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Abstract. Long non‑coding RNA (lncRNA) activated by 
TGF‑β (ATB) has been reported to be widely expressed in 
different types of cancer; however, the function of ATB in lung 
cancer remains unclear. In order to elucidate the role of ATB 
in lung cancer, reverse transcription‑quantitative polymerase 
chain reaction was used to detect the expression of ATB in 
tumor tissues and corresponding non‑tumor lung tissues from 
32 patients with lung cancer. Furthermore, the association 
between the expression of ATB and clinical characteristics 
was investigated. Cell proliferation was assessed using a cell 
counting kit‑8 assay and cell migration was assessed using a 
wound healing assays. Epithelial‑mesenchymal‑transition and 
mitogen‑activated protein kinase signaling pathway activity 
was examined using western blotting. It was demonstrated that 
ATB was highly expressed in lung cancer tissues compared 
with noncancerous tissues, and associated with tumor size 
and metastasis. It was also demonstrated that ATB was highly 
expressed in the lung cancer cell lines, A549 and HCC827, 
compared with the HBE‑1 cell line. Suppression of ATB 
significantly inhibited the proliferation and migratory rate 
of lung cancer cells. The protein expression levels of p38, 
E‑cadherin and N‑cadherin were altered by suppression of 
ATB expression. Overall, the present study demonstrated that 
ATB may promote the development of lung cancer.

Introduction

Lung cancer is the leading cause of cancer‑associated 
mortality globally, and is characterized by uncontrolled prolif-
eration and metastasis of lung cancer cells (1,2). Although 
progress has been made in lung cancer research, the outcome 
of patients with lung cancer remains poor, and only 17% of 
patients survive >5 years after diagnosis (1,2). Proliferation 
and metastasis are the primary causes of mortality in patients 
with lung cancer (3), which emphasizes the requirement for an 
improved understanding of lung cancer carcinogenesis.

Long non‑coding RNAs (lncRNAs) are >200 nucleotides 
in length and regulate gene expression at transcriptional or 
post‑transcriptional levels in various biological processes, 
including cancer development. Liu  et  al  (4) reported that 
lncRNA regulator of reprogramming (ROR) shares the 
binding site of miR‑145 with POU class 5 homeobox 1 (OCT4) 
mRNA. Suppression of lncRNA ROR expression in prostate 
cancer cells may lead to increased expression of microRNA 
(miR)‑145, thus preventing cell proliferation by decreasing 
OCT4 expression. Wang et al (5) demonstrated that lncRNA 
urothelial cancer associated 1 (UCA1) increased the metastatic 
ability of gastric cancer cells by promoting G protein‑coupled 
receptor kinase 2 ubiquitination and degradation, suggesting 
that lncRNA UCA1 may function as a mediator of protein 
ubiquitination and may be a target for gastric cancer therapy. 
Chen  et  al  (6) reported that lncRNA X inactive specific 
transcript (XIST) was able to bind miR‑200‑3p, promoting 
zinc finger E‑box binding homeobox (ZEB)1 expression, a 
tumor suppressor gene, suggesting that lncRNA XIST may 
be used as a prognostic biomarker for patients with CRC. 
Wang et  al  (7) demonstrated that lncRNA HOXD cluster 
antisense RNA 1 was highly expressed in hepatocellular 
carcinoma, competitively binding to miR‑130a‑3p to increase 
the expression of SRY‑box 4, and subsequently promoting 
metastasis of hepatocellular carcinoma. Numerous reports 
have indicated lncRNAs participate in tumor genesis and 
progression, including that of lung cancer (8,9). However, the 
detailed molecular mechanisms of lncRNA activity in lung 
cancer require further study.

LncRNA activated by TGF‑β (ATB) was first identified 
in hepatocellular carcinoma, in which it upregulated ZEB1 
and ZEB2 expression by competitively binding the miR‑200 
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family, thus inducing epithelial‑mesenchymal‑transition 
(EMT) and invasion of cancer cells (10). Recently, it has been 
demonstrated that ATB promotes malignancy in other types 
of cancer, including breast cancer (11), glioma (12) and colon 
cancer  (13). However, the function of ATB in lung cancer 
remains unclear.

The present study aimed to investigate the role of ATB 
in lung cancer. It was demonstrated that ATB was highly 
expressed in lung cancer tissue, and that knockdown of ATB in 
lung cancer cell lines inhibited the proliferation and metastasis 
of lung cancer cells. Finally, the potential mechanism of ATB 
in lung cancer was investigated.

Materials and methods

Clinical sample collection and preparation. A total of 
32 lung cancer tissue specimens and adjacent non‑cancerous 
tissue specimens were collected from patients (21 male and 
11 female; the age ranged from 47 to 73 years, with a mean 
age of 63.3 years) from Southwest Hospital in (Chongqing, 
China) between January 2015 and December 2016. None of 
these patients had received radiotherapy or chemotherapy 
prior to tissue collection. All of the tissues were washed with 
the RNase‑free PBS and frozen in liquid nitrogen at ‑196˚C. 
Written informed consent was obtained from all patients and 
the experimental protocol was approved by the Institutional 
Board of the Southwest Hospital.

Cell lines and cell culture. The human lung cancer cell lines, 
H1299, H358, HCC827 and A549, and the normal human 
bronchial epithelial cell line, HBE‑1, were obtained from the 
Institute of Biochemistry and Cell Biology at the Chinese 
Academy of Sciences (Shanghai, China). H358, HCC827, H1299 
and A549 cells were maintained and grown in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and HBE cells were maintained in Dulbecco's modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (HyClone; 
GE Healthcare, Chicago, IL, USA), 100 U/ml penicillin and 
100 µg/ml streptomycin in an atmosphere of 5% CO2 at 37˚C.

Cell Counting Kit‑8 (CCK‑8) assay. The target cells were 
seeded in 96‑well plates at a density of 2x103 cells/well in 
a 200‑µl suspension. A total of 10 µl Cell Counting kit‑8 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan) 
in 100 µl RPMI‑1640 medium was added to each well, and 
cultured for 2 h at 37˚C. The absorbance was measured at 
450 nm. A total of five repeats/group were performed, three 
times independently.

Cell transfection. The cells (A549 and HCC827) were plated in 
a 6‑well plate. Serum‑free culture DMEM medium was added 
2 h before transfection at 70‑90% confluency. The suppression 
plasmid (pGPU6/GFP/Neo) of lncRNA ATB was synthesized 
by Sangon Biotech Co., Ltd. (Shanghai, China). The short 
hairpin RNA (shRNA) sequences in the plasmid vectors were 
as follows: ATB shRNA, TAT​GGC​CTA​GAT​TAC​CTT​TCC​
ATT; negative control (NC), UUC​UCC​GAA​CGU​GUC​ACG​
UTT. Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) 
was used to transfect cells according to the manufacturer's 

protocol. A total of 1x105 cells were seed in each well; with 
a transfection time of 6 h, then the supernatant was discarded 
and DMEM medium containing 10% serum was added into 
the well.

Wound‑healing assay. The cells (A549 and HCC827) were 
seeded into 6‑well plates at a density of 4x105 cells/well, and 
cultured to 80% confluence. The cell monolayer was scratched 
with a 10 µl pipette tip to in a straight line and then washed with 
PBS. Then, the cells were cultured in serum‑free RPMI‑1640 
medium for 24 h at 37˚C. The wound width was then inspected 
and imaged to analyze the ability of cell migration. The 
experiment was repeated three times. The migration ability 
was measured by as the migration rate (MR): (D0‑D1)/D0. D0 
being the width of the wound at 0 h and D1 being the width 
of the wound at 24 h. The MR was measured at five different 
points of each wound.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from cultured cells and clinical tissues 
was extracted using RNAsio Plus (Takara Biotechnology 
Co., Ltd., Dalian, China), according to the manufacturer's 
protocol. The RNA was reverse transcribed into cDNA using 
PrimeScript™ RT reagent kit with gDNA Eraser (Takara 
Biotechnology Co., Ltd.), according to the manufacturer's 
protocol. The quantitative analysis of lncRNA ATB expres-
sion was performed using SYBR Premix Ex Taq (Takara 
Biotechnology Co., Ltd.) using 2 µl cDNA, 1 µl forward primer, 
1 µl reverse primer, 0.4 µl ROX (from SYBR Premix Ex Taq), 
5.6 µl RNase‑free water and 10 µl SYBR mix. The thermo-
cycling conditions were as follows: 10 min at 95˚C; and then 
40 cycles of the following three steps: 10 sec at 95˚C, 30 sec 
at 60˚C, and 20 sec at 72˚C. GAPDH was used as an internal 
control to quantify lncRNA‑ATB expression. The primer 
sequences were as follows: lncRNA‑ATB forward, 5'‑CTT​
CAC​CAG​CAC​CCA​GAG​A‑3' and reverse, 5'‑AAG​ACA​GAA​
AAA​CAG​TTC​CGA​GTC‑3'; GADPH forward, 5'‑GGT​GAA​
GGT​CGG​AGT​CAA​CG‑3' and reverse, 5'‑CAA​AGT​TGT​CAT​
GGA​TGH​ACC‑3'). Expression was quantified using the 2-ΔΔCq 
method (14).

Western blotting. The target cells were washed three times 
with PBS, and total protein was extracted using radioim-
munoprecipitation assay buffer containing the protein 
inhibitor, phenylmethylsulfonyl fluoride (Beyotime Institute 
of Biotechnology, Haimen, China). The concentration of 
protein was assessed using a BCA assay. A total of 40 µg 
protein was loaded for 10% SDS‑PAGE, then transferred onto 
Immobilon‑P polyvinylidene fluoride membranes (Merck 
KGaA, Darmstadt, Germany). The membranes were then 
blocked with 5% non‑fat milk for 1 h at room temperature. 
This was followed by incubation of the following primary anti-
bodies at 4˚C overnight: Anti‑E‑cadherin (dilution, 1:1,000; 
cat. no. 14472; anti‑mouse), anti‑p38 (dilution, 1:1,000; cat. 
no. 9212; anti‑rabbit), anti‑N‑cadherin (dilution, 1:1,000; cat. 
no. 14215; anti‑mouse) (all from Cell Signaling Technology, 
Inc., Danvers, MA, USA). The membranes were washed using 
Tris‑buffered saline with 0.1% Tween 20 for 10 min at room 
temperature, then incubated with secondary antibodies [Goat 
anti‑Mouse IgG (H+L) Cross‑Adsorbed secondary antibody, 
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dilution, 1:1,000; cat. no. A1607; goat anti‑mouse; and Goat 
anti‑Rabbit IgG (H+L) Cross‑Adsorbed secondary antibody, 
dilution 1:1,000; cat. no. A16104; goat anti‑rabbit; both from 
Thermo Fisher Scientific, Inc.] for 2 h at room temperature. 
The protein blots were visualized using an ECL chemilumi-
nescent detection system (Thermo Fisher Scientific, Inc.) and 
the protein bands were quantified with Quantity One software 
(version 4.62; Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation, and all experiments were repeated ≥3 times. The 
difference between two groups was analyzed by the Student's 
t‑test, and one‑way analysis of variance (ANOVA) followed 
by post‑hoc Brown‑Forsythe test, to validate ANOVA, was 
used to analyzed data from >2 groups. Survival analysis was 
performed using the Kaplan‑Meier method, and the log‑rank 
test was used to assess the statistical significance. P<0.05 was 
considered to indicate a statistically significant difference.

Results

LncRNA ATB is highly expressed in lung cancer tissue and 
cancer cell lines. To investigate the role of ATB in lung 
cancer, the expression of ATB in lung cancer tissue (n=32) 
was analyzed by RT‑qPCR, which revealed that ATB was 
significantly increased in the lung cancer tissue compared 
non‑cancerous adjacent tissues (Fig.  1A). The expression 
of ATB was also analyzed in lung cancer cell lines, H358, 
HCC827, H1299 and A549, and the normal lung epithelial cell 
line, HBE‑1. It was demonstrated that ATB was also highly 
expressed in lung cancer cell lines compared with HBE‑1 cells 
(Fig. 1B). Among the four lung cancer cell lines, ATB was most 
highly expressed in A549 and HCC827, which were, therefore, 
selected for use in the following experiments. These results 
indicated that ATB was highly expressed in lung cancer, but 
its function remained unclear.

ATB expression indicates a poor prognosis of patients with 
lung cancer. To evaluate the clinical significance of ATB in 
lung cancer, the associations between ATB and clinicopatho-
logical characteristics were investigated. ATB was positively 
associated with tumor size (Fig. 2A) and lymph node metas-
tasis (Fig. 2B). ATB was also associated with smoking history 
(Fig. 2C). Additionally, it was demonstrated that high expres-
sion of ATB was negatively associated with the survival time 
of lung cancer patients (Fig. 2D). These results indicate that 
the expression of ATB was associated with poor prognosis of 
patients with lung cancer, and positively associated with lung 
cancer progression.

Knockdown of ATB inhibits proliferation and metastasis of 
lung cancer cell in vitro. To further investigate the biological 
function of ATB in lung cancer cell lines, ATB knockdown 
was performed using shRNA (Fig. 3A). It was demonstrated 
that suppression of ATB expression significantly inhibited 
the proliferation of A549 and H358 cells compared with the 
respective NC groups (Fig. 3B), suggesting that ATB promotes 
cell growth. A wound healing assay was performed to analyze 
the effect of ATB on the migration of lung cancer cells. It was 
demonstrated that silencing ATB significantly inhibited the 

migratory ability of the two lung cancer cell lines compared 
with their controls (Fig. 3C and D). These results indicate 
that knockdown of ATB may inhibit the proliferation and 
metastasis of lung cancer cells.

Suppression of ATB downregulates p38 and N‑cadherin 
protein expression. Previous results suggested that ATB may be 
associated with proliferation and metastasis (12,13); however, 
the molecular mechanism remained unclear. Previous studies 
have indicated that ATB may bind members of the miR‑200 
family, and induce EMT and invasion in different types 
of cancer (10,11). It was demonstrated in the present study 
that the suppression of ATB expression markedly increased 
E‑cadherin and decreased N‑cadherin protein expression in 
both lung cancer cell lines (Fig. 4A).

A recent study demonstrated that miR‑200 may inhibit p38 
mitogen‑activated protein kinase (MAPK) signaling pathway 
via MAPK14, thus promoting cell death (14). The present study 
indicates that ATB may promote the expression of p38. It was 
demonstrated that suppression of ATB markedly inhibited the 
expression of p38 (Fig. 4B). Activation of p38 MAPK signaling 
may promote proliferation in lung cancer (15). It is hypothesized 
that ATB may promote proliferation and metastasis of lung 
cancer via regulation of E‑cadherin and p38 expression.

Discussion

Previous research has suggested that lncRNAs regulate the 
progression of different types of cancer (11‑13). Ke et al (16) 
demonstrated that lncRNA ATB was highly expressed in 
lung cancer tissue, and that downregulation of ATB was able 
to promote cell apoptosis, viability, migration and invasion. 
However, the molecular mechanism of ATB in lung cancer 
has remained unclear. Therefore, the present study aimed 
to the influence of ATB expression on the proliferation and 
metastasis of lung cancer, and its underlying mechanism. The 
results demonstrate that ATB expression was significantly 
increased in lung cancer tissues and cell lines, compared with 
normal controls. The expression of ATB was also significantly 
associated with poor prognosis of patients with lung cancer. 
Suppression of ATB expression may inhibit the proliferation 
and metastasis of lung cancer cells. It was also indicated that 
this function may be executed via E‑cadherin and p38.

ATB was reported to be activated by transforming growth 
factor‑β (TGF‑β) in liver cancer  (10). In the present study, it 
was demonstrated that ATB was highly expressed in 32 lung 
cancer tissues, and significantly associated with tumor size 
and lymph node metastasis. These results indicated that ATB 
was highly expressed in lung cancer. It is well established that 
smoking is a key risk factor in lung cancer (17). Checa et al (18) 
demonstrated that cigarette smoke enhanced the expression of 
TGF‑β in alveolar epithelial cells, and Islas‑Vazquez et al (19) 
demonstrated that cigarette smoke increased the expression of 
TGF‑β in lung adenocarcinoma. The present study suggests 
that high expression of ATB may be associated with smoking 
history in patients with lung cancer.

Previous studies have suggested that ATB may target the 
miR‑200 family to promote cancer development (10,12,20). A 
previous study demonstrated that miR‑200 inhibits p38 expres-
sion in inducing cell death (21). The present study demonstrated 
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that suppression of ATB expression markedly downregulated 
the protein expression level of p38. It has been reported that 
p38 MAPK signaling is important in regulating proliferation 
of lung cancer cells (22). Taken together, these results suggest 
that ATB may affect proliferation of lung cancer via p38.

It has been previously suggested that ATB may affect the 
migration of cancer by regulating EMT (11,13). Yue et al (13) 
demonstrated that ATB suppressed E‑cadherin expression, 
thus promoting EMT in colon cancer progression. In addi-
tion, Shi et al (11) reported that ATB promoted trastuzumab 
resistance and EMT in breast cancer. Similarly, in the present 
study, it was demonstrated that suppression of ATB increased 

the expression of E‑cadherin, while decreasing that of 
N‑cadherin, suggesting that ATB may influence the migratory 
ability of lung cancer via EMT.

Overall, it was demonstrated that ATB was highly 
expressed in lung cancer tissues and cells, and was associated 
with tumor size, lymph node metastasis and smoking history, 
indicating that lncRNA ATB could be used as a potential treat-
ment target for lung cancer. In vitro studies demonstrated that 
suppression of ATB causes significant inhibition of prolifera-
tion and migration of lung cancer cells, which may occur via 
p38 and EMT regulation; however, the mechanism underlying 
lncRNA ATB regulating p38 and EMT requires further study.

Figure 2. LncRNA ATB indicates a poor prognosis of patients with lung cancer. (A) The association between ATB expression and tumor size, P=0.0003. 
(B) The association between ATB expression and lymph node metastasis, P=0.0002. (C) The association between ATB expression and smoking history of lung 
cancer patients, P=0.0295. (D) Association between patient survival time (log‑rank test) and expression of ATB, P=0.0128. *P<0.05, ***P<0.0001. LncRNA, 
long non‑coding RNA; M+, lymph node metastasis, M‑, no lymph node metastasis.

Figure 1. LncRNA ATB is highly expressed in lung cancer tissues and cancer cell lines. (A) The expression of ATB in lung cancer tissue and paracancerous 
tissue was detected by RT‑qPCR. ***P<0.0001; n=32. (B) RT‑qPCR was used to detect the expression of ATB in lung cancer cell line and normal lung epithelial 
cell line HBE‑1, from left to right, P=0.0007, P=0.003, P=0.007, P=0.0045. **P<0.001, ***P<0.0001 vs. HBE‑1. LncRNA, long non‑coding RNA; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; C, lung cancer tissue; P, paracancerous tissue.
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Figure 3. Knockdown of lncRNA ATB inhibits proliferation and metastasis of lung cancer cells in vitro. (A) The expression of ATB in lung cancer cell lines 
following ATB was knocked down, P=0.0086, P=0.0067. (B) Cell Counting kit‑8 assays demonstrated that the proliferation ability of lung cancer cell lines 
was reduced following ATB knockdown, P=0.022, P=0.013. (C) Wound Healing assays demonstrated that the metastasis ability of lung cancer cell lines was 
reduced following ATB knockdown. (D) The MR indicated the migration ability of lung cancer cells following ATB knockdown. P=0.003, P=0.002. *P<0.05, 
**P<0.001, ***P<0.0001. LncRNA, long non‑coding RNA; NC, negative control; sh/shRNA, short hairpin RNA; MR, migration rate.

Figure 4. Knockdown of lncRNA ATB leads to downregulation of p38 and N‑cadherin expression. (A) The protein expression levels of N‑cadherin and 
E‑cadherin were detected by western blotting in lung cancer cells with and without ATB knockdown. (B) The protein expression level of p38 in lung cancer 
cells with and without ATB knockdown was detected by western blotting. LncRNA, long non‑coding RNA; NC, negative control; sh, short hairpin RNA; 
N‑cad, N‑cadherin; E‑cad, E‑cadherin.
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