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Background: Long non-coding RNAs (lncRNAs) have been found to contribute to cisplatin 
resistance in several cancers; however, the role of lncRNA LINC01116 in cisplatin resistance 
remains unknown in non-small-cell lung cancer. This study aimed to examine the contribu-
tion of LINC01116 to cisplatin resistance in lung adenocarcinoma (LAD).
Materials and Methods: Cisplatin-resistant A549/DDP cells were generated by treatment 
with cisplatin by dose escalation. LINC01116 expression was compared between A549 and 
A549/DDP cells, and between cisplatin-resistant and non-resistant LAD specimens. The cell 
viability, colony formation, proliferation, migration and invasion were measured using MTT 
and Transwell assays, and cell apoptosis and cell cycle were detected using flow cytometry. 
The expression of E-cadherin and Vimentin was quantified. LAD xenografts were modeled 
in nude mice to investigate the role of LINC01116 on the resistance of LAD to cisplatin.
Results: MTT assay measured the IC50 values of 13.49 ± 1.62 and 3.52 ± 1.33 μg/mL for 
A549/DDP and A549 cells, respectively. LINC01116 was overexpressed in cisplatin-resistant 
LAD specimens and A549/DDP cells (P < 0.05). Knockdown of LINC01116 inhibited cell 
viability, proliferation, migration and invasion, promoted apoptosis and enhanced the sensi-
tivity to cisplatin in A549/DDP cells, while LINC01116 overexpression promoted cell 
viability, proliferation, migration and invasion, inhibited apoptosis and reduced the sensitiv-
ity to cisplatin in A549 cells. LINC01116 knockdown resulted in a 2.1-fold increase in 
E-cadherin expression and a 56% reduction in Vimentin expression in A549/DDP cells, and 
LINC01116 overexpression resulted in a 45% reduction in E-cadherin expression and a 1.82- 
fold increase in Vimentin expression in A549 cells.
Conclusion: Dysregulation of lncRNA LINC01116 expression results in resistance of LAD 
to cisplatin via the EMT process. Our findings support the oncogenic role of LINC01116 to 
promote the development of cisplatin resistance in LAD, and LINC01116 may be a novel 
predictor of poor response to cisplatin.
Keywords: lung adenocarcinoma, cisplatin, chemotherapy resistance, LINC01116, 
epithelial–mesenchymal transition

Introduction
Lung cancer is the leading cause of cancer morbidity and mortality globally.1 It was 
estimated that 2.09 million new cases were diagnosed with lung cancer and 
1.76 million people died from lung cancer in the world in 2018.2 Non-small-cell lung 
cancer (NSCLC) accounts 80% to 85% of all lung cancers, and lung adenocarcinoma 
(LAD), the predominantly histological subtype of NSCLC, accounts for approximately 
40% of all lung cancers.3

Although great progresses have been achieved in the diagnosis and therapy of 
NSCLC,4 the prognosis of this malignancy remains unsatisfactory due to high 
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recurrence and metastasis, and the five-year survival rate is 
below 15%, since most cases are diagnosed at an advanced 
or metastasized stage.5 Currently, platinum-based combi-
nation chemotherapy like cisplatin and carboplatin, is the 
standard treatment for NSCLC, which has been proved to 
effectively prolong the overall survival (OS).6 However, 
the chemotherapy efficacy is greatly limited by the drug 
resistance, and a majority of the patients may experience 
disease progression, resulting in chemotherapy failure.7 

Despite multiple attempts to illustrate the molecular 
mechanisms underlying cisplatin resistance, the exact 
mechanisms of cisplatin resistance have not been fully 
demonstrated in NSCLC until now.8–10 A better under-
standing of the molecular mechanisms involved in the 
development of resistance to cisplatin is of great signifi-
cance to overcome drug resistance and improve the clin-
ical outcomes in patients with LAD.

Long non-coding RNA (lncRNA), a type of transcripts 
with greater than 200 nucleotides in length, has shown an 
important role in carcinogenesis and has been linked with 
cancer progression.11–13 In addition, lncRNAs are found to 
be involved in chemotherapy resistance in multiple human 
cancers, including LAD.14,15 LncRNA LINC01116, a novel 
lncRNA located on chromosome 2q31.1 with 838 nt in length, 
is reported to contribute to cancer progression. siRNA-induced 
LINC01116 knockdown was found to decrease prostate cancer 
PC-3 cell proliferation, and disruption of the LINC01116 gene 
using a CRISPR/CAS9 system resulted in a four-fold decrease 
in the ability of PC-3 cells, indicating an oncogenic role of 
LINC01116 in PC-3 cells.16 In addition, LINC01116 silencing 
was found to suppress the development of oral squamous cell 
carcinoma and inhibit the cell migration and invasion in head 
and neck squamous cell carcinoma.17,18 Previous studies have 
also demonstrated that LINC01116 promotes the progression 
of nasopharyngeal carcinoma, gastric cancer, osteosarcoma, 
glioma and epithelial ovarian cancer.19–23 Furthermore, 
a recent study showed LINC01116 contributed to gefitinib 
resistance in NSCLC through affecting IFI44 expression.24 

However, the involvement of LINC01116 in chemoresistance 
of LAD remains unknown until now.

In this study, we generated a cisplatin-resistant A549/DDP 
cell line, and detected LINC01116 overexpression in cisplatin- 
resistant LAD specimens and A549/DDP cells, and siRNA- 
induced LINC01116 knockdown was found to inhibit LAD 
cell viability, proliferation, migration and invasion, promote 
apoptosis and enhanc the sensitivity to cisplatin in A549/DDP 
cells, while LINC01116 overexpression promoted cell viabi-
lity, proliferation, migration and invasion, inhibited apoptosis 

and reduced the sensitivity to cisplatin in A549 cells. We found 
LINC01116 knockdown resulted in elevated E-cadherin 
expression and reduced Vimentin expression in A549/DDP 
cells, and LINC01116 overexpression resulted in reduced 
E-cadherin expression and elevated Vimentin expression in 
A549 cells. Our data support the oncogenic role of 
LINC01116 to promote the development of cisplatin resistance 
in LAD, and suggest that LINC01116 may be a novel marker 
of poor response to cisplatin.

Materials and Methods
Cell Lines and Culture
The parental human lung adenocarcinoma epithelial A549 cell 
line was purchased from the cancer institute, Chinese 
Academy of Sciences. The cisplatin-resistant A549/DDP 
cells were generated by treatment with cisplatin by dose esca-
lation from 0 to 1.0 μg/mL. Both types of cell lines were 
cultured in RPMI-1640 medium (GIBCO-BRL; Grand 
Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS), 100 U/mL penicillin and 100 mg/mL streptomy-
cin under an air atmosphere containing 5% CO2 at 37°C. 
Exponential-phase cells were harvested and used for the sub-
sequent experiments.

Tissue Samples
We obtained 42 paired LAD tissues and cisplatin-resistant 
tissues from patients undergoing surgery and aspiration biopsy 
at the First and Second Affiliated Hospital of Nanjing Medical 
University (Nanjing, China) during the period between 2013 
and 2016. In this study, patients with complete or partial 
response following treatment with platinum-based chemother-
apy were defined cisplatin sensitive, while those with stable 
disease or disease progression following platinum-based che-
motherapy were considered cisplatin resistant. The patients 
were diagnosed with LAD (stages I, II, and III) based on the 
histopathological evaluation. All collected tissue samples were 
immediately snap-frozen in liquid nitrogen and stored at −80° 
C until RNA extraction.

Cell Transfection
A549/DDP cells were seeded onto six-well plates for 24 h, 
transfected with siRNAs (si-NC, si-LINC01116 1# and 2#) 
using Lipofectamine 2000 (Invitrogen; Carlsbad, CA, USA) 
and then incubated for 48 h. The LINC01116 sequence was 
synthesized and subcloned into the pcDNA3.1 vector 
(Invitrogen; Shanghai, China) to generate the pcDNA- 
LINC01116 vector for overexpression in cells. Plasmid vectors 
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(pcDNA3.1-LINC01116 and empty vector) were transfected 
into A549 cells by Lipofectamine 2000 according to the man-
ufacturer’s instructions.

MTT Assay
The half-maximal inhibitory concentration (IC50) was 
measured using an MTT assay. Briefly, the transfected 
cells were seeded onto 96-well plates at a density of 3.0 
× 103 cells/well and harvested in standard medium over-
night. Cells were treated with a graded series of cisplatin 
(0, 0.5, 1, 5, 10, 15, 20, 25, 30 and 35 μg/mL) of. 
Following incubation for 48 h, MTT solutions (0.5 mg/ 
mL; Sigma-Aldrich; St. Louis, MO, USA) were trans-
ferred and incubated for further 4 h. The medium was 
then substituted with 150 μL dimethyl sulfoxide (Sigma- 
Aldrich; St. Louis, MO, USA) and vortexed for 10 min. 
The absorbance of each well was measured at 490 nm. In 
addition, the cell viability was evaluated at 0, 24, 48, 72 
and 96 h using 0.5 mg/mL MTT solution without cisplatin 
treatment. Each assay was repeated at least in triplicate.

Colony Formation Assay and Cell 
Migration and Invasion Assays
For colony formation assay, transfected cells were placed in 
each well of 6-well plates at a density of 0.5 × 103 cells/well 
and maintained in RIPA1640 medium containing 10% FBS for 
approximately two weeks, replacing the medium once every 
four days. After two weeks, cells were fixed with methanol and 
stained with 0.1% crystal violet (Sigma-Aldrich; St. Louis, 
MO, USA) and then visible colonies were counted.

To assess cell migration and invasion, Transwell cell 
migration and invasion assays were performed, and migration 
chambers with 8.0 μm in pore size (Millipore; Bedford, MA, 
USA) were placed into a 24-well plate were used in assays. For 
the migration assay, 4 ×104 transfected cells were transferred to 
300 μL of RIPA 1640 medium supplemented with 1% FBS in 
the upper chamber. For the invasion assay, 1 × 105 transfected 
cells in 300 μL of RIPA 1640 medium supplemented with 1% 
FBS were transferred into the upper chamber, with an insert 
covered with Matrigel (Corning; Corning, OH, USA). RIPA 
1640 medium supplemented with 10% FBS was added to the 
lower chamber. After incubation for 24 h, cells migrated or 
invaded through the membrane were stained with methanol 
and 0.1% crystal violet, imaged, and counted by an IX71 
inverted microscope (Olympus; Tokyo, Japan). All assays 
were independently repeated in triplicate.

Flow Cytometry
A549/DDP and A549 cells transfected with siRNA- 
LINC01116 and pcDNA-LINC01116 were harvested for 
48 h. For apoptosis assays, transfected cells were double- 
stained with Annexin V-FITC and propidium iodide (PI) 
and analyzed on a FACScan flow cytometer (BD 
Biosciences; San Diego, CA, USA) equipped with the 
CellQuest software (BD Biosciences; Franklin Lakes, NJ, 
USA) following the manufacturer’s protocol. Cells were 
classified into viable, dead, early apoptotic and apoptotic, 
and then the relative percentages of early apoptotic cells 
were counted and compared with that of the control trans-
fectant for each assay or compared between cells receiving 
different treatment. For the cell cycle analysis, cells were 
single-stained with PI with the BD Cycletest plus DNA 
Reagent Kit (BD Biosciences; Franklin Lakes, NJ, USA) 
and analyzed on a FACScan flow cytometer. Cells at the 
G0/G1, S or G2/M phase were counted and compared with 
controls. Each experiment was repeated in triplicate.

qPCR Assay
Total RNA was extracted from tissues or transfected cells with 
the TRIZOL reagent (Invitrogen; Carlsbad, CA, USA) follow-
ing the manufacturer’s instructions, and reversely transcribed 
into cDNA in a final volume of 20 μL using random primers 
under standard conditions with the PrimeScript RT Reagent 
Kit (TaKaRa; Dalian, China). To analyze LINC01116 expres-
sion, qPCR assay was performed on an ABI 7500 Fast Real- 
Time PCR System (Applied Biosystems; Foster City, CA, 
USA) with the SYBR Premix Ex Taq (TaKaRa) following 
the manufacturer’s instructions. The LINC01116 expression 
was quantified using qPCR assay with the following specific 
primers: forward, 5ʹ-GCTTTGCTGAAGACGAGCAG-3ʹ; 
and reverse, 5ʹ-GGGTGATGGCAGAGTGAGAC-3ʹ. All 
qPCR assays were performed in triplicate, and the expression 
level was analyzed using the 2−ΔΔCT method. High 
LINC01116 expression was defined as threefold or higher 
changes between cisplatin non-resistant and resistant cancer 
specimens, while low expression was defined as less than 
threefold changes between cisplatin non-resistant and resistant 
cancer specimens.

Western Blotting Assay
Transfected cells were lysed with RIPA extraction reagent 
(Solarbio; Beijing, China) supplemented with a protease inhi-
bitor cocktail (Solarbio; Beijing, China) and phenylmethylsul-
fonyl fluoride (Solarbio, Beijing, China). Total protein was 
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separated by 10% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) and the immunoblots were transferred to the 
PVDF membranes with 0.22 μm in pore size (Millipore; 
Billerica, MA, USA). Then, the immunoblots were incubated 
with specific antibodies against E-cadherin (GeneTex; Irvine, 
CA, USA) and Vimentin (GeneTex; Irvine, CA, USA), while 
GAPDH (CMCTAG, Inc.; Shanghai, China) served as 
a loading control. ECL chemiluminescence substrate 
(Millipore; Billerica, MA, USA) was used to quantify the 
protein expression by densitometry with the Quantity One 
software (Bio-Rad Laboratories, Inc.; Hercules, CA, USA).

In vivo Chemosensitivity Assay
Four-week-old male athymic BALB/c nude mice that were 
purchased from Model Animal Research Center of Nanjing 
University (Nanjing, China) and maintained under specific 
pathogen-free conditions were used for the in vivo chemo-
sensitivity assay. A549/DDP cells were transiently trans-
fected with si-LINC01116 1# or si-NC, incubated in 6-well 
culture plates for 48 h, washed with PBS, and resuspended at 
a concentration of 2.0 × 107 cells/mL. Resuspended cells 
(0.1 mL) were subcutaneously injected into a single side of 
the groin region of each mouse. Tumor growth was examined 
once every three days, and tumor volume was calculated 
using the following formula: V = 0.5 × D × d2, while 
V indicates tumor volume, D indicates the longitudinal dia-
meter of the tumor and d indicates the transverse diameter. If 
the mean tumor volume reached approximately 50 mm3, 
cisplatin was administered by intraperitoneal injection at 
a dose of 3 mg/kg, once every three days, for a total of 
three doses. Mice were sacrificed 4 weeks post-injection, 
and the primary tumors were excised, paraffin-embedded, 
formalin fixed, and subjected to H  
& E staining and immunostaining analysis for Ki-67, 
E-cadherin and Vimentin protein expression. Hereby, the 
E-cadherin and Vimentin expression was qualitatively 
assessed using immunostaining analysis. Positive 
E-cadherin expression was defined as presence of 
E-cadherin staining, and positive Vimentin expression 
was defined as presence of Vimentin staining.

Ethics Statement
This study was approved by the Ethics Review Committee 
of the Second Affiliated Hospital of Nanjing Medical 
University prior to the commencement of the study 
(approval no.: [2014]KY-011). All experiments were per-
formed in accordance with the Declaration of Helsinki and 
National Regulations for the Management of Laboratory 

Animals released by the central government of China on 
October 31, 2017. Written informed consent was obtained 
from all participants involved in the study, following 
a detailed description of the purpose of the study.

Statistical Analysis
All measurement data are expressed as mean ± standard 
error (SE) and processed using the software GraphPad 
Prism version 5.0. Data were tested for statistical sig-
nificance with Student’s t-test, one-way analysis of var-
iance (ANOVA) and Mann–Whitney U-test. All 
statistical analyses were performed using the statistical 
software SPSS version 20.0 (SPSS, Inc.; Chicago, IL, 
USA), and a P value of < 0.05 were considered statis-
tically significant.

Results
LINC01116 Expression is Upregulated in 
Cisplatin-Resistant Human LAD 
Specimens and A549/DDP Cells
The A549/DDP cells appeared large swelling or spindle- 
shaped cells (Figure 1A). To verify the contribution of 
LINC01116 to the acquired cisplatin resistance, the rela-
tive LINC01116 expression was quantified in LAD spe-
cimens and A549 cells. qPCR assay showed 
significantly greater LINC01116 expression in cisplatin- 
resistant LAD specimens than in non-resistant speci-
mens (Figure 1B), and higher LINC01116 expression 
was detected in A549/DDP cells than in A549 cells 
(Figure 1C). MTT assay measured 13.49 ± 1.62 and 
3.52 ± 1.33 μg/mL IC50 values of cisplatin against 
A549/DDP and A549 cells (P = 0.0089) (Figure 1D), 
indicating that A549/DDP cells were 3.84 times more 
resistant to cisplatin than the parental A549 cells. These 
data suggest that high LINC01116 expression may cor-
relate with cisplatin resistance in LAD.

Knockdown of LINC01116 Suppresses 
Proliferation and Inhibits Migration and 
Invasion of A549/DDP Cells
qPCR assay showed lower LINC01116 expression in 
A549/DDP cells transfected with si-LINC01116 1# or 
2# than in those transfected with si-NC 48 h post- 
transfection (Figure 2A), and MTT assay revealed an 
approximately 43.3% reduction in the IC50 value of 
cisplatin against si-LINC01116 1# or 2# transfected 
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A549/DDP cells relative to si-NC transfected cells 
(Figure 2B). In addition, MTT and colony formation 
assays showed that siRNA-induced knockdown of 
LINC01116 expression inhibited A549/DDP cell prolif-
eration (Figure 2C and D), and Transwell migration and 
invasion assays showed knockdown of LINC01116 
expression resulted in a reduction in A549/DDP cell 
migration and invasion (Figure 2E). Taken these find-
ings together, LINC01116 down-regulation is found to 
suppress the proliferation and inhibit the migration and 
invasion of A549/DDP cells.

Knockdown of LINC01116 Promotes 
Apoptosis and Induces G1 Phase Arrest 
of A549/DDP Cells
Flow cytometry detected a significant rise in the apoptotic 
rate of A549/DDP cells transfected with si-LINC01116 1# or 
2# relative to those transfected with si-NC (Figure 3A) and 
a more percentage of si-LINC01116 1# or 2# transfected 
cells at the G0/G1 phase and a lower proportion of si- 
LINC01116 1# or 2# transfected cells at the S phase as 
compared with si-NC transfected cells (Figure 3B). These 
data demonstrate that knockdown of LINC01116 promote 

the apoptosis and induces G1 cell cycle arrest in A549/DDP 
cells.

Knockdown of LINC01116 Increases the 
Sensitivity of A549/DDP Cells to 
Cisplatin
To examine the effect of LINC01116 knockdown on the 
sensitivity of A549/DDP cells to cisplatin, A549/DDP cells 
were transfected with si-NC or si-LINC01116 1# and 
exposed to cisplatin at concentrations of 0.0, 1.0 and 2.0 
μg/mL, respectively. Flow cytometry revealed higher apop-
totic rates of LINC01116 1# transfected A549/DDP cells 
than those of si-NC transfected cells regardless of cisplatin 
treatment (Figure 4A), and the percentage of si-LINC01116 
1# transfected A549/DDP cells gradually increased at G0/G1 
phase and gradually decreased at S phase with the rise in the 
cisplatin concentration (Figure 4B). These data demonstrate 
that silencing LINC01116 increase the sensitivity to cisplatin 
in A549/DDP cells through inducing apoptosis and promot-
ing cell cycle arrest at G0/G1 phase.

Figure 1 LINC01116 expression is significantly up-regulated in cisplatin-resistant A549/DDP cells as compared to that in parental A549 cells. (A) Morphologies of A549 and 
A549/DDP cells (× 20). (B) qPCR assay detected higher LINC01116 expression in cisplatin-resistant LAD specimens than in non-resistant specimens. (C) qPCR assay 
detected higher LINC01116 expression in A549/DDP cells than in A549 cells. (D) The IC50 value of cisplatin against A549/DDP cells is significantly greater than that against 
A549 cells. All experiments are repeated in triplicated, and data are shown as mean ± SE. *P < 0.05, **P < 0.01.
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Overexpression of LINC01116 Promotes 
A549 Cell Proliferation, Migration and 
Invasion
To further explore the role of LINC01116 in LAD, we 
constructed an empty vector and a pcDNA-LINC01116 
plasmid, and conducted a series of functional assays. 
qPCR assay detected higher LINC01116 expression in 
pcDNA-LINC01116-transfected A549 cells than in empty 
vector-transfected cells 48 h post-transfection (Figure 5A). 
Then, overexpression with the pcDNA-LINC01116 plas-
mid was found to promote the proliferation (Figure 5B), 
and MTT assay measured a higher IC50 value of cisplatin 
against pcDNA-LINC01116-transfected A549 cells than 
against empty vector-transfected cells (Figure 5C), while 
colony-forming assay showed a higher colony formation 
ability of A549 cells transfected with the pcDNA- 
LINC01116 plasmid than those transfected with the 

empty vector (Figure 5D). In addition, Transwell migra-
tion and invasion assays revealed more pcDNA- 
LINC01116-transfected A549 cells that had migrated or 
invaded through the membrane than empty vector- 
transfected cells (Figure 5E). Our findings demonstrate 
that LINC01116 overexpression promotes the prolifera-
tion, migration and invasion of A549 cells.

Overexpression of LINC01116 Inhibits 
Apoptosis and Induces S Phase Arrest of 
A549 Cells
Flow cytometry showed a lower apoptotic rate of pcDNA- 
LINC01116-transfected A549 cells than that of empty vec-
tor-transfected cells (Figure 6A), and the proportion of 
pcDNA-LINC01116-transfected A549 cells was signifi-
cantly lower at the G0/G1 phase and greater at the S phase 
relative of empty vector-transfected cells (Figure 6B). Our 

Figure 2 siRNA-induced knockdown of LINC01116 suppresses A549/DDP cell proliferation, migration and invasion. A549/DDP cells were transfected with si-NC, si- 
LINC01116 1# or 2#. (A) qPCR assay detects lower LINC01116 expression in A549/DDP cells transfected with si-LINC01116 1# or 2# than in those transfected with si- 
NC 48 h post-transfection. (B) MTT assay measures the IC50 values of cisplatin against si-NC, si-LINC01116 1# and 2# transfected A549/DDP cells. (C) MTT assay measures 
the viability of A549/DDP cells transfected with si-NC, si-LINC01116 1# and 2#. (D) Colony formation assays were conducted to determine the cell proliferation ability for 
transfected LAD cells. (E) Knockdown of LINC01116 suppresses A549/DDP cell migration and invasion. All experiments are repeated in triplicated, and data are shown as 
mean ± SE. *P < 0.05, **P < 0.01.
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Figure 3 LINC01116 knockdown promotes apoptosis and induces G1 cell cycle arrest in A549/DDP cells. A549/DDP cells are transfected with si-NC, si-Linc01116 1# or 
2#. (A) Flow cytometry detects a significant rise in the apoptotic rate of A549/DDP cells transfected with si-LINC01116 1# or 2# relative to those transfected with si-NC. 
(B) Flow cytometry detects a more percentage of si-LINC01116 1# or 2# transfected cells at the G0/G1 phase and a lower proportion of si-LINC01116 1# or 2# 
transfected cells at the S phase as compared with si-NC transfected cells. All experiments are repeated in triplicated, and data are shown as mean ± SE. *P < 0.05.

Figure 4 Knockdown of LINC01116 increases the sensitivity of A549/DDP cells to cisplatin. (A) Flow cytometry detects higher apoptotic rates of LINC01116 1# 
transfected A549/DDP cells than those of si-NC transfected cells regardless of cisplatin treatment. (B) The percentage of si-LINC01116 1# transfected A549/DDP cells 
gradually increases at G0/G1 phase and gradually decreased at S phase with the rise in the cisplatin concentration, as revealed by flow cytometry. All experiments are 
repeated in triplicated, and data are shown as mean ± SE. *P < 0.05, **P < 0.01.
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findings indicate that LINC01116 overexpression suppresses 
A549 cell apoptosis and induces cell cycle arrest at S phase.

Overexpression of LINC01116 Reduces 
the Sensitivity of A549 Cells to Cisplatin
To assess the effect of LINC01116 overexpression on the 
resistance of A549 cells to cisplatin, the parental A549 cells 
were transfected with the pcDNA-LINC01116 plasmid and 
exposed to cisplatin at concentrations of 0.0, 1.0 and 1.5 μg/ 
mL, respectively. Flow cytometry revealed lower apoptotic 
rates of pcDNA-LINC01116-transfected A549 cells than those 
of empty vector-transfected cells regardless of cisplatin treat-
ment (Figure 7A), and the percentage of pcDNA-LINC01116- 
transfected A549 cells gradually increased at G0/G1 phase and 
gradually decreased at S phase with the increase in the cispla-
tin concentration (Figure 7B). These data demonstrate that 
overexpression of LINC01116 reduces the sensitivity to 

cisplatin in A549 cells through decreasing apoptosis and the 
percentage of A549 cells at G0/G1 phase.

Knockdown of LINC01116 Improves 
in vivo Sensitivity to Cisplatin
To further investigate the effect of LINC01116 knockdown 
on tumor growth, nude mice were inoculated subcuta-
neously with si-LINC01116 #1 or si-NC transfected 
A549/DDP cells, followed by cisplatin treatment, and the 
volume and weight of lung tumor xenografts were 
recorded 28 d post-inoculation (Figure 8A). The weight 
of the lung tumor xenograft derived from si-LINC01116 
#1 transfected A549/DDP cells was significantly lower 
than those derived from si-NC transfected A549/DDP 
cells (Figure 8B). qPCR assay detected down-regulation 
of LINC01116 expression in the lung tumor xenograft 
derived from si-LINC01116 #1 transfected A549/DDP 

Figure 5 Overexpression of LINC01116 promotes A549 cell proliferation, migration and invasion. A549 cells are transfected with the empty vector or pcDNA-Linc01116 
plasmid. (A) qPCR assay quantifies higher LINC01116 expression in pcDNA-LINC01116-transfected A549 cells than in empty vector-transfected cells 48 h post- 
transfection. (B) MTT assay measures the viability of A549 cells transfected with the pcDNA-LINC01116 plasmid and empty vector. (C) MTT assay measures a higher 
IC50 value of cisplatin against pcDNA-LINC01116-transfected A549 cells than against empty vector-transfected cells. (D) Colony-forming assay detects the proliferation of 
A549 cells transfected with the pcDNA-LINC01116 plasmid and empty vector. (E) Transwell migration and invasion assays reveal more pcDNA-LINC01116-transfected 
A549 cells that had migrated or invaded through the membrane than empty vector-transfected cells. All experiments are repeated in triplicated, and data are shown as mean 
± SE. *P < 0.05, **P < 0.01, ***P < 0.001.
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cells than in that from si-NC transfected A549/DDP cells 
(Figure 8C). Following isolation of lung tumor xenografts 
from nude mice 28 days post-inoculation, the volume of 
the lung tumor xenograft derived from si-LINC01116 #1 
transfected A549/DDP cells was significantly lower than 
those derived from si-NC transfected A549/DDP cells 
(Figure 8D and E). Immunohistochemical analysis 
detected lower Ki-67 expression in the lung tumor xeno-
graft derived from si-LINC01116 #1 transfected A549/ 
DDP cells than in that from si-NC transfected A549/ 
DDP cells (Figure 8F). In addition, higher E-cadherin 
expression and lower Vimentin expression were found in 
the lung tumor xenograft derived from si-LINC01116 #1 
transfected A549/DDP cells than in that from si-NC trans-
fected A549/DDP cells (Figure 8F). These data demon-
strate that knockdown of LINC01116 expression inhibits 
LAD progression by promoting the in vivo sensitivity of 
A549/DDP cells to cisplatin.

Effect of LINC01116 Expression on 
Epithelial–Mesenchymal Transition (EMT) 
Process
To investigate the effect of LINC01116 expression on the 
EMT process, the expression of two EMT markers, 

E-cadherin and Vimentin, was quantified using qPCR and 
Western blotting assays. qPCR assay revealed that knock-
down of LINC01116 expression resulted in elevated 
E-cadherin expression and reduced Vimentin expression in 
A549/DDP cells (Figure 9A), overexpression of LINC01116 
expression resulted in reduced E-cadherin expression and 
elevated Vimentin expression in A549 cells (Figure 9B). 
Western blotting showed that LINC01116 knockdown 
resulted in elevated E-cadherin and reduced Vimentin 
expression in A549/DDP cells (Figure 9C), and 
LINC01116 overexpression resulted in reduced E-cadherin 
expression and elevated Vimentin expression in A549 cells 
(Figure 9D). These data demonstrate that LINC01116 
knockdown or overexpression affects LAD cell proliferation 
and migration through regulating the EMT process.

LINC01116 Expression Correlates with 
Chemotherapy Sensitivity in LAD Patients
Kaplan–Meier survival analysis revealed a longer OS in LAD 
patients with low LINC01116 expression than those with high 
LINC01116 expression (Figure 10A, Supplementary Table 1). 
Then, immunohistochemical analysis showed lower 
E-cadherin expression and higher Vimentin expression in cis-
platin-resistant LAD specimens than in non-resistant speci-
mens (Figure 10B). These data indicate that LINC01116 

Figure 6 Overexpression of LINC01116 inhibits apoptosis and induces S phase arrest of A549 cells. (A) Flow cytometry detects a lower apoptotic rate of pcDNA- 
LINC01116-transfected A549 cells than that of empty vector-transfected cells. (B) Flow cytometry detects a lower proportion of pcDNA-LINC01116-transfected A549 
cells at the G0/G1 phase and a greater proportion at the S phase relative of empty vector-transfected cells. All experiments are repeated in triplicated, and data are shown as 
mean ± SE. *P < 0.05, **P < 0.01.
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expression correlates with the response to cisplatin-based che-
motherapy in LAD patients.

Discussion
As the most common histological subtype of NSCLC, LAD is 
characterized by aggressive invasion, high metastatic potential 
and poor prognosis.25 Although great advances have been 
achieved for the management of NSCLC,26–28 chemotherapy 
resistance remains a major obstacle to improve the prognosis in 
LAD patients.29–31 Cisplatin, which inhibits DNA replication 
and damages cell membrane structures, is currently the most 
common chemotherapeutic agent used for the treatment of 
advanced NSCLC.32–34 However, the sensitivity of NSCLC 
to cisplatin decreases with the disease progression, and the 
emergence of cisplatin resistance will eventually result in 
chemotherapy failure.35 Understanding of cisplatin resistance 
is a prerequisite for the management of chemotherapy resis-
tance in NSCLC.

Previous studies have extensively investigated the mechan-
isms responsible for resistance to cisplatin in NSCLC. Alpha-1 

antitrypsin (A1AT), a member of the serpin (serine protease 
inhibitor) family, was recently reported to induce cisplatin 
resistance in NSCLC,36 and large tumour suppressor (LATS) 
kinases were found to contribute to cisplatin resistance in 
advanced NSCLC.37 FAM83D, an oncoprotein in multiple 
human cancer, was identified to promote cisplatin resistance 
in NSCLC via the AKT/mTOR pathway,38 and CLEC4M, 
a Ca2+-dependent C-type lectin, was reported to promote cis-
platin resistance in NSCLC.39 Recently, glucose-6-phosphate 
dehydrogenase (G6PD), a critical enzyme of the pentose phos-
phate pathway, was found to contribute to cisplatin resistance 
in NSCLC.40 In addition, the role of microRNAs in cisplatin 
resistance has also been examined in NSCLC. For example, 
miR-103a-3p was revealed to potentiate chemoresistance to 
cisplatin in NSCLC by targeting neurofibromatosis 1,41 and 
miR-324-5p contributed to cisplatin resistance in NSCLC by 
targeting FBXO11 signalling.42 Previous studies also identi-
fied the involvement of miR-608 and miR-328 in the develop-
ment of cisplatin resistance in NSCLC.43,44 Furthermore, some 
circular RNAs, such as hsa_circ_0085131, circ_0076305 and 

Figure 7 Overexpression of LINC01116 reduces the sensitivity of A549 cells to cisplatin. (A) Flow cytometry reveals lower apoptotic rates of pcDNA-LINC01116- 
transfected A549 cells than those of empty vector-transfected cells regardless of cisplatin treatment. (B) The percentage of pcDNA-LINC01116-transfected A549 cells 
gradually increases at G0/G1 phase and gradually decreases at S phase with the increase in the cisplatin concentration, as revealed by the flow cytometry. All experiments are 
repeated in triplicated, and data are shown as mean ± SE. *P < 0.05, **P < 0.01.
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hsa_circ_0001946, have been linked with the resistance to 
cisplatin in NSCLC.8,45,46 These findings urge the attempt to 
investigate the role of lncRNAs in cisplatin resistance in 
NSCLC.

LncRNAs are non-coding protein transcripts that have 
been proved to play a key regulatory role in tumorigenesis, 
metastasis, and chemotherapy resistance.11–14 Increasing evi-
dence has demonstrated the involvement of LncRNA in cis-
platin resistance in multiple human cancers.47–51 In NSCLC, 
LncRNA SPRY4-IT1 was reported to reverse cisplatin resis-
tance partially through downregulating MPZL-1 via EMT,52 

and LncRNA NORAD was found to increase cisplatin resis-
tance via the miR-129-1-3p/SOX4 axis.53 A recent study con-
cluded that LncRNA-XIST contributes to cisplatin resistance 

through down-regulating miRNA-144-3p.54 Knockdown of 
LncRNA HOXA-AS3 was reported to enhance the sensitivity 
of NSCLC to cisplatin in vitro and in vivo through mediating 
homeobox A3 (HOXA3) expression,55 and LncRNA FOXD2- 
AS1 was found to confer cisplatin resistance in NSCLC via the 
miR185-5p-SIX1 axis.56 In addition, there are some other 
LncRNAs that have been implicated in cisplatin resistance in 
NSCLC;57–62 however, the role of LncRNA LINC01116 in 
cisplatin resistance remains unknown in NSCLC.

LncRNA LINC01116 has been shown to play an onco-
genic role in multiple human cancers.17–21 qPCR assay 
detected up-regulation of LINC01116 expression in pros-
tate cancer cells as compared to that in normal human 
prostate epithelial cells, which encouraged the subsequent 

Figure 8 LINC01116 knockdown improves the in vivo sensitivity of A549/DDP to cisplatin. (A) Nude mice that are inoculated subcutaneously with si-LINC01116 #1 or si- 
NC transfected A549/DDP cells are sacrificed 28 days post-inoculation. (B) The weight of the lung tumor xenograft derived from si-LINC01116 #1 transfected A549/DDP 
cells is significantly lower than those derived from si-NC transfected A549/DDP cells. (C) qPCR assay detects down-regulation of LINC01116 expression in the lung tumor 
xenograft derived from si-LINC01116 #1 transfected A549/DDP cells as compared to that from si-NC transfected A549/DDP cells. (D) Lung tumor xenografts are isolated 
from nude mice inoculated subcutaneously with si-LINC01116 #1 or si-NC transfected A549/DDP cells 28 days post-inoculation. (E) The volume of the lung tumor 
xenograft derived from si-LINC01116 #1 transfected A549/DDP cells is significantly lower than those derived from si-NC transfected A549/DDP cells. (F) 
Immunohistochemical analysis detects lower Ki-67 expression, higher E-cadherin expression and lower Vimentin expression in the lung tumor xenograft derived from si- 
LINC01116 #1 transfected A549/DDP cells than in that from si-NC transfected A549/DDP cells (HE staining, × 100). * All experiments are repeated in triplicated, and data 
are shown as mean ± SE. *P < 0.05, **P < 0.01.
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functional assays.16 siRNA-induced knockdown of 
LINC01116 decreased prostate cancer cell proliferation, 
and the disruption of the LINC01116 gene with 
a CRISPR/CAS9 system resulted in a four-fold reduction 
in the number of prostate cancer cell colony formation, 
which supporting the oncogenic role of LINC01116 in 
prostate cancer.16 Based on the breast cancer data set 

GSE54002 captured from the public database Gene 
Expression Omnibus (GEO), LncRNA LINC01116 
expression was found to up-regulate in breast cancer tis-
sues as compared to in paracancerous tissues, and a further 
qPCR assay detected higher LINC01116 expression in 64 
clinical breast cancer specimens than in 30 normal breast 
specimens; in addition, LINC01116 expression was 

Figure 9 Effect of LINC01116 expression on EMT. (A) qPCR assay detects elevated E-cadherin expression and reduced Vimentin expression in A549/DDP cells transfected 
with si-LINC01116 #1 relative to A549/DDP cells transfected with si-NC. (B) qPCR assay detects lower E-cadherin expression and higher Vimentin expression in A549/DDP 
cells transfected with the pcDNA-Linc01116 plasmid than in those transfected with the empty vector. (C) Western blotting determined higher E-cadherin expression and 
lower Vimentin expression in A549/DDP cells transfected with si-LINC01116 #1 than in those transfected with si-NC, while GAPDH serves a loading control. (D) Western 
blotting determined lower E-cadherin expression and high Vimentin expression in A549/DDP cells transfected with pcDNA-Linc01116 plasmid than in those transfected 
with the empty vector, while GAPDH serves a loading control. All experiments are repeated in triplicated, and data are shown as mean ± SE. *P < 0.05, **P < 0.01.

Figure 10 LINC01116 expression correlates with chemotherapy sensitivity in LAD patients. (A) Kaplan–Meier survival analysis reveals a longer OS in LAD patients with 
low LINC01116 expression than those with high LINC01116 expression. (B) Immunohistochemical analysis shows lower E-cadherin expression and higher Vimentin 
expression in cisplatin-resistant LAD specimens than in non-resistant specimens (HE staining, × 100).
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reported to correlate with OS, tumor size, TNM stage in 
patients with breast cancer, suggesting the prognostic 
value of LINC01116 in breast cancer.63 Zhang et al64 

detected up-regulation of LINC0116 in osteosarcoma, 
and found that LINC0116 promoted osteosarcoma cell 
viability and migration, and LINC0116 knockdown sup-
pressed tumor growth in nude mice. In addition, 
LINC01116 was reported to overexpressed and contributed 
to the progression of nasopharyngeal carcinoma, gastric 
cancer, osteosarcoma, glioma, epithelial ovarian cancer 
and head and neck squamous cell carcinoma.17–23 

However, there is little knowledge on the role of 
LINC01116 in NSCLC.

In this study, we detected that LncRNA LINC01116 was 
overexpressed in cisplatin-resistant LAD specimens than in 
non-resistant specimens, and significantly up-regulated in cis-
platin-resistant A549/DDP cells relative to in parental A549 
cells, which was in agreement with previous findings in other 
cancers.63,64 The findings from the qPCR assay encouraged 
our subsequent functional assays. Knockdown of LINC01116 
inhibited the viability, proliferation, migration, and invasion of 
A549/DDP cells, promoted apoptosis and enhanced the sensi-
tivity to cisplatin in A549/DDP cells, while LINC01116 over-
expression promoted the viability, proliferation, migration, and 
invasion of A549 cells, inhibited apoptosis and reduced the 
sensitivity to cisplatin in A549 cells, which was consistent with 
previous reports.24,64 These data further support the oncogenic 
role of LINC01116 in LAD, and demonstrate that LINC01116 
may increase the sensitivity of LAD cells to cisplatin through 
promoting cell apoptosis.

The mechanisms of action for LINC011116 have been 
reported in different cancer settings. LINC01116 was found 
to promote the proliferation and migration of osteosarcoma 
cells through targeting miR-520a-3p and upregulating IL6R 
via the Jak-stat signaling pathway,64 and was reported to pro-
mote epithelial ovarian cancer progression through regulating 
cell apoptosis.23 In addition, LINC01116 was identified to 
regulates tumorigenesis of glioma by targeting vascular 
endothelial growth factor A (VEGFA),22 and LINC01116 
was shown to promote gastric cancer cell invasion and migra-
tion by positively interacting with lncRNA CASC11.20 

A recent study showed that LINC01116 contributed to gefitinib 
resistance in NSCLC cells by regulating IFI44 expression.24 

However, the mechanism underlying the contribution of 
LINC01116 to cisplatin resistance remains unknown in 
NSCLC until now.

EMT, which is characterized by loss of epithelial markers 
like E-cadherin, and acquisition of mesenchymal markers 

including N-cadherin and Vimentin, is a critical biological 
process involved in tumor progression and metastasis,65–67 

and contributes to chemotherapy resistance in NSCLC.68–70 

LncRNAs have been found to correlate with tumor metastasis 
via EMT.71 Knockdown of LncRNA BANCR was reported to 
promote NSCLC cell metastasis by regulating EMT,72 and up- 
regulation of LncRNA MALAT1 was reported to promote 
lung cancer brain metastasis by inducing EMT.73 In the present 
study, LINC01116 knockdown resulted in an increase in 
E-cadherin expression and a reduction in Vimentin in A549/ 
DDP cells at both translational and transcriptional levels, and 
LINC01116 overexpression resulted in reduced E-cadherin 
expression and elevated Vimentin expression in A549 cells. 
It is therefore hypothesized that LINC01116 may contribute to 
cisplatin resistance in LAD cells partly via the EMT process. 
However, the exact molecular mechanisms of LINC01116 for 
targeting EMT to mediate the resistance to cisplatin require 
further investigations.

The present study has some limitations. First, this study 
was performed in a single cell line, which may limit the 
strength of our work. Second, most of our study focused on 
the role of LINC01116 in the biological behaviors of NSCLC, 
and the mechanism explaining the contribution of LINC01116 
to cisplatin resistance in NSCLC was little studied. Third, we 
performed a xenograft tumor growth assay to examine the 
effect of LINC01116 knockdown on the in vivo sensitivity to 
cisplatin; however, the PDX animal model may be a better 
assay to assess the effect of silencing LINC01116 on the 
in vivo sensitivity to cisplatin. Further mechanistic studies in 
multiple cell lines with a PDX animal assay to validate the 
findings from the present study and explore the mechanisms 
underlying the role of LINC01116 in cisplatin resistance in 
NSCLC seem justified.

Conclusions
In summary, the results of the present study demonstrate that 
dysregulation of lncRNA LINC01116 expression results in 
resistance of LAD to cisplatin via the EMT process, suggesting 
that LINC01116 knockdown may target EMT to enhance 
cisplatin chemosensitivity by regulating apoptosis and cell 
cycle distribution, and LINC01116 overexpression inhibits 
the sensitivity to cisplatin in LAD cells. Our findings support 
the oncogenic role of LINC01116 to promote the development 
of cisplatin resistance in LAD, and LINC01116 may be a novel 
marker of poor response to cisplatin. It is considered that 
LINC01116 may be a potential therapeutic target for LAD 
chemotherapy.
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