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Abstract. Esophageal cancer is one of the most common 
types of malignant tumors located within the digestive system, 
with >50% of esophageal cancer cases worldwide occur-
ring in China. Recent studies have demonstrated that long 
non‑coding RNAs (lncRNAs) are frequently dysregulated in 
cancer; however, few lncRNAs have been characterized in 
esophageal squamous cell carcinoma (ESCC). In the present 
study, a novel lncRNA, SET‑binding factor 2 (SBF2) antisense 
RNA1 (SBF2‑AS1) was exhibited in ESCC. Expression levels 
of SBF2‑AS1 in ESCC and adjacent non‑cancerous tissues 
were detected using the reverse transcription‑quantitative 

polymerase chain reaction. SBF2‑AS1 was knocked down, 
and proliferation, migration, invasion, apoptosis and the cell 
cycle were examined in ESCC cells. Results identified that 
SBF2‑AS1 was significantly upregulated in ESCC compared 
with adjacent non‑cancerous tissues (fold increase, 8.82; 
P=0.023). The SBF2‑AS1 expression level was significantly 
increased in patients who had a smoking (9.927 vs. 4.507; 
P=0.030) and/or drinking (10.938 vs. 4.232; P=0.032) history. 
Patients with a large tumor size exhibited increased SBF2‑AS1 
expression (≥4 vs. <4 cm, 14.898 vs. 5.435; P=0.018). Patients 
with advanced ESCC exhibited increased upregulation of 
SBF2‑AS1 [tumor‑node‑metastasis (TNM) I‑II vs. TNM 
III‑IV, 1.302 vs. 15.475; P<0.01]. SBF2‑AS1 was also silenced 
using small interfering RNA. Cell proliferative and inva-
sive ability were significantly inhibited (P<0.05) following 
SBF2‑AS1 silencing, the cell cycle was arrested in the G2 
phase; however, there was no significant difference in the 
proportion of apoptotic cells. Gene Set Enrichment Analysis 
revealed that genes associated with cell cycle biological 
processes, including the cancer suppressor gene cyclin‑depen-
dent kinase 1A (CDKN1A), were significantly associated with 
SBF2‑AS1 in ESCC tissues. Further validation confirmed that 
CDKN1A expression levels were increased in ECA‑109 cells 
following SBF2‑AS1 silencing. The results of the present study 
demonstrate that SBF2‑AS1 is significantly upregulated in 
ESCC, and that silencing of SBF2‑AS1 inhibits the prolifera-
tive and invasive ability of ESCC cells. SBF2‑AS1 may be a 
novel biomarker and therefore a potential therapeutic target 
for ESCC.

Introduction

Human esophageal cancer (EC) is the third most common 
digestive system malignancy worldwide, and is associated 
with a high mortality rate  (1). EC is also one of the most 
common malignant tumors in China, ranking third and 
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fifth in causing male and female malignant tumors, respec-
tively (2). Esophageal squamous cell carcinoma (ESCC) and 
esophageal adenocarcinoma (EA) are the primary subtypes 
of EC; however, in China, ESCC accounts for >90% of total 
cases (3). Despite improved development of multimodal tech-
niques including surgery, chemotherapy and radiotherapy, the 
survival rate of patients with ESCC remains poor owing to the 
high incidence of local invasion and distant metastasis (3,4). 
Therefore, it is imperative to seek novel therapeutic targets and 
effective biomarkers for ESCC.

Long non‑coding RNAs (lncRNA) are non‑protein‑coding 
transcripts >200 nucleotides (5,6). On the basis of the prox-
imity to nearby coding genes, lncRNAs are categorized 
into 5 subclasses: Sense, antisense, intergenic, bidirectional 
and intronic (7). lncRNAs are involved in every aspect of 
cellular processes, including cellular development, modula-
tion of apoptosis, metastasis and parental imprinting (8‑10). 
Emerging evidence suggests that the dysregulation of 
lncRNAs is linked to the development and metastasis in 
several types of cancer, including EC (11‑13). The impor-
tance of lncRNAs in ESCC carcinogenesis has been recently 
evidenced. Hundreds of ESCC‑associated lncRNAs were 
identified, some of which could be used as biomarkers for 
diagnosing or prognosing ESCC (14‑16). ESCC‑associated 
lncRNAs remain to be fully understood but research has 
progressed in this field: POU class 3 homeobox 3 (POU3F3) 
promotes the malignant progression of ESCC by binding 
the enhancer of zeste 2 polycomb repressive complex 2 
subunit protein to promote the methylation of POU3F3 (17); 
colon cancer associated transcript 1 (non‑protein coding) 
could modulate the histone methylation of the promoter of 
sprouty RTK signaling antagonist 4 by binding polycomb 
repressive complex 2 (PRC2) and suppressor of variegation 
3‑9 homolog 1 in the nucleus and promoted the expression 
of downstream target gene homeobox B13 by adsorbing 
microRNA‑7 in the cytoplasm (18).

In a previous study, the novel lncRNA SET‑binding 
factor 2 (SBF2) antisense RNA1 (SBF2‑AS1) was identified 
and was demonstrated to be upregulated in non‑small cell lung 
cancer (NSCLC), and was also able to promote proliferation of 
NSCLC cells (19). SBF2‑AS1, located at the 11p15.1 locus, is a 
2,708‑nt antisense RNA to SBF2. A previous study identified 
that SBF2‑AS1 was able to bind with PRC2 and guided PRC2 to 
the promoter of CDKN1A and therefore decreased CDKN1A 
expression (19). However, the exact role of SBF2‑AS1 in ESCC 
remains unclear. Therefore, the investigated the expression 
and biological function(s) of SBF2‑AS1 in ESCC in vitro were 
investigated in the present study.

Materials and methods

Patients and tissue samples. All primary ESCC tissues and 
paired normal tissues were collected from patients who had 
undergone surgery at the Department of Thoracic Surgery, 
Cancer Institute of Jiangsu Province (Nanjing, China) between 
May 2013 and May 2014. No patients received radiotherapy 
or chemotherapy prior to surgical resection. Experienced 
pathologists confirmed all tumors and paired normal tissues, 
and clinical/pathological characteristics of each patient were 
collected. Written informed consent was obtained from all 

patients and the Ethics Committee of Cancer Institute of 
Jiangsu Province approved the present study.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analyses. Total RNA 
was extracted from tissues or cultured esophageal cell lines 
(HesEpiC; ScienCell Research Laboratories, Inc., San Diego, 
CA, USA), KYSE‑410 (Department of Radiology of The First 
Affiliated Hospital of Nanjing Medical University, Jiangsu, 
Nanjing, China), ECA‑109 (Shanghai Institutes for Biological 
Science, Shanghai, China) and TE‑1 (Shanghai Institutes for 
Biological Science, Shanghai, China) with TRIzol reagent 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
according to the manufacturer's protocol. The concentration 
and A260/280 ratio were measured using a NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, Inc.). A 500 ng 
amount of total RNA was reverse‑transcribed in a final volume 
of 10 µl using random primers under standard conditions 
using the Prime Script RT Master Mix (Takara Biotechnology 
Co., Ltd., Dalian, China), according to the manufacturer's 
protocol; the reverse transcription reactions were performed 
at 25˚C for 5 min, followed by 42˚C for 60 min and 70˚C for 
5 min. qPCR was performed using the SYBR Green Master 
Mix (Thermo Fisher Scientific, Inc.) with 0.5 µl cDNA on 
a Veriti 96 Well Thermal Cycler (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol, to determine 
relative levels of SBF2‑AS1. GAPDH and β‑actin were used 
as internal controls. Reaction mixtures were incubated at 95˚C 
for 10 min, 40 cycles of 95˚C for 15 sec, 60˚C for 1 min and 
72˚C for 10 min. The fold changes of individual genes were 
calculated using the 2‑ΔΔCq method (20). The following primer 
pairs were used for qPCR: SBF2‑AS1 forward, 5'‑CAC​GAC​
CCA​GAA​GGAvGTC​TAC‑3', and reverse, 5'‑CCC​GGT​ACC​
TTC​CTG​TCA​TA‑3'; cyclin‑dependent kinase 1A (CDKN1A) 
forward, 5'‑AGA​CCA​TGT​GGA​CCT​GTC​ACT​G‑3', and 
reverse, 5'‑GTT​TGG​AGT​GGT​AGA​AAT​CTG​TC‑3'; GAPDH 
forward, 5'‑CGC​TCT​CTG​CTC​TCC​TGT​TC‑3', and reverse, 
5'‑ATC​CGT​TGA​CTC​CGA​CCT​TCA​C‑3'; β‑actin forward, 
5'‑CGC​TCT​CTG​CTC​CTC​CTG​TTC‑3', and reverse, 5'‑ATC​
CGT​TGA​CTC​CGA​CCT​TCA​C‑3'.

Nuclear mass separation experiment. The subcellular 
localization of SBF2‑AS1 was detected using the PARIS™ 
kit (Thermo Fisher Scientific, Inc.), according to the manu-
facturer's protocol. Firstly, the cells were washed with 
ice‑cold PBS twice. Subsequently, 1 ml ice‑cold cell lysis 
solution [containing 20 mmol/l HEPES (pH 7.5), 10 mmol/l 
KCl, 1.5 mmol/l MgCl2, 1 mmol/l EGTA, 1 mmol/l EDTA, 
1 mmol/l DTT, 0.1 mmol/l PMSF and 250 mmol/l sucrose] 
was added to the cells and 3x106 cells were harvested with a 
cell scraper on ice. The cell lysate was incubated on ice for 
5 min. After centrifuging at 500 x g for 5 min at 4˚C, the 
precipitate containing the nuclear RNA was isolated from 
the supernatant containing the cytoplasmic RNA. Finally, the 
supernatant was removed. The precipitate was washed with 
PBS twice and resuspended using Nuclei EZ storage buffer 
(Thermo Fisher Scientific, Inc.).

Cell culture. KYSE‑410 cells were donated by the Department 
of Radiology of The First Affiliated Hospital of Nanjing 
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Medical University (Jiangsu, Nanjing, China). ECA‑109 
and TE‑1 cells were purchased from Shanghai Institutes for 
Biological Science (Shanghai, China). Normal human esopha-
geal epithelial cell lines (HEsEpiC) were purchased from 
ScienCell Research Laboratories, Inc. KYSE‑410 cells and 
HEECs were grown in RPMI‑1640 medium (Nanjing KeyGen 
Biotech Co., Ltd., Nanjing, China). ECA‑109 and TE‑1 cells 
were grown in Dulbecco's modified Eagle's medium (DMEM; 
Nanjing KeyGen Biotech Co., Ltd.), supplemented with peni-
cillin (80 U/ml)‑streptomycin (0.08 mg/ml) and 10% fetal 
bovine serum (FBS; Thermo Fisher Scientific, Inc.). All cells 
were grown at 37˚C in a humidified 5% CO2 atmosphere.

siRNA transfection. ESCC cells (70‑80% confluence in 6‑well 
plates) were transfected with 100 nM specific small interfering 
RNA (siRNA) or 100 nM negative control (NC) siRNA using 
Lipofectamine® RNA interference (RNAi) MAX (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Following transfection, cells were cultured for 48 h 
at 37˚C in a humidified 5% CO2 atmosphere. The following 
siRNA primer sequences were used: SBF2‑AS1 sense (204 
site), 5'‑CAG​AAG​GAG​UCU​ACU​GCU​AAG‑3', and antisense, 
5'‑UAG​CAG​UAG​ACU​CCU​UCU​GGG‑3', SBF2‑AS1 sense 
(1021 site), 5'‑GCA​AGC​CUG​CAU​GGU​ACA​UTT‑3', and anti-
sense, 5'‑AUG​UAC​CAU​GCA​GGC​UUG​CTT‑3'.

Cell proliferation assay. Cell proliferation was assayed using 
the Cell Counting Kit‑8 (CCK‑8) assay (Promega Corporation, 
Madison, WI, USA), according to the manufacturer's protocol. 
Transfected cells were plated in 96‑well plates (3,000 
cells/well). Cell proliferation was measured every 24 h in 
accordance with the manufacturer's protocol. In brief, 10 µl 
CCK‑8 solution was added to each well and incubated for 2 h 
at 37˚C, and each solution was measured spectrophotometri-
cally at 450 nm as previously described (21).

Clonogenic assay. A total of 100 transfected cells were placed 
into a fresh 6‑well plate and maintained in 2 ml medium 
containing 10% FBS, replacing the medium every 3 days. After 
2 weeks, cells were immobilized with 4% paraformaldehyde at 
room temperature for 30 min and stained with 0.1% crystal 
violet at room temperature for 15 min. Visible colonies were 
counted using light microscopy and a fluorescence microscope 
(magnification, x40) (22).

In vitro cell migration and invasion assays. ECA‑109 cells 
transfected with 100 nM si‑SBF2‑AS1 or si‑NC was harvested 
24 h after transfection. For migration assays, transfected cells 
(3x105) were plated in the upper chamber of the Transwell 
assay inserts (EMD Millipore, Billerica, MA, USA) containing 
200 µl serum‑free DMEM with a membrane without Matrigel 
(8‑mm pores). Lower chambers were filled with DMEM 
containing 10% FBS. After 24 h of incubation at 37˚C in a 
5% CO2 incubator, cells on the filter surface were fixed with 
100% methanol at room temperature for 15 min and stained 
with 0.1% crystal violet at room temperature for 15 min, and 
images were captured using an Axio Vert.A1 microscope 
(magnification, x100; Carl Zeiss AG, Oberkochen, Germany). 
Cell numbers were calculated using five random fields for 
each chamber. For invasion assays, transfected cells (5x105) 

were plated in the upper chamber with a Matrigel‑coated 
membrane (BD Biosciences, Franklin Lakes, NJ, USA) in 
500 µl serum‑free DMEM with 750 µl 10% FBS in DMEM in 
the lower chambers. Invasion function was determined using 
the number of transmigrated cells following 48 h incubation at 
37˚C in a 5% CO2 incubator.

Flow cytometric analysis. Transfected cells were harvested 
after 24 h of incubation at 37˚C in a 5% CO2 incubator. ECA‑109 
cells were stained with Annexin V and propidium iodide (PI) 
using Annexin V‑fluorescein isothiocyanate/PI apoptosis detec-
tion kits (BD Biosciences) and examined using flow cytometry 
(FACScan; BD Biosciences). Cells used for cell cycle analysis 
were stained with propidium oxide using the Cycle Test Plus 
DNA reagent kit (BD Biosciences) and analyzed using FACScan 
(BD Biosciences) as described previously (23).

Western blot assay. Proteins were extracted 48 h after trans-
fection. Cells in each well were placed in 100 µl lysis buffer 
containing 1 mM sodium vanadate, 0.5 mM dithiothreitol, 
1 mM phenylmethylsulfonyl fluoride, 2 mM leupeptin, 2 mM 
aprotinin and 2 mM pepstatin on ice for 30 min. Proteins 
(60 µl/lane) were resolved using a 10% gel and SDS‑PAGE 
and transferred onto a polyvinylidene difluoride membrane. 
Membranes were blocked with 5% non‑fat dry milk in 
Tris‑buffered saline for 2 h at room temperature. Primary 
antibodies, including anti‑CDKN1A (cat. no. sc‑6246; 1:1,000; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti‑cyclin 
E (cat. no. 20808; 1:1,000; CST Biological Reagents Co., Ltd., 
Shanghai, China) and anti‑β‑actin (cat. no. ab8227; 1:1,000; 
Abcam, Cambridge, UK) were used. Membranes were incu-
bated with primary antibodies at room temperature overnight. 
Following washing with Tris‑buffered saline, the membrane 
was incubated with goat anti‑rabbit immunoglobulin G 
horseradish peroxidase‑conjugated secondary antibody (cat. 
no. ab6721; 1:10,000; Abcam) for 2 h at room temperature. 
Finally, blots were visualized using enhanced chemilumines-
cence detection (Thermo Fisher Scientific, Inc.), as described 
previously (24).

Bioinformatics analysis. Gene Set Enrichment Analysis 
(GSEA) was performed using GSEA software (version 2.2.4; 
Broad Institute, Inc., Massachusetts Institute of Technology, 
Cambridge, MA, USA), and gene signatures were downloaded 
from the Molecular Signatures Database (MSigDB, version 4; 
Broad Institute, Inc.). The MSigDB collects various types of 
gene sets and included 1,320 canonical pathways derived from 
the pathway databases including BioCarta, Kyoto Encyclopedia 
of Genes and Genomes, Pathway Interaction Database and 
Reactome. The GSE53622 dataset was downloaded from 
the Gene Expression Omnibus (GEO) and only ESCC tumor 
samples were used to perform GSEA.

Statistical analysis. Differences between groups were assessed 
by a paired two‑tailed Student's t‑test. One‑way analysis 
of variance followed by the Bonferroni post‑hoc test or the 
nonparametric Kruskal‑Wallis test was applied to assess the 
relationship between circPRKCI expression and other charac-
teristics. The strength of the association between continuous 
variables was tested with the Spearman correlation. All 
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Figure 1. Analysis of SBF2‑AS1 expression in ESCC tissues and associated clinical parameters. (A) SBF2‑AS1 was detected in 51 pairs of ESCC tissues using 
RT‑qPCR. Levels of SBF2‑AS1 in ESCC tissues were significantly increased compared with those in non‑tumor tissues (P=0.023). SBF2‑AS1 was upregulated 
in groups with (B) drinking history (P=0.030), (C) smoking history (P=0.032), (D) tumor size (P=0.018), and (E) TNM stage (P<0.001). (F) Kaplan‑Meier esti-
mator curve demonstrates the survival rate of patients with different SBF2‑AS1 expression levels. The difference between groups was statistically significant 
(P=0.016; Mantel‑Cox test). *P<0.05, **P<0.01 vs. control groups. Results are presented as the mean ± standard error of the mean. TNM, tumor‑node‑metastasis; 
SBF2‑AS1, SET‑binding factor 2 antisense RNA1; ESCC, esophageal squamous cell carcinoma; RT‑qPCR, reverse transcription‑quantitative polymerase 
chain reaction.

statistical analyses were performed using SPSS 20 software 
(Abbott Laboratories, Chicago, IL, USA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Association between SBF2‑AS1 expression and clinical 
characteristics. SBF2‑AS1 expression levels were detected in 
51 paired primary ESCC and adjacent non‑cancerous tissues 
using RT‑qPCR. Results demonstrated that SBF2‑AS1 was 
significantly overexpressed in ESCC, with a mean upregu-
lation of 8.82‑fold (P=0.023; Fig. 1A). As demonstrated in 
Table I, drinking history, smoking history, tumor size and 
TNM stage (P<0.05) were significantly associated with the 

expression of SBF2‑AS1. SBF2‑AS1 expression level was 
also increased in patients with a history of drinking (9.927 
vs. 4.507; P=0.030; Fig. 1B) and smoking (10.938 vs. 4.232, 
P=0.032; Fig. 1C). Patients with a large tumor size had an 
increased SBF2‑AS1 expression (≥4 vs. <4 cm, 14.898 vs. 
5.435; P=0.018; Fig. 1D). Patients with ESCC exhibiting a 
TNM stage of III‑IV demonstrated an increased expression 
level of SBF2‑AS1 compared with patients with ESCC exhib-
iting with a TNM stage of I‑II (TNM I‑II vs. TNM III‑IV, 
1.302 vs. 15.475; P<0.01; Fig. 1E). The association between 
SBF2‑AS1 expression level and clinical characteristics is 
presented in Table  I. The association between SBF2‑AS1 
expression and survival rate of ESCC patients was also evalu-
ated. In an online cohort of 60 ESCC patients, patients with 
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increased SBF2‑AS1 expression levels had poorer survival 
rates compared with those with lower expression levels of 
SBF2‑AS1 [hazard ratio, 1.31; 95% confidence interval (CI), 
1.090‑1.568; P=0.016; Fig. 1F].

Expression characteristics of SBF2‑AS1 in ESCC cell lines. 
Prior to the functional study of SBF2‑AS1 in vitro, expres-
sion in ESCC cell lines was measured using RT‑qPCR. When 
normalized to HEEC cell lines, results demonstrated that the 
expression level of SBF2‑AS1 was upregulated in the ESCC 
cells analyzed (Fig. 2A). The expression level of SBF2‑AS1 
was highest in ECA‑109 cells, therefore ECA‑109 was selected 
as the experimental cell line. Confirmation of the subcellular 

localization of SBF2‑AS1 was achieved by measuring expres-
sion levels of SBF2‑AS1 in nuclear and cytoplasmic fractions 
of ECA‑109, TE‑1 and KYSE410 cell lines. Results demon-
strated that SBF2‑AS1 was primarily distributed within the 
cytoplasm (Fig. 2B).

SBF2‑AS1 promotes the proliferation of ESCC cell lines 
in  vitro. Investigation of the biological function(s) of 
SBF2‑AS1 was achieved by targeting SBF2‑AS1 at the 204 
(siRNA1) and 1021 (siRNA2) sites using two designer siRNAs 
as described previously (14). Results indicate that siRNA2 
had improved inhibition efficacy, therefore it was used in 
subsequent cell function experiments (Fig.  3A). ECA‑109 

Table I. Association between SBF2‑AS1 expression and clinicopathological characteristics.

Characteristic	 Number of patients	 Percentage	 Fold-change	 P‑value

Age, years				    0.298 
  <60	 17	 33.3	 10.897	
  >60	 34	 66.7	 7.78	
Sex				    0.270
  Male	 35	 80.3	 9.861	
  Female	 16	 19.7	 7.232	
Smoker status				    0.032
  Yes	 18	 41.2	 10.938	
  No	 33	 58.8	 4.232	
Drinking history				    0.030
  Yes	 32	 78.4	 9.927	
  No	 19	 21.6	 4.507	
Family history of ESCC				    0.222
  Yes	 4	 7.8	 3.804	
  No	 47	 92.2	 9.179	
Location of the tumor within the esophagus 				    0.102
  Upper	 9	 17.6	 11.612	
  Middle	 30	 58.8	 9.782	
  Lower	 12	 23.5	 4.058	
Tumor size, cm				    0.018
  <4	 37	 72.5	 14.898	
  >4	 14	 27.5	 5.435	
Tumor differentiation (according to the				    0.101
differences between tumor cells and normal					   
esophageal epithelial cells)				  
  Poor (differences, large)	 30	 58.8	 13.712	
  Moderate (differences, moderate)	 7	 13.7	 9.747	
  Well (differences, minor)	 14	 27.5	 8.163	
Lymph node metastasis				    0.727
  N0‑N1	 18	 35.3	 7.504	
  N2‑N3	 33	 64.7	 9.422	
TNM stage				    <0.010
  I‑II	 22	 43.1	 1.208	
  III‑IV	 29	 56.9	 14.485	

TNM, tumor‑node‑metastasis; ESCC, esophageal squamous cell carcinoma.
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cells were transfected with si‑SBF2‑AS1 or NC siRNA. At 
36 h post‑treatment, SBF2‑AS1 expression was effectively 
knocked down (Fig. 3A). The CCK‑8 assay demonstrated that 
knockdown of SBF2‑AS1 significantly inhibited (P<0.01) cell 
proliferation in the ECA‑109 cell line (Fig. 3B). Furthermore, 

the colony formation assay revealed that siRNA treatment 
significantly inhibited (P=0.007) the ability of ESCC cells to 
form colonies (Fig. 3C). Results generated using flow cytom-
etry demonstrated that cell cycle progression of ECA109 cells 
was arrested at the G2 phase following treatment with siRNA‑2 

Figure 3. SBF2‑AS1 promotes proliferation of ESCC cell lines in vitro. (A) si‑SBF2‑AS1 demonstrates increased inhibition efficiency. (B) CCK‑8 kit demon-
strated that silencing of SBF2‑AS1 inhibited cell proliferation of ECA‑109 cells. (C) Clone formation complements data generated from the CCK‑8 kit. *P<0.05, 
**P<0.01 vs. NC group. Results are presented as the mean ± standard error of the mean. SBF2‑AS1, SET‑binding factor 2 antisense RNA1; ESCC, esophageal 
squamous cell carcinoma; CCK‑8, Cell Counting Kit‑8; si, small interfering; NC, negative control.

Figure 2. Expression of SBF2‑AS1 in ESCC cell lines demonstrates that SBF2‑AS1 promotes proliferation of ESCC cell lines in vitro. (A) Upregulation of 
SBF2‑AS1 in ESCC cells. (B) Localization of SBF2‑AS1 in ESCC cells. The majority of SBF2‑AS1 was located within the cytoplasm through the nuclear mass 
separation experiment. *P<0.05, **P<0.01. Results are presented as the mean ± standard error of the mean. SBF2‑AS1, SET‑binding factor 2 antisense RNA1; 
ESCC, esophageal squamous cell carcinoma.
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(Fig. 4A). However, silencing of SBF2‑AS1 did not affect the 
proportion of apoptotic cells (Fig. 4B).

Effect of SBF2‑AS1 on ESCC cell migration and invasion. 
Migration and invasion are important cancer progression 

events. The potential for SBF2‑AS1 to have a direct role in 
cell invasion within ESCC was investigated using Transwell 
and Matrigel assays. Results demonstrated that siRNA 
treatment significantly impaired (P=0.006) migration 
capacity compared with NC (Fig.  5A). Knockdown of 

Figure 4. SBF2‑AS1 alters the cell cycle of ESCC cell lines in vitro. (A) ECA‑109 cells transfected with si‑SBF2‑AS1 were blocked in the G2 phase. (B) Flow 
cytometric analyses indicated that si‑SBF2‑AS1 did not affect apoptosis. *P<0.05. Results are presented as the mean ± standard error of the mean. si, small 
interfering; SBF2‑AS1, SET‑binding factor 2 antisense RNA1; ESCC, esophageal squamous cell carcinoma; NC, negative control.

Figure 5. SBF2‑AS1 promotes invasion and metastasis of ESCC cell lines in vitro. (A) Following silencing of SBF2‑AS1, ESCC cells demonstrated a decrease 
in migratory ability. (B) Knocking down SBF2‑AS1 inhibited the invasion of ECA‑109 cells. **P<0.01. Results are presented as the mean ± standard error of the 
mean. SBF2‑AS1, SET‑binding factor 2 antisense RNA1; ESCC, esophageal squamous cell carcinoma; NC, negative control; siRNA, small interfering RNA.
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SBF2‑AS1 also inhibited the invasive ability of ESCC cells 
(Fig. 5B).

Silencing SBF2‑AS1 upregulates CDKN1A expression in 
ESCC. To explore the potential mechanism of SBF2‑AS1 in 
ESCC GSEA analysis in an ESCC cohort was performed. 
According to the GSEA results, SBF2‑AS1 was significantly 
associated with genes involved in Gene Ontology items of 
cell cycle (P=0.032), the mitotic phase of cell cycle (P=0.018) 
and the cell cycle phase (P=0.027). Notably, CDKN1A was 
identified in all three gene sets, and was negatively associated 

with SBF2‑AS1 (Fig. 6A‑C). In addition, GSEA also revealed 
that genes that were regulated by PRC2 were significantly 
associated with SBF2‑AS1 (Fig. 6D; P<0.05). Thus, it was 
hypothesized that SBF2‑AS1 may also downregulate CDKN1A 
expression in ESCC cells. Expression levels of CDKN1A 
were investigated in ECA‑109 cells following the silencing 
of SBF2‑AS1. Results demonstrated that mRNA and protein 
levels of CDKN1A were significantly increased (P<0.05) in 
ECA‑109 cells (Fig. 6E and F). Western blot analysis further 
confirmed that cyclin E (CCNE1), a known downstream gene 
of CDKN1A signaling, was also downregulated following 

Figure 6. GSEA results indicate that genes associated with (A) cell cycle process, (B) mitotic cell cycle and (C) cell cycle phase are positively enriched with 
SBF2‑AS1, and among these genes, CDKN1A was significantly negatively associated with SBF2‑AS1 (indicated by the red arrow). Genes regulated by PRC2 
were negatively associated with SBF2‑AS1. (D) Silencing of SBF2‑AS1 increased the CDKN1A expression level in ECA‑109 cells. (E) Cyclin E expression 
was decreased following SBF2‑AS1 silencing, which is consistent with the (F) upregulation of CDKN1A. (G) SBF2‑AS1 was negatively associated with 
CDKN1A in the GSE53622 dataset (P<0.01 vs. NC groups). *P<0.05. GSEA, Gene Set Enrichment Analysis; SBF2‑AS1, SET‑binding factor 2 antisense RNA1; 
CDKN1A, cyclin‑dependent kinase 1A; PRC2, Polycomb repressive complex 2; NC, negative control; siRNA, small interfering RNA.
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SBF2‑AS1 silencing (Fig. 6F). Furthermore, in the third‑party 
ESCC cohort (GSE53622), SBF2‑AS1 and CDKN1A were 
negatively correlated (R=‑0.179; P<0.01; Fig. 6G). Therefore, 
these results indicate that SBF2‑AS1 was able to decrease 
CDKN1A expression in ESCC.

Discussion

Numerous lncRNAs have been identified as critical regulators 
of gene expression, and serve several key roles in tumori-
genesis; therefore, there is a growing interest in the role of 
lncRNAs in cancer (25). Multiple types of lncRNA have been 
identified as associated with the development and progression 
of ESCC, including pist, colon cancer‑associated transcript 2, 
homeobox transcript antisense RNA and metastasis‑associated 
lung adenocarcinoma transcript 1 (26‑31). SBF2‑AS1 is a novel 
lncRNA transcribed on chromosome 11p15.1 and, previously, 
its function and molecular mechanism in NSCLC has been 
reported (14). However, the function and molecular mechanism 
of SBF2‑AS1 in ESCC remains unclear. In the present study, 
results demonstrated that the expression level of SBF2‑AS1 
was associated with smoking and drinking history, tumor size 
and TNM stage. Previous studies confirmed that smoking 
and drinking are significantly poor prognostic risk factors of 
ESCC (32,33). Chang et al (34) revealed that within a Chinese 
population sex, age, smoking and drinking status are associ-
ated with an increased risk of ESCC in 9,805 cases and 10,493 
controls. Tai et al (35) reported that women who consumed 
>158 g alcohol/week had a 20.58‑fold increased risk (95% CI, 
1.72‑245.62; P=0.02) of developing ESCC compared with those 
who had never consumed alcohol, following adjustment for 
other covariates. Taghavi et al (36) demonstrated that cigarette 
smoking was significantly associated with p53 overexpression 
in ESCC cases (odds ratio, 3.64; 95% CI, 1.32‑10.02; P=0.010). 
Therefore, it is suggested that SBF2‑AS1 may be associated 
with the occurrence and development of EC.

The biological function of SBF2‑AS1 in vitro was also 
analyzed using siRNA‑mediated silencing in ECA109 cell 
lines. Results demonstrated that following the knockdown 
of SBF2‑AS1, ESCC proliferative, migratory and invasive 
ability was significantly suppressed. Flow cytometric 
analysis revealed that the cell cycle was arrested in the G2 
phase following knockdown of SBF2‑AS1; however, the 
proportion of apoptotic cells was not affected. Evidence 
indicates that SBF2‑AS1 may function as an oncogenic gene 
in ESCC. In previous studies, it was reported that SBF2‑AS2 
was able to bind to suppressor of zeste 12 homolog (SUZ12), 
a core component of PRC2 (19,37‑39). The enrichment of 
SUZ12 subsequently induces the inhibition of trimethylation 
of histone 3 Lys27 in the promoter region of CDKN1A, and 
therefore downregulates the expression of CDKN1A (19). 
Bioinformatical analysis in the present study demonstrated 
that CDKN1A expression was negatively associated with 
SBF2‑AS1. Furthermore, GSEA revealed that genes that 
were regulated by PRC2 were also significantly associ-
ated with SBF2‑AS1. Therefore, the results of the present 
study confirm that CDKN1A was negatively regulated 
by SBF2‑AS1 at the RNA and protein levels. Nuclear 
and cytoplasmic fraction data also demonstrated that 
SBF2‑AS1 was distributed in the nucleus and cytoplasm, 

which indicates that SBF2‑AS1 may serve multiple func-
tions at the transcriptional and post‑transcriptional levels. 
According to our previous study (19), SBF2‑AS1 may also 
transcriptionally downregulate the expression of CDKN1A 
via SUZ12 binding within the nucleus, as confirmed by the 
present study. CDKN1A, a cyclin‑dependent kinase inhibitor, 
serves an important role in cell cycle arrest, and is therefore 
regarded as a tumor suppressor gene (40). It is also reported 
that CCNE1, a known downstream target gene of CDKN1A, 
was downregulated following SBF2‑AS1 silencing; however, 
the potential post‑transcriptional mechanism(s) of SBF2‑AS1 
require further investigation.

To conclude, the results of the present study demonstrate 
that SBF2‑AS1 is significantly upregulated in ESCC, and 
silencing SBF2‑AS1 inhibits the proliferative and invasive 
ability of ESCC cells. SBF2‑AS1 may be a novel biomarker 
in the diagnosis of ESCC, and a potential therapeutic target of 
ESCC; however, further research in this area is required.
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