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Abstract. Gallbladder carcinoma (GBC), which is a 
common tumor of the biliary system, poses a serious 
threat to human life and health. The present study 
aimed to investigate the molecular mechanism of the 
long non‑coding (lnc)RNA thymopoietin antisense tran‑
script 1 (TMPO‑AS1)/microRNA (miRNA/miR)‑1179/E2F 
transcription factor 2 (E2F2) axis in GBC. The viability, 
proliferation, migration, invasion and epithelial‑to‑mesen‑
chymal transition (EMT) of GBC cell lines were assessed 
via the Cell Counting Kit‑8, colony formation, Transwell 
migration and invasion, immunofluorescence and western 
blot assays. In the present study, lncRNA TMPO‑AS1 was 
significantly upregulated in clinical GBC tissues and cell 
lines, and was highly expressed in stage III+IV patients with 
GBC compared with stage I+II patients with GBC. In addi‑
tion, the overall survival rate of patients with low TMPO‑AS1 
expression levels was higher than those with high TMPO‑AS1 
expression levels. Furthermore, TMPO‑AS1 knockdown 
inhibited the viability, proliferation, migration, invasion and 
EMT of GBC cell lines. In addition, miR‑1179 expression 
was downregulated in clinical GBC tissues and cell lines, 
and negatively correlated with TMPO‑AS1 expression. The 
results revealed that miR‑1179 is a target of TMPO‑AS1, 
which was confirmed via the dual‑luciferase reporter assay 

and RNA pull‑down analysis. Overexpression of miR‑1179 
inhibited the viability, proliferation, migration, invasion and 
EMT of GBC cell lines. Furthermore, E2F2 was verified as 
a direct target of miR‑1179 by binding to its 3'‑untranslated 
region. E2F2 expression was significantly upregulated in 
clinical GBC tissues and cell lines, and negatively corre‑
lated with miR‑1179 expression. Notably, E2F2 knockdown 
partially hindered the effects of TMPO‑AS1/miR‑1179 on 
the proliferation and metastasis of GBC cell lines. Taken 
together, the results of the present study suggest that 
TMPO‑AS1 potentially plays a tumor‑promoting role in the 
occurrence and development of GBC, which may be achieved 
by regulating the miR‑1179/E2F2 axis.

Introduction

Gallbladder carcinoma (GBC) is the most common 
malignancy of the biliary tract (1). GBC is estimated to 
have an incidence rate of 2.5 per 10,000 (based on the 
Surveillance, Epidemiology and End Results database), 
with the seventh‑highest incidence rate among all digestive 
tract cancers (1,2). Given that GBC cells can spread rapidly 
in the early stages through direct infiltration, lymph node 
metastasis and blood metastasis, most patients are already 
in the middle or late stages of disease at the time of diag‑
nosis (3). In addition, the prognosis of patients with GBC is 
very poor and the 5‑year survival rate is <5% (4). Currently, 
surgery is the only option to cure GBC; however, the local 
recurrence rate following radical surgery is high (3). There 
is no clear evidence for improving the long‑term prognosis 
and survival rate of patients with GBC with other treatments, 
including radiotherapy and chemotherapy (5). Therefore, 
in‑depth studies of the molecular mechanisms of the growth 
and metastasis of GBC, determining key molecules involved 
the development of GBC, and screening effective diagnosis 
and treatment targets are vital to the future development of 
diagnosis and treatment of GBC.

Long non‑coding RNAs (lncRNAs), which are functional 
transcripts >200 nucleotides in length, have been highly 
implicated in the development of different types of cancer by 
functioning as oncogenes or tumor suppressor genes (6‑8). In 
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recent years, with the development of lncRNA research, key 
lncRNAs have been reported to be abnormally expressed in 
GBC and are involved in the malignancy and progression 
of GBC, which may be novel biomarkers for middle and late 
diagnosis and prognosis prediction of GBC (9‑11). For example, 
lncRNA plasmacytoma variant translocation 1 (PVT1) is upreg‑
ulated in GBC tissues and cells. Knockdown of lncRNA PVT1 
significantly suppresses cell proliferation, migration and inva‑
sion in vitro, and inhibits tumor growth in vivo by regulating 
the microRNA (miRNA/miR)‑143/hexokinase‑2 axis (12). 
Furthermore, lncRNA DILC drives the self‑renewal, tumori‑
genicity, proliferation and metastasis of GBC stem cells 
by activating the Wnt/β‑catenin signaling pathway (13). 
lncRNA SPRY4 intronic transcript 1 (SPRY4‑IT1) is upregu‑
lated in GBC tissues, and SPRY4‑IT1 knockdown significantly 
inhibits GBC cell proliferation, and is partly associated with 
epithelial‑to‑mesenchymal transition (EMT) (14). Taken 
together, these findings suggest that lncRNAs may serve as 
potential therapeutic targets for novel therapies in human 
GBC.

lncRNA thymopoietin antisense transcript 1 (TMPO‑AS1) 
is in chromosome 12q21.2 (15). Abnormal expression of 
TMPO‑AS1 notably affects the occurrence and development 
of different types of cancer, such as lung adenocarcinoma, 
hepatocellular carcinoma and prostate cancer (15,16). For 
example, TMPO‑AS1 is upregulated in hepatocellular carci‑
noma (HCC) tissues and cells (16). TMPO‑AS1 knockdown 
downregulates HCC cell proliferation, invasion, migration 
and EMT processes in vitro and tumor growth in vivo by 
regulating the miR‑329‑3p/forkhead box protein K1 (FOXK1) 
axis mediated by the AKT/mTOR signaling pathway (16). 
TMPO‑AS1 is highly expressed in cervical cancer cells, 
and overexpression of TMPO‑AS1 promotes cervical cancer 
cell proliferation, migration and invasion by regulating the 
miR‑143‑3p/zinc finger E‑box‑binding homeobox 1 axis (17). 
TMPO‑AS1 is also highly expressed in bladder cancer tissues 
and cell lines, and overexpression of TMPO‑AS1 facilitates 
cell proliferation, migration and invasion by sponging the 
miR‑98‑5p/EBF transcription factor 1 axis (18). However, 
to the best of our knowledge, the exact functions and corre‑
sponding mechanisms of TMPO‑AS1 in the occurrence and 
development of GBC have rarely been reported. Thus, the 
present study aimed to determine whether TMPO‑AS1 exerts 
its functional role in the viability, proliferation, migration, 
invasion and EMT of GBC cells, and investigate the potential 
molecular mechanisms.

Materials and methods

Tissue samples. A total of 30 GBC tissues, including 
13 stage I+II tissues and 17 stages III+IV tissues and 30 corre‑
sponding adjacent normal tissues (2 cm away from GBC tissues) 
were collected from patients who underwent surgical resec‑
tion or biopsy between January 2015 and December 2020 
at the People's Hospital of Danyang and Affiliated Danyang 
Hospital of Nantong University (Jiangsu, China). The patients 
included 16 women and 14 men. Patients <18 or >75 years 
old and who had received radiotherapy or chemotherapy 
before surgery were excluded from the study. Specimens were 
frozen at ‑80˚C until subsequent experimentation. The present 

study was approved by the Ethics Committee of the People's 
Hospital of Danyang and Affiliated Danyang Hospital of 
Nantong University (Jiangsu, Chain; approval no. 20190621) 
and written informed consent was provided by all patients 
prior to the study start. All tissues were examined using a 
tissue microarray (TMA). Anatomic and histological grades 
were established according to the American Joint Committee 
on Cancer (AJCC) tumor node metastasis (TNM) grading 
scale (19).

Cell lines and culture. The GBC cell lines, SGC‑996, 
GBC‑SD, EH‑GB1 and NOZ, and the human gallbladder 
epithelial cell line, H69 were purchased from the American 
Type Culture Collection. Cells were routinely cultured in 
DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% fetal bovine serum (FBS, Invitrogen; 
Thermo Fisher Scientific, Inc.) and 1% penicillin‑streptomycin 
(Sigma‑Aldrich; Merck KGaA) in a humidified atmosphere 
with 5% CO2 at 37˚C.

Cell transfection. For cell transfection, short hairpin 
(sh)‑TMPO‑AS1, sh‑E2F transcription factor 2 (E2F2) and 
sh‑negative control (NC), miR‑1179 mimics, miR‑1179 inhib‑
itor and mimic or inhibitor NCs were purchased from 
GenScript. GBC cells were seeded into 6‑well plates at a 
density of 3x105 cells/well and cultured to 80% confluence. 
Plasmids (1 µg) and shRNAs (20 nm) or miRNA mimic/inhib‑
itor (20 nm) were t ransfected into cel ls,  using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) for 48 h at 37˚C. The sequences used were as follows: 
miR‑1179 mimics, 5'‑AAGCATTCTTTCATTGGTTGG‑3'; 
miR‑1179 inhibitor, 5'‑TCAACCAATAAGAGGATGCCA‑3'; 
mimic NC, 5'‑GTGCGAGGCAATGTCGGTGGA‑3'; and 
inhibitor NC, 5'‑CGTCCACCGTGTAAGCCTGAA‑3'. 
Transfection efficiency was assessed via reverse transcrip‑
tion‑quantitative (RT‑q)PCR analysis 48 h post‑transfection.

Cell Counting Kit‑8 (CCK‑8) assay. The viability of GBC‑SD 
and NOZ cells was indirectly assessed via the CCK‑8 
assay. Cells were seeded into 96‑well plates at a density 
of 1x104 cells/well and incubated for 0, 24, 48 and 72 h. Cell 
viability was assessed using the CCK‑8 kit (Beyotime Institute 
of Biotechnology), according to the manufacturer's instruc‑
tions. CCK‑8 reagent (10 µl) was added to each well and cells 
were incubated at 37˚C for 2 h. Optical density was detected 
at a wavelength of 490 nm, using a microplate reader (BioTek 
Instruments Inc.) and analyzed using GraphPad Prism 5.0 
(GraphPad Software, Inc.).

Colony formation assay. The colony formation assay was 
performed to assess the proliferative potential of transfected 
GBC cells. Briefly, transfected GBC‑SD and NOZ cells were 
seeded into 6‑well plates at a density of 1x103 cells/well. The 
media was replaced with fresh culture medium (Procell Life 
Science & Technology Co., Ltd.) every 2‑3 days for a total 
of 2 weeks. Subsequently, colonies were washed twice with 
PBS, fixed with 70% methanol for 30 min and stained with 
0.1% crystal violet for 1 h at room temperature. Colonies 
(>50 cells) were observed and counted under a light micro‑
scope (magnification, x40).
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Wound healing assay. The wound healing assay was performed 
to assess the migratory ability of transfected GBC cells. 
Briefly, transfected GBC‑SD and NOZ cells were seeded into 
6‑well plates at a density of 5x105 cells/well. Once the cells 
reached 80% confluence, a 200 µl pipette tip was used to make 
a scratch, and serum‑free medium was used. Following incu‑
bation for 0 and 48 h, GBC‑SD and NOZ cells were observed 
under an inverted microscope (Olympus Corporation) and the 
distance between the wounds was recorded.

Transwell migration and invasion assays. Transwell migration 
and invasion assays (Corning, Inc.) were performed to assess 
the migratory and invasive abilities of transfected GBC cells. 
For the Transwell invasion assay, Matrigel (Becton, Dickinson 
and Company) was dissolved overnight at 4˚C, diluted with 
serum‑free medium (Procell Life Science & Technology 
Co., Ltd.) and added to the upper chambers to form a gel for 
30 min at 37˚C, with 5% CO2. For the Transwell migration 
and invasion assays, transfected GBC‑SD and NOZ cells were 
seeded into the upper chamber at a density of 1x106 cells/well 
with serum‑free DMEM, while DMEM supplemented with 
20% FBS was added to the lower chamber. Following incu‑
bation for 48 h at 37˚C, the migratory and invasive cells 
were treated with 70% ethanol, stained with 0.5% crystal 
violet for 20 min at room temperature, and counted under 
an IX70 inverted optical microscope (magnification, x100; 
Olympus Corporation).

RT‑qPCR. Total RNA was extracted from clinical GBC tissues 
and cell lines using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). cDNA was synthesized using the TaqMan 
Reverse Transcription kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The following temperature protocol was used 
for RT: 42˚C for 50 min, 99℃ for 5 min, then 4˚C until further 
use. qPCR was subsequently performed on the ABI 7300‑Fast 
RT PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) with the SYBR Green PCR kit (Qiagen China 
Co., Ltd), according to the manufacturer's instructions. The 
thermocycling conditions were as follows: 10 min at 95˚C for 
1 cycle, followed by denaturation at 95˚C for 30 sec, annealing 
at 56˚C for 1 min, and final extension at 72˚C for 30 sec for 
40 cycles. The relative expression levels of miRNAs and 
mRNAs were evaluated using the 2‑ΔΔCq method (20), with U6 
or GAPDH as the internal references, respectively. The 
following primer sequences were used: TMPO‑AS1 forward, 
5'‑AGCCCACACACTACAGGCA‑3' and reverse, 5'‑GCACAA 
AAGCAGTACGACCT‑3'; miR‑1179 forward, 5'‑GCGGAAG 
CATTCTTTCATT‑3' and reverse, 5'‑CAAGGGCTCGACTCC 
TGTTC‑3'; E2F2 forward, 5'‑TCCACAAACAGAACAA 
GATG‑3' and reverse, 5'‑TCAATTAATCAACAGGTCCCC‑3'; 
U6 forward, 5'‑GGCCTTTTGGCTAAGATCAA‑3', and 
reverse, 5'‑TATTCCATCTCCCTGCTCCA‑3'; and GAPDH 
forward, 5'‑GAAGGTGAAGGTCGGAGTC‑3' and reverse, 
5'‑GAAGATGGTGATGGGATTTC‑3'.

Subcellular fractionation analysis. Cytoplasmic and 
nuclear fractions were extracted from transfected GBC‑SD 
and NOZ cells using NE‑PER Nuclear and Cytoplasmic 
Extraction reagent (Thermo Fisher Scientific, Inc.). RNA from 
each fraction was measured via RT‑qPCR analysis. GAPDH 

and U6 were used as internal references for TMPO‑AS1 in 
cytoplasmic and nuclear fractions, respectively.

Western blotting. Protein from clinical GBC tissues and 
cell lines was extracted using RIPA lysis buffer (Invitrogen; 
Thermo Fisher Scientific, Inc.) and quantified using the BCA 
kit (Beyotime Institute of Biotechnology). Subsequently, 
25 µg protein/lane were separated via 12% SDS‑PAGE, 
transferred onto PVDF membranes (MilliporeSigma) and 
blocked with 5% non‑fat milk for 1 h at room temperature. 
The membranes were incubated with primary antibodies 
against E‑cadherin (1:1,000; cat. no. ab1416), vimentin 
(1:1,000; cat. no. ab92547), α‑smooth muscle actin (SMA; 
1:1,000; cat. no. ab32575), E2F2 (1:1,000; cat. no. ab138515) 
and β‑actin (1:2,000; cat. no. ab8227) overnight at 4˚C (all 
purchased from Abcam). Following the primary incuba‑
tion, membranes were washed three times with TBST 
(0.05% Tween‑20) and probed with HRP‑conjugated 
secondary antibody (1:2,000; cat. no. ab6728; Abcam) for 
1 h at room temperature. Protein bands were visualized using 
enhanced chemiluminescence (MilliporeSigma) and quanti‑
fied using ImageJ software (version 4.3; National Institutes 
of Health).

Immunofluorescence assay. Transfected GBC‑SD and 
NOZ cells were seeded into 6‑well plates at a density of 
1x105 cells/well. After fixing in 4% paraformaldehyde 
for 24 h at room temperature, and permeabilization with 
0.2% Triton X‑100 in PBS, cells were incubated with 
primary antibody against α‑SMA (1:1,000; cat. no. ab32575; 
Abcam) overnight at 4˚C. Subsequently, cells were incu‑
bated with goat anti‑rabbit IgG H&L secondary antibody 
(1:1,000; cat. no. ab150077; Abcam) at 37˚C for 1 h. The 
nuclei were counterstained with DAPI. Positive staining was 
observed under a fluorescence microscope (Carl Zeiss AG) at 
x200 magnification.

RNA pull‑down analysis. RNA pull‑down assays were 
performed using the pierce magnetic RNA protein 
pull‑down kit (cat. No. 20164; Pierce; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
GBC‑SD and NOZ cells were incubated with biotin‑labeled 
miR‑1179‑wild‑type (WT) or mutant (MUT) for 48 h and lysed 
in RNase‑free cell lysis solution (1 mM HEPES, 200 mM NaCl, 
1% Triton X‑100, 10 mM MgCl2, 200 U/ml RNase Inhibitor) 
at 4˚C. Cell lysates were incubated with M‑280 streptavidin 
magnetic beads (Invitrogen; Thermo Fisher Scientific, Inc.) 
overnight at 4˚C, according to the manufacturer's protocol. 
The beads were subsequently washed with high salt buffer 
(1% Triton X‑100; 0.1% SDS; 20 mM Tris‑HCl, pH 8.0; 
2 mM EDTA; 500 mM NaCl). The bound RNA was puri‑
fied using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). TMPO‑AS1 enrichment was detected via 
RT‑qPCR analysis.

Du al ‑ luc i ferase  repor ter  a ssay.  T he St a rBase 
da t abase  (ver sion  2.0;  ht t p: //s t a rbase. sysu.edu.
cn/starbase2) was used to predict the potential miRNA 
and miR‑1179 target genes. The sequences of WT 
TMPO‑AS1 (TMPO‑AS1‑WT) and E2F2 (E2F2‑WT) and 
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MUT TMPO‑AS1 (TMPO‑AS1‑Mut) and E2F2 (E2F2‑MUT) 
were inserted into pmirGLO reporter vector (GenScript). 
Subsequently, pmirGLO‑TMPO‑AS1‑WT/MUT and 
pmirGLO‑E2F2‑WT/MUT were transfected with miR‑1179 
mimics or NC into GBC‑SD and NOZ cells, using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Following incubation for 48 h at 37˚C, Luciferase activity 
was measured using a dual‑luciferase reporter assay system 
(Promega Corporation) and normalized to Renilla luciferase 
activity.

Statistical analysis. Statistical analysis was performed 
using GraphPad Prism 5.0 (GraphPad Software, Inc.) and 
data are presented as the mean ± SD. Each experiment was 
repeated ≥3 times. Paired and unpaired Student's t‑test was 
used to compare differences between tumor and adjacent 
normal tissues and two independent groups, respectively. The 
differences between multiple groups for all in vitro analyses 
were compared using one‑way ANOVA followed by Tukey's 
post hoc test. Pearson's correlation coefficient analysis was 
performed to assess the correlations between TMPO‑AS1 
and miR‑1179, and E2F2 and miR‑1179. Survival rates were 
assessed using the Kaplan‑Meier method and log‑rank test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

TMPO‑AS1 expression is upregulated in GBC tissues and 
cell lines, and aberrant TMPO‑AS1 expression is indepen‑
dently associated with the overall survival of patients with 

GBC. To investigate the potential role and underlying molec‑
ular mechanisms of TMPO‑AS1 in GBC, RT‑qPCR analysis 
was performed to detect TMPO‑AS1 expression in clinical 
GBC tissues. As presented in Fig. 1A, TMPO‑AS1 expres‑
sion was significantly upregulated (P<0.01) in GBC tissues 
compared with adjacent normal tissues. In addition, 
TMPO‑AS1 expression was measured in patients with GBC 
with different TNM stages. The results demonstrated that 
TMPO‑AS1 expression was significantly higher (P<0.01) 
in patients with GBC at advanced stages III+IV compared 
with patients with GBC at advanced stages I+II (Fig. 1B). 
The clinical significance of aberrant TMPO‑AS1 expression 
in the prognosis of patients with GBC was further investi‑
gated. As presented in Fig. 1C, patients with GBC with low 
TMPO‑AS1 expression exhibited higher overall survival 
rates compared with those with high TMPO‑AS1 expression. 
RT‑qPCR was performed to detect TMPO‑AS1 expression 
in GBC cells. As presented in Fig. 1D, TMPO‑AS1 expres‑
sion was significantly upregulated (P<0.01) in GBC cells 
compared with H69 cells, particularly in GBC‑SD and 
NOZ cells. Taken together, these results suggest that 
TMPO‑AS1 is upregulated in GBC tissues and cell lines, 
and may function as an oncogene in the occurrence and 
development of GBC.

TMPO‑AS1 knockdown inhibits the proliferation, migration, 
invasion and EMT of GBC cells. To determine the potential 
role of TMPO‑AS1 in GBC, GBC‑SD and NOZ cells were 
transfected with sh‑TMPO‑AS1. As presented in Fig. 2A, 
TMPO‑AS1 expression significantly decreased (P<0.01) 
in sh‑TMPO‑AS1‑transfected cells, whereas no changes 

Figure 1. TMPO‑AS1 expression is upregulated in GBC tissues and cell lines and aberrant TMPO‑AS1 expression is independently associated with the overall 
survival of patients with GBC. (A) RT‑qPCR analysis was performed to detect TMPO‑AS1 expression in GBC and adjacent normal tissues, and (B) GBC tis‑
sues at different stages. (C) Patients with low TMPO‑AS1 expression had a higher survival rate than those with high TMPO‑AS1 expression. (D) RT‑qPCR 
analysis was performed to detect TMPO‑AS1 expression in GBC cell lines and H69 cells. Data are presented as the mean ± SD (n=3). **P<0.01 vs. adjacent 
normal tissues, tumor tissues at stages I+II or H69 cells. TMPO‑AS1, thymopoietin antisense transcript 1; GBC, gallbladder carcinoma; RT‑qPCR, reverse 
transcription‑quantitative PCR. 
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were observed in the sh‑NC group. The CCK‑8 assay was 
performed to assess the effects of sh‑TMPO‑AS1 on the 

viability of GBC‑SD and NOZ cells. As presented in Fig. 2B, 
TMPO‑AS1 knockdown significantly inhibited (P<0.05, 

Figure 2. Continued. 
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P<0.01) the viability of GBC‑SD and NOZ cells compared 
with the sh‑NC group, in a time‑dependent manner. 
Furthermore, the colony formation assay was performed to 
assess the effects of sh‑TMPO‑AS1 on the proliferation of 
GBC‑SD and NOZ cells. As presented in Fig. 2C, transfec‑
tion with sh‑TMPO‑AS1 significantly suppressed (P<0.01) the 
proliferation of GBC‑SD and NOZ cells. The wound healing 
assay was performed to determine the role of sh‑TMPO‑AS1 
on the migratory ability of GBC‑SD and NOZ cells. As 
presented in Fig. 2D, transfection with sh‑TMPO‑AS1 signifi‑
cantly inhibited the migratory ability of GBC‑SD (P<0.05) 
and NOZ (P<0.01) cells compared with the sh‑NC group. 
Similarly, the results of the Transwell migration and invasion 
assays demonstrated that transfection with sh‑TMPO‑AS1 
significantly decreased (P<0.01) the migratory and invasive 
abilities of GBC‑SD and NOZ cells compared with the 
sh‑NC group (Fig. 2E). In addition, the immunofluorescence 
assay was performed to evaluate the expression of α‑SMA 
associated with EMT. The results demonstrated that trans‑
fection with sh‑TMPO‑AS1 significantly inhibited (P<0.01) 
α‑SMA expression in the sh‑NC group (Fig. 2F). Western blot 
analysis was performed to assess the effects of sh‑TMPO‑AS1 
on the expression levels of EMT‑related proteins, including 
E‑cadherin, vimentin and α‑SMA. As presented in Fig. 2G, 
transfection with sh‑TMPO‑AS1 significantly decreased 
the protein expression levels of vimentin and α‑SMA, and 
increased E‑cadherin protein expression in GBC‑SD and 
NOZ cells compared with the sh‑NC group. Collectively, 
these results suggest that TMPO‑AS1 knockdown inhibits the 
viability, proliferation, migration, invasion and EMT progres‑
sion of GBC cells.

TMPO‑AS1 acts as a competing endogenous RNA (ceRNA) 
by sponging miR‑1179. To determine the potential molecular 
mechanisms of TMPO‑AS1 in GBC, the distribution of 
TMPO‑AS1 was initially investigated via subcellular fraction 
analysis. As presented in Fig. 3A, TMPO‑AS1 was primarily 
found in the cytoplasm, suggesting that TMPO‑AS1 may 
function at the post‑transcriptional level. In addition, to 
verify whether TMPO‑AS1 acta as a ceRNA, bioinformatics 
analysis was performed to identify miRNAs that potentially 
bind to TMPO‑AS1. As presented in Fig. 3B, miR‑1179 
was predicted to possess the target domain for TMPO‑AS1. 
Subsequently, miR‑1179 mimics and mimic NC were trans‑
fected into GBC‑SD and NOZ cells, and RT‑qPCR analysis 
was performed. As presented in Fig. 3C, miR‑1179 expres‑
sion was significantly upregulated (P<0.01) in GBC‑SD and 
NOZ cells transfected with miR‑1179 mimics. The dual‑lucif‑
erase reporter assay was performed to validate the interaction 
between TMPO‑AS1 and miR‑1179. As expected, exogenous 
miR‑1179 expression significantly decreased (P<0.01) the 
luciferase intensity of GBC‑SD and NOZ cells transfected with 
TMPO‑AS1‑WT (Fig. 3D). Similarly, the RNA pull‑down assay 
determined that TMPO‑AS1 was highly enriched in GBC‑SD 
and NOZ cells treated with WT miR‑1179 (Fig. 3E), which 
confirmed the association between TMPO‑AS1 and miR‑1179. 
Furthermore, miR‑1179 expression was downregulated 
(P<0.01) in clinical GBC tissues and cell lines (Fig. 3F and G), 
and was significantly upregulated (P<0.01) in GBC‑SD 
and NOZ cells transfected with sh‑TMPO‑AS‑1 (Fig. 3H). 
Pearson's correlation coefficient analysis demonstrated a nega‑
tive correlation between TMPO‑AS1 and miR‑1179 expression 
levels in clinical GBC tissues (Fig. 3I). Taken together, these 

Figure 2. TMPO‑AS1 knockdown inhibits the proliferation, migration, invasion and EMT of GBC cells. (A) Reverse transcription‑quantitative PCR analysis 
was performed to detect TMPO‑AS1 expression in GBC cells transfected with sh‑TMPO‑AS1. (B) The Cell Counting Kit‑8 assay was performed to assess 
the viability of GBC cells transfected with sh‑TMPO‑AS1 at the indicated times. (C) The colony formation assay was performed to assess the prolifera‑
tion of GBC cells transfected with sh‑TMPO‑AS1. (D) The wound healing assay was performed to assess the migratory ability of GBC cells transfected 
with sh‑TMPO‑AS1. (E) Transwell migration and invasion assays were performed to assess the migratory and invasive abilities of GBC cells transfected 
with sh‑TMPO‑AS1. (F) The immunofluorescence assay was performed to detect α‑SMA protein expression in GBC cells transfected with sh‑TMPO‑AS1. 
(G) Western blot analysis was performed to detect the protein expression levels of EMT markers, including E‑cadherin, vimentin and α‑SMA, in GBC cells 
transfected with sh‑TMPO‑AS1. Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01 vs. sh‑NC. TMPO‑AS1, thymopoietin antisense transcript 1; 
EMT, epithelial‑to‑mesenchymal transition; GBC, gallbladder carcinoma; sh, short hairpin; SMA, smooth muscle actin; NC, negative control; OD, optical 
density.
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results suggest that TMPO‑AS1 acts as a ceRNA for miR‑1179 
in GBC.

Overexpression of miR‑1179 inhibits the proliferation, 
migration, invasion and EMT of GBC cells. To determine 
the potential role of miR‑1179 in GBC, miR‑1179 mimics 
was transfected into GBC‑SD and NOZ cells (Fig. 4A). The 
CCK‑8 assay was performed to assess the effects of miR‑1179 
mimics on the viability of GBC‑SD and NOZ cells. As 
presented in Fig. 4B, overexpression of miR‑1179 significantly 
inhibited (P<0.05) the viability of GBC‑SD and NOZ cells 

compared with the NC mimic group, in a time‑dependent 
manner. The colony formation assay was performed to 
assess the effects of miR‑1179 mimics on the proliferation 
of GBC‑SD and NOZ cells. As presented in Fig. 4C, overex‑
pression of miR‑1179 significantly suppressed (P<0.01) the 
proliferation of GBC‑SD and NOZ cells. The wound healing 
assay was performed to assess the effects of miR‑1179 
mimics on the migratory ability of GBC‑SD and NOZ cells. 
As presented in Fig. 4D, transfection with miR‑1179 mimics 
significantly inhibited (P<0.05) the migratory ability of 
GBC‑SD and NOZ cells compared with the NC mimic group. 

Figure 3. TMPO‑AS1 acts as a competing endogenous RNA by sponging miR‑1179. (A) Subcellular fractionation analysis was performed to determine the 
cellular location of TMPO‑AS1. (B) Binding sites between TMPO‑AS1 and miR‑1179. (C) RT‑qPCR analysis was performed to detect miR‑1179 expres‑
sion in GBC cells transfected with miR‑1179 mimics. (D) The dual‑luciferase reporter assay was performed to verify the interaction between TMPO‑AS1 
and miR‑1179. (E) The RNA pull‑down assay was performed to measure relative enrichment of TMPO‑AS1 in GBC cells. (F) RT‑qPCR analysis was performed 
to detect miR‑1179 expression in GBC tissues. (G) RT‑qPCR analysis was performed to detect miR‑1179 expression in GBC cell lines. (H) RT‑qPCR analysis 
was performed to detect miR‑1179 expression in GBC cell lines transfected with sh‑TMPO‑AS1. (I) Pearson's correlation coefficient analysis was performed 
to assess the correlation between TMPO‑AS1 and miR‑1179 expression in GBC tissues. Data are presented as the mean ± SD (n=3). **P<0.01 vs. cytoplasmic 
fraction, NC mimic, adjacent normal tissues, H69 cells or sh‑NC; ***P<0.001 vs. IgG. TMPO‑AS1, thymopoietin antisense transcript 1; miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR; GBC, gallbladder carcinoma; sh, short hairpin; NC, negative control; WT, wild‑type; MUT, mutant
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Figure 4. Continued. 
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The immunofluorescence assay was performed to detect 
α‑SMA expression associated with EMT. The results demon‑
strated that transfection with miR‑1179 mimics significantly 
inhibited α‑SMA expression compared with the NC mimic 
group (Fig. 4E). The results of the Transwell migration and 
invasion assays demonstrated that the migratory and invasive 
abilities of GBC‑SD and NOZ cells significantly decreased 
(P<0.01) following transfection with miR‑1179 mimics 
compared with the NC mimic group (Fig. 4F). Western blot 
analysis was performed to assess the effects of miR‑1179 
mimics on the expression levels of EMT‑related proteins, 
including E‑cadherin, vimentin and α‑SMA. As presented 
in Fig. 4G, transfection with miR‑1179 mimics significantly 
decreased the protein expression levels of vimentin and 
α‑SMA, and increased E‑cadherin protein expression in 
GBC‑SD and NOZ cells compared with the NC mimic group. 

Taken together, these results suggest that overexpression of 
miR‑1179 inhibits the viability, proliferation, migration, 
invasion and EMT progression of GBC cells.

E2F2 is a direct target gene of miR‑1179 and is negatively 
correlated with miR‑1179. miRNAs function as oncogenes or 
tumor suppressors by regulating downstream target genes (20). 
A complementary sequence of miR‑1179 was identified in the 
3'‑untranslated region (UTR) of E2F2 (Fig. 5A). The results 
of the dual‑luciferase reporter assay confirmed that E2F2 is a 
direct target gene of miR‑1179 (Fig. 5B). In addition, RT‑qPCR 
analysis was performed to detect E2F2 expression in clinical 
GBC tissues and cell lines. As presented in Fig. 5C and D, 
E2F2 was highly expressed (P<0.01) in clinical GBC tissues 
and cell lines. Furthermore, RT‑qPCR and western blot 
analyses were performed to detect the mRNA and protein 

Figure 4. Overexpression of miR‑1179 inhibits the proliferation, migration, invasion and EMT of GBC cells. (A) Reverse transcription‑quantitative PCR 
analysis was performed to detect miR‑1179 expression in GBC cells transfected with miR‑1179 mimics. (B) The Cell Counting Kit‑8 assay was performed 
to assess the viability of GBC cells transfected with miR‑1179 mimics at the indicated times. (C) The colony formation assay was performed to assess the 
proliferation of GBC cells transfected with miR‑1179 mimics. (D) The wound healing assay was performed to assess the migratory ability of GBC cells trans‑
fected with miR‑1179 mimics. (E) The immunofluorescence assay was performed to detect α‑SMA protein expression in GBC cells transfected with miR‑1179 
mimics. (F) The Transwell migration and invasion assays were performed to assess the migratory and invasive abilities of GBC cells transfected with miR‑1179 
mimics. (G) Western blot analysis was performed to detect the protein expression levels of the EMT markers, including E‑cadherin, vimentin and α‑SMA. 
Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01 vs. NC mimic. miR, microRNA; EMT, epithelial‑to‑mesenchymal transition; GBC, gallbladder 
carcinoma; TMPO‑AS1, thymopoietin antisense transcript 1; SMA, smooth muscle actin; NC, negative control; OD, optical density.
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expression levels of E2F2 in GBC‑SD and NOZ cells trans‑
fected with miR‑1179 mimics or NC mimic, respectively. As 
presented in Fig. 5E and F, the mRNA and protein expression 
levels of E2F2 significantly decreased (P<0.01) in GBC‑SD 
and NOZ cells transfected with miR‑1179 mimics. Notably, 
a negative correlation was observed between miR‑1179 
and E2F2 expression in clinical GBC tissues (Fig. 5G). 
Collectively, these results suggest that E2F2 is direct target 
gene of miR‑1179, and is negatively correlated with miR‑1179 
expression in GBC.

TMPO‑AS1 regulates the proliferation, migration, invasion 
and EMT of GBC cells by modulating the miR‑1179/E2F2 
pathway. To further determine whether TMPO‑AS1 exhibits 
its role by regulating the miR‑1179/E2F2 pathway, the present 
study performed rescue assays via transfection with miR‑1179 
inhibitor or sh‑E2F2 (Fig. 6A). CCK‑8 and colony forma‑
tion assays were performed. As presented in Fig. 6B and C, 
TMPO‑AS1 knockdown inhibited the viability and prolif‑
eration of GBC‑SD and NOZ cells, respectively. However, 
transfection with miR‑1179 inhibitor promoted GBC cell 
viability and proliferation, while E2F2 knockdown exhib‑
ited inhibitory effects on the viability and proliferation of 

GBC cells. The wound healing and Transwell migration and 
invasion assays were performed, and the results demonstrated 
that TMPO‑AS1 knockdown inhibited the migration and inva‑
sion of GBC‑SD and NOZ cells. However, transfection with 
miR‑1179 inhibitor promoted GBC cell migration and invasion, 
while E2F2 knockdown suppressed the migratory and invasive 
abilities of GBC cells (Fig. 6D and E). Immunofluorescence 
and western blot analysis were performed. As presented 
in Fig. 6F and G, TMPO‑AS1 knockdown inhibited the EMT 
progression of GBC‑SD and NOZ cells, the effects of which 
were reversed following transfection with miR‑1179 inhibitor. 
Notably, E2F2 knockdown suppressed the effects of EMT 
progression on GBC cells. Taken together, these results suggest 
that TMPO‑AS1 and E2F2 act as oncogenes, while miR‑1179 
exerts tumor suppressive roles in GBC and TMPO‑AS1 exerts 
its roles by the modulating the miR‑1179/E2F2 signaling 
pathway.

Discussion

GBC is the most common type of biliary tract cancer (BTC) 
and is more prevalent in women (21). Due to GBC atypical 
early symptoms, the poor results of late surgical treatment 

Figure 5. E2F2 is a direct target gene of miR‑1179 and is negatively correlated with miR‑1179 expression. (A) Binding sites between miR‑1179 and E2F2. 
(B) The dual‑luciferase reporter assay was performed to verify the interaction between miR‑1179 and E2F2. (C) RT‑qPCR analysis was performed to detect 
E2F2 expression in GBC tissues. (D) RT‑qPCR analysis was performed to detect E2F2 expression in GBC cell lines. (E) RT‑qPCR and (F) western blot 
analyses were performed to detect E2F2 expression in GBC cells transfected with miR‑1179 mimics. (G) Pearson's correlation coefficient analysis was 
performed to assess the correlation between miR‑1179 and E2F2 expression in GBC tissues. Data are presented as the mean ± SD (n=3). **P<0.01 vs. NC 
mimic, adjacent normal tissues, H69 cells or NC mimic. E2F2, E2F transcription factor 2; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; 
GBC, gallbladder carcinoma; NC, negative control; WT, wild‑type; MT, mutant. 
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Figure 6. Continued. 
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and early metastasis and diffusion, the 5‑year survival rate 
across all tumor stages range from 5‑20% (21,22). Thus, 
targeted treatment of GBC has become a focus of research 
investigations (23). lncRNAs, as a group of non‑coding RNAs, 
are abnormally expressed in GBC tissues (24). lncRNAs can 
further promote or inhibit the proliferation, invasion and 
metastasis of GBC by regulating upstream genes or directly 
binding with miRNAs to regulate downstream proteins (24). 
Therefore, an in‑depth study of lncRNAs may provide a new 
research direction for the early diagnosis and targeted treat‑
ment of GBC in the future.

Increasing evidence has found that aberrant expression 
of lncRNAs function as oncogenes or tumor suppressive 
genes (25). Previous studies have reported that TMPO‑AS1 
was highly expressed in different types of cancer, including 
breast, cervical and non‑small cell lung cancers (26‑28). 
TMPO‑AS1 could acts as an oncogene in the occurrence 
and development of different types of cancer. For example, 
Yang et al (27) found that TMPO‑AS1 was highly expressed 

in cervical cancer cell lines, while Mu et al (29) reported 
that TMPO‑AS1 was highly expressed in lung adenocarci‑
noma tissues and cell lines. The results of the present study 
demonstrated that TMPO‑AS1 was significantly upregulated 
in clinical GBC tissues and cell lines. Furthermore, patients 
with GBC with low TMPO‑AS1 expression exhibited higher 
overall survival rates than those with high TMPO‑AS1 
expression. Notably, Mitobe et al (26) found that low 
TMPO‑AS1 expression predicts a better prognosis in patients 
with cancer. This is consistent with the results of the present 
study, suggesting that TMPO‑AS1 may act as an oncogene in 
the occurrence and progression of GBC.

In addition, Mu et al (29) reported that TMPO‑AS1 
knockdown significantly inhibits lung adenocarcinoma 
cell proliferation and invasion and induces apoptosis and 
G1/S arrest by negatively regulating miR‑383‑5p expression. 
Guo et al (16) reported that TMPO‑AS1 knockdown signifi‑
cantly inhibits HCC cell proliferation, invasion, migration 
and EMT processes, as well as tumor growth in vivo by 

Figure 6. TMPO‑AS1 regulates the proliferation, migration, invasion and EMT of GBC cells by modulating the miR‑1179/E2F2 pathway. (A) Reverse tran‑
scription‑quantitative PCR analysis was performed to detect the expression levels of TMPO‑AS1, miR‑1179 and E2F2 in GBC cells following transfection. 
(B) The Cell Counting Kit‑8 assay was performed to assess the viability of GBC cells following transfection at the indicated times. (C) The colony formation 
assay was performed to assess the proliferation of GBC cells following transfection. (D) The wound healing assay was performed to assess the migration 
of GBC cells following transfection. (E) The Transwell migration and invasion assays were performed to assess the migratory and invasive abilities of 
GBC cells following transfection. (F) The immunofluorescence assay was performed to detect α‑SMA protein expression in GBC cells following transfection. 
(G) Western blot analysis was performed to detect the protein expression levels of EMT markers, including E‑cadherin and vimentin. Data are presented as 
the mean ± SD (n=3). **P<0.01 and ***P<0.001 vs. sh‑NC + NC inhibitor; #P<0.05, ##P<0.01 and ###P<0.001 vs. sh‑TMPO‑AS1 + NC inhibitor; $P<0.05, $$P<0.01 
and $$$P<0.001 vs. sh‑TMPO‑AS1 + miR‑1179 inhibitor. TMPO‑AS1, thymopoietin antisense transcript 1; EMT, epithelial‑to‑mesenchymal transition; miR, 
microRNA; E2F2, E2F transcription factor 2; GBC, gallbladder carcinoma; sh, short hairpin; NC,negative control; OD, optical density. 
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modulating miR‑329‑3p/FOXK1. Cui et al (30) found that 
TMPO‑AS1 is highly expressed in osteosarcoma tissues and 
cells, and TMPO‑AS1 knockdown suppresses cell prolifera‑
tion and induces apoptosis of osteosarcoma cells by regulating 
the miR‑199a‑5p/WNT7B axis. These findings provide 
a potential therapeutic target for patients with cancer. As 
expected, in the present study, TMPO‑AS1 knockdown inhib‑
ited the viability, proliferation, migration, invasion and EMT 
progression of GBC cells. These results are consistent with 
those observed in previous studies, suggesting that abnormal 
TMPO‑AS1 expression in GBC may play an important role in 
GBC progression.

lncRNAs serve as ceRNAs to induce the expression of 
target mRNAs by sequestering miRNAs in several cellular 
process, including cancer progression (24). TMPO‑AS1, as 
an oncogene, has been reported to exert its role by regulating 
miRNAs. For example, TMPO‑AS1 is abnormally upregulated 
in retinoblastoma tissues and regulates the proliferation and 
migration of retinoblastoma cells by sponging miR‑199a‑5p 
expression (31). Furthermore, TMPO‑AS1 knockdown 
attenuates ovarian cancer progression by inhibiting invasion 
and metastasis by regulating miR‑200c expression (32). In 
the present study, bioinformatics analysis was performed to 
retrieve miRNAs that interact with TMPO‑AS1. Among 
the candidates, miR‑1179 was selected due to its inhibitory 
role in different types of tumors, including gastric, breast 
and pancreatic cancer (33‑36). Li and Qin (33), Li et al (34), 
Lin et al (35) and Zhang et al (36) found that miR‑1179 was 
expressed at low levels in gastric, breast, pancreatic and 
ovarian cancers, respectively. The present study demonstrated 
that miR‑1179 expression was decreased in GBC tissues and 
cells, and could be negatively post transcriptionally regulated 
by TMPO‑AS1. In addition, mechanistic analysis revealed that 
overexpression of miR‑1179 inhibited the viability, prolifera‑
tion, migration, invasion and EMT progression of GBC cells. 
Notably, miR‑1179 knockdown reversed the inhibitory effects 
of TMPO‑AS1 knockdown on the proliferation and metastasis 
of GBC cells, suggesting that TMPO‑AS1 knockdown exerts 
an inhibitory role in the occurrence and progression of GBC, 
potentially by regulating miR‑1179.

The present study predicted that the 3'‑UTR of E2F2 
contained complementary sites to miR‑1179, suggesting that 
E2F2 may be a target gene of miR‑1179. E2F2 is a member of 
the E2F transcription factor family (37). In mammals, E2F2 
mainly regulates cell proliferation, DNA replication, DNA 
repair, differentiation, apoptosis in a cell cycle‑dependent 
manner (38). Previous studies have reported that E2F2 has 
strong carcinogenic abilities, maintains cell homeostasis 
together with p53 protein and plays a precise regulatory role 
in cell transformation and cell cycle progression (38,39). 
Currently, high E2F2 expression is associated with low 
overall survival rates in patients with cancer, including 
ovarian cancer, colon cancer and glioblastoma multiforme 
and acts as a tumor suppressor (40‑43). Furthermore, E2F2 
is involved in the occurrence and progression of cancers 
meditated by a lncRNA/miRNA axis. For example, differ‑
entiation antagonizing non‑protein coding RNA (DANCR) 
is significantly upregulated in clinical pancreatic cancer 
tissues and cell lines, and DANCR knockdown inhibits the 
proliferation and metastasis of pancreatic cancer cells by 

positively modulating E2F2 expression via miR‑214‑5p (44). 
NNT‑antisense RNA 1 (NNT‑AS1) is upregulated in lung 
cancer tissues and cells, and NNT‑AS1 knockdown attenu‑
ates proliferation and invasion but enhances the apoptosis of 
lung cancer cells by regulating the miR‑3666/E2F2 axis (45). 
In the present study, E2F2 expression was upregulated 
in GBC tissues and cells, and it was revealed to be a 
target of miR‑1179, as confirmed via the dual‑luciferase 
reporter assay, which was consistent with bioinformatics 
prediction results. In addition, the mechanisms of the 
TMPO‑AS1/miR‑1179/E2F2 axis were further assessed via 
rescue experiments. As expected, E2F2 knockdown partly 
restored the effects of miR‑1179 inhibitor on the viability, 
proliferation, migration, invasion and EMT progression of 
GBC cells transfected with sh‑TMPO‑AS1.

However, the results of the present study are limited to in vitro 
studies. At present, there is no evidence to show the effect of 
TMPO‑AS1 on tumor growth or metastasis in vivo and its clinical 
significance in GBC. Therefore, more in‑depth research is required.

In conclusion, the results of the present study demonstrated 
that TMPO‑AS1 was significantly upregulated in GBC tissues 
and cell lines, and high TMPO‑AS1 expression predicted the 
poor prognosis of patients with GBC. In addition, TMPO‑AS1 
knockdown inhibited the viability, proliferation, migration, 
invasion and EMT progression of GBC cells by regulating the 
miR‑1179/E2F2 axis, suggesting that TMPO‑AS1 may be used 
as an effective target for treating patients with GBC.
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