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High expression of long non-coding RNA ATB indicates a poor
prognosis and regulates cell proliferation and metastasis
in non-small cell lung cancer
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Abstract

Background and aim Long non-coding RNAs (lncRNAs)

have been demonstrated to act as a critical regulator in the

processes of tumor biology. In this study, whether lncRNA-

ATB is a potential indicator for non-small cell lung cancer

(NSCLC) was investigated and its biological function in

NSCLC was also determined.

Methods The expression levels of lncRNA-ATB in

NSCLC tissues and cell lines were measured. A549 cell

line was explored to investigate the functions of lncRNA-

ATB in NSCLC.

Results Real-time PCR results showed that lncRNA-ATB

expression was up-regulated in both in NSCLC tissues and

cell lines. High lncRNA-ATB expression in tumor tissue

was associated with larger tumor size, lymph node metas-

tasis, and distant metastasis in patients with NSCLC,

respectively. In addition, the patients with high expression

of lncRNA-ATB presented a lower survival probability.

In vitro experiments showed that down-regulation of

lncRNA-ATB promoted the cell apoptosis, whereas inhib-

ited the cell viability, cell migration, and cell invasion.

Conclusion High expression of lncRNA-ATB indicated a

poor prognosis and led to the cell proliferation and

metastasis in NSCLC.

Keywords lncRNA-ATB � Non-small cell lung cancer �
Prognosis � Tumor biology

Introduction

Lung cancer is one of the leading causes of cancer death

[1], and it is estimated that more than 85% of cases are

classified histopathologically as non-small cell lung cancer

(NSCLC) [2]. Chemoradiotherapy and operative treatment

are the main therapeutic approaches for lung cancer at

present [3]. However, the 5-year overall survival of

NSCLC is relatively low [4]. To further clarify its molec-

ular mechanisms is significant for developing new thera-

peutic strategies for NSCLC.

Long non-coding RNAs (lncRNAs) are generally

defined as transcribed RNA molecules with a length longer

than 200 nucleotides. Emerging evidence has shown that

lncRNA is an important regulator in the biological and

pathological processes of many human diseases, especially

in cancers [5, 6]. The alteration of cellular processes that

mediated by lncRNAs includes cell proliferation, cell

growth, cell cycle progression, cell apoptosis, cell migra-

tion, and cell migration [7]. There are many lncRNAs that

function as either tumor suppressors or oncogenes in

diverse cancers. Microarray results showed that 571

lncRNAs were differentially expressed between NSCLC

tissues and adjacent normal tissues [8]. However, their

functions in NSCLC have been demonstrated in only a

small part of lncRNAs.

In recent study, researchers have identified that lncRNA

activated by transforming growth factor-b (lncRNA-ATB)

was closely related to cancer development and progression,

such as breast cancer [9], colorectal cancer [10], and pan-

creatic cancer [11]. The functions of lncRNA-ATB in
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human diseases have been little known at present, and its

role in NSCLC remains unclear. In this study, we investi-

gated whether lncRNA-ATB was a clinical indicator for

the prognosis of NSCLC. The role of lncRNA-ATB in

tumor biology of NSCLC was also evaluated with in vitro

experiments.

Materials and methods

Subject and tissue collection

Eighty-four patients with NSCLC were included in this

study. Written informed consent was obtained from all the

participants, and this study was approved by the Ethics

Committee of Anhui Provincial Hospital. Patients with

NSCLC were diagnosed on the basis of the conventional

clinical and histopathologic criteria. The clinicopathologi-

cal characteristics of patients were shown in Table 1. All

patients underwent surgery. The cancer tissues and corre-

sponding adjacent non-cancer tissues were collected during

surgery and immediately frozen in liquid nitrogen until

RNA extraction.

Cell lines and cell culture

Human NSCLC cell lines (A549 and NCI-H1299) and

normal human bronchial epithelial cell line (HBE) were

purchased from the American Type Culture Collection

(ATCC, USA). A549 and NCI-H1299 cells were main-

tained in Roswell Park Memorial Institute (RPMI) 1640

medium (Gibco, USA) and HBE cells were maintained in

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco,

USA) that supplemented with 100U/ml penicillin, 100 lg/

ml streptomycin, and 10% fetal bovine serum (FBS,

Hyclone, USA). The cells were cultured at 37 �C in an

atmosphere containing 5% carbon dioxide (CO2), and

passaged with the treatment of 0.25% trypsin.

Cell transfection

The interference sequence for lncRNA-ATB (si-ATB) was

transfected into A549 cells or NCI-H1299 cells using Lipo-

fectamine 2000 (Invitrogen, USA) according to the manu-

facturer’s instructions. The transfection of negative control for

siRNA acted as the Mock. The sequences of siRNA against

lncRNA-ATB and negative control were as follows: si-ATB:

forward TATGGCCTAGATTACCTTTCCATT, reverse

TGG AAAGGTAATCTAGGCCATATT; Mock: forward 50-
UUCUCCGAACGUGUCACG-UTT-30, reverse 50-ACGUG

ACACGUUCGGAGAATT-30. After different times of

transfection, cells were harvested to perform the following

experiments. The sequences of si-ATB and mock were

synthesized by Shanghai GenePharma Co., Ltd (Shanghai,

China).

Fluorogenic quantitative PCR

Total RNA from tissues and cultured cells was extracted

using TRIzol reagent (Invitrogen, USA) according to the

manufacturer’s protocol. A total of 1 lg RNA was used to

produce first-strand complementary DNA by M-MLV

Reverse transcriptase (Invitrogen, USA). The quantitative

analysis of lncRNA-ATB expression was performed with

Power SYBR� Green PCR Master Mix (Life Technologies,

USA) in triplicates by reacting with specific primers for

lncRNA-ATB, with glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) acting as an internal control. The relative

lncRNA-ATB expression level was expressed as fold

Table 1 Clinicopathological characteristics of participants

Clinical factors n LncRNA ATB expression P value

High Low

Age 0.72

B60 38 20 18

[60 46 26 20

Gender 0.29

Female 36 17 19

Male 48 29 19

TNM stages 0.09

I–II 41 18 23

III–IV 43 28 15

Histological grade 0.36

Low or undiffer 47 22 25

Middle or high 37 24 13

Histological classification 0.52

SCC 33 18 15

AD 51 28 23

Smoking history 0.77

No 49 27 22

Yes 35 19 16

Tumor size 0.008

\3 cm 37 13 25

C3 cm 47 34 13

Lymph node metastasis \0.001

No 43 12 31

Yes 41 34 7

Distant metastasis 0.007

No 39 13 26

Yes 45 33 12

TNM tumor node metastasis, SCC squamous cell carcinoma, AD

adenocarcinoma or other
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changes through normalization against GAPDH expression

using the 2-44Ct method. The sequences of specific pri-

mers for lncRNA-ATB and GAPDH were as follows:

lncRNA-ATB, forward: 50-CTTCACCAGCACCCAGAG

A-30, reverse: 50-AAGACAGAAAAACAGTTCCGAGT

C-30; GAPDH: forward: 50-CAGGAGGCATTGCTGATG

AT-30, reverse: 50-GAAGGCTGGGGCTCATTT-30.

MTT assay

The viability of A549 cells was measured by 3-(4,5-

dimethyl-2-thiazolyl) -2,5-diphenyl-2-H-tetrazolium bro-

mide (MTT) assay after the transfection of si-ATB. In

brief, the cells were seeded in 96-well plates. After trans-

fection, the cells were harvested at 24, 48, 72, and 96 h,

respectively, and added 10 ll MTT stock solution (5 mg/

ml, Sigma, USA) to incubate for 4 h at 37 �C in an

atmosphere containing 5% CO2. The supernatant was then

discarded and 100 ll dimethyl sulfoxide (DMSO, Sigma-

Aldrich, USA) was added in each well for dissolving

crystal. The absorbance was recorded at 492 nm. The cell

viability was calculated by following formula:

Cell viability %ð Þ ¼ OD value experimental groupð Þ½
=OD value control groupð Þ� � 100%:

Flow cytometry for cell cycle analysis

At the 48 h after the transfection of si-ATB, the cell cycle

was measured and analyzed. In brief, the cells in loga-

rithmic growth phase were harvested and treated with

trypsin. After washing with cold phosphate balanced

solution (PBS) containing ethylene diamine tetraacetic acid

(EDTA), the cells were fixed in 75% ethanol for 24 h at

4 �C, centrifuged the cells at 12,000 rpm for 3 min, and

washed and re-suspended in PBS-EDTA twice. Then, the

cells were incubated with 50 ll RNase Staining Buffer

(10 mg/ml) for 20 min and subsequently incubated with

50 ll propidium iodide (PI, 500 ng/ll) for 30 min in the

dark. The DNA content was measured by BD FACSCalibur

Flow Cytometer, and the proportions of cells in G0/G1, S,

and G2/M phases were analyzed using the CellQuest Pro

software.

Flow cytometry for cell apoptosis analysis

At the 48 h after the transfection of si-ATB, the cell

apoptosis was measured by Annexin V-FITC/PI Apoptosis

Detection Kit (Sigma-Aldrich, USA) following the manu-

facturer’s protocol. In brief, a volume of 5 ll Annexin

V-FITC and 5 ll PI was added to incubate for 10 min in

the dark at room temperature. Then, the samples were

analyzed by BD FACSCalibur Flow Cytometer (BD Bio-

sciences, USA).

Scratch-wound assay for cell migration analysis

At the 48 h after the transfection of si-ATB, the cell

migration was determined by scratch-wound assay. In

brief, when the cells grew to 80% confluence, the medium

was removed. A vertical scratch wound was made using

10 ll pipette tip. The cells were then washed with PBS

thrice for removing the scratched cells, and incubated with

serum-free RPMI 1640 medium for 24 h. The representa-

tive photographs were captured and the scratch area was

analyzed using the Image software.

Transwell assay for cell invasion analysis

At the 48 h after the transfection of si-ATB, the cell

invasion was determined by Transwell assay. In brief,

A549 cells were seeded on upper chambers pre-coated with

matrigel and added 200 ll of serum-free medium. In the

lower chambers, 800 ll RPMI 1640 medium containing

10% FBS was added. Then, the transwell plates were

incubated at 37 �C in an atmosphere containing 5% CO2

for 48 h. After removing the cells in the upper chamber, the

cells in the lower chamber were fixed with 4%

paraformaldehyde and stained with 0.1% crystal violet. Six

fields of vision were randomly selected, and the cells were

counted to calculate the mean percentage of cell invasion.

Statistical analysis

Statistical analysis was conducted with software SPSS

18.0. The difference of means between two groups was

analyzed using a Chi square test or a Student’s t test

appropriately. Survival analysis was performed using the

Kaplan–Meier method, and the log-rank test was used to

test the statistical difference. P value less than 0.05 was

considered to be statistically significant.

Results

Upregulation of lncRNA-ATB expression in NSCLC

The relative expression of lncRNA-ATB in tissues and

cells of NSCLC was determined. As shown in Fig. 1a, the

expression level of lncRNA-ATB in cancer tissues was

significantly up-regulated than that in corresponding non-

cancer tissues. The up-regulation of lncRNA-ATB level

was also observed in NSCLC cell lines A549 and NCI-

H1299 than that in normal HBE cell line (Fig. 1b).
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lncRNA-ATB expression associates with clinical

parameters of tumor aggressiveness in patients

with NSSLC

The clinicopathological characteristics of 84 patients with

NSCLC were shown in Table 1. The distribution of

lncRNA ATB expression was analyzed according to dif-

ferent clinical factors. The results showed that high

lncRNA ATB expression was associated with larger tumor

size, lymph node metastasis, and distant metastasis,

whereas the statistical correlations between lncRNA ATB

expression level and other clinical factors including age,

gender, TNM stages, and smoking history were not

observed.

High lncRNA-ATB expression was associated

with poor prognosis in patients with NSCLC

We then investigated the relationship between lncRNA-

ATB expression and overall survival (OS) in NSCLC

patients. The lncRNA-ATB expression in all patients was

measured. The average relative expression of lncRNA-

ATB was 2.28, which was considered as the standard for

evaluating the high or low lncRNA-ATB expression. As

shown in Fig. 2, the patients with high expression of

lncRNA-ATB presented a lower survival probability. The

overall 3-year accumulative survival rates of patients with

high lncRNA expression and low lncRNA expression were

32.6% and 68.4%, respectively.

Down-regulation of lncRNA-ATB promoted the cell

apoptosis of A549 cells

To further investigate the effect of lncRNA-ATB on cell

function of NSCLC, A549 cells were transfected with si-

ATB for inhibiting lncRNA-ATB expression. si-ATB

effectively downregulated the expression of lncRNA-ATB

(Fig. 3a). Down-regulation of lncRNA-ATB led to the

decrease of cell viability in A549 cells (Fig. 3b). The

results also showed that si-ATB contributed to the cell-

cycle arrest in the G0/G1 phase (Fig. 3c) and the promotion

of cell apoptosis (Fig. 3d).

Down-regulation of lncRNA-ATB inhibited cell

migration and invasion of A549 cells

The roles of lncRNA-ATB in cell migration and invasion of

NSCLC were then evaluated. As shown in Fig. 4, trans-

fection of si-ATB induced the decease of migration and

invasion in A549 cells. The same effects were also observed

in NCI-H1299 cells (supplementary Figs. 1 and 2).

Discussion

The discovery of non-coding RNA (ncRNA) opens the new

understanding for various cellular and pathophysiologic

processes. LncRNA is one of the important types of

ncRNAs [12]. Although the biological functions of

lncRNAs in many human diseases have been partly iden-

tified [13, 14], more details of the discovered lncRNAs

should be discussed and many other un-known lncRNAs

should be found. In recent years, mounting studies have

focused on the relationship between lncRNAs and

tumorigenesis [15]. In this study, we found that lncRNA-

ATB expression was up-regulated in NSCLC, and high

expression of lncRNA-ATB indicated a poor prognosis of

NSCLC. In vitro experiments demonstrated that the

lncRNA-ATB down-regulation led to the promotion of cell

apoptosis and the inhibition of cell migration and invasion

in A549 cells. These findings suggested that lncRNA-ATB

might be a new biomarker for indicating NSCLC.

Fig. 1 lncRNA-ATB expression in NSCLC tissues and cell lines.

a lncRNA-ATB expression in cancer and corresponding non-cancer

tissues. b lncRNA-ATB expression in NSCLC cell lines A549 and

NCI-H1299 and normal human bronchial epithelial cell line (HBE).

*P\ 0.05, vs. non-cancer or HBE cell line. **P\ 0.01, vs. non-

cancer or HBE cell line

Fig. 2 Relationship between lncRNA-ATB expression and survival

time in patients with NSCLC
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Up-regulation of lncRNA-ATB was firstly proposed in

hepatocellular carcinoma samples to contribute to promote

both the early and late steps of cancer metastasis [16].

Evidences also showed that lncRNA-ATB participated in

other cancers, including colorectal cancer [10], pancreatic

cancer [17], renal cell carcinoma [18], breast cancer [9],

and glioma [19]. Yuan et al. firstly showed that lncRNA-

ATB, which is activated by TGF-b, binds, and stimulates

autocrine interleukin (IL) -11 production for triggering

signal transducer and activator of transcription 3 (STAT3)

signaling in tumor cells to promote colonization [16]. Li

et al. demonstrated that lncRNA-ATB could increase zinc

finger E-box-binding homeobox (ZEB) 1 and ZEB2

expression through competitively binding and sequestering

microRNA-200 s (miR-200 s), thereby inducing epithelial-

mesenchymal transition (EMT) and promoting tumorigen-

esis [20]. In this study, we also observed that lncRNA-ATB

expression was up-regulated in NSCLC tissues and cells,

Fig. 3 Effects of lncRNA-ATB down-regulation on cell viability,

cell cycle, and apoptosis of A549 cells. a The transfection efficiency

was confirmed by determining the expression of lncRNA-ATB after

transfection of si-ATB (Mock acting as control). b Cell viability,

c cell cycle, and d cell apoptosis were evaluated after transfection.

**P\ 0.01, vs. Mock
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which has not been reported. When NSCLC cell line A549

transfected with si-ATB for inhibiting lncRNA-ATB

expression, the results showed that si-ATB significantly

reduced the cell viability, cell migration, and cell invasion,

whereas si-ATB also markedly elevated the cell apoptosis.

However, we did not evaluate the role of lncRNA-ATB in

the tumor growth in vivo experiments. Except for lncRNA-

ATB, many other lncRNAs, such as HOX transcript anti-

sense RNA (HOTAIR) [21], metastasis-associated lung

adenocarcinoma transcript 1 (MALAT-1) [22], urothelial

cancer associated 1 (UCA1) [23], antisense non-coding

RNA in the INK4 locus (ANRIL) [24], and so on, have

been demonstrated to influence the tumor biology of

NSCLC.

The role of lncRNA in NSCLC as a clinical biomarker

has also been demonstrated. For example, Nie et al. showed

that microvascular invasion in hepatocellular carcinoma

(MVIH) indicated a poor prognosis for NSCLC [25].

Cancer susceptibility candidate 2 (CASC2) is involved in

the development and progression of NSCLC and its low

expression indicates a poor prognosis of NSCLC [26]. In

our study, we investigated the expression of lncRNA-ATB

and its relationship with clinicopathological characteristics

of NSCLC. The results showed that high lncRNA ATB

expression was associated with larger tumor size, lymph

node metastasis, and distant metastasis. In addition, we

then determined the relationship between lncRNA-ATB

expression and OS in NSCLC patients. It showed that the

patients with high expression of lncRNA-ATB presented a

lower survival probability, and the overall 3-year accu-

mulative survival rates of patients with high lncRNA-ATB

expression were significantly lower than that of patients

with low lncRNA-ATB expression. The data indicated that

high lncRNA-ATB expression in NSCLC was associated

with survival time of patients, and the interference of

lncRNA-ATB might be a useful target for the treatment of

NSCLC.

In conclusion, our study demonstrated that high

expression of lncRNA-ATB indicated a poor prognosis and

functioned as a promoter in cell proliferation and metas-

tasis in NSCLC. These findings are important for better

understanding the pathophysiology of NSCLC. More

information about lncRNA-ATB in tumor biology of

NSCLC and other cancers should be investigated.
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