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Abstract. – OBJECTIVE: Non-small cell lung 
cancer (NSCLC) is one of the most common and 
deadly tumors in the world. LncRNA FAS-AS1 
was abnormally expressed in various cancers, 
such as non-small cell lung cancer. However, 
the underlying mechanism of FAS-AS1 in NS-
CLC remains to be elucidated.

MATERIALS AND METHODS: The levels of 
FAS-AS1 and miR-19a-5p were measured using 
qRT-PCR in NSCLC cells. MTT and cell colony 
formation assays were performed to detect cell 
proliferative capacity. Transwell assay was car-
ried out to measure cell migration and invasion. 
The relationship between FAS-AS1 and miR-19a-
5p was confirmed using Luciferase reporter as-
say. Xenograft tumor experiment was conducted 
to detect the tumor growth in vivo.

RESULTS: FAS-AS1 was remarkably down-reg-
ulated in NSCLC cells. FAS-AS1 inhibited cell 
proliferation, migration, and invasion in NSCLC 
cells. Additionally, FAS-AS1 directly targeted 
miR-19a-5p and negatively regulated the expres-
sion of miR-19a-5p in NSCLC cells. Furthermore, 
FAS-AS1 overexpression restored the promo-
tion of miR-19a-5p overexpression on prolifer-
ation, migration, and invasion of NSCLC cells. 
Additionally, suppression of FAS-AS1 abrogat-
ed the inhibitory effects of miR-19a-5p knock-
down on the progression of NSCLC. FAS-AS1 
suppressed the tumor growth in vivo.

CONCLUSIONS: FAS-AS1 suppressed cell 
proliferation, migration, and invasion by spong-
ing miR-19a-5p in NSCLC, indicating that FAS-
AS1 might be a potential biomarker and thera-
peutic target for NSCLC.
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Abbreviations

SCLC = small cell lung cancer; NSCLC = non-small 
cell lung cancer; lncRNAs = long non-coding RNAs; 
ncRNAs = non-coding RNAs; miRNAs = MicroRNAs.

Introduction

Lung cancer is the most common malignant 
tumor and the most important source of cancer 
mortality1. Lung cancer is classified into small 
cell lung cancer (SCLC) and non-small cell lung 
cancer (NSCLC)2. NSCLC accounts for 85% of 
lung tumors and is divided into adenocarcinoma, 
squamous cell carcinoma, and large cell carcino-
ma3. The 5-year survival rate for NSCLC patients 
is less than 16%4. Therefore, it is urgent to explore 
the molecular mechanisms of NSCLC to improve 
its unfavorable prognosis. 

Long non-coding RNAs (lncRNAs) are a class 
of non-coding RNAs (ncRNAs) with a length of 
more than 200 nucleotides5. LncRNAs play an 
important role in the development and progres-
sion of various malignancies6. Recent studies7 
have elucidated that lncRNAs play an important 
role in the treatment of patients with NSCLC be-
cause lncRNAs play a vital role in diverse cellular 
processes. Fas-antisense 1 (FAS-AS1) regulated 
the alternative splicing of Fas in lymphomas and 
EZH2-mediated suppression of FAS-AS1 promot-
er could be released by DZNeP (3-Deazaneplano-
cin A) or overcome by ectopic expression of FAS-
AS1, both of which increased levels of FAS-AS1 
and correspondingly decreased sFas expression8. 
LncRNA FAS-AS1 was abnormally expressed in 
the development of non-small cell lung cancer9, 
but the specific mechanism of FAS-AS1 is still 
unclear. Therefore, this study explored the related 
role and molecular mechanism of FAS-AS1 in the 
progression of non-small cell lung cancer through 
in vitro and in vivo experiments.

MicroRNAs (miRNAs) are highly conserved 
short non-coding RNAs consisting of 18-25 
nucleotides10. MicroRNAs (miRNAs) have the 
function of post-transcriptional regulators in-
volved in biological processes11,12. MiRNAs 
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promoted or inhibited tumorigenesis and pro-
gression by regulating the expression of mR-
NAs13. High miR-19a expression was correlated 
with poor prognostic in patients with NSCLC14. 
MiR-19a-5p functioned as an oncogene and 
AC016405.3 inhibited glioblastoma multiforme 
cell proliferation and metastasis by up-regulat-
ing TET2 expression via sponging miR-19a-5p15. 
However, the role of miR-19a-5p in NSCLC 
remains unclear.

In this study, we demonstrated that FAS-AS1 
expression was decreased and miR-19a-5p expres-
sion was increased in NSCLC cells. The functional 
analysis suggested that FAS-AS1 inhibited cell 
proliferation, migration, and invasion in NSCLC 
cells. In addition, the mechanism analyzed showed 
that FAS-AS1 directly targeted miR-19a-5p and 
negatively regulated the expression of miR-19a-5p 
in NSCLC cells. In conclusion, FAS-AS1 inhibited 
the progression of NSCLC by sponging miR-19a-
5p, suggesting that FAS-AS1 might be a novel 
biomarker for NSCLC treatment. 

Materials and Methods

Cell Culture
Human lung epithelial cell line (BEAS-2B) and 

the NSCLC cell lines (NCL-H1299, NCL-H460, 
and A549) were purchased from ATCC (Amer-
ican Type Culture Collection; Manassas, VA, 
USA). All cells were cultured in Dulbecco’s Mod-
ified Eagle’s Medium (DMEM; Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA) at 37°C with 5% CO2.

Cell Transfection
FAS-AS1 overexpression vector (FAS-AS1), 

pcDNA empty vector (NC), small interfering 
RNA (siRNA) against FAS-AS1 (si-FAS-AS1), 
the negative control siRNA (si-NC), miR-19a-5p 
mimic (miR-19a-5p), the negative control mimic 
(miR-NC), miR-19a-5p inhibitor (anti-miR-19a-
5p), and the negative control inhibitor (anti-miR-
NC) were purchased from RiboBio (Guangzhou, 
China). Short hairpin RNA against FAS-AS1 
(sh-FAS-AS1) and the negative control (sh-NC) 
were purchased from GenePharma (Shanghai, 
China). Cell transfection was performed using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. 

Quantitative Real-Time PCR
Total RNA was extracted using TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) following the 
manufacturer’s instructions. RNA reverse tran-
scription was performed using High-Capacity 
cDNA Reverse Transcription Kits (Thermo Fish-
er Scientific, Waltham, MA, USA) or SYBR Pri-
meScript miRNA RT-PCR Kit (TaKaRa, Dalian, 
China). Quantitative real-time PCR (qPCR) was 
performed using SYBR Green Mixture (TaKa-
Ra, Dalian, China). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) and U6 were identified 
as internal controls. All experiments were re-
peated in triplicate. The primer sequences were 
as follows: FAS-AS1 (forward, 5’-GGTGTGA-
CATTACTCCAGAGTTG-3’; reverse, 5’-AGGG-
CCAAGTCCAACTCCTT-3’), GAPDH (forward, 
5’-GTCAACGGATTTGGTCTGTATT-3’; re-
verse, 5’-AGTCTTCTGGGTGGCAGTGAT-3-3’), 
U6 (forward, 5’-CTCGCTTCGGCAGCACA-3’; 
reverse, 5’-AACGCTTCACGAATTTGCGT-3’). 
The primers of miR-19a-5p were purchased from 
RiboBio (Guangzhou, China).

MTT Assay
Cell viability was evaluated using 3-(4,5-di-

methyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium 
bromide (MTT; Sigma-Aldrich, St. Louis, MO, 
USA). Briefly, transfected cells were seeded in 
96-well plates and MTT was added into each well 
after incubation for 0 h, 24 h, 48 h, and 72 h, re-
spectively. Then, the cells were incubated for 4 h 
and dimethyl sulfoxide (DMSO; Sigma-Aldrich, 
St. Louis, MO, USA) was added into each well. 
The absorbance was measured at 490 nm using 
Microplate Reader (Bio-Rad, Hercules, CA, USA).

Colony Formation Assay
The transfected cells were seeded into 6-well 

plates (200 cells/well) and cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM) containing 
10% fetal bovine serum (FBS) for 12 days. The 
medium was replaced, and the state of the cells 
was observed every 3 days. The colonies were 
fixed with methanol for 15 min and stained with 
0.5% crystal violet solution for 20 min. Colonies 
were photographed and counted

Transwell Assay
For migration assay, the transfected cells were 

resuspended in serum-free medium and seeded in-
to the upper chamber of a 24-well transwell with 8 
μm pore size (BD Biosciences, Franklin Lakes, NJ, 
USA). The lower chamber was added with com-
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plete medium as chemoattractant. The cells were 
incubated at 37°C for 48 h, and the cells migrating 
to the lower surface were fixed with formaldehyde 
and stained with crystal violet. Finally, the cells 
were counted under a microscope. For invasion 
assay, the transwell was coated with Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA).

Luciferase Reporter Assay
The fragment of FAS-AS1 containing putative 

wild (FAS-AS1-wt) or mutant (FAS-AS1-mut) 
binding sites was cloned into pGL3 plasmids 
(Promega, Madison, WI, USA) to form reporter 
vectors. The corresponding vectors were cotrans-
fected into NCL-H1299 and NCL-H460 cells 
with miR-19a-5p mimic (miR-19a-5p) or the con-
trol mimic (miR-NC) using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA). Luciferase ac-
tivity was measured using the Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI, 
USA) as described by the manufacturer. The 
activity of Renilla Luciferase was detected as 
endogenous reference.

Xenograft Tumor Experiment
BALB/c nude male mice (5-week-old) were 

maintained under pathogen-free conditions. 
NCL-H460 cells (2×107 cells/ml) transfected with 
NC, FAS-AS1, sh-NC or sh-FAS-AS1 were sub-
cutaneously injected into nude mice. Tumor vol-
ume was calculated every 7 days. Five weeks 
after the inoculation, tumor weight was detected 
after mice were sacrificed. Tumor tissues were 
snap-frozen for RNA extraction. The xenograft 
analysis was approved by the Animal Ethics 
Committee of Zhenhai People’s Hospital.

Statistical Analysis 
All data were expressed as mean ± standard 

deviation (SD) at least three independent ex-
periments. Student’s t-test or one-way ANOVA 
followed by Tukey’s post-hoc test was performed 
to analyze the differences using GraphPad Prism 
7.0 software (GraphPad, San Diego, CA, USA). 
When p-value <0.05, the difference was consid-
ered statistically significant.

Results

FAS-AS1 Was Down-Regulated in NSCLC 
Cells and Inhibited Cell Proliferation

First, we detected the expression of FAS-AS1 
in NSCLC cells using qRT-PCR and the results re-

vealed that FAS-AS1 expression was significantly 
lower in NSCLC cells (NCL-H1299, NCL-H460, 
and A549) than that in human lung epithelial 
cells (BEAS-2B) (Figure 1A). Next, NCL-H1299 
and NCL-H460 cells were transfected with NC, 
FAS-AS1, si-NC, and si-FAS-AS1, respectively. 
The results of qRT-PCR suggested that over-
expression of FAS-AS1 significantly increased 
FAS-AS1 expression, while FAS-AS1 suppres-
sion strikingly decreased FAS-AS1 expression in 
NCL-H1299 and NCL-H460 cells (Figure 1B and 
1C). MTT assay indicated that cell viability was 
remarkably reduced in FAS-AS1 group compared 
to NC group, and cell viability was markedly 
increased in si-FAS-AS1 group compared with 
si-NC group (Figure 1D and 1E). Furthermore, 
colony formation results showed that the cell pro-
liferative capacity was significantly inhibited in 
FAS-AS1 group compared to NC group, where-
as was notably induced in si-FAS-AS1 group 
compared with si-NC group (Figure 1F and 1G). 
All these data implied that FAS-AS1 might be a 
tumor suppressor in NSCLC and inhibited cell 
proliferation.

FAS-AS1 Inhibited Cell Migration and 
Invasion in NSCLC Cells

To investigate the effect of FAS-AS1 on mi-
gration and invasion of NSCLC cells, tran-
swell assay was performed in NCL-H1299 and 
NCL-H460 cells transfected with NC, FAS-AS1, 
si-NC or si-FAS-AS1. The results demonstrat-
ed that overexpression of FAS-AS1 distinct-
ly suppressed cell migration and invasion in 
NCL-H1299 and NCL-H460 cells (Figure 2A 
and 2C). Additionally, cell migration and in-
vasion ability were significantly facilitated in 
NCL-H1299 and NCL-H460 cells transfected 
with si-FAS-AS1 compared to si-NC group (Fig-
ure 2B and 2D). From these data, it was elucidat-
ed that FAS-AS1 suppressed cell migration and 
invasion in NSCLC cells.

FAS-AS1 Directly Targeted MiR-19a-5p
To explore the mechanism of FAS-AS1, we 

predicted that miR-19a-5p had binding sites of 
FAS-AS1 using LncBase v2 (Figure 3A). Du-
al-Luciferase reporter assay was performed to 
validate whether FAS-AS1 targeted miR-19a-5p. 
The results suggested that mature miR-19a-5p 
strikingly inhibited the Luciferase activity of 
NCL-H1299 and NCL-H460 cells transfected 
with FAS-AS1-wt, while the Luciferase activity 
of cells transfected with FAS-AS1-mut was not 
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Figure 1. FAS-AS1 was down-regulated in NSCLC cells and inhibited cell proliferation. A, Relative expression level of FAS-AS1 was determined by qRT-qPCR in human lung 
epithelial cell line (BEAS-2B) and NSCLC cell lines (NCL-H1299, NCL-H460 and A549). B-G, NCL-H1299 and NCL-H460 cells were transfected with NC, FAS-AS1, si-NC 
and si-FAS-AS1, respectively. B and C, FAS-AS1 expression was detected by qRT-PCR. D and E, Cell viability was measured by MTT assay. F and G, Cell colony formation 
assay was performed to analyze cell proliferative capacity (magnification 300×). *p < 0.05.



3779

Figure 2. FAS-AS1 inhibited cell migration and invasion in NSCLC cells. A and B, Cell migration of NCL-H1299 and NCL-H460 cells transfected with NC, FAS-AS1, si-NC or 
si-FAS-AS1 was detected by transwell assay, (magnification 100X) C and D, Cell invasion of NCL-H1299 and NCL-H460 cells transfected with NC, FAS-AS1, si-NC or si-FAS-
AS1 was determined by transwell assay ( magnification 100X). *p < 0.05.



C.-B. Yang, S.-W. Xiao, S.-M. Cheng, C. Zhang

3780

affected (Figure 3B). In addition, miR-19a-5p in-
hibitor strikingly increased the Luciferase activity 
of NCL-H1299 and NCL-H460 cells transfected 
with FAS-AS1-wt, whereas did not modulate the 
Luciferase activity when the binding sites were 
mutated (Figure 3C). These data demonstrated 
that FAS-AS1 directly targeted miR-19a-5p.

FAS-AS1 Regulated the Expression of 
MiR-19a-5p in NSCLC Cells

First, the expression of miR-19a-5p was detect-
ed in NSCLC cells using qRT-PCR and the results 
showed that miR-19a-5p was markedly upregulat-

ed in NCL-H1299 and NCL-H460 cells compared 
to human lung epithelial cells (BEAS-2B) (Figure 
4A). Next, we measured miR-19a-5p expression 
in NCL-H1299 and NCL-H460 cells transfected 
with NC, FAS-AS1, si-NC or si-FAS-AS1. The 
results of qRT-PCR revealed that FAS-AS1 over-
expression strikingly down-regulated miR-19a-5p 
expression (Figure 4B and 4C), while knockdown 
of FAS-AS1 remarkably upregulated miR-19a-5p 
expression in NCL-H1299 and NCL-H460 cells 
(Figure 4D and 4E). These results indicated that 
FAS-AS1 regulated the expression of miR-19a-5p 
in NSCLC cells.

Figure 3. FAS-AS1 directly targeted miR-19a-5p. A, Putative binding sites of FAS-AS1 and miR-19a-5p. B, NCL-H1299 
and NCL-H460 cells were cotransfected with FAS-AS1-wt or FAS-AS1-mut vectors and miR-19a-5p mimic or miR-NC, and 
Luciferase activity was examined at 48 h after transfection. C, NCL-H1299 and NCL-H460 cells were cotransfected with 
FAS-AS1-wt or FAS-AS1-mut vectors and anti-miR-19a-5p or anti-miR-NC, and Luciferase activity was determined at 48 h 
after transfection. *p < 0.05.
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FAS-AS1 Restored the Effect of 
MiR-19a-5p on Proliferation, Migration, 
and Invasion of NSCLC Cells

To further investigate the relationship be-
tween FAS-AS1 and miR-19a-5p, NCL-H1299 
and NCL-H460 cells were transfected with miR-
NC, miR-19a-5p mimic (miR-19a-5p), miR-19a-
5p+NC, miR-19a-5p+FAS-AS1, anti-miR-NC, 
anti-miR-19a-5p, anti-miR-19a-5p+si-NC, or 
anti-miR-19a-5p+si-FAS-AS1, respectively. The 
results showed that miR-19a-5p expression was 
significantly increased in miR-19a-5p group, 
while it was recovered to normal levels in miR-
19a-5p+FAS-AS1 group (Figure 5A). The expres-
sion of miR-19a-5p was evidently decreased in 
anti-miR-19a-5p group, which was abrogated in 
anti-miR-19a-5p+si-FAS-AS1 group (Figure 5B). 
MTT assay and colony formation assay showed 
that cell proliferation was markedly promoted 
in miR-19a-5p group, whereas returned to nor-
mal levels in miR-19a-5p+FAS-AS1 group (Fig-
ure 5C and 5E). However, cell proliferation was 
drastically restrained in anti-miR-19a-5p group, 
whereas restored to normal levels in anti-miR-
19a-5p+si-FAS-AS1 group (Figure 5D and 5F). 
Transwell assay revealed that cell migration and 

invasion were remarkably increased in miR-19a-
5p group, while overexpression of FAS-AS1 and 
miR-19a-5p restored migration and invasion to 
normal levels (Figure 5G and 5I). In addition, cell 
migration and invasion were markedly increased 
in anti-miR-19a-5p+si-FAS-AS1 group compared 
to anti-miR-19a-5p group (Figure 5H and 5J). All 
these data indicated FAS-AS1 abrogated the pro-
motion of miR-19a-5p on proliferation, migration, 
and invasion of NSCLC cells.

FAS-AS1 Blocked Tumorigenesis In Vivo
To confirm the effect of FAS-AS1 on tumor 

growth of NSCLC in vivo, the xenograft tumor 
model was constructed. NCL-H460 cells trans-
fected with NC, FAS-AS1, sh-NC or sh-FAS-
AS1 were inoculated into nude mice. The results 
showed that tumor volume in FAS-AS1 group 
was significantly lower than that in NC group, 
while tumor volume of sh-FAS-AS1 group was 
greatly higher than that of sh-NC group (Figure 
6A). Furthermore, tumor weight was distinctly 
decreased in FAS-AS1 group compared with NC 
group, whereas was significantly increased in 
sh-FAS-AS1 group compared to sh-NC group 
(Figure 6B). In addition, we also detected the 

Figure 4. FAS-AS1 regulated the expression of miR-19a-5p in NSCLC cells. A, Relative expression of miR-19a-5p was 
measured by qRT-qPCR in human lung epithelial cell line (BEAS-2B) and NSCLC cell lines (NCL-H1299 and NCL-H460). 
B and C, Expression of miR-19a-5p in NCL-H1299 and NCL-H460 cells transfected with NC or FAS-AS1 was detected by 
qRT-PCR. D and E, Expression of miR-19a-5p in NCL-H1299 and NCL-H460 cells transfected with si-NC or si-FAS-AS1 was 
determined by qRT-PCR. *p < 0.05.
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Figure 5. FAS-AS1 restored the effect of miR-19a-5p on proliferation, migration, and invasion of NSCLC cells. A, C, E, G, 
and I, NCL-H1299 and NCL-H460 cells were transfected with miR-NC, miR-19a-5p mimic (miR-19a-5p), miR-19a-5p+NC or 
miR-19a-5p+FAS-AS1. B, D, F, H, and J, NCL-H1299 and NCL-H460 cells were transfected with anti-miR-NC, anti-miR-19a-
5p, anti-miR-19a-5p+si-NC or anti-miR-19a-5p+si-FAS-AS1. A and B, Expression of miR-19a-5p was examined by qRT-PCR. 
C and D, Cell viability was evaluated by MTT assay. E and F, Cell proliferative capacity was detected by colony formation 
assay. G and H, Transwell assay was used to detect cell migration ability. I and J, Transwell assay was performed to examine 
cell invasion ability. *p < 0.05.
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expression levels of FAS-AS1 and miR-19a-5p 
in the tumor tissues by qRT-PCR assay after the 
mice were sacrificed. The results revealed that 
FAS-AS1 was significantly up-regulated in FAS-
AS1 group, while was markedly down-regulated 
in sh-FAS-AS1 group (Figure 6C). Furthermore, 
miR-19a-5p was remarkedly down-regulated 
in FAS-AS1 group, whereas was significantly 
up-regulated in sh-FAS-AS1 group (Figure 6D). 
Thus, the xenograft assay indicated that FAS-AS1 
suppressed the tumor growth in vivo.

Discussion

Non-small cell lung cancer (NSCLC) is one 
of the most common and deadly tumors world-
wide16. Some studies17,18 suggested that lncRNAs 
can function as potential tumor markers or ther-
apeutic targets for NSCLC, because aberrant ex-
pression of lncRNAs plays important roles in 
tumorigenesis of various cancers by modulating 
many biological mechanisms. Abdolmaleki et 
al19 demonstrated that FAS-AS1 expression was 
markedly lower in bladder cancer tissues than that 
in normal tissues, hinting that FAS-AS1 might act 
as a diagnostic marker in bladder cancer. In breast 
cancer, FAS-AS1 was remarkably down-regulat-
ed, and played a role in soluble Fas receptor (sFas) 
expression and breast cancer development20. A 
previous study9 showed that lncRNA FAS-AS1 
was down-regulated in non-small cell lung cancer 
tissues compared to the adjacent normal tissues. 
Consistent with this research, the expression level 

of FAS-AS1 was significantly lower in NSCLC 
cells than that in human lung epithelial cells. In 
the present study, we demonstrated that FAS-AS1 
inhibited cell proliferation, migration, and inva-
sion in NCL-H1299 and NCL-H460 cells. 

LncRNAs serve as competitive endogenous 
RNAs to regulate miRNA expression21,22. We 
used LncBase v2 software to predict the targets 
of FAS-AS1 and selected miR-19a-5p for further 
investigations. MiR-19a-5p has been reported to 
play an important role in cell proliferation and 
metastasis in various cancers, including glio-
blastoma multiforme15. Many miRNAs play an 
important role in tumor progression. Cao et al23 
observed that miR-19a promoted gefitinib re-
sistance and EMT in NSCLC cells by targeting 
c-Met. Wang and Chen24 found that miR‑19a was 
upregulated in NSCLC tissues and cells, and in-
duced cell proliferation, migration, and invasion 
by targeting the suppressor of cytokine signal-
ing 1 (SOCS1) and regulating STAT3 activation. 
Lin et al25 suggested that high serum miR-19a 
expression was correlated with TNM stage and 
lymph node metastasis, indicating that high se-
rum miR-19a expression was correlated with poor 
prognostic in patients with NSCLC. However, the 
underlying molecular mechanism of miR-19a-5p 
in NSCLC progression remains unclear. In the 
present study, we found that FAS-AS1 directly 
targeted miR-19a-5p and down-regulated the ex-
pression of miR-19a-5p. Therefore, we confirmed 
that FAS-AS1 suppressed cell proliferation, mi-
gration, and invasion in NSCLC cells by spong-
ing miR-19a-5p.

Figure 6. FAS-AS1 blocked tumorigenesis in vivo. A-D, NCL-H460 cells were transfected with NC, FAS-AS1, sh-NC or 
sh-FAS-AS1. A, Tumor volume was estimated every 7 days. B, Tumor weight was measured after mice were sacrificed. C, 
Expression of FAS-AS1 was examined by qRT-PCR. D, Expression of miR-19a-5p was measured by qRT-PCR. *p < 0.05.
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Conclusions

All together, FAS-AS1 was down-regulated 
in NSCLC cells. FAS-AS1 overexpression sup-
pressed proliferation, migration, and invasion of 
NSCLC cells. Conversely, FAS-AS1 knockdown 
induced proliferation, migration, and invasion 
of NSCLC cells. Overexpression of FAS-AS1 
reversed the effects of miR-19a-5p overexpres-
sion on NSCLC progression. In addition, the 
suppression of FAS-AS1 abrogated the inhibi-
tory effects of miR-19a-5p knockdown on the 
progression of NSCLC. To conclude, FAS-AS1 
suppressed cell proliferation, migration, and 
invasion by sponging miR-19a-5p in NSCLC, 
which indicated that FAS-AS1 might be a novel 
therapeutic target for NSCLC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval and Consent to Participate
This investigation was approved by the Ethics Commit-
tee of The First Affiliated Hospital of Zhejiang Universi-
ty, Hangzhou. The methods used in this study were per-
formed in accordance with relevant guidelines and regula-
tions. Written consent was obtained from the participants or 
guardians of participants under 16 years old.

Availability of Data and Materials
All original data and materials are available from the corre-
sponding author upon request.

References

  1)	 Kaderbhaï C, Tharin Z, Ghiringhelli F. The role of 
molecular profiling to predict the response to im-
mune checkpoint inhibitors in lung cancer. Can-
cers (Basel) 2019; 11. pii: E201.

  2)	 Radovic M, Kanesvaran R, Rittmeyer A, Früh M, Min-
ervini F, Glatzer M, Putora PM. Multidisciplinary 
treatment of lung cancer in older patients: a re-
view. J Geriatr Oncol 2019; 10: 405-410.

  3)	 Relli V, Trerotola M, Guerra E, Alberti S. Aban-
doning the notion of non-small cell lung cancer. 
Trends Mol Med 2019; 25: 585-594.

  4)	 Testa U, Castelli G, Pelosi E. Lung cancers: molec-
ular characterization, clonal heterogeneity and 
evolution, and cancer stem cells. Cancers (Basel) 
2018; 10: pii: E248.

  5)	 Sun Y, Ma L. New insights into long non-coding 
RNA in cancer and metastasis. Cancers (Basel) 
2019; 11. pii: E216.

  6)	 Sun H, Huang Z, Sheng W, Xu MD. Emerging roles 
of long non-coding RNAs in tumor metabolism. J 
Hematol Oncol 2018; 11: 106.

  7)	 Lu T, Wang Y, Chen D, Liu J, Jiao W. Potential clin-
ical application of lncRNAs in non-small cell lung 
cancer. Onco Targets Ther 2018; 11: 8045-8052.

  8)	 Sehgal L, Mathur R, Braun FK, Wise JF, Berkova Z, 
Neelapu S, Kwak LW, Samaniego F. FAS-antisense 1 
lncRNA and production of soluble versus mem-
brane Fas in B-cell lymphoma. Leukemia 2014; 
28: 2376-2387.

  9)	 Esfandi F, Taheri M, Omrani MD, Shadmehr MB, Ar-
sang-Jang S, Shams R, Ghafouri-Fard S. Expression 
of long non-coding RNAs (lncRNAs) has been 
dysregulated in non-small cell lung cancer tis-
sues. BMC Cancer 2019; 19: 222.

10)	 Slaby O, Svoboda M, Michalek J, Vyzula R. MicroR-
NAs in colorectal cancer: translation of molecular 
biology into clinical application. Mol Cancer 2009; 
8: 102.

11)	 Delangle R, De Foucher T, Larsen AK, Sabbah M, 
Azaïs H, Bendifallah S, Daraï E, Ballester M, Mehats 
C, Uzan C, Canlorbe G. The use of microRNAs in 
the management of endometrial cancer: a me-
ta-analysis. Cancers (Basel) 2019; 11: pii: E832.

12)	 Lynam-Lennon N, Maher SG, Reynolds JV. The roles 
of microRNA in cancer and apoptosis. Biol Rev 
Camb Philos Soc 2009; 84: 55-71.

13)	 Svoronos AA, Engelman DM, Slack FJ. OncomiR or 
tumor suppressor? The duplicity of microRNAs in 
cancer. Cancer Res 2016; 76: 3666-3670.

14)	 Xu X, Zhu S, Tao Z, Ye S. High circulating miR-18a, 
miR-20a, and miR-92a expression correlates with 
poor prognosis in patients with non-small cell 
lung cancer. Cancer Med 2018; 7: 21-31.

15)	 Ren S, Xu Y. AC016405.3, a novel long noncod-
ing RNA, acts as a tumor suppressor through 
modulation of TET2 by microRNA-19a-5p 
sponging in glioblastoma. Cancer Sci 2019; 
110: 1621-1632.

16)	 Peng W, Wang J, Shan B, Peng Z, Dong Y, Shi W, He 
D, Cheng Y, Zhao W, Zhang C, Li B, Duan C. Diag-
nostic and prognostic potential of circulating long 
non-coding RNAs in non small cell lung cancer. 
Cell Physiol Biochem 2018; 49: 816-827.

17)	 Osielska MA, Jagodziński PP. Long non-coding RNA 
as potential biomarkers in non-small-cell lung 
cancer: what do we know so far? Biomed Phar-
macother 2018; 101: 322-333.

18)	 Wei MM, Zhou GB. Long non-coding RNAs and 
their roles in non-small-cell lung cancer. Genom-
ics Proteomics Bioinformatics 2016; 14: 280-288.

19)	 Abdolmaleki F, Ghafoui-Fard S, Taheri M, Mordadi A, 
Afasharpad M, Varmazyar S, Nazparvar B, Oskooei VK, 
Omrani MD. Expression analysis of a panel of long 
non-coding RNAs (lncRNAs) revealed their poten-
tial as diagnostic biomarkers in bladder cancer. 
Genomics 2019 May 2. pii: S0888-7543(19)30012-
6. doi: 10.1016/j.ygeno.2019.04.020. [Epub ahead 
of print]



LncRNA FAS-AS1 inhibits the progression of NSCLC through regulating miR-19a-5p

3785

20)	 Zhou SW, Su BB, Zhou Y. [Expression of FAS-
AS1 in breast cancer and its effect on the host 
gene sFas]. Zhonghua Yi Xue Za Zhi 2016; 96: 
949-953.

21)	 Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A 
ceRNA hypothesis: the Rosetta Stone of a hidden 
RNA language? Cell 2011; 146: 353-358.

22)	 Tay Y, Rinn J, Pandolfi PP. The multilayered com-
plexity of ceRNA crosstalk and competition. Na-
ture 2014; 505: 344-352.

23)	 Cao X, Lai S, Hu F, Li G, Wang G, Luo X, Fu X, Hu 
J. MiR-19a contributes to gefitinib resistance and 

epithelial mesenchymal transition in non-small 
cell lung cancer cells by targeting c-Met. Sci Rep 
2017; 7: 2939.

24)	 Wang X, Chen Z. MicroRNA-19a functions as an 
oncogenic microRNA in non-small cell lung can-
cer by targeting the suppressor of cytokine sig-
naling 1 and mediating STAT3 activation. Int J Mol 
Med 2015; 35: 839-846.

25)	 Lin Q, Chen T, Lin Q, Lin G, Lin J, Chen G, Guo L. 
Serum miR-19a expression correlates with worse 
prognosis of patients with non-small cell lung 
cancer. J Surg Oncol 2013; 107: 767-771.


