80-94.

Aponte PM, Caicedo A. Stemness in cancer: stem cells, cancer stem cells,
their microenvironment. Stem Cells Int. 2017;2017:5619472.

Peng Q, Chen L, Wu W, Wang J, Zheng X, Chen Z, Jiang Q, Han J,

Wei L, Wang L, et al. EPH receptor A2 governs a feedback loop that

29.

30.

Page 12 of 12

activates Wnt/beta-catenin signaling in gastric cancer. Cell Death Dis.
2018;9(12):1146.

Huang J, Xiao D, Li G, Ma J, Chen P, Yuan W, Hou F, Ge J, Zhong M, Tang
Y, et al. EphA2 promotes epithelial-mesenchymal transition through
the Wnt/beta-catenin pathway in gastric cancer cells. Oncogene.
2014,33(21):2737-47.

Tejeda-Murioz N, Robles-Flores M. Glycogen synthase kinase 3 in Wnt
signaling pathway and cancer. [UBMB life. 2015;67(12):914-22.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	EphA5 knockdown enhances the invasion and migration ability of esophageal squamous cell carcinoma via epithelial-mesenchymal transition through activating Wntβ-catenin pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients and samples
	Cell lines and culture
	siRNA and plasmid transfections
	Real-time PCR
	Cell viability assay
	Colony formation assay
	Flow cytometry analysis
	Western blot assay
	Wound-healing assay
	Invasion assay
	Immunofluorescence
	Immunohistochemistry
	Statistical analysis

	Result
	EphA5 Expression is increased in ESCC cells and patients
	EphA5 knockdown promoted the proliferation, migration, and invasion of ESCC cells
	EphA5 knockdown induced EMT in ESCC
	EphA5 knockdown regulated EMT by activating Wntβ-catenin signaling pathway

	Discussion
	Conclusions
	Acknowledgements
	References




