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Purpose: Non-small cell lung cancer (NSCLC) is the first leading cause of cancer-related
death globally. Long noncoding RNA KCNQ1 overlapping transcript 1 (KCNQ10OT1) was
involved in the progression of multiple cancers by sponging target miRNA. We aimed to
explore the pathological mechanism of KCNQI1OT1 in NSCLC progression.

Methods: The expression of KCNQ1OT1, miR-204-5p and autophagy-related gene 3 (ATG3)
was measured by quantitative real-time polymerase chain reaction (QRT-PCR). 3-(4, 5-Dimethyl-
2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay and flow cytometry assay were
conducted for the detection of cell proliferation and apoptosis, respectively. Western blot assay was
performed to examine the protein levels of B-cell lymphoma-2 (BCL-2), BCL2-Associated
X (Bax), cleaved caspase-3, cleaved caspase-9 and LC3I[/LC3 [ and P62. The interaction
between miR-204-5p and KCNQ1OT1 or ATG3 was validated by dual-luciferase reporter system
and RNA immunoprecipitation (RIP) assay. Murine xenograft assay was conducted to explore the
function of KCNQ1OT1 in vivo. Immunohistochemistry (IHC) staining assay was used for the
analysis of ki67-positive cell percentage.

Results: The expression of KCNQ1OT1 and ATG3 was up-regulated whereas miR-204-5p was
down-regulated in NSCLC tumors and cells. MiR-204-5p was inversely correlated with
KCNQIOT1 or ATG3. In addition, KCNQI1OT1 knockdown facilitated apoptosis, inhibited
autophagy and proliferation of NSCLC cells in vitro and blocked tumor growth in vivo.
However, the miR-204-5p inhibitor reversed the effects. More importantly, ATG3 was a target
gene of miR-204-5p and ATG3 overexpression restored the effect of miR-204-5p on NSCLC cell
progression.

Conclusion: KCNQ1OT1 promotes cell proliferation and autophagy and inhibits cell apoptosis
via regulating miR-204-5p/ATG3 axis, providing a promising target for NSCLC therapy.
Keywords: KCNQ1OT]1, miR-204-5p, ATG3, NSCLC

Introduction

Non-small cell lung cancer (NSCLC) which accounts for more than 80% of lung
cancer is the first leading cause of cancer-related death globally."? Despite
advanced treatment strategies, including surgical resection, chemotherapy, radio-
therapy, immunotherapy and combined therapy, have palliated the symptoms, the
5-year overall survival rate is still less than 20% in patients with NSCLC.* In
addition, chemo-resistance and high metastasis of NSCLC vitiated the therapy
outcomes.® Therefore, it is urgently needed to elucidate the physiological and
pathological mechanism of NSCLC.
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Long non-coding RNAs (IncRNAs) are fundamental
modulators of cell cycle, proliferation, migration, differ-
entiation, invasion, metastasis, apoptosis, inflammation
and autophagy in multiple cancers.”” LncRNA KCNQI
overlapping transcript 1 (KCNQI1OT1), mapped in human
KCNQI locus with a length of 91 kb, plays essential roles
in tumor proliferation, metabolism, epithelial-mesenchy-
mal transition (EMT) and growth via functioning as com-
peting endogenous RNA (ceRNA).'!'" KCNQIOTI
mainly acts as an oncogene in different cancers. For
instance, KCNQI1OT!1 facilitated proliferation, migration
and invasion of cholangiocarcinoma cells by interacting
with miR-140-5p."? Besides, KCNQ1OT]1 was reported to
improve chemoresistance of oxaliplatin against hepatocel-
lular carcinoma by up-regulating ABCCI1 via sponging
miR-7-5p."* Though a previous study has demonstrated
that KCNQIOT! could be an oncogene in NSCLC,' the
molecular mechanism of KCNQ1OT1 in NSCLC remains
obscure.

MicroRNAs (miRNAs) are evolutionarily conserved
small non-coding RNAs with 19-23 nucleotides in
length.'>'® Despite without protein coding capacity,
miRNAs are widely involved in the regulation of gene
expression at the post-transcriptional level by comple-
mentarily binding with messenger RNAs (mRNAs).'>?
Ectopic expression of miRNA is closely associated with
tumorigenesis and development.”® As a tumor suppres-
sor, miR-204-5p is a pivotal regulator in multiple can-
cers. For example, miR-204-5p suppressed cell invasion
and metastasis by targeting forkhead box C1 in laryn-
geal squamous cell carcinoma.”?' Similarly, miR-204-5p
attenuated proliferation, migration, invasion and metas-
tasis of hepatocellular carcinoma and oral squamous cell
carcinoma though repressing CXCR4 and SIRT1 expres-
respectively.”>*’,  Autophagy-related gene 3
(ATG3) could be targeted by several miRNAs to parti-
cipate in the regulation of NSCLC**** However,
whether miR-204-5p can target ATG3 in NSCLC
requires deep investigation.

sion,

In the present study, we attempted to investigate the
underlying mechanism of the KCNQ1OT1/miR-204-5p/
ATG3 axis in NSCLC cell progression. All the results
indicated that KCNQIOT1 promotes proliferation and
autophagy while suppresses apoptosis by regulating the
miR-204-5p/ATG3 axis. This study might provide pro-
mising biomarkers for the diagnosis and treatment of
NSCLC.

Materials and Methods

Tissue Samples

Fresh NSCLC tumor tissues and the corresponding normal
tissues were obtained from 35 NSCLC patients recruited from
The First Affiliated Hospital of Zhengzhou University. The
patients had not received preoperative treatment. All NSCLC
patients have signed written informed consents and the experi-
ment protocols were approved by the Ethics Committee of The
First Affiliated Hospital of Zhengzhou University.

Cell Transfection

NSCLC cell lines HCC827, H1299, A549, H460 and human
bronchial epithelial cell BEAS-2B were purchased from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). All the cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS; Gibco) and
0.05% penicillin/streptomycin (Gibco). Small hairpin RNA
(shRNA) targeting KCNQ1OT1 (sh-KCNQ1OT1), shRNA
negative control (sh-NC), pcDNA, and pcDNA-ATG3
(ATG3) were
Genepharma (Shanghai, China). The miRNA mimics (miR-
204-5p), miR-204-5p inhibitor (anti-miR-204-5p), miRNA
negative control (miR-NC) and miRNA negative control inhi-
bitor (anti-miR-NC) were purchased from RIBOBIO
(Guangzhou, China). The synthetic oligonucleotides or plas-

overexpression  vector synthesized by

mids were transfected in AS549 and H460 cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

NSCLC tissues and cells were incubated with TRIzol reagent
(Invitrogen) to extract total RNA. The c¢DNA for
KCNQI1OT1, miR-204-5p and ATG3 was synthesized by All-
in-One™ First-Strand c¢cDNA Synthesis Kit (FulenGen,
Guangzhou, China). Then, gqRT-PCR was performed using
SYBR green (Applied Biosystems, Foster City, CA, USA)
following the standard procedures. The primers for
KCNQI1OTI1, miR-204-5p, ATG3, GAPDH and U6 were
listed as follows: KCNQIOT1 (Forward, 5-TTGGT
AGGATTTTGTTGAGG-3"; Reverse, 5-CAACCTTCCC
CTACTACC-3'); miR-204-5p (Forward, 5-CGAAGTT
CCCTTTGTCATCCT-3; Reverse, 5-GTGCAGGGTCCG
AGGTATTC-3"); ATG3 (Forward, 5-GCAAACAAGAA
CCTATGACCTG-3"; Reverse, 5'-GTCTTCATACATGTG
CTCAACTG-3'); GAPDH, (Forward, 5-AGGTCGGTGT

GAACGGATTTG-3"; Reverse, 5-GGGGTCGTTGATG
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GCAACA-3'); U6, (Forward, 5-ACCCTGAGAAATACC
CTCACAT-3; 5-GACGACTGAGCCCCTGA
TG-3).

Reverse,

3-(4, 5-Dimethyl-2-Thiazolyl)-2,
5-Diphenyl-2-H-Tetrazolium Bromide

(MTT) Assay and Flow Cytometry Assay
Cell viability and apoptosis were evaluated by MTT assay and
flow cytometry assay, respectively. For MTT assay, transfected
A549 and H460 cells (5000 cells/well) were seeded on 96-well
plates for 24 h, 48 h, 72 h and 96 h. Then, the cells were
reacted with 10 uLL. MTT reagent (Beyotime, Shanghai, China)
and kept for an additional 4 h. The OD value at 490 nm was
measured by a spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). For flow cytometry assay, transfected
A549 and H460 cells were collected, stained using Annexin
V-FITC/PI Apoptosis Detection Kit (Vazyme, Nanjing, China)
and analyzed by BD FACS Canto II flow cytometry (BD
Biosciences, Franklin Lakes, NJ, USA).

Dual-Luciferase Reporter Assay

The sequences of KCNQIOT1 and 3'-UTR of ATG3
including the wild-type or mutant binding sequences of
miR-204-5p were cloned and introduced into pmiR-
REPORTTM vectors (RiboBio, Guangzhou, China) to
generate luciferase reporter vectors WT-KCNQI1OTI,
MUT-KCNQI1OTI1, ATG3 3'UTR-WT and ATG3 3'UTR-
MUT, respectively. Then, miR-204-5p or miR-NC was
transfected into A549 and H460 cells together with indi-
cated luciferase reporter vector using Lipofectamine 2000
transfection  reagent  (Invitrogen).  Dual-Luciferase
Reporter Assay Kit (Vazyme) was utilized for the detec-

tion of luciferase activity after 48 h.

RNA Immunoprecipitation (RIP) Assay
Magna RNA immunoprecipitation kit (Millipore,
Bedford, MA, USA) was employed for RIP assay. In
brief, A549 and H460
KCNQI1OT1 and negative control (NC) were lysed by
RIP buffer. Then, cell lysis was incubated with magnetic
beads coated with Anti-Argonaute2 (Anti-Ago2; Abcam,
Cambridge, MA, USA) or immunoglobulin G (Anti-IgG;
Abcam). The enrichment of miR-204-5p was subjected
to qRT-PCR after RNAs in the magnetic beads were
purified.

cells transfected with

Western Blot Assay

Western blot assay was performed following the standard
protocol. In brief, after total protein was isolated and quanti-
fied, the proteins were separated by sodium dodecyl sulfonate-
polyacrylamide gel (SDS-PAGE; Solarbio, Beijing, China)
and then transferred onto polyvinylidene difluoride mem-
branes (PVDF; Pall Corporation, New York, NYC, USA).
Next, the membranes were blocked in slim milk for 2 h and
then incubated with primary antibodies against ATG3
(ab108251; 1:2000; Abcam, Cambridge, MA, USA), LC3 11/
LC3 1 (ab128025; 1:200; Abcam), P62 (ab56416; 1:500;
Abcam), B-cell lymphoma-2 (BCL-2; ab196495; 1:1000;
Abcam), cleaved caspase-3 (ab49822; 1:500; Abcam), cleaved
caspase-9 (ab2324; 1:2000; Abcam), BCL2-Associated
X (Bax; ab182733; 1:2000; Abcam) or GAPDH (ab181602;
1:5000; Abcam) at 4°C overnight followed by incubation with
HRP-conjugated secondary antibody (D110150; 1:5000;
Sangon, Shanghai, China) for 2 h. The protein bands were
analyzed using an enhanced chemiluminescence reagent
(Beyotime).

Murine Xenograft Assay

Male nude mice of 5 weeks old were purchased from
Vital River Laboratory Animal Technology (Beijing,
China). Our animal experiment protocols were approved
by the Ethics Committee of The First Affiliated Hospital
of Zhengzhou University and performed according to
the NIH guidelines for the care and use of laboratory
animals (NIH Publication No. 85-23 Rev.1985). In
brief, A549 and H460 cells stably transfected with sh-
KCNQI1OT1 and sh-NC were subcutaneously injected in
mice to establish xenograft mice model. Tumor volume
was measured every 4 d from day 8 and calculated
using the formula: (lengthxwidth2)/2. Tumor weight
was measured after 28 d and tumors were harvested
and preserved at —80°C.

Immunohistochemistry (IHC) Staining
Assay

The tissue sections were deparaffinized, rehydrated
using a graded ethanol series and heated in citrate
buffer for antigen retrieval. Then, the sections were
washed, blocked and incubated with normal goat
serum. Then, the samples were incubated with
anti-Ki67 (ab15580; 1:500;
Abcam) at 4°C overnight and secondary antibody
(ab205718; 1:5000; Abcam). The sections were stained

a primary antibody
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with diaminobenzidine (DAB) and then counterstained
with hematoxylin, dehydrated and mounted. At last, the
section was photographed using a digital microscope
camera (Nikon, Tokyo, Japan).

Statistical Analysis

All the experiments were conducted at least in triplicate and
data were presented as means + standard deviation (SD).
Statistical analysis was carried out using SPSS 13.0 software
(SPSS, Chicago, IL, USA) and GraphPad Prism 7 (GraphPad
Inc., San Diego, CA, USA). The correlation between miR-
204-5p and KCNQIOT1 or ATG3 was analyzed by
Pearson’s correlation coefficient analysis. P value less than
0.05 (P<0.05) was considered as statistically significant.
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Results
KCNQIOTI Depletion Induces
Apoptosis and Suppresses Proliferation

and Autophagy in NSCLC Cells

The functions of KCNQ1OT1 on NSCLC cell proliferation,
apoptosis and autophagy were assessed by MTT assay, flow
cytometry analysis and Western blot assay, respectively. As
illustrated in Figure 1A and B, KCNQ1OT]1 expression was
extremely higher in NSCLC tumor tissues than that in the
Likewise, KCNQIOTI1
expression was up-regulated in NSCLC cell lines
(HCC827,H1299, A549, H460) compared with human bron-
chial epithelial cell BEAS-2B (Figure 1C). Furthermore,

corresponding normal tissues.
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Figure 1 KCNQIOTI knockdown repressed proliferation and autophagy and induced apoptosis in NSCLC. (A, B) KCNQIOT! expression in 35 pairs of NSCLC tumor
tissues and normal tissues. (C) KCNQIOT | expression in NSCLC cell lines (HCC827, H1299, A549, H460) and human bronchial epithelial cell BEAS-2B. (D-K) A549 and
H460 cells were stably transfected with sh-KCNQIOTI or sh-NC. (D) KCNQIOTI expression in stably transfected A549 and H460 cells. (E, F) Cell viability of
transfected A549 (E) and H460 cells (F). (G) Cell apoptosis of transfected A549 and H460 cells. (H, 1) The expression of apoptosis-related protein cleaved caspase-3,
cleaved caspase-9, Bax and anti-apoptosis protein BCL-2 in transfected A549 (H) and H460 cells (I). (J, K) Protein expression of autophagy markers LC3 and P62 in

transfected A549 (J) and H460 cells (K). *P<0.05, ***P<0.001.
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loss-of-function experiments were employed by knocking
down KCNQIOT1 to explore the regulatory effects of
KCNQI1OT1 on NSCLC cell progression. An obvious reduc-
tion of KCNQI1OT1 expression was noticed in A549 and
H460 cells stably transfected with sh-KCNQ1OT]1, indicat-
ing the transfection efficiency was relatively high (Figure
1D). Moreover, cell growth was inhibited apparently in
NSCLC cells after KCNQIOTT1 silencing (Figure 1E and
F). On the contrary, the cell apoptosis rate was enhanced in
the sh-KCNQI1OT]1 transfected group compared with sh-NC
group (Figure 1G). Hence, the expression of apoptosis-
related proteins was measured. We found that Bax, cleaved
caspase-3 and cleaved caspase-9 were dramatically elevated
whereas anti-apoptosis protein BCL-2 was decreased in both
A549 and H460 cells stably transfected with sh-KCNQ10T1
(Figure 1H and I). We also analyzed the expression of autop-
hagy markers LC3 and P62 and observed that deficiency of
KCNQIOT]1 repressed LC3II/LC3I expression and boosted
P62 expression (Figure 1J and K). Collectively, KCNQ10T1

WT-KCNQ10T1 5' CACGAGGAGACAUCAAAGGGAA 3'
miR-204-5p 3' UCCGUAUCCUACUGuUUUCCCUU 5'
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knockdown induced apoptosis and suppressed proliferation
and autophagy in NSCLC cells.

KCNQIOTI is a Sponge of miR-204-5p

Growing evidence has validated that IncRNA KCNQI1OT1
exerts its function by sponging the target miRNA. As searched
by the online prediction tool StarBase v2.0, miR-204-5p
includes the binding sites of KCNQI1OT1 (Figure 2A). To
confirm the prediction, wild type (WT-KCNQ1OT1) and
mutant type (MUT-KCNQ1OT1) vectors were constructed
and co-transfected into A549 and H460 cells with miR-204-
5p or miR-NC to establish dual-luciferase reporter system.
Luciferase activity was reduced evidently in NSCLC cells co-
transfected with WT-KCNQ1OT1 and miR-204-5p compared
to WT-KCNQIOT1 and miR-NC co-transfected cells, while
luciferase activity in MUT-KCNQI1OT]1 transfection group
remained unchanged (Figure 2B and C). Additionally, the
RIP assay indicated that the enrichment of miR-204-5p in the
Anti-Ago2 RIP group was elevated in NSCLC cells transfected
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Figure 2 KCNQIOT| directly interacted with miR-204-5p. (A) The putative binding sites between KCNQIOT | and miR-204-5p. (B, C) Luciferase activity of A549 (B) and
H460 cells (C) co-transfected with WT-KCNQIOTI or MUT-KCNQIOT! and miR-204-5p or miR-NC. (D) The enrichment of miR-204-5p in Anti-Ago2 immunopre-
cipitation complex in A549 and H460 cells transfected with KCNQIOT | or pcDNA. (E, F) The expression of miR-204-5p in A549 (E) and H460 cells (F) transfected with
KCNQIOTI, sh-KCNQIOTI, pcDNA or sh-NC. (G, H) The expression of miR-204-5p in NSCLC tumor tissues and normal tissues. (I) The expression of miR-204-5p in
NSCLC cell lines (HCC827, H1299, A549, H460) and human bronchial epithelial cell BEAS-2B. (J) The correlation between expression of KCNQIOT | and miR-204-5p (r=

—0.7785, P<0.0001). *P<0.05, ***P<0.001.
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with KCNQ1OT1 (Figure 2D). More importantly, overexpres-
sion of KCNQIOTI repressed miR-204-5p expression
whereas depletion of KCNQIOT1 facilitated miR-204-5p
expression (Figure 2E and F). Subsequently, we discovered
that the expression of miR-204-5p was down-regulated in
NSCLC tumor tissues and cell lines compared with normal
tissues (Figure 2G and H) and cells (Figure 2I). Pearson’s
correlation coefficient analysis exhibited that KCNQI1OT]1
was negatively correlated with miR-204-5p (=—0.7785,
P<0.0001) in NSCLC tissues (Figure 2J). These findings
demonstrated that KCNQI1OT]1 acted as a sponge of miR-
204-5p.

KCNQIOTI Regulates Proliferation,
Apoptosis and Autophagy by Binding to
miR-204-5p in NSCLC Cells

To explore whether KCNQIOT1 could regulate NSCLC
progression by binding to miR-204-5p, A549 and H460
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cells were transfected with sh-KCNQ1OT 1+anti-miR-204-
5p, sh-KCNQI1OT1+anti-miR-NC, sh-KCNQI1OT1 or sh-
NC. As exhibited in Figure 3A, all the vectors were trans-
fected into A549 and H460 cells successfully with high
transfection efficiency. MTT results revealed that miR-204-
5p inhibitor could abrogate KCNQ1OTT1 silencing induced
inhibition on cell proliferation in NSCLC (Figure 3B and C).
Conversely, the KCNQI1OT1 knockdown promoted the
apoptosis of A549 and H460 cells and miR-204-5p inhibitor
rescued the effect (Figure 3D). Consistently, KCNQ1OT1
knockdown enhanced the expression of apoptosis-related
protein Bax, cleaved caspase-3 and cleaved caspase-9, and
reduced the expression of anti-apoptosis protein BCL-2.
However, the miR-204-5p inhibitor reversed the trends
(Figure 3E and F). Furthermore, the level of LC3II/LC3I
was decreased whereas P62 was increased after
KCNQI1OT!1 silencing; however, the miR-204-5p inhibitor
transfection group overturned the effects (Figure 3G and H).
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Figure 3 miR-204-5p inhibitor attenuated the effects of KCNQIOTI silencing on cell proliferation, apoptosis and autophagy in NSCLC. A549 and H460 cells were
transfected with sh-KCNQOT [ +anti-miR-204-5p, sh-KCNQIOTI, sh-KCNQIOT | +anti-miR-NC or sh-NC. (A) The expression of miR-204-5p in transfected A549 and
H460 cells. (B, C) Cell viability of transfected A549 (B) and H460 cells (C). (D) Cell apoptosis of transfected A549 and H460 cells. (E, F) The expression of apoptosis-
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Figure 4 ATG3 is a target of miR-204-5p. (A) The putative binding sites between ATG3 and miR-204-5p. (B, C) Luciferase activity of A549 (B) and H460 cells (C) co-transfected with
ATG3 3'UTR-WTor ATG3 3’'UTR-MUTand miR-204-5p or miR-NC. (D, E) Protein expression of ATG3 in A549 (D) and H460 cells (E) transfected with miR-204-5p, anti-miR-204-
5p, anti-miR-NC or miR-NC. (F, G) The expression of ATG3 in NSCLC tumor tissues and normal tissues. (H) The correlation between ATG3 and miR-204-5p (r=—0.6014, P<0.0001).
(1, J) The expression of ATG3 mRNA (1) and protein (J) in NSCLC cell lines (HCC827, H1299, A549, H460) and human bronchial epithelial cells BEAS-2B. *P<0.05, ***P<0.001.

proliferation, apoptosis and autophagy by interacting with
miR-204-5p in NSCLC cells.

ATG3 is a Target of miR-204-5p

Based on bioinformatics analysis using StarBase v2.0, miR-
204-5p comprised the binding sites of 3'UTR ATG3
(Figure 4A). Dual-luciferase reporter assay exhibited that luci-
ferase activity was relatively lower in NSCLC cells
co-transfected with ATG3 3'UTR-WT and miR-204-5p than
ATG3 3'UTR-WT and miR-NC co-transfected group, confirm-
ing the interaction between ATG3 and miR-204-5p (Figure 4B
and C). Besides, ATG3 protein expression was reduced by the
introduction of miR-204-5p while enhanced by miR-204-5p
inhibitor in A549 and H460 cells (Figure 4D and E). As
expected, ATG3 expression was up-regulated in NSCLC
tumor tissues compared with normal tissues (Figure 4F and
G). Then, we found ATG3 expression was negatively corre-
lated with miR-204-5p expression in NSCLC tissues, as illu-
strated by Person’s correlation coefficient analysis (=—0.6014,
P<0.0001) (Figure 4H). Similarly, the mRNA and protein
levels of ATG3 were considerably higher in NSCLC cell
lines (HCC827, H1299, A549, H460) than those in BEAS-

2B cells (Figure 41 and J). Altogether, ATG3 was a target of
miR-204-5p.

ATG3 Overexpression Reverses
miR-204-5p Mediated Regulatory Effects
on Proliferation, Apoptosis and
Autophagy in NSCLC Cells

Following confirmation that ATG3 is a target of miR-
204-5p, A549 and H460 cells were transfected with
miR-204-5p+ATG3, miR-204-5p+pcDNA, miR-204-5p
or miR-NC to illuminate the effects of miR-204-5p/
ATG3 axis on NSCLC cell development. As presented
in Figure 5A, the expression of ATG3 protein was
NSCLC transfected with ATG3
compared with the pcDNA group. Moreover, ATG3
restored the suppressive effect of miR-204-5p on the
proliferation of A549 and H460 cells (Figure 5B
and C). Likewise, ATG3 elevation reversed miR-204-
5p induced promotional effect on NSCLC cell apopto-

raised in cells

sis (Figure 5D). As expected, the expression levels of
apoptosis-related protein Bax, cleaved caspase-3 and
cleaved caspase-9 were enhanced by miR-204-5p and
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Figure 5 ATG3 abrogated miR-204-5p mediated acceleration on cell apoptosis and suppression on cell proliferation and autophagy in NSCLC. A549 and H460 cells were
transfected with miR-204-5p+ATG3, miR-204-5p+pcDNA, miR-204-5p or miR-NC. (A) The expression of ATG3 protein in transfected A549 and H460 cells. (B, C) Cell
viability of transfected A549 (B) and H460 cells (C). (D) Cell apoptosis of transfected A549 and H460 cells. (E, F) The expression of apoptosis-related protein caspase-3,
caspase-9, Bax and anti-apoptosis protein BCL-2 in transfected A549 (E) and H460 cells (F). (G, H) Protein expression of autophagy markers LC3 and P62 in transfected

A549 (G) and H460 cells (H). *P<0.05.

repressed by the overexpression of ATG3. However,
the anti-apoptosis protein BCL-2 expression showed
the opposite results (Figure SE and F). In addition,
the ratio of LC3II/LC31 was reduced while P62 protein
expression was increased by miR-204-5p; however, the
effects were reversed by ATG3 (Figure 5G and H). The
clarified that miR-204-5p
NSCLC cell proliferation, apoptosis and autophagy
through ATGS3.

results could regulate

Silencing of KCNQIOT Inhibits Tumor

Growth in vivo

Subsequently, xenograft model was established by subcuta-
neously injecting sh-KCNQI1OT1 and sh-NC stably trans-
fected A549 and H460 cells into the nude mice. We found
that tumor growth was significantly repressed in the xenograft
model stably transfected with sh-KCNQ1OT1 compared with
sh-NC group (Figure 6A and B). Similarly, tumor weight was

lower in sh-KCNQI1OT]1 transfected mice than sh-NC group
(Figure 6C and D). Besides, the expression of KCNQ10OT1
and ATG3 was down-regulated whereas miR-204-5p was up-
regulated in the tissue samples collected from sh-KCNQ1OT1
transfected group (Figure 6E and F). More importantly, the
levels of ATG3, LC3II/LC3I, BCL-2 were suppressed whereas
P62, Bax, cleaved caspase-3, cleaved caspase-9 were pro-
moted in sh-KCNQIOT1 group (Figure 6G). IHC staining
indicated that KCNQI1OT1 knockdown led to
a significant decrease in the percentage of ki67-positive cells

assay

compared to sh-NC group (Figure 6H). Taken together,
KCNQI1OTT1 silencing suppressed tumor growth in vivo by
accelerating apoptosis and suppressing autophagy in NSCLC.

Discussion

LncRNAs have been demonstrated to be associated with the
progression of diverse human cancers, including NSCLC. In
this study, we aimed to explore the function of IncRNA
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Figure 6 KCNQIOT| silencing suppressed tumor growth in vivo. Sh-NC or sh-KCNQIOT | transfected A549 cells or H460 cells were injected into the nude mice. (A, B)
Tumor volume of xenograft mice was measured every 4 d from day 8. (C, D) Tumor weight was measured when xenograft mice were sacrificed after 28 days. (E, F) The
expression of KCNQIOT I, miR-204-5p, ATG3 in xenograft mice tumor tissues. (G) Protein expression of ATG3, LC3, P62, BCL-2, cleaved caspase-3, cleaved caspase-9 and
Bax in xenograft mice tumor tissues. (H) The percentage of KIé7-positive cells in xenograft mice tumor tissues. *P<0.05.

KCNQI1OT1 in NSCLC development. Previous studies have
identified that IncRNA KCNQ1OTT1 is an essential prognosis
biomarker in a variety of diseases, including diabetic retino-
pathy, osteolysis and breast cancer,”®* while the function and
the molecular mechanism of KCNQ1OT1 in NSCLC progres-
sion were not fully validated. KCNQ1OT1 was up-regulated in
breast cancer and overexpression of KCNQ1OT1 accelerated
cell growth in vitro and repressed tumor growth in vivo by
enhancing CCNE2 via sponging miR-145.* Upregulation of
KCNQI1OT]1 stimulated NSCLC cell progression by inhibiting
miRNA-27b-3p and boosting HSP9OAAI expression.*
Additionally, KCNQI1OT1 promoted cell development as
well as cisplatin resistance against tongue cancer by targeting
miR-211-5p to alter Ezrin/Fak/Src signaling pathway.'

Consistently, KCNQ1OT1 enhanced oxaliplatin resistance by
modulating the miR-34a/ATG4B axis in colon cancer.*”
Therefore, we guessed that KCNQI1OT]1 exerted its functions
by sponging the specific miRNA in NSCLC.

MiR-204-5p was identified to be a target of KCNQ10T1
in this study. Interestingly, miR-204-5p was found to be an
autophagy-associated gene in several tumor types, such as
rhabdomyosarcoma, endometrial and colorectal cancer.®>*°
In addition, Luan et al reported that miR-204-5p improved
cell sensitivity to chemotherapy and inhibited melanoma
growth by targeting MMP9 and B-cell lymphoma-2.>¢
Similarly, miR-204-5p enhanced chemotherapeutic sensitiv-
ity and repressed invasion of colorectal cancer cells by inter-
acting with RAB22A.*” Moreover, miR-204-5p was clarified
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to weaken cell proliferation and induce cell apoptosis in
papillary thyroid carcinoma as well as expedite apoptosis
and repress cell metastasis in osteosarcoma by targeting
IGFBP5 and EBF2, respectively.*®*® Therefore, we specu-
lated that miR-204-5p functioned as a tumor suppressor to
suppress proliferation, migration, invasion and autophagy as
well as enhance apoptosis of NSCLC cells.

Wang et al declared that miR-16 could target the 3' UTR of
ATG to hamper TGF-B1-induced epithelial-to-mesenchymal
transition (EMT) via the activation of autophagy in NSCLC.**
Hua et al reported that miR-1/ATG3 participated in the regula-
tion of chemoresistance in NSCLC.* Thus, we speculated that
KCNQIOT1 modulated proliferation, apoptosis and autop-
hagy of NSCLC cells via modulating miR-204-5p/ATG3
axis. Initially, we noticed that the expression of KCNQ1OT1
and ATG3 was up-regulated whereas miR-204-5p was down-
regulated in NSCLC tumors and cells compared with the
corresponding normal tissues and cells. As expected,
KCNQIOT1 knockdown expedited apoptosis and repressed
proliferation and autophagy of NSCLC cells in vitro and
in vivo. However, the miR-204-5p inhibitor reversed the
effects. The rescue experiments also displayed that ATG3
elevation abolished miR-204-5p mediated regulatory effects
on cell proliferation, apoptosis and autophagy in NSCLC.

In conclusion, we clarified that KCNQ1OT1 contri-
butes to cell proliferation and autophagy and suppresses
cell apoptosis by altering the miR-204-5p/ATG3 axis in
NSCLC. Our study represented potential biomarkers for
targeted therapy of NSCLC.
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