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Abstract. Esophageal squamous cell carcinoma (ESCC) 
is one of the most common malignancies in China, and is 
associated with high morbidity and mortality. However, the 
molecular mechanisms that control ESCC tumorigenicity 
and metastasis remain unclear. Here, we report that the RNA 
splicing factor, NONO, is an important regulator of ESCC 
growth, apoptosis and invasion. NONO protein levels were 
dramatically upregulated in ESCC when compared with 
that in adjacent benign esophageal squamous epithelium. 
Particularly, NONO expression was statistically higher in 
tumors with greater tumor invasion depth. Using multiple 
ESCC cell models, we further showed that NONO depletion 
using siRNA significantly inhibited proliferation, invasion, 
and promoted apoptosis of ESCC cells. In addition we found 
that knockdown of NONO could reduce protein levels of 
phosphorylated Akt and Erk1/2. Our findings suggest that 
NONO plays a potent role in multiple biological aspects of 
ESCC through activation of the Akt and Erk1/2 signaling 
pathways. Taken together, our findings suggest that NONO 
might play an important role in promoting tumorigenesis of 
ESCC. It may provide a promising approach to prevent the 
progress of ESCC.

Introduction

Esophageal cancer is one of the most aggressive cancers 
worldwide. There are two main types of esophageal cancer: 
esophageal squamous cell carcinoma (ESCC) and esophageal 

adenocarcinoma (EAC) (1). In Asia, ESCC is the predominant 
type and EAC remains rare (2). Treatment of ESCC has greatly 
relied upon classical therapeutic means including surgery, 
radiotherapy or chemotherapy. Although multimodality 
therapy can apparently improve the prognosis of patients with 
ESCC, the overall 5-year survival rate remains unsatisfactory. 
Therefore, seeking new potential targets for the therapy of 
ESCC will help to improve the clinical outcome of patients 
with ESCC (3), which is reflecting our limited understanding 
on carcinogenesis and metastasis of ESCC at the molecular 
and cellular levels. It is urgent to find sensitive and specific 
early biomarkers for diagnosis and prognosis of ESCC, as well 
as novel therapeutic strategies.

The non-POU-domain-containing octamer (NONO) 
binding protein, also called NONO, is involved in a variety 
of biological processes, including regulating gene expres-
sion, DNA synthesis and repair processes (4-6). Originally 
identified as an RNA-binding protein (7), NONO interacts 
with double-stranded DNA, single-stranded DNA and RNA 
and is involved in multiple steps of gene transcription, RNA 
splicing and even non-homologous DNA end joining (8). Due 
to its roles in gene transcription, RNA processing and DNA 
repairing, NONO may be implicated in cancer progression. 
It has been demonstrated that NONO is associated with the 
initiation and progression of human cancer. NONO protein 
expression is strongly correlated with vascular invasions and 
poor patient survival of bladder cancers (9). In fact, increased 
NONO expression was reported in prostate cancer and malig-
nant melanoma (10,11). Knockdown NONO reduced melanoma 
cell proliferation, promoted apoptosis and decreased mobility 
capacity. Overexpression of NONO increased human umbilical 
vein endothelial cells invasion (12). Chromosomal transloca-
tion of NONO and TFE3 genes are frequently detected in 
papillary rental cell carcinoma (13). Additionally, a previous 
study indicates that NONO is an independent prognostic factor 
for human neuroblastoma (14). One recent study has identified 
that the nuclear protein NONO is highly expressed in breast 
cancer tissues as compared with the adjacent normal tissues in 
human patients. It is also demonstrated that NONO-mediated 
regulation of breast cancer cell growth is dependent on the 
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presence of and interaction with SREBP-1 (15). Moreover, 
gene microarray studies also reported that NONO mRNA 
levels are increased in ESCC (16,17). However, validation of 
NONO protein expression in human ESCC tissues has not been 
performed. The protein expression and functional significance 
of NONO in ESCC are still unclear.

Materials and methods

Ethical approval. All procedures performed in studies 
involving human participants were in accordance with the 
ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. Collection of all 
tissues and data involving human participants were approved 
by institutional ethics committee of Beijing Friendship 
Hospital on human research.

Human tissue specimens and cell lines. Human ESCC and 
adjacent normal esophageal tissues were collected from 
42 patients undergoing surgery of ESCC at the Beijing 
Friendship Hospital (Beijing, China) between 2008 and 2012. 
No patients had been treated with chemo- or radiation therapy 
before surgery. Informed consent was obtained from each 
patient. All tissues and data were collected in accordance 
with institutional guidelines and approved by institutional 
ethics committee of Beijing Friendship Hospital on human 
research. The pathological tumor stage was assessed using 
the TNM system according to the American Joint Committee 
on Cancer (AJCC) staging manual (seventh edition) (18,19). 
Human ESCC cell lines (TE-1, TE-2, TE-10, KYSE30, 
KYSE70, KYSE140, KYSE450, EC109, EC9706) were gener-
ously provided by Cancer Institute and Hospital, Chinese 
Academy of Medical Sciences and cell authentication were 
reported (20,21). Cells were maintained in RPMI-1640 
medium containing 10% fetal bovine serum, at 37˚C in a 95% 
humidified incubator containing 5% CO2.

Immunohistochemistry and pathological scoring. 
Immunohistochemistry (IHC) followed the standard protocol 
with NONO antibody (BD Biosciences, Bedford, MA, USA). 
Slides were also counterstained with hematoxylin and mounted 
on coverslips with glycerol-gelatin. Pathological scoring of 
NONO was performed by the quickscore method (22). The 
percentage of stained cells (0-4, 5-19, 20-35, 40-59, 60-79 
and 80-100%) was scored as 1-6, while the staining intensity 
(no staining, low, moderate, and high) was scored as 0-3. The 
quickscore of each tissue sample was calculated by multiplying 
the score of percentage of positive cells with the score of the 
staining intensity. Tumor samples with quickscore >12 were 
recorded as strong, moderate (quickscore <12 and >6), weak 
positive/negative (quickscore<6). Two doctors with no prior 
knowledge of each patient's clinical information evaluated all 
specimens independently.

siRNA and transfection. TE-1 and KYSE70 cells were plated at 
a density of 4x105 cells/well in 6-well plates. After 24 h of culture, 
the cells were transfected with siRNA using Lipofectamine® 2000 
(Life Technologies, Grand Island, NY, USA) according to the 
manufacturer's protocol as we previously described. Small 

interfering RNA (siRNA) for NONO (siNONO) and control 
siRNA (siCTRL) were purchased from GenePharma (Shanghai, 
China). The siRNA sequences against NONO are 5'-CAGAGA 
AGCUG GUUAUAAAT-3' and 5'-UUUAUAACCAGCUUCU 
CUGTT-3'. The siRNA sequences against non-specific are 
5'-UUCUCCGAACGUGUCACGUTT-3' and 5'-ACGUGAC 
ACGUUCGGAGAATT-3'.

Real‑time PCR. Total RNA was extracted from ESCC cell 
lines using TRIzol (Life Technologies) as we previously 
described (23). Two micrograms of total RNA was subjected 
to a random-primed reverse transcription using SuperScript II 
reverse transcriptase (Life Technologies). Real-time qPCR 
was conducted in triplicates using Applied Biosystems 7500 
Fast with 5 ng of cDNA, 1 µM of each primer pair and SYBR 
Green PCR master mix (Roche). The primers used were 
NONO forward, 5'-TTGTGGGAAATCTTCCTCCCGACA-3' 
and reverse, 5'-GGGTTTCCAAGCGGATAAAGCCAA-3'. 
GAPDH forward, 5'-GGACCTGACCTGCCGTCTAGAA-3' 
and reverse, 5'-GGTGTCGCTGTTGAAGTCAGAG-3'. Relative 
mRNA levels were normalized to GAPDH.

Western blot analysis. Antibodies against Akt, phosphory-
lated Akt (p-Akt) (Ser473), Erk, p-Erk1/2 (Thr202/Tyr204), 
caspase-3 and cleaved PARP-1 were purchased from Cell 
Signaling Technology (Beverly, MA, USA). The antibody 
against β-actin was purchased from Sigma-Aldrich. Protein 
lysates were extracted by lysis buffer [50 mM Tris-HCl, pH 7.4; 
10 mM EDTA; 5 mM EGTA; 0.5% NP40; 1% Triton X-100 
plus protease inhibitor (Roche)]. Fifty micrograms of total 
protein were fractionated by SDS-polyacrylamide gel electro-
phoresis and then transferred to PVDF membranes (Millipore, 
Billerica, MA, USA). The membranes were probed with 
primary antibodies overnight at 4˚C and then incubated for 
1 h with secondary peroxidase-conjugated antibodies at room 
temperature, followed by detection with an ECL plus system 
(Beyotime, Jiangsu, China). β-actin was used as the loading 
control.

Cell proliferation assay. Cells were plated onto a 96-well plate 
at a density of 1x103 cells per well. Viability of the cells was 
measured using a CellTiter 96® Aqueous One Solution Cell 
Proliferation assay (Promega, Madison, WI, USA) as described 
previously with modifications (20). After 0, 24, 48 and 72 h, the 
optical density at 492 nm was measured on a microplate reader 
(Smartspec Model 450; Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) at 490 nm. Three independent experiments were 
performed in triplicate.

Cell apoptosis analysis. Apoptosis rates of cells were measured 
using an Annexin V-FITC/PI apoptosis kit (Becton Dickinson, 
Franklin Lakes, NJ, USA) following the manufacturer's instruc-
tions. Briefly, cells were harvested, washed with cold PBS, and 
resuspended in binding buffer. Then, 5 µl Annexin V-FITC and 
5 µl PI were added to each sample containing 1x105 cells/100 µl. 
The samples were incubated at 25˚C in the dark for 15 min, 
followed by addition of 400 µl binding buffer. Within 1 h of 
preparation, the samples were analyzed by a flow cytometer 
(Becton Dickinson). The experiments were repeated three times 
independently.
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Cell migration and invasion assays. In cell migration assays, 
cells were grown on 6-well plates until 100% confluent. A 
20-µl pipette tip was used to scratch and create a wound in 
the confluent monolayer at the center of culture plates. After 
washes with PBS buffer, cells were replenished with culture 
medium and cell migration was captured under a microscope 
(Olympus Corp., Tokyo, Japan) at 0 and 24 h post wound 
scratch. Migration rate was determined using the ImageJ 
software as an average closed area of the wound relative to the 
initial wound area at 24 h after wounding. Experiments were 
performed in triplicate with three independent repeats. In 
cell invasion assays, 10x104 of TE-1 cells, 12x104 of KYSE70 
cells were suspended in serum-free RPMI-1640 medium and 
seeded in BD Matrigel invasion chamber (Becton Dickinson). 
The lower chamber contained 0.75 ml of RPMI-1640 medium 
plus 10% FBS. After incubation for 30 h, non-invading cells 
in the upper chamber were gently removed by cotton swabs. 
Cells that invaded through the Matrigel and reached to the 
lower chamber were fixed, stained with mounting medium 
containing DAPI (Vector Laboratories, Inc., Burlingame, 
CA, USA) and photographed by fluorescence microscope 
(Olympus). Invaded cell numbers were counted by the ImageJ 

software. Experiments were performed in triplicate with 
three independent repeats.

Immunofluorescence assays. ESCC cell lines were grown on 
glass coverslips (Nest Biotechnology Co., Ltd., Wuxi, China) 
to 50% confluence and then fixed in 4% paraformaldehyde for 
15 min at room temperature. The cells were permeabilized 
with 0.3% Triton X-100 for 20 min, blocked with 5% bovine 
serum albumin for 30 min, and then incubated with the 
mouse monoclonal anti-NONO antibody (Becton Dickinson) 
at 4˚C overnight, followed by an Alexa Fluor 488-conjugated 
secondary antibody (Jackson ImmunoResearch Laboratories, 
Inc., West Grove, PA, USA) for 45 min at 37˚C. The cells were 
rinsed in PBS between incubation steps and mounted with 
medium containing 4'-6-diamidino-2-phenylindole (DAPI). 
Immunofluorescence images were acquired using a fluores-
cence microscope (Olympus).

Statistical analysis. The Wilcoxon signed rank test was used 
for comparison of quickscores between paired ESCC and 
adjacent benign tissue (Fig. 1B). Comparison of Quickscore 
distribution between benign and ESCC was performed by 

Figure 1. Increased expression of NONO in ESCC tissue samples. (A) Three independent microarray data from the Oncomine database showed that NONO 
mRNA levels were increased in ESCC patient tissue samples. Comparison of NONO mRNA levels in normal tissue (N), esophageal squamous cell carci-
noma (ESCC), and Barrett's esophagus (BE), esophageal adenocarcinoma (EAC) are presented together with P-values. (B) Immunohistochemistry signal of 
NONO from paired normal and ESCC tissue samples were recorded by quickscore method. Comparison of quickscore distribution between adjacent normal 
and ESCC samples was performed by χ2 test. (C) Representative immunohistochemistry (IHC) images of NONO in paired normal and ESCC tissue samples. 
NONO levels were lower in adjacent normal esophageal epithelium, but were higher in ESCC. (D) NONO quickscores were further divided into three groups: 
strong, moderate and weak. The percentage of each group in normal and ESCC tissue samples were plotted.
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χ2 test (Fig. 1C). The associations of pathological features with 
NONO quickscores were evaluated by Fisher's exact test in 
Table I. Data from Figs. 2-4 are presented as the mean ± SEM 
that was calculated from at least three independent experi-
ments. Statistical analysis was carried out using GraphPad 
Prism (version 4) (GraphPad Software, Inc., La Jolla, CA, 
USA) with the level of significance set at P<0.05, P<0.01 and 
P<0.001. Paired Student's t-test was used to compare two 
groups when the means follow the normal distribution.

Results

NONO is upregulated in human ESCC tissue samples. Three 
independent microarray studies reported that higher mRNA 
levels of NONO were detected in ESCC tissues (Fig. 1A) 
(16,17,24). By contrast, there were no significant differences 

of NONO mRNA levels in Barrett's esophagus, EAC and 
adjacent normal esophagus. In order to determine NONO 
protein expression in ESCC, we collected 42 paired patient 
samples containing ESCC and adjacent benign tissue for IHC. 
IHC signal of NONO was localized in the nuclei of esophageal 
epithelial cells as well as a sub-group of stromal and muscle 
cells (Fig. 1B). NONO expression was high in ESCC compared 
with that in adjacent benign tissue samples (P<0.0001) 
(Fig. 1B). Representative IHC images are presented in Fig. 1C. 
Of the ESCC tissue samples 66.7% showed strong NONO 
signal whereas only 11.9% of benign tissue samples showed 
strong NONO staining (Fig. 1D). The relationship between 
pathological background and NONO expression was further 
analyzed (Table I). While there was no correlation between 
NONO protein levels with patient age, gender, lymph node 
metastasis, pathological differentiation and TNM stage, strong 

Figure 2. Real-time PCR and western blot analysis of NONO expression in esophageal squamous cell carcinoma (ESCC) cells. (A) Real-time PCR measured 
relative NONO mRNA levels to GAPDH in 9 ESCC cell lines. (B) Western blot analysis of endogenous expression of NONO in all 9 ESCC cell lines. β-actin 
served as a loading control. (C and D) Transfection efficiencies of NONO siRNA knockdown in TE-1, KYSE70 cells were measured by real-time PCR and 
western blotting. (E) Immunofluorescence staining detected expression and nuclear localization of NONO protein in human ESCC cell lines. NONO expres-
sion is reduced after NONO siRNA knockdown in TE-1, KYSE70 cells.
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NONO staining was detected in ESCC with greater tumor 
invasion depth (P=0.011). These results suggested a potential 
role of NONO in ESCC.

NONO expression in ESCC cell lines. Real-time PCR and 
western blot assays indicated that NONO is widely expressed 
in multiple ESCC cell lines (Fig. 2A and B). However, NONO 

Figure 3. NONO modulates cell proliferation and apoptosis. (A and B) MTS assay showed that NONO knockdown inhibited proliferation in TE-1 and KYSE70 
ESCC cell lines. (C and D) Apoptotic cell death was determined by flow cytometric analysis with Annexin V and PI staining. NONO knockdown increased 
the level of apoptosis in TE-1 and KYSE70 cell lines. Results shown are representative of three independent experiments with Student's t-test. Statistical 
significance *P<0.05 and **P<0.01.

Figure 4. Examination of NONO targets in esophageal squamous cell carcinoma (ESCC) cells. (A) The cleavages of caspase-3, and PARP-1 were compared 
between siRNA control and siRNA NONO-transfected cells by western blotting at the indicated time-points. β-actin served as a loading control. NONO 
depletion upregulated caspase-3 and PARP-1 cleavage in TE-1 and KYSE70 ESCC cell lines.
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mRNA levels varies among these cell lines with relatively 
higher levels in KYSE30 and KYSE70 cell lines and lower 
levels in TE-1, TE-2 and TE-10 cell lines. TE-1 was derived 
from well differentiated ESCC, whereas KYSE70 was derived 
from poorly differentiated tumors, respectively (25). We chose 
TE-1 and KYSE70 cell lines for further functional analyses of 
NONO. Knockdown NONO was achieved by transient trans-
fection with efficiencies shown in Fig. 2C-E.

Knockdown NONO inhibits ESCC cell proliferation and 
induces cell apoptosis. Given the elevated expression of NONO 
in ESCC tissues and cell lines, we examined whether NONO 
regulated ESCC cell growth. As shown in Fig. 3A and B, 
NONO knockdown by specific siRNA significantly inhibited 
growth of TE-1 and KYSE70 cells.

To determine whether NONO could regulate apoptosis of 
TE-1 and KYSE70 cells, we performed an Annexin V-FITC 
and PI assay to detect apoptosis. Knockdown of NONO 
significantly induced apoptosis of TE-1 and KYSE70 cells. 

After NONO knockdown, the percentages of both early 
apoptotic (Annexin V-positive/PI-negative) and late apoptotic 
(Annexin V-positive/PI-positive) cells were significantly 
increased in NONO-knockdown cells, compared with control 
cells (P<0.05, Fig. 3C and D).

Because apoptosis is often mediated by the activation of 
caspase-3 that leads to PARP binding to fragmented DNA, 
western blot analysis was then used to detect caspase-3 acti-
vation. The result showed that cleavages of caspase-3 and 
PARP-1 were dramatically increased in NONO-knockdown 
cells, compared with control cells (Fig. 4).

NONO regulates ESCC cell migration and invasion in vitro. 
Since higher NONO protein expression was observed in 
tumors with greater local invasion (Table I), we further studied 
whether NONO is a regulator of ESCC cell migration and 
invasion in vitro. Knockdown of endogenous NONO expres-
sion significantly reduced TE-1 and KYSE70 cell mobility in 
passing through the surface of culturing plates or penetrating 
through Matrigel (Fig. 5). These results indicated that the 
expression levels of NONO are important for ESCC cell 
migration and invasion.

Knockdown NONO negatively regulates p‑Erk1/2 and p‑AKT 
expression. As in vitro assays showed that NONO is overex-
pressed in ESCC tissues and cells, and that knockdown NONO 
inhibits proliferation, induces apoptosis and reduces mobility 
of TE-1 and KYSE70 cells, we then explored the molecular 
mechanism underlying the effects. Both Erk1/2/MAPK and 
PI3K/AKT activation are frequent events in human cancer 
including ESCC (26,27). Since Erk1/2 and AKT are activated 
through phosphorylation, we detected the expression of the 
Thr202/Tyr204 phosphorylated form of Erk1/2 and Ser473 
phosphorylated form of AKT by western blotting. TE-1 and 
KYSE70 cells were treated with siRNA targeting NONO or 
control siRNA as a negative. We found that the expression 
levels of phosphorylated Erk1/2 and AKT were dramatically 
decreased in both TE-1 and KYSE70 NONO-knockdown cells 
(Fig. 6). These data suggested that Erk1/2 and PI3K/AKT 
pathway is required for the NONO-regulated growth, apop-
tosis and invasion of ESCC cells.

Discussion

Being one of the most common causes of cancer-related deaths 
in China, the average 5-year survival rate of ESCC is still low. 
Several mechanisms promote ESCC progression and provide 
with independence from normal regulation of cell control (28). 
Treatment of ESCC especially in advanced stages still remains 
a clinical challenge. Therefore, new therapeutic targets remain 
to be elucidated. The nuclear NONO protein is an RNA-binding 
molecule containing two RNA recognition motifs. It is able to 
bind double-stranded DNA, single-stranded DNA and RNA 
(29). Previous studies showed that it retains hyper-edited 
messenger RNA in the nucleus and therefore influences gene 
expression and differentiation of stem cells (30). Recently, it has 
been shown that NONO is strongly expressed in several types 
of cancer. In addition, an increasing number of studies have 
reported that NONO modulates various pivotal intermediate 
molecules and ultimately regulates cell proliferation, apoptosis 

Table I. Pathological information of ESCC patients and NONO 
expression.

 NONO expression level
 -----------------------------------------
Variables Weak +  Strong (%) No. P-value
 moderate (%)

Age
  >60 15   4 (28.6) 11 (39.3) 0.734
  <60 27 10 (71.4) 17 (60.7)
Sex
  Male 32 11 (78.6) 21 (75.0) 1.000
  Female 10   3 (21.4)   7 (25.0)
Tumor depth
  T1-2   6   5 (35.7)   1   (3.6)  0.011a

  T3-4 36   9 (64.3) 27 (96.4)
LN metastasis
  N0 36 11 (78.6) 25 (89.3) 0.652
  N1/N2/N3   6   3 (21.4)   3 (10.7)
Pathological
differentiation
  Well   7   2 (14.2)   5 (17.9) 0.651
  Moderate 21   6 (42.9) 15 (53.6)
  Poor 14   6 (42.9) 8 (28.5)
AJCC stage
  I   5   2 (14.3)   3 (10.7) 0.860
  II 26   9 (64.3) 17 (60.7)
  III-IV 11   3 (21.4)   8 (28.6)

AJCC, American Joint Commission on Cancer. ESCC, esophageal 
squamous cell carcinoma. The associations of pathological infor-
mation of ESCC patients with NONO expression are summarized 
and statistically analyzed by Fisher's exact test. aP<0.05, significant 
difference.
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and mobility in different types of human carcinomas. However, 
the expression pattern and function of NONO in the tumorigen-
esis of ESCC remain unknown. Our contribution in this study is 

for the first time to demonstrate that NONO protein expression 
is upregulated in ESCC and that higher NONO protein levels 
are associated with greater tumor invasion depth. In addition, 

Figure 5. NONO knockdown decreases esophageal squamous cell carcinoma (ESCC) cell migration and Matrigel invasion. TE-1 and KYSE70 cells 
were transfected with NONO or control siRNA for 24 h. (A and B) Wound healing assay showed that cell motility was inhibited by NONO knockdown. 
Representative images at time 0 and 24 h after scratching (left). Cells penetrated through the Matrigel were captured by microscope and representative  
images are shown (right). The numbers of cells invaded through Matrigel in each condition were counted and plotted. (C) Results shown are representative 
of three independent experiments with Student's t-test, the statistical significance was *P<0.05, **P<0.01 and ***P<0.001.

Figure 6. Akt and Erk1/2 are likely the downstream targets of NONO-mediated signaling. p-Akt, Akt, p-Erk1/2 and Erk1/2 were compared between TE-1 and 
KYSE70 cell lines treated with control siRNA and NONO siRNA by western blot analysis. β-actin served as a loading control.
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we demonstrated that NONO plays direct regulatory roles in 
ESCC cell proliferation, apoptosis, migration and invasion 
involving Erk1/2 and Akt signaling pathways.

Firstly, we observed a significantly elevated NONO 
expression in most ESCC tissues compared with paired 
normal esophageal epithelial tissues. Higher NONO expres-
sion was shown to be associated with deeper local invasion, 
but no differences between tumors with different degree of 
lymph node metastasis, supporting a potential significance 
in early stage of ESCC progression. However, the correlation 
of NONO expression and the poor overall survival of ESCC 
patients need further study.

Secondly, we observed different oncogenic effects in 
two ESCC cell lines following downregulation of NONO 
expression. Targeted NONO silencing using siRNA inhibited 
cell growth in TE-1 and KYSE70 ESCC cell lines. Moreover, 
NONO silencing increased the percentage of apoptotic cells 
in those cell lines, in which this oncogene is endogenously 
overexpressed. In addition, we examined the expression of 
cleaved caspase-3 and cleaved PARP-1 by western blotting. 
We showed that knockdown of NONO could inhibit caspase-3 
and PARP-1 cleavage, which was according to its role of apop-
tosis inhibitor. Taken together, our data suggest that NONO 
may represent a promising and effective target for antitumor 
therapy of ESCC.

Recent studies have also shown that the in vitro prolif-
eration, apoptosis and invasion of ESCC cell lines were 
regulated by inhibition of PI3K or MAPK (26,31). PI3K is 
a lipid kinase that generates second messengers involved in 
regulation of a wide spectrum of cellular functions including 
proliferation, survival and invasion (32). The effects of PI3K 
on tumor growth and progression are thought to be mediated 
mainly by Akt. The MAPK family includes the ERKs and 
the stress-activated protein kinases (SAPKs), p38 and JNK. 
Erk/MAPK signaling is frequently activated and promotes 
cancer cell proliferation, cell survival and metastasis (33,34). 
Some studies observed multiple biological aspects on NONO 
in tumor cells, such as NONO affecting cell proliferation, 
apoptosis, and cell cycle of melanomas, which is related to 
cx-43 (10). Besides, NONO stimulates SREBP-1a-dependent 
cell proliferation and tumor growth of breast cancer cells 
in vitro and in vivo (15). This study is the first to report that 
NONO silencing downregulated the expression level of p-Akt 
and p-Erk1/2 protein without affecting the total Akt and 
Erk1/2 expression level in ESCC cell lines, which suggested 
that NONO might play an important role in growth, apop-
tosis and metastasis of ESCC by activating both the PI3K/
Akt and MAPK/Erk signaling pathways. However, this study 
was performed only at the cellular level. Further experiments 
to verify the influence of NONO on ESCC will be done in 
animal models. More comprehensive investigations are 
required to determine the associations between NONO, Akt, 
Erk and tumorigenesis.

Taken together, our results demonstrated that knockdown 
of NONO could inhibit proliferation and invasion, and promote 
apoptosis through the PI3K/Akt and MAPK/Erk signaling 
pathways in ESCC cancer cells. Our data may provide new 
evidence to improve the understanding of carcinogenesis of 
ESCC and may help to develop new therapeutic strategies for 
the treatment of ESCC.
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