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Abstract: LncRNAs have been suggested to be key modulators in many biological and pathological processes. 
LncARSR, a recently identified lncRNA, plays crucial roles in the progression of several cancers. However, the role of 
lncARSR in NSCLC is uninvestigated. In the present study, it was demonstrated that lncARSR expression was higher 
in NSCLC tissues than in noncancerous tissues. The expression of lncARSR was higher in four NSCLC cell lines than 
in a normal lung bronchial epithelial line. Further investigation demonstrated that increased lncARSR expression 
promoted NSCLC cell migration and growth and induced epithelial-mesenchymal transition in A549 cells. Moreover, 
ectopic expression of lncARSR suppressed PTEN expression and induced Akt phosphorylation in A549 cells. The 
expression level of PTEN was higher in NSCLC samples than in adjacent non-tumor specimens. PTEN expression 
was negatively correlated with lncARSR in NSCLC specimens. Furthermore, we demonstrated that overexpression 
of lncARSR induced NSCLC cell growth and migration via regulating the PTEN/Akt signaling pathway. These results 
suggest that lncARSR acts as an oncogene in NSCLC development and could serve as a new potential therapeutic 
target.
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Introduction

Lung tumors rank as the leading cause of 
tumor-related deaths worldwide [1-4]. NSCLC 
accounts for approximately 85% of lung tumor 
cases [5-7]. Despite developments in chemo-
therapeutic and surgical interventions, the five-
year survival rate for NSCLC patients remains 
unsatisfactory, and the recurrence rate in these 
patients is high due to tumor metastasis and 
chemoresistance development [4, 8-10]. Many 
genome-wide studies on NSCLC have been per-
formed, such as gene expression profiling, copy 
number analysis and DNA sequencing [11-15]. 
However, the detailed mechanisms of NSCLC 
remain poorly understood. Thus, it is crucial to 
seek novel therapeutic targets for NSCLC.

LncRNAs are more than two hundred nucleo-
tides (nts) in length with no or limited protein-
coding capacity, and they regulate gene expres-
sion at the post-transcriptional level [16-22]. 
LncRNAs play roles in biological and pathologi-

cal processes, such as development, metasta-
sis, angiogenesis, proliferation, metabolism 
and invasion [23-28]. Deregulated lncRNA 
expression has been identified in almost all 
types of human malignancies, such as gastric 
cancer, urinary bladder carcinoma, glioblasto-
ma, osteosarcoma, and NSCLC [19, 20, 27, 
29-31]. Recent evidence has shown that 
lncARSR plays a role in the progression of sev-
eral cancers [32-35]. Qu et al. [35] first indicat-
ed that lncARSR was associated with a poor 
sunitinib reaction in renal carcinoma. Over- 
expression of lncARSR induced sunitinib resis-
tance by binding miR-449/miR-34 to induce 
c-MET and AXL expression in renal cell carcino-
ma cells. Moreover, Qu and colleagues found 
that lncARSR was overexpressed in renal tumor-
initiating cells (T-ICs) and that knockdown of 
lncARSR abolished the tumorigenicity, metasta-
sis and self-renewal of these renal tumor-initiat-
ing cells. Forced expression of lncARSR promot-
ed T-IC characteristics in RCC cells by combin-
ing with YAP to impede LATS1-induced YAP 
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phosphorylation and induce YAP nuclear trans-
location [34]. However, the role of lncARSR in 
NSCLC remains uninvestigated.

In the present study, we found that lncARSR 
was overexpressed in NSCLC tissues. Further 
investigation indicated that ectopic lncARSR 
expression induced NSCLC cell migration, 
growth and EMT.

Materials and methods

Specimens and cell transfection

NSCLC and matched non-tumor samples were 
collected from 40 NSCLC patients at the Fifth 
Hospital of Harbin Medical University and 
Daqing People’s Hospital. These samples were 
immediately snap-frozen. None of the patients 
received any radiotherapy or chemotherapy. 
Written informed consent was obtained from 
the patients, and our research was approved  
by the Clinical Ethics Committee of the Fifth 
Hospital of Harbin Medical University and 
Daqing People’s Hospital. Lung bronchial cells 
(16HBE) and four lung tumor cell lines (SPC-A1, 
A549, H23 and H1299) were purchased from 
the Chinese Academy of Sciences of Shang- 
hai (Shanghai). pcDNA-lncARSR and scrambl- 
ed vector were obtained from GenePharma 
(Shanghai, China). A549 cell transfection was 
performed with Lipofectamine 2000 following 
the manufacturer’s instructions.

Cell invasion, cycle and growth assays

For the cell growth assay, cells were grown in 
96-well plates. Cell proliferation was detected 
using a CCK-8 kit (Beyotime, China). The prolif-
eration rate was measured at 0, 1, 2, and 3 
days post-transfection, and the absorbance 
(450 nM) was measured on a microtiter reader. 
For the cell cycle assay, cells were collected, 
washed with PBS and fixed overnight with ethyl 
alcohol at 4°C. RNase A was added to the cells, 
which were then washed with cold PBS and 
incubated with propidium iodide. The signal 
was measured by FACS. For the invasion analy-
sis, a Transwell chamber with Matrigel (Bio- 
science, CA, USA) was used. The cells were cul-
tured in the upper transwell chamber with no 
serum, and complete medium was added to 
the lower chambers. After 24 hours of incuba-
tion, the non-invasive cells were removed with 
a cotton swab, and the invasive cells were fixed 
with ethanol and stained with crystal violet. The 

invaded cells were captured by photomicro-
graph and counted.

qRT-PCR

Total RNA from NSCLC specimens and cell  
lines was acquired with a Trizol kit (Invitrogen, 
Technologies). qRT-PCR was performed to ana-
lyze the expression of lncRNA, miRNA and 
mRNA with SYBR PCR reagent (Takara, Dalian, 
China) on a Bio-Rad PCR system following the 
manufacturer’s instructions. For gene expres-
sion quantification, the relative CT method 
(2-DCT method) was used.

Western blot analysis

Cells and specimens were collected and lysed 
in RIPA buffer with a proteinase inhibitor 
(Beyotime, China), and the protein concentra-
tions were assessed using a BCA kit (Beyo- 
time, China). Equal protein amounts were sepa-
rated by 12% SDS PAGE and then transferred 
to PVDF membranes (Millipore, USA). After 
blocking with milk, the membranes were incu-
bated with primary antibodies (N-cadherin, 
E-cadherin and vimentin), followed by hybridiza-
tion with an HRP-conjugated antibody. The pro-
tein signals were visualized using enhanced 
chemiluminescence (ECL) reagents (Pierce, 
USA).

Statistical analysis

The data are shown as the mean ± SD (stan-
dard deviation) and were obtained at least in 
triplicate. The data were measured and ana-
lyzed with SPSS (SPSS Inc., Chicago, IL). One-
way ANOVA or Student’s t-test was performed 
for data analyses. P < 0.05 was set to indicate 
statistical significance.

Results

LncARSR expression was upregulated in 
NSCLC tissues

As demonstrated in Figure 1A, lncARSR expres-
sion was higher in the cancerous tissues of 31 
NSCLC patients (31/40, 77.5%) than in the 
adjacent noncancerous tissues. In general, the 
expression level of lncARSR was higher in 
NSCLC samples than in adjacent noncancerous 
samples (Figure 1B). In addition, we showed 
that lncARSR expression was higher in four 
NSCLC cell lines (A549, H23, H1299 and SPC-
A1) than in 16HBE cells (Figure 1C).
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Ectopic lncARSR expression promoted NSCLC 
cell migration and growth

To evaluate the effect of lncARSR on the gr- 
owth and migration of NSCLC cells, lncARSR 
was overexpressed in A549 cells by transfec-
tion with pcDNA-lncARSR (Figure 2A). CCK-8 
assays indicated that lncARSR overexpression 
induced A549 cell proliferation (Figure 2B). In 
line with this finding, lncARSR upregulation 
increased the expression levels of cyclin D1 
(Figure 2C) and Ki-67 (Figure 2D) in A549 cells. 
We used a wound healing migration assay and 
found that lncARSR overexpression induced 
A549 cell migration (Figure 2E).

LncARSR overexpression induced epithelial-
mesenchymal transition (EMT): Furthermore, 
we found that lncARSR overexpression inhibit-
ed the expression of the epithelial marker 
E-cadherin (Figure 3A). The expression levels of 
mesenchymal markers, vimentin and N- 

cadherin, were increased in A549 cells after 
treatment with pcDNA-lncARSR (Figure 3B and 
3C). In sum, we confirmed that E-cadherin was 
downregulated and that N-cadherin and vimen-
tin were upregulated in A549 cells after incuba-
tion with pcDNA-lncARSR (Figure 3D).

LncARSR activated AKT signaling in NSCLC 
cells: As indicated in Figure 4A, ectopic ex- 
pression of lncARSR suppressed the mRNA 
expression of PTEN. In line with this finding, 
ectopic expression of lncARSR decreased PTEN 
protein expression in A549 cells (Figure 4B). 
Furthermore, increased expression of lncARSR 
induced Akt phosphorylation in A549 cells 
(Figure 4C).

LncARSR expression was negatively correlated 
with PTEN expression

We first measured the expression of PTEN in 
NSCLC samples. As demonstrated in Figure 

Figure 1. LncARSR expression was upregulated in NSCLC tissues. A. LncARSR expression levels in NSCLC tissues 
and adjacent noncancerous tissues were detected by qRT-PCR. The data are shown as log2. B. The expression level 
of lncARSR was higher in NSCLC samples than in adjacent noncancerous samples. C. LncARSR expression levels in 
four NSCLC cell lines (H1299, H23, A549 and SPC-A1) and a lung bronchial epithelial cell line (16HBE) were deter-
mined using qRT-PCR. ***P < 0.001.
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5A, PTEN expression was lower in the can- 
cerous tissues of 30 NSCLC patients (30/40, 
75%) than in their adjacent noncancerous tis-
sues. In general, the expression level of PTEN 
was lower in NSCLC samples than in adjacent 
noncancerous samples (Figure 5B). Moreover, 
the expression level of PTEN was negatively 
correlated with lncARSR in the NSCLC speci-
mens (Figure 5C).

The Akt signaling pathway was responsible for 
lncARSR-induced proliferation and migration 
in NSCLC cells

To further study whether the PTEN/Akt signal-
ing pathway participated in lncARSR-induced 
proliferation and migration in NSCLC cells, we 
treated lncARSR-overexpressing A549 cells 
with the PI3K/Akt inhibitor LY294002. CCK-8 

Figure 2. Ectopic expression of lncARSR promoted NSCLC cell growth and migration. A. The expression level of ln-
cARSR in A549 cells after transfection with pcDNA-lncARSR was measured using qRT-PCR. B. CCK-8 assays were 
performed to measure cell proliferation. C. The mRNA expression of cyclin D1 was detected by qRT-PCR. D. The 
mRNA expression of Ki-67 was measured by using qRT-PCR. E. A wound healing migration assay showed that ln-
cARSR overexpression induced A549 cell migration. The relative ratio of wound closure is shown. *P < 0.05, **P < 
0.01 and ***P < 0.001.
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analysis indicated that cell proliferation was 
suppressed after treating lncARSR-overex-
pressing A549 cells with LY294002 (Figure 

6A). Treatment with LY294002 reversed the 
increases in cyclin D1 and Ki-67 induced by 
lncARSR overexpression (Figure 6B and 6C). 

Figure 3. LncARSR overexpression induced epithelial-mesenchymal transition (EMT). A. LncARSR overexpression 
inhibited the expression of the epithelial marker E-cadherin. B. The mRNA expression of N-cadherin was detected 
by qRT-PCR. C. The mRNA expression of vimentin was detected by qRT-PCR. D. The protein expression of E-cadherin 
was decreased, and that of N-cadherin and vimentin was increased in A549 cells after treatment with pcDNA-
lncARSR. GAPDH was used as a loading control.

Figure 4. LncARSR activated AKT signaling in NSCLC cells. A. Ectopic expression of lncARSR suppressed the mRNA 
expression of PTEN. B. The protein expression of PTEN was detected by Western blotting. C. Increased expression of 
lncARSR induced Akt phosphorylation in A549 cells. GAPDH was used as a loading control.
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Furthermore, overexpression of lncARSR in- 
creased A549 cell migration, which was abol-
ished by LY294002 (Figure 6D).

Discussion

Our findings demonstrated that lncARSR ex- 
pression was higher in NSCLC tissues than in 

non-tumor tissues. LncARSR expression was 
also higher in four NSCLC cells (A549, H23, 
H1299 and SPC-A1) than in lung 16HBE cells. 
Further investigation suggested that lncARSR 
upregulation promoted NSCLC cell proliferation 
and migration and induced EMT in A549 cells. 
We found that ectopic lncARSR expression sup-
pressed PTEN expression and induced Akt 

Figure 5. Negative correlation between lncARSR and PTEN expression in NSCLC tissues. A. PTEN expression was 
downregulated in the cancerous tissues of 30 NSCLC patients (30/40, 75%) compared to that in the adjacent 
noncancerous tissues. B. The expression level of PTEN was lower in NSCLC samples than in adjacent noncancer-
ous samples. C. The PTEN expression level was negatively correlated with the lncARSR expression level in NSCLC 
tissues.

Figure 6. The Akt signaling pathway was responsible for lncARSR-induced proliferation and migration in NSCLC cells. 
A. CCK-8 assays were performed to measure cell proliferation. B. The mRNA expression of cyclin D1 was detected 
by qRT-PCR. C. The mRNA expression of Ki-67 was measured by using qRT-PCR. D. Ectopic expression of lncARSR 
promoted A549 cell migration, which was abolished by LY294002. The relative ratio of wound closure is shown. *P 
< 0.05, **P < 0.01 and ***P < 0.001.
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phosphorylation in A549 cells. Moreover, the 
expression level of PTEN was higher in NSCLC 
samples. The PTEN expression level was nega-
tively correlated with lncARSR expression in 
NSCLC specimens. Furthermore, we demon-
strated that ectopic lncARSR expression pro-
moted NSCLC cell migration and proliferation 
via regulating the PTEN/Akt signaling pathway. 
These results suggest that lncARSR plays an 
oncogenic role in NSCLC development and 
might serve as a new potential therapeutic 
target.

Recent evidence has demonstrated that 
lncARSR plays crucial roles in the development 
of several tumors [32-37]. Qu et al. [35] first 
demonstrated that lncARSR was associated 
with a poor chemoresponse to sunitinib treat-
ment in renal cancer. Overexpression of 
lncARSR induced sunitinib resistance through 
binding to miR-449/miR-34, thus promoting 
c-MET and AXL expression in renal cell carci-
noma cells. In addition, Qu and colleagues indi-
cated that lncARSR was overexpressed in renal 
tumor-initiating cells (T-ICs) and that lncARSR 
knockdown abolished tumorigenicity, metasta-
sis and self-renewal in renal tumor-initiating 
cells. Forced expression of lncARSR promoted 
T-IC properties in RCC cells through binding 
with YAP to inhibit LATS1-induced YAP phos-
phorylation and induce YAP nuclear transloca-
tion [33, 34]. Li and colleagues indicated that 
lncARSR was overexpressed in HCC. Increased 
expression of lncARSR induced HCC cell resis-
tance to doxorubicin treatment via regulating 
the PTEN-PI3K/Akt pathway. Shu et al. [32]. 
proved that lncARSR expression was increased 
in ovarian cancer and associated with lymph 
node metastasis, poor survival, FIGO (In- 
ternational Federation of Gynecology and 
Obstetrics) staging and histological grade. 
Overexpression of lncARSR induced cell pro-
gression via the β-catenin/Wnt pathway in 
ovarian cancer. Our research indicated that 
lncARSR expression was upregulated in NSCLC 
samples and NSCLC cell lines. Further study 
showed that ectopic lncARSR expression 
enhanced NSCLC cell proliferation and induced 
EMT progression in NSCLC cells.

LncRNAs are important posttranscriptional 
modulators of the majority of human genes 
[38-40]. Previous evidence suggested that 
ectopic lncARSR expression induced chemore-

sistance to doxorubicin in HCC cells via PTEN-
PI3K/Akt signaling pathway regulation [33]. 
The PTEN gene, located on chromosome 10q, 
consists of 9 exons and a 5-Kb variable exon 
[41]. PTEN was found to act as a tumor sup-
pressor gene in the progression of several 
tumors [42-44]. PTEN was also shown to be 
involved in cell migration, proliferation, inva-
sion and metabolism [45]. Loss of the PTEN 
gene in the PI3K/Akt pathway is frequently 
found in NSCLC [46-48]. We demonstrated that 
increased expression of lncARSR inhibited 
PTEN expression and induced Akt phosphoryla-
tion in A549 cells. Moreover, we reported that 
PTEN expression was higher in NSCLC samples 
than in adjacent noncancerous specimens. 
PTEN expression was negatively correlated 
with lncARSR expression in NSCLC samples. 
Furthermore, we demonstrated that ectopic 
lncARSR expression induced cell migration and 
proliferation via regulating the PTEN/Akt signal-
ing pathway.

In summary, we showed that the expression 
level of lncARSR was higher in NSCLC speci-
mens and cells and that ectopic lncARSR 
expression induced NSCLC cell proliferation, 
migration and invasion via the PTEN/Akt path-
way. These results suggest that lncARSR plays 
an oncogenic role in the initiation and progres-
sion of NSCLC and might serve as a novel ther-
apeutic target.
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