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An actin‑binding protein ESPN 
is an independent prognosticator and regulates 
cell growth for esophageal squamous cell 
carcinoma
Shau‑Hsuan Li1, Hung‑I Lu2, Wan‑Ting Huang3, Yen‑Hao Chen1, Chien‑Ming Lo2, Ya‑Chun Lan1, Wei‑Che Lin4, 
Hsin‑Ting Tsai5 and Chang‑Han Chen5,6*

Abstract 

Background:  ESPN (Espin), an actin filament-binding protein, plays an important role in regulating the organization, 
dimensions, dynamics, and signaling capacities of the actin filament-rich, microvillus-type specializations that medi‑
ate sensory transduction in various mechanosensory and chemosensory cells. Recent few studies show that ESPN 
regulates metastasis and cell proliferation in melanoma. However, the significance of ESPN in other cancers such as 
esophageal squamous cell carcinoma (ESCC) remains largely unknown.

Methods:  Immunohistochemistry was performed in 169 patients with ESCC and correlated with clinicopathological 
features and survival. The functional role of ESPN in ESCC cells was determined by ESPN-mediated siRNA.

Results:  Univariate analyses showed that high ESPN expression was associated with inferior overall survival 
(P = 0.005) and disease-free survival (P = 0.035). High ESPN expression was an independent prognosticator in mul‑
tivariate analysis for overall survival (P = 0.009, hazard ratio = 1.688) and disease-free survival (P = 0.049, hazard 
ratio = 1.451). The 5-year overall survival rates were 30% and 54% in patients with high and low expression of ESPN, 
respectively. Inhibition of endogenous ESPN in ESCC cells decreased ESCC growth by reducing cell proliferating rates.

Conclusions:  High ESPN expression is independently associated with poor prognosis in patients with ESCC and 
downregulation of ESPN inhibits ESCC cell growth. Our results suggest that ESPN may be a novel therapeutic target 
for patients with ESCC.

Keywords:  Esophageal cancer, Squamous cell carcinoma, ESPN

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat​iveco​mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/
publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
Esophageal cancer occurs worldwide. The incidence 
and mortality of esophageal cancer rank ninth and sixth 
among all malignancies in the world, respectively [1]. The 
major two histologic types of esophageal cancer are squa-
mous cell carcinoma and adenocarcinoma. In contrast 
to adenocarcinoma arising from Barrett’s esophagus in 

Western countries, the major disease phenotype in the 
Asia–Pacific region is esophageal squamous cell carci-
noma (ESCC) [2, 3]. Despite improvements in surgical 
techniques and perioperative management, and surgery 
combined with chemotherapy and radiotherapy, patients 
still have recurrences after curative treatment. Thus, the 
prognosis of patients with ESCC is unsatisfactory [2, 
4, 5]. Therefore, identification of biomarker to predict 
ESCC prognosis could improve risk-adapted treatment 
approaches and may offer further insight that benefit the 
development of novel therapeutic target.

ESPN (Espin), a molecular mass of approximately 
110  kDa, is found to be specific to testis among the rat 
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organs [6]. ESPN is localized to the parallel actin bun-
dles in the junctional plaque of Sertoli cell ectoplasmic 
specializations. ESPN controls the formation and exten-
sion of protrusion structure by interacting with F-actin 
to modulate F-actin cytoskeleton remodeling in cells 
[7]. ESPN gene mutation causes hereditary deafness and 
vestibular dysfunction accompanied by stereociliary 
shortening in jerker mice and humans [8, 9]. In human 
cancers, ESPN plays a growth and metastatic regula-
tor for melanoma [10, 11]. Enhanced ESPN expression 
in melanoma accelerates tumor growth, migration, and 
invasion. In contrast, suppression endogenous of ESPN 
significantly impairs the malignant phenotypes of mela-
noma cancer cells. Mechanistically, ESPN inhibition in 
melanoma promotes p21 and p27 protein expressions 
and arrests cell cycle at G1 phase. This result demon-
strated that ESPN might play an oncogene and cell cycle 
regulator in melanoma [10]. To our knowledge, however, 
the expression and function of ESPN in ESCC is still 
elusive.

In the current study, we determine the expression and 
clinical relevance of ESPN in ESCC and uncover its bio-
logical role in ESCC cells.

Materials and methods
Patient population
We retrospectively reviewed ESCC patients treated 
with esophagectomy at Kaohsiung Chang Gung Memo-
rial Hospital. This retrospective study was approved by 
Chang Gung Medical Foundation Institutional Review 
Board. Patients receiving preoperative chemoradiother-
apy, preoperative chemotherapy, or preoperative radio-
therapy, and patients with synchronous cancers in the 
other organ were excluded. Finally, 169 patients were 
identified. Patients undergoing surgery had a radical 
esophagectomy with cervical esophagogastric anastomo-
sis (McKeown procedure) or an Ivor Lewis esophagec-
tomy with intrathoracic anastomosis, reconstruction of 
the digestive tract with gastric tube, and pylorus drainage 
procedures. All patients received two-field lymph node 
dissection. The 7th American Joint Committee on Can-
cer (AJCC) staging system was applied to determine the 
pathological TNM stage [12]. Overall survival (OS) was 
calculated from the time of surgery to death as a result 
of all causes. Disease-free survival (DFS) was calculated 
from the time of surgery to the recurrence or death from 
any cause without evidence of recurrence.

Immunohistochemistry
Immunohistochemistry staining was performed using 
an immunoperoxidase technique. Staining was per-
formed on slides (4  μm) of formalin-fixed, paraffin-
embedded tissue sections with primary antibodies 

against ESPN (N-term, 1:50, GeneTex, Inc. Irvine, CA, 
USA). Briefly, after deparaffinization and rehydration, 
the retrieval of the antigen was performed by treating 
the slides in 10 mmol/L citrate buffer (pH 6.0) in a hot 
water bath (95  °C) for 20 min. Endogenous peroxidase 
activity was blocked for 15 min in 0.3% hydrogen perox-
ide. After blocking with 1% goat serum for 1 h at room 
temperature, the sections were incubated with primary 
antibodies for at least 18 h at 4 °C overnight. Immuno-
detection was performed using the LSAB2 kit (Dako, 
Carpinteria, Calif ) followed by 3–3′-diaminobenzidine 
for color development and hematoxylin for counter-
staining. Incubation without the primary antibody was 
used as a negative control, and normal testis tissue was 
used as a positive control for ESPN. The staining was 
assessed by 2 pathologists (S.L.W. and W.T.H) without 
any information about clinicopathologic features or 
treatment outcome. A semi-quantitative immunoreac-
tive score (IRS) was used to evaluate the immunohis-
tochemistry staining [13]. The IRS was calculated by 
multiplying the staining intensity (graded as: 0 = no 
staining, 1 = weak staining, 2 = moderate staining, and 
3 = strong staining) and the percentage of positively 
stained cells (0 = no stained cell, 1 ≤ 10% of stained 
cells, 2 = 10–50% of stained cells, 3 = 51–80% of stained 
cells, and 4   ≥  80% of stained cells). The criterion for 
positive staining was a specimen with an IRS ≥ 6.

Cell line and culture conditions
Human ESCC cell lines KYSE270 and TE10 were pur-
chased from the Public Health England (PHE, London, 
UK) and RIKEN BioResource Research Center (RBRC, 
Ibaraki, Japan). Cells were grown in RPMI (Roswell Park 
Memorial Institute) 1640 medium supplemented with 
10% fetal calf serum, and 2 mM glutamine and were 
maintained at 37 °C in a 5% CO2 air humidified incuba-
tor. All cell lines were regularly authenticated and tested 
for absence of mycoplasma.

Cell transfection and siRNA
All ESCC cells were seeded in a 6-well plate at a density 
of 5 × 105  for 24  h before transfection. Transient trans-
fection was performed using Lipofectamine 2000 (Invit-
rogen) according to the manufacturer’s instructions, and 
the cells were subjected to immunoblotting and Q-RT-
PCR at 48 h after the transfection. The two ESPN siRNAs 
and Silencer Negative control (AM4611) were designed 
and synthesized by Thermo Fisher Scientific (Taipei, Tai-
wan). Two ESPN siRNA sequences were 5′-CCG​CAG​
AGC​UGG​AGG​CUA​A-3′ and 5′-GGA​CGC​UGG​GCU​
ACG​AUG​A-3′.
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RNA extraction and Q‑RT‑PCR
Total RNA was extracted from cell lines by the TRIzol 
reagent and 2 μg of total RNA was reverse-transcribed 
to cDNA using M-MLV (Moloney murine leukaemia 
virus) Reverse Transcriptase (Life Technologies) with 
oligo(dT)20  primers. For Q-RT-PCR, diluted cDNA 
samples were amplified by QuantiFast SYBR Green 
PCR kit (Qiagen) using specific primers. Each sample 
was assayed in triplicate and gene expression was nor-
malized with GAPDH expression.

Western blotting
Total proteins extracted from cell lines were lysed with 
NP-40 lysis buffer (1% NP-40, 0.5% sodium deoxycho-
late, 150 mM NaCl and 50 mM Tris–HCl, pH 7.5, with 
protease inhibitor cocktails).  The supernatants from 
cell lysates were collected for separation by SDS–poly-
acrylamide gel electrophoresis and transferred to PVDF 
membrane. Antibody against ESPN (GTX81675; Gene-
Tex, Irvine, U.S.A), p21 (#2947, Cell signaling technol-
ogy), p27 (#3686, Cell signaling technology) or β-actin 
(sc-130656; Santa Cruz Biotechnology) were used. 
After washing, the membrane was incubated with sec-
ondary antibodies conjugated to HRP for 1 h at room 
temperature. The signal was detected using ECL West-
ern Detection Reagent.

Cell growth assay and colony formation assay
The viability of the transfected cells was estimated at 
indicated time points (on 24, 48 and 72 h) after seeding 
into 96-well culture plates at the density of 3000 cells/
well. 20  µl of MTT (3-(4, 5-dimethyl-2-thiazolyl)-2, 
5-diphenyl-2-H-tetrazolium bromide) reagent (5  mg/
ml) was added into each well, and incubated for 4  h. 
After discarding the supernatant, 100 µl DMSO was 
added to dissolve the formazan product. The opti-
cal density (OD) value was measured by a microplate 
reader at 490 nm. For colony formation assay, cells were 
inoculated in six-well plates, at a density of 300 cells/
well and incubated for 8 days at 37  °C. Then cells were 
stained with 1% crystal violet for 30 min. The plates 
were washed with PBS and dried before microscopic 
evaluation.

Flow cytometry for cell cycle analysis
siESPN transfectants in KYSE270 and TE10 were har-
vested, fixed in 1% paraformaldehyde, and stained with 
PI (5  mg/ml) in PBS supplemented with RNase A for 
30  min at room temperature. The cell cycle distribu-
tion were determined using Flow cytometer and Flow 
Jo software.

Statistical analysis
For patient data, statistical analysis was performed 
using the SPSS 17 software package. The Chi square 
test and Fisher’s exact test were used to compare data 
between the two groups. For survival analysis, the 
Kaplan–Meier method was used for univariate analysis, 
and the difference between survival curves was tested 
by a log-rank test. Significant parameters at univariate 
level were entered into Cox regression model to ana-
lyze their relative prognostic importance. For cell line 
experiments, statistical analysis was performed using 
GraphPad Prism 5.0. Measurement data are presented 
as mean ± standard deviation (SD). Statistical analyses 
were performed with Student’s t test (two-tailed) and 
one-way ANOVA as appropriate. For all analyses, a P 
value < 0.05 was considered statistically significant.

Results
Patient characteristics
A total of 169 patients with ESCC receiving surgery were 
collected in this study with a median age of 55  years 
(range 29–80  years). The characteristics of 169 patients 
were summarized in Table  1. Among them, 163 (96%) 
were men and 6 (4%) were women. Under T classifica-
tion, 56 (33%) patients were T1; 34 (20%) were T2; 64 
(38%) were T3; and 15 (9%) were T4. Furthermore, under 
N classification, 115 (68%) patients were N0; 33 (20%) 
were N1; 14 (8%) were N2; and 7 (4%) were N3. The 7th 
AJCC stages were stage IA in 6 (4%) patients, stage IB in 
46 (27%) patients, stage IIA in 26 (15%) patients, stage 
IIB in 45 (27%) patients, stage IIIA in 17 (10%) patients, 
stage IIIB in 7 (4%) patients, and stage IIIC in 22 (13%) 
patients. Further analyses of histologic grades showed a 
grade 1 lesion in 15 (9%) patients, grade 2 in 110 (65%) 
patients, and grade 3 in 44 (26%) patients. Primary tumor 
location was found to be upper in 27 (16%) patients, 
middle in 63 (37%) patients, and lower in 79 (47%) 
patients. Of these 169 patients, resection margins were 
positive for residual tumor in 19 (11%) patients. At the 
time of analysis, the median periods of follow-up were 
67  months (range 60–238  months) for the 60 survivors 
and 34 months (range 1–238 months) for all 169 patients. 
The 5-year overall and disease-free survival rates of these 
169 patients were 42% and 36%.

Correlation between clinicopathologic parameters 
and ESPN expression
Among the 169 patients collected, high ESPN expression 
was identified in 86 (51%) patients (Fig. 1). The associa-
tions between clinicopathological parameters and ESPN 
expression were summarized in Table  2. We did not 
observe any association between ESPN expression with 
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any clinicopathologic parameters including age, primary 
tumor location, histologic grading, T classification, N 
classification, and 7th AJCC Stage.

Survival analyses
The correlations of patients’ survival with clinicopatho-
logical parameters and ESPN expression were sum-
marized in Table  3. By log-rank tests, 7th AJCC stage 

III (P < 0.001), T classification, T3/4 (P < 0.001), N clas-
sification, N1/2/3 (P < 0.001), positive surgical margin 
(P = 0.01), and high ESPN expression (P = 0.005, Fig. 2a) 
were associated with inferior OS. Furthermore, 7th AJCC 
stage III (P < 0.001), T classification, T3/4 (P < 0.001), N 
classification, N1/2/3 (P < 0.001), positive surgical margin 
(P = 0.02), and high ESPN expression (P = 0.035, Fig. 2b) 
were associated with worse DFS.

In multivariate analysis, high ESPN expression 
(P = 0.009, hazard ratio = 1.688, 95% confidence inter-
val 1.141–2.498) remained independently associated 
with inferior OS, together with T classification, T3/4 
(P = 0.005, hazard ratio = 2.033, 95% confidence inter-
val 1.242–3.327) and N classification, N1/2/3 (P = 0.005, 
hazard ratio = 2.261, 95% confidence interval 1.281–
3.992). For DFS, high ESPN expression (P = 0.049, haz-
ard ratio = 1.451, 95% confidence interval 1.002–2.100), 
T classification, T3/4 (P = 0.005, hazard ratio = 1.932, 
95% confidence interval 1.215–3.073), and N classifica-
tion, N1/2/3 (P = 0.007, hazard ratio = 2.096, 95% confi-
dence interval 1.225–3.586) represented an independent 
adverse prognosticator. The 5-year OS and DFS rates 
were 30% and 29% in patients with high ESPN expression, 
and 54% and 43% in patients with low ESPN expression.

Inhibition of endogenous ESPN suppresses ESCC cell 
proliferation
The potential role of ESPN in ESCC progression remains 
unclear. Therefore, we carried out loss-of-function stud-
ies to determine the function of ESPN in ESCC cells. Two 
ESPN specific siRNAs were employed to interfere ESPN 
expression in KYSE270 and TE10. Both ESPN-mediated 
siRNAs were effectively decreased ESPN mRNA and 
protein expression levels (Fig.  3a, d). The MTT assays 
indicated that knockdown endogenous ESPN expres-
sion impaired cell proliferation in both ESCC cell lines 
(Fig.  3b, e, left panels). Furthermore, as demonstrated 
by the colony formation assay, the knockdown of ESPN 
in both ESCC cell lines decreased the colony numbers 
of cells, compared to the corresponding negative con-
trol group (Fig. 3c, f, right panels). These results demon-
strated that interfering ESPN might inhibit ESCC growth 
by reducing cell proliferating rate.

ESPN inhibition did not alter the cell cycle progression, p21 
and p27 expressions in ESCC cells
Cell cycle distribution was carried out to investigate 
the effect of ESPN on cell cycle regulation. As shown in 
Fig. 4a, ESPN-depleted KYSE270 cells did not cause cell 
cycle alteration, compared to negative control group. 
Similar results also observed in siESPN-TE10 transfect-
ants (Fig. 4a). Furthermore, using the same panels, the 
endogenous protein expression levels of p21 and p27 in 

Table 1  Characteristics of  169 patients with  ESCC 
receiving esophagectomy

AJCC American Joint Committee on Cancer

Age

 Median 55

 Mean 56.3

 Range 29–80

Sex

 Male 163 (96%)

 Female 6 (4%)

Primary tumor location

 Upper 27 (16%)

 Middle 63 (37%)

 Lower 79 (47%)

Pathological T classification

 T1 56 (33%)

 T2 34 (20%)

 T3 64 (38%)

 T4 15 (9%)

Pathological N classification

 N0 115 (68%)

 N1 33 (20%)

 N2 14 (8%)

 N3 7 (4%)

Pathological 7th AJCC Stage

 IA 6 (4%)

 IB 46 (27%)

 IIA 26 (15%)

 IIB 45 (27%)

 IIIA 17 (10%)

 IIIB 7 (4%)

 IIIC 22 (13%)

Histological grading

 Grade 1 15 (9%)

 Grade 2 110 (65%)

 Grade 3 44 (26%)

Surgical margin

 Negative 150 (89%)

 Positive 19 (11%)

ESPN expression

 Low expression 83 (49%)

 High expression 86 (51%)
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Fig. 1  Immunohistochemical staining of ESPN in esophageal squamous cell carcinoma. A Representative example of ESPN expression with 
no staining. Original magnification, ×200. B Representative example of ESPN expression with weak staining. Original magnification, ×200. C 
Representative example of ESPN expression with moderate staining. Original magnification, ×200. D Representative example of ESPN expression 
with strong staining. Original magnification, ×200. E ESPN immunoreactivity was present in cells in seminiferous ducts in human testis used as a 
positive control. Original magnification, ×200

Table 2  Associations between  ESPN expression and   
clinicopathological parameters in  169 patients with  ESCC 
receiving esophagectomy

AJCC American Joint Committee on Cancer

Parameters ESPN expression

Low High P value

Age

 < 55 y/o 42 41 0.70

 ≥ 55 y/o 41 45

Sex

 Male 81 82 0.68

 Female 2 4

Primary tumor location

 U/M 41 49 0.32

 L 42 37

Pathological T classification

 T1/T2 49 41 0.14

 T3/T4 34 45

Pathological N classification

 N0 59 56 0.41

 N1/2/3 24 30

Pathological 7th AJCC Stage

 I/II 64 59 0.21

 III 19 27

Histological grading

 Grade 1/2 60 65 0.63

 Grade 3 23 21

Surgical margin

 Negative 72 78 0.42

 Positive 11 8

Table 3  Results of  univariate log-rank analysis of   
prognostic factors for  overall survival and  disease-free 
survival in 169 patients with ESCC receiving esophagectomy

AJCC American Joint Committee on Cancer

* Statistically significant

Factors No. 
of patients

Overall survival 
(OS)

Disease-free 
survival (DFS)

5-year 
OS rate 
(%)

P value 5-year 
DFS rate 
(%)

P value

Age

 < 55 y/o 83 48 0.35 43 0.15

 ≥ 55 y/o 86 36 29

Location

 U/M 90 43 0.98 37 0.70

 L 79 41 36

Pathological T classification

 T1/2 90 58 < 0.001* 48 < 0.001*

 T3/4 79 24 23

Pathological N classification

 N0 115 53 < 0.001* 45 < 0.001*

 N1/2/3 54 19 17

Pathological 7th AJCC stage

 I/II 123 52 < 0.001* 44 < 0.001*

 III 46 15 15

Histological grading

 Grade 1/2 125 46 0.088 38 0.18

 Grade 3 44 32 30

Surgical margin

 Negative 150 45 0.01* 38 0.02*

 Positive 19 21 21

ESPN expression

 Low expres‑
sion

83 54 0.005* 43 0.035*

 High 
expres‑
sion

86 30 29
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siESPN-KYSE270 and siESPN-TE10 cells were not sig-
nificantly higher than that of corresponding negative 
control cells (Fig. 4b).

Discussion
Most of the patients with ESCC are diagnosed with 
advanced disease except for a few early stage ESCC 
found by screening in high‐risk populations such as 
patients with head and neck cancer history. Thus, the 
treatment outcome of the patients with ESCC receiv-
ing esophagectomy alone remains poor [2, 4, 5]. While 
the efficacy of preoperative therapy is relatively clear, 
the effect of postoperative adjuvant therapy remains 
controversial [14, 15]. Several studies of post-operative 
adjuvant therapy have been performed in an attempt 
to improve upon the survival rate achieved with 
esophagectomy alone, but the results are inconclusive. 
Therefore, identifying patients at high risk for recur-
rence after an esophagectomy who may actually benefit 
from postoperative adjuvant therapy is worthwhile and 
principal. In the present study, high ESPN expression 
was highly representative of biological aggressiveness 
and independently associated with poor disease-free 
survival. The 5-year disease-free survival rate was only 
30% in patients with high ESPN expression, implying 
that ESPN status might be employed to select certain 
patients for adjuvant therapy after esophagectomy.

In our analysis, high ESPN expression had a negative 
prognostic impact on survival. However, we did not 
find significant correlations between ESPN expression 
and clinicopathologic parameters, such as TNM stage. 

Although there were more early stage diseases (69% 
versus 77%) in patients with low ESPN expression com-
pared to patients with high ESPN expression, it did not 
reach significance (P = 0.21, Table 2). This discrepancy 
might be ascribed to the following reasons. First, we 
found IRS (immunoreactive score) 6 of ESPN expres-
sion to be the most prognostically effective cutoff point 
in survival analysis. Therefore, we used IRS 6 as cutoff 
point instead of IRS 4 in which we observed the signifi-
cant correlation between ESPN expression with T clas-
sification and 7th AJCC Stage. Second, the cause might 
stem from the distribution of presenting stages in our 
cohort. In our institutes, many patients diagnosed with 
lymph node-positive ESCC gave up the attempt to 
undergo esophagectomy directly, and received neoad-
juvant chemoradiotherapy first. Therefore, more than 
a half of ESCC (68%) in our series were lymph node-
negative diseases. Third, there are still substantial dif-
ferences in treatment outcome among ESCC patients 
with the same stage. Patients with the same pathologi-
cal stage of ESCC that received the same surgical ther-
apy may have distinct prognoses, and ESPN might be 
involved in intrinsic biologic aggressiveness which may 
lead to different treatment outcome in ESCC.

ESPN, an actin-filament binding protein regulates 
actin cytoskeleton, resulting in  a special association 
with microvillar specializations of sensory cells [16]. 
ESPN can cross-links actin filaments to stabilize and 
elongate the actin bundles by preventing these bun-
dles from disassembly and depolymerization [17]. In 
addition, ESPN expression or activity also involves in 

Fig. 2  Kaplan–Meier curves according to ESPN status. a Overall survival according to ESPN status. b Disease-free survival according to ESPN status
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the elongation of filopodia, stereocilia in hair cells and 
microvilli in differentiated epithelial cells [18–20]. 
ESPN is able to organize F-actin bundles for promoting 
spinogenesis and spine maturation in mammalian cells 
[21, 22]. Altogether, these results implied that ESPN 
plays a role in actin bundles in the cells.

Recent studies in deaf mutant mice demonstrate that 
ESPN links function in the development and main-
tenance of normal stereocilia. ESPN mutation lost 
association with other actin-binding proteins or ste-
reocilia-related proteins, such as, myosin XVa, myosin 
IIIa, Eps8, and whirlin results in abnormally short, long 
or fused stereocilia [17, 18, 23]. These results indicated 
that ESPN could maintain the organization and dimen-
sion of stereocilia which is essential for normal sound 
detection.

In human cancer, highly expressed ESPN in melanoma 
cells in mice and humans increased the metastatic abil-
ity of cancer cells through the regulation of  lamellipo-
dia  formation [11]. Depletion of endogenous ESPN in 

melanoma cells causes cell growth reduction in vitro and 
in vivo; moreover, ESPN inhibition attest cell cycle at G1 
phase via increasing p21 and p27 and decreasing Erk and 
AKT activities in melanoma cells [10, 11]. Recent study 
showed that miR-612 negatively regulated the expression 
of ESPN in melanoma cells. miR-612 targeted the 3′-UTR 
of  ESPN mRNA to inhibit ESPN gene expression that 
suppressed melanoma cell growth, migration and inva-
sion [7]. This finding demonstrated that the ESPN acts as 
a functional target gene of miR-612 in melanoma. Here, 
our study showed that high ESPN expression promoted 
cell growth and colony formation in ESCC cells. In con-
trast, inhibition endogenous ESPN by ESPN-mediated 
siRNA decreased cell growth ability. These results illus-
trated that ESPN expression involved in cell prolifera-
tion in ESCC cells. However, ESPN inhibition did not 
significantly alteration of cell cycle progression, p21 and 
p27 protein expressions in ESCC cells, indicating that 
ESPN regulated cell proliferation may through other 
mechanism in ESCC cells. We also determined if ESPN 

Fig. 3  Knockdown of ESPN inhibited ESCC cells growth in vitro. a, c The endogenous expression of ESPN in KYSE270 and TE10 cell lines transfected 
with ESPN-mediated siRNAs and negative control were determined at mRNA and protein levels by qRT-PCR and Western blotting. b, d The cell 
viabilities and colony numbers of the siESPN-ESCC and negative control-ESCC cells were measured in different time points as indicated by MTT 
assay and colony formation assay. Data from three independent experiments are expressed as mean ± SD
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expression regulates ESCC cell migratory and invasive 
abilities. Our data indicated that the abilities of migration 
and invasion of cells were not altered in ESPN-depleted 
ESCC cells (data not shown). For detail mechanisms of 
ESPN-elicited cell proliferation in ESCC need to further 
investigation.

Our study has important limitations. First, the current 
study was a retrospective finding. Second, our obser-
vations were limited by the relatively small number of 
patients.

Conclusions
This study presented that ESPN was upregulated in ESCC 
tissues compared with adjacent non-cancerous tissues. In 
addition, ESPN overexpression was positively correlated 
with overall survival and disease-free survival of ESCC 
patients, indicating ESPN may has significant mean-
ing as a prognostic indicator for ESCC patients. To the 
best of our knowledge, this is the first study to illustrate 
that ESPN inhibition prevented the ESCC cell prolifera-
tion. Herein, ESPN could be a potential biomarker for the 
diagnosis of ESCC.
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