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Background: The purpose of this study is to explore the potential biological roles of miR-101-5p
in the progression of non-small-cell lung carcinoma (NSCLC).
Methods: The levels of miR-101-5p and chemokine (C-X-C motif) ligand 6 (CXCL6) in
NSCLC tissues and cells were detected using the quantitative real-time PCR (qRT-PCR)
assay. Proliferation, colony formation, migration and invasion assays were conducted using
miR-101-5p-transfected NSCLC cells in vitro. The expression of CXCL6 was measured using
immunofluorescence assay. Xenograft model and lung metastasis model were constructed to
further reveal the precise roles of miR-101-5p in the lung metastasis and growth of NSCLC
cells in vivo.
Results: miR-101-5p was underregulated in NSCLC tissues when compared with that in
the normal controls. The levels of miR-101-5p were lower in NSCLC cells (H1975, A549,
HCC827 and H1650) than in non-tumorigenic human bronchial epithelial cells (BEAS-2B).
Overregulation of miR-101-5p restrained the aggressiveness phenotypes of NSCLC cells in vitro.
Furthermore, overregulation of miR-101-5p reduced the tumor growth and pulmonary metastasis
of NSCLC cells in vivo. CXCL6 was the target gene of miR-101-5p in NSCLC. The mRNA
levels of CXCL6 were negatively associated with the levels of miR-101-5p in NSCLC tissues.
Finally, the rescue experiments suggested that the inhibitory role of miR-101-5p was mediated
by regulating the expression of CXCL6 in NSCLC.
Conclusion: These findings indicated that overregulation of miR-101-5p restrained the
progression of NSCLC cells by targeting CXCL6 and might function as a potential therapeutic
target for NSCLC.
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Human non-small-cell lung carcinoma (NSCLC) is still one of the leading causes
for cancer-induced death worldwide.1 Radiotherapy and chemotherapy treatments
remain the common curative therapy options for patients with NSCLC. Despite the
great advance in the therapy options, including immunotherapy and targeted therapies,
for this disease the clinical outcomes of patients with NSCLC are slightly improved
because of recurrence and metastasis.2,3 Hence, it is very important to identify the
molecular mechanisms behind the metastasis of NSCLC and explore the potential
therapeutic targets for NSCLC.
miRNAs are a kind of small non-coding RNAs, which regulate the expression of
target genes through promoting the degradation of target mRNA, via incompletely
binding with the 3′-UTR of target proteins or inducing translational repression.4,5
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Substantial evidence demonstrates that dysregulation of
miRNAs is associated with the development and metastasis
of several cancers, and miRNAs might be the potential treatment targets in cancers.6–9 For example, miR-661 serves as
a suppressive miRNA in breast cancer and upregulation of
miR-661 reduces the growth and invasion of cancer cells by
regulating MTA1.10 miR-490-3p regulates the proliferation
and epithelial to mesenchymal transition (EMT) process of
hepatocellular carcinoma (HCC) cells through regulating
the expression of endoplasmic reticulum-Golgi intermediate compartment protein 3 (ERGIC3).11 Moreover, recent
studies reported that miR-101 is significantly downregulated in NSCLC.12,13 miR-101-3p inhibits the growth and
metastasis of NSCLC through blocking the phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) signal pathway
by targeting metastasis-associated lung adenocarcinoma
transcript 1 (MALAT-1).14 Nevertheless, the potential roles
of miR-101-5p in regulating the growth and metastasis of
NSCLC cells are not yet well investigated.
Chemokines, which are a kind of small heparin-binding
cytokines, regulate the migration of leukocytes through binding with G protein-coupled receptors (GPCR).15,16 More than
20 chemokine receptors and 50 chemokines have been found,
which are divided into the following four kinds: C, CC, CX3C
and CXC.17,18 Chemokine receptor system, which extends to
various types of neoplastic cells, is proved to be altered in
the neoplastic tissues.19 C-X-C motif chemokine ligand 6
(CXCL6) was first identified in osteosarcoma cell line, and
it participates in the progression of various types of cancers,
including prostate cancer, gastrointestinal tumors and breast
cancer.20–23 In a murine model of melanoma, downregulation
of CXCL6 inhibits the growth, invasion and metastasis of
tumor cells.24 In addition, the angiogenic role of CXCL6
is associated with the intratumoral expression of matrix
metallopeptidase 9 (MMP-9) and the degradation of the
extracellular matrix (ECM).25 Previous investigations have
demonstrated the important role of CXCL6/C-X-C motif
chemokine receptor 6 (CXCL6/CXCR6) in the metastasis of
different cancers, including colorectal cancer and NSCLC.20,23
All these results indicate that CXCL6/CXCR6 interaction is
important for the metastasis and progression of cancer.
In this study, microarray analysis of the expression
profiles using GEO databases demonstrated that the miR101-5p was significantly downregulated in NSCLC. Our
subsequent experiments indicated that miR-101-5p inhibited
the growth and metastatic abilities of NSCLC cells in vitro
and in vivo. Further bioinformatics analysis and the luciferase
reporter assay identified that CXCL6 was the direct target
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gene of miR-101-5p in NSCLC. Finally, we identified that
miR-101-5p inhibited the growth and metastasis of NSCLC
cell via targeting CXCL6.

Materials and methods
NSCLC tissues
Fifty-five pairs of human NSCLC tissues and corresponding
adjacent normal tissues were obtained from patients with
NSCLC, who received surgery at the Affiliated Hospital of
Southwest Medical University. No patients received treatment
before clinical surgery. Ethical approval was obtained from
the ethics committee of the Affiliated Hospital of Southwest
Medical University. The study conforms to the Code of Ethics
of the World Medical Association (Declaration of Helsinki)
printed in the British Medical Journal (July 18, 1964).
The clinicopathological characteristics of the mutations of
patients with NSCLC are presented in Tables S1 and S2.
Informed consent forms were signed by all patients before
surgery. All tissues were conserved in liquid nitrogen for
further RNA extraction.

NSCLC cell lines and transfection
Four NSCLC cell lines (A549, H1975, H1650 and HCC827),
normal human fetal lung fibroblast (WI-38) and nontumorigenic human bronchial epithelial cell (BEAS-2B)
were obtained from GuangZhou Jennio Biotech Co., Ltd
(Guangzhou, Guangdong, China). 293 T cell line was
purchased from Nanjing Cobioer Biotech Co., Ltd (Nanjing, Jiangsu, China). Cells were cultured in a humidified
incubator at 37°C with 5% CO2. miR-101-5p mimics,
miRNA negative control (miR-NC), miR-101-5p inhibitor
(miR-101-5pinhi) and miRNA negative control inhibitor
(miR-NCinhi) were obtained from Thermo Fisher Scientific
(Waltham, MA). The small interfering RNA (siRNA) targeting CXCL6 (siCXCL6) and siRNA control (siCon) were
bought from GenePharma (Shanghai, China). To increase
the expression of CXCL6, CXCL6 cDNA was cloned into
pcDNA3.1(+) vector (Genechem, Shanghai, China) and was
transfected into NSCLC cells. An empty vector (EV) was
used as control. miR-101-5p mimics or miR-101-5pinhi was
transfected into cells using Lipofectamine™ 2000 reagent
(Thermo Fisher Scientific) according to manufacturer’s
protocol.

Quantitative real-time PCR (qRT-PCR)
RNA was extracted using TRIzol reagent (Thermo Fisher
Scientific). RNA (1 µg) was reverse transcribed into cDNA
using the PrimeScript RT reagent kit (TakaraBio, Tokyo, Japan)
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and a TaqMan miRNA reverse transcription kit (Thermo Fisher
Scientific). qRT-PCR was conducted using SYBR Premix Ex
Taq™ kit (TakaraBio) and miRNA-specific TaqMan miRNA
assay kit (Thermo Fisher Scientific) in the Applied Biosystems
7500 Sequence Detection system (Thermo Fisher Scientific).
The primers were as follows: miR-101-5p (forward primer:
5′-GCCGGCAGCATTATGTCAAT-3′; reverse primer:
5′-GCCAGCAGCTTGATGTCAAT-3′), CXCL6 (forward
primer: 5′-AGAGCTGCGTTGCACTTGTT-3′; reverse
primer: 5′-GCAGTTTACCAATCGTTTTGGGG-3′), U6
(forward primer: 5′-AAAGCAAATCATCGGACGACC-3′;
reverse primer: 5′-GTACAACACATTGTTTCCTCGGA-3′),
GAPDH (forward primer: 5′-TGTGGGCATCAA
TGGATTTGG-3′; reverse primer: 5′-ACACCATGTAT
TCCGGGTCAAT-3′), TEAD1 (forward primer: 5′-ATGGA
AAGGATGAGTGACTCTGC-3′; reverse primer: 5′-TCCC
ACATGGTGGATAGATAGC-3′), ZBTB18 (forward primer:
5′-TCTGAGCGAGCAGAGACAC-3′; reverse primer:
5′-GGTCCTTGTAAAAGAGGTGGAAA-3′), CCDC117
(forward primer: 5′-CGCGGACGTGTTTCTGTTC-3′; reverse
primer: 5′-CCAGTCATTAGGACCAGCACA-3′), AIMP1
(forward primer: 5′-GGTACTCCACTGCACGCTAAT-3′;
reverse primer: 5′-CCAGAAGATACGGTTGTTACTGC-3′)
and PPP2R5E (forward primer: 5′-TCAGCAC
CAACTACTCCTCCA-3′; reverse primer: 5′-GCCTT
GAGACCTAAACTGTGAG-3′). Candidate reference genes
for normalization and the expression stability were calculated
by the NormFinder program and are shown in Table S3. U6
and GAPDH were the internal controls. The comparative
cycle threshold (Ct) method was selected to detect the level
by calculating using the 2(-∆∆Ct) method.

Cell counting kit-8 (CCK-8) assay
NSCLC cell (5×103 cells/well) was cultured into 96-well
plates. Then, CCK-8 solution (Beyotime, Shanghai, China)
was added into the plate. After 2 hours, the OD value was
detected at 450 nm using the Synergy™ HT Multi-Mode
Microplate Reader (Bio-Tek, Winooski, VT, USA).

Colony formation
NSCLC cells (1×103 cells/well) were seeded into six-well
plates and were cultured using complete medium for 4 weeks.
Then, cell colonies were stained using 1% crystal violet, and
the number of colonies was counted.

Migration assay
Cells were seeded into six-well plates to form confluence.
After 24 hours, a wound was scratched using a 100 µL
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pipette tip. Non-adherent cells were removed using fresh
medium. Cells were cultured for 0 hour or 48 hours, and the
wounds were photographed using the ZEN 2011 imaging
software on a Zeiss invert microscope (Carl Zeiss, Hallbergmoos, Germany).26

Invasion analysis
The upper chamber of Transwell was pre-coated with
Matrigel (BD Biosciences, San Jose, CA). A total of
1×105 cells were plated into the upper chamber of Transwell,
and 600 µL medium (containing 20% FBS) was plated into
the lower chamber. After 24 hours, the invaded cells were
stained using 1% crystal violet.27

Immunofluorescence
A549 cells were permeabilized using 0.1% Triton X-100
and were immunostained by incubating with antibody
against CXCL6 (Boster Biotechnology, Nanjing, Jiangsu,
China) overnight at 4°C. Then, the cells were incubated with
fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit
secondary antibody (Boster Biotechnology). Nuclei were
counterstained with DAPI (Boster Biotechnology). Images
were taken and analyzed using the ZEN 2011 imaging
software on a Zeiss invert microscope.

In vivo nude mice tumorigenesis
In order to generate miR-101-5p stable transfection cell
line, A549 cells were transfected with miR-101-5p and were
selected using 1 µg/mL puromycin (MedChemExpress, Monmouth Junction, NJ, USA). A total of 1×106 miR-NC or miR101-5p-transfected A549 cells were inoculated subcutaneously
into BALB/c nude mice (n=6 in each group). Tumor volume
was detected every 3 days. After 3 weeks, all nude mice were
sacrificed. In experimental metastasis assay, miR-NC or miR101-5p-transfected A549 cells (5×105) were injected into nude
mice via the lateral tail vein. After 4 weeks, mice were sacrificed, and the macroscopic metastases were examined using
lung tissues. Animal experiments were approved by the Affiliated Hospital of Southwest Medical University. The animal
experiment was conducted in accordance with the Institutional
Guidelines and the Guide for the Care and Use of Laboratory
Animals (NIH publication no 85-23, revised 1996).

Luciferase reporter assay
The 3′-UTR of CXCL6 containing the binding sites within
miR-101-5p was cloned into pGL3 luciferase reporter
vector (Promega Corporation, Fitchburg, WI). The binding
sites were mutated using the Quick-change site-directed
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mutagenesis kit (Agilent Technologies, Santa Clara, CA).
The pGL3 luciferase reporter vector that contains the wild
type (wt) 3′-UTR of CXCL6 or mutant type (mut) 3′-UTR
of CXCL6 was transfected into 293 T cells in combination with miR-101-5p using Lipofectamine 2000 (Thermo
Fisher Scientific). The luciferase activities were detected
using the Dual-Luciferase Reporter Assay System (Promega
Corporation), and the luciferase activity was normalized to
Renilla activity.28

Statistical analysis

Data are presented as mean ± SD and are analyzed using
GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego,
CA). Statistical analysis was conducted using Student’s t-test
or one-way ANOVA followed by post hoc Dunnett’s test.
P,0.05 was considered as statistically significant.

Results
miR-101-5p is downregulated in NSCLC
The gene expression datasets that were used for statistical
analysis were obtained from the GEO database with the
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accession codes GSE64591 and GSE53882. The screening
was conducted using GEO datasets that contained lung
cancer and adjacent normal tissues (Figure 1A). The
11 common potential downregulated miRNAs in lung
cancer were screened out based on fold change ,-1 as
well as P,0.05 and are summarized in Figure 1B. Among
these candidates, we focus on miR-101-5p, which was
most significantly underregulated in NSCLC. The levels
of miR-101-5p in 55 pairs of NSCLC tissues and corresponding normal tissues were evaluated using qRT-PCR
assay. Our result suggested that miR-101-5p was markedly downregulated in NSCLC when compared with the
corresponding normal lung samples (Figure 1B). Then,
the levels of miR-101-5p in NSCLC cells (H1975, A549,
HCC827 and H1650), non-tumorigenic human bronchial
epithelial cell (BEAS-2B) and normal human fetal lung
fibroblast (WI-38) were further explored using qRT-PCR
assay. As expected, miR-101-5p was downregulated in
NSCLC cells compared to that in two normal cell lines
(Figure 1C). Thus, these results indicate that miR-101-5p
is downregulated in NSCLC.
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Figure 1 miR-101-5p is downregulated in NSCLC.
Notes: (A) Expression profiling of dysregulated miRNAs in NSCLC tissues compared to normal tissues (NCBI/GEO/GSE64591 and NCBI/GEO/GSE53882). Summary of the
common miRNAs in GSE64591 and GSE53882 (right panel). (B) The levels of miR-101-5p were detected in 55 pairs of NSCLC tissues and tumor-adjacent tissues. **P,0.05
compared to normal tissues. (C) The levels of miR-101-5p in NSCLC cell lines (H1975, A549, HCC827 and H1650), WI-38 and BEAS-2B were detected using qRT-PCR
assay. **P,0.05 compared to BEAS-2B cells.
Abbreviations: NSCLC, non-small-cell lung carcinoma; qRT-PCR, quantitative real-time PCR.
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Upregulation of miR-101-5p inhibits
the proliferation and aggressiveness of
NSCLC cells
A549 and H1975 cells were transfected with miR-NC or
miR-101-5p, respectively, to reveal the precise role of
miR-101-5p in the progression of NSCLC. The qRT-PCR
assay suggested that miR-101-5p transfection increased the
levels of miR-101-5p in A549 and H1975 cells (Figure 2A).
Then, both CCK-8 and colony formation assay suggested
that overregulation of miR-101-5p suppressed the proliferation of A549 and H1975 cells in vitro (Figure 2B and
C). The wound healing assay indicated that upregulation of
miR-101-5p markedly suppressed the migration of NSCLC
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The xenograft nude model using A549 cells that were
transfected with miR-101-5p or miR-NC was constructed
to reveal the role of miR-101-5p in the tumorigenicity of
NSCLC cell in vivo. As shown in Figure 4A and B, the
tumor volume and tumor weight of nude mice that were
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cells in vitro (Figure 3A). Additionally, upregulation of
miR-101-5p remarkably inhibited the invasion of A549 and
H1975 cells (Figure 3B). Altogether, these findings suggest
that overregulation of miR-101-5p suppresses the aggressiveness phenotypes of NSCLC cell in vitro.
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Figure 2 Upregulation of miR-101-5p inhibits the growth, migration and invasion of NSCLC cells.
Notes: (A) A549 and H1975 cells were transfected with miR-101-5p or miRNA-NC, respectively. The level of miR-101-5p was detected using qRT-PCR. **P,0.01 compared to
control. (B) A549 and H1975 cells were transfected with miR-101-5p or miRNA-NC. The proliferation of NSCLC cells was determined using CCK-8 assay. **P,0.01 compared
to control. (C) A549 and H1975 cells that were transfected with miR-101-5p or miRNA-NC was subjected to colony formation assay. **P,0.01 compared to control.
Abbreviations: CCK-8, cell counting kit-8; h, hours; NSCLC, non-small-cell lung carcinoma; qRT-PCR, quantitative real-time PCR.
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Figure 3 Upregulation of miR-101-5p inhibits the migration and invasion of NSCLC cells.
Notes: (A) A549 and H1975 cells were transfected with miR-101-5p or miR-NC, respectively. The migration of A549 and H1975 cells was detected using wound healing
assay. **P,0.01 compared to control. (B) A549 and H1975 cells were transfected with miR-101-5p or miR-NC, respectively. The invasion of A549 and H1975 cells was
detected using Transwell invasion assay. **P,0.01 compared to control.
Abbreviations: h, hours; miR-NC, miRNA negative control; NSCLC, non-small-cell lung carcinoma.
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Figure 4 miR-101-5p inhibits the growth of A549 cells in vivo.
Notes: (A) A549 cells transfected with miR-NC or miR-101-5p were implanted into nude mice via subcutaneous injection. Tumor growth curves revealed that NSCLC
xenografts arising from the miR-101-5p group grew slower than those arising from the control group. (B) Tumor weight. **P,0.01 compared to miR-NC. (C) The level of
miR-101-5p in tumor tissue was determined by qRT-PCR assay. (D) Representative picture of H&E staining using lung tissue. The numbers of lung metastasis were quantified
and showed by each data point, **P,0.01 compared to miR-NC. **P,0.01 compared to miR-NC.
Abbreviations: miR-NC, miRNA negative control; NSCLC, non-small-cell lung carcinoma; qRT-PCR, quantitative real-time PCR.

inoculated with miR-101-5p-transfected A549 cells were
significantly decreased as compared with that in mice that
were inoculated with miR-NC-transfected A549 cells.
The levels of miR-101-5p in tumor tissues that were formed
by miR-101-5p-transfected A549 cells were significantly
higher than those in tumors that were formed by miRNC-transfected A549 cells (Figure 4C). An experimental
metastasis model was applied to explore the impact of miR101-5p on the metastasis of NSCLC cells in vivo. miR-NC or
miR-101-5p-transfected A549 cells were injected into nude
mice via the lateral tail vein. Four weeks post cell inoculation,
nude mice were sacrificed and lung tissues were checked.
Injection of miR-NC-transfected A549 cells via lateral tail
vein resulted in numerous lung metastasis, whereas injection
of miR-101-5p-transfected A549 cells remarkably decreased
the lung metastasis of A549 cells in vivo (Figure 4D). Collectively, these data reveal that miR-101-5p plays crucial roles
in the growth and metastasis of NSCLC cell in vivo.
OncoTargets and Therapy 2019:12

CXCL6 is the direct target of miR-101-5p
Then, the targets of miR-101-5p were predicted using online
analysis tools, including TargetScan (http://www.targetscan.
org), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/
index.php) and miRDB (http://www.mirdb.org/).29 The
six common target genes that were obtained from three
bioinformatics analysis tools are summarized in Figure 5A.
In order to identify the direct gene of miR-101-5p, the
mRNA levels of these genes in miR-101-5p- or miR-NCtransfected A549 cells were detected using qRT-PCR
assay. As shown in Figure 5B, the mRNA level of CXCL6
was significantly inhibited by miR-101-5p in A549 cells.
The 3′-UTR of CXCL6 contained the complementary binding
sites within miR-101-5p as shown in Figure 5C. In addition,
upregulation of miR-101-5p reduced the protein expression
of CXCL6 in A549 and H1975 cells (Figure 5D). Notably,
the luciferase activity of 293 T cells that were transfected
with wt 3′-UTR of CXCL6 was reduced by miR-101-5p
submit your manuscript | www.dovepress.com
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Figure 5 miR-101-5p directly regulates the expression of CXCL6 in NSCLC cells.
Notes: (A) The complementary sequences of miR-101-5p were discovered in 3′-UTR of CXCL6 mRNA using TargetScan, miRTarBase and miRDB. Venn graph
represented the number of candidate common target genes determined by three bioinformatics analyses. (B) A549 cells were transfected with miR-NC or miR-101-5p,
and the levels of potential target genes were measured by qRT-PCR assay. (C) The complementary sequences of miR-101-5p were discovered in 3′-UTR of CXCL6
mRNA using TargetScan. The mutagenesis was performed in the complementary sites for the seed region of miR-101-5p (wt, wild type; mut, mutant type). (D) A549
and H1975 cells were transfected with miR-101-5p or miR-NC. Immunofluorescence assay indicated that upregulation of miR-101-5p reduced the expression of CXCL6.
(E) miR-101-5p inversely modulated the luciferase activity of plasmids that contain wt 3′-UTR of CXCL6. **P,0.01. (F) The mRNA levels of CXCL6 were detected in
NSCLC tissues compared to those in tumor-adjacent tissues. **P,0.01 compared to normal. (G) The levels of miR-101-5p were negatively correlated with the CXCL6
levels in NSCLC tissues.
Abbreviations: miR-NC, miRNA negative control; NSCLC, non-small-cell lung carcinoma; qRT-PCR, quantitative real-time PCR.
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(Figure 5E), whereas the luciferase activity of 293 T cells
that were transfected with mut 3′-UTR of CXCL6 was not
affected by miR-101-5p (Figure 5E). In addition, CXCL6
was markedly overregulated in NSCLC tissues than in the
corresponding normal tissues (Figure 5F). Importantly, a
negative correlation between the level of CXCL6 and miR101-5p level was found in NSCLC tissues (Figure 5G).
All these findings suggest that miR-101-5p is the negative
regulator of CXCL6 in NSCLC.

CXCL6 is needed for miR-101-5p
regulating the aggressiveness phenotypes
of NSCLC cells
Previous results demonstrated that CXCL6 is the target gene
of miR-101-5p in NSCLC. Then, we performed the rescue
experiments to further demonstrate that CXCL6 was needed
for miR-101-5p regulating the aggressiveness phenotypes of
NSCLC cells. A549 cells were transfected with miR-101-5p
alone or cotransfected with miR-101-5p and pcDNA3.1(+)
that contain CXCL6. The expression of CXCL6 was analyzed
by immunofluorescence staining assay using anti-CXCL6
antibody (Figure 6A). Then, the proliferation, migration
and invasion of A549 cells were investigated. As shown in
Figure 6B and C, overexpression of CXCL6 increased the
proliferation and colony formation of A549 cells that were
inhibited by miR-101-5p transfection. Similarly, overexpression of CXCL6 significantly increased the migration
and invasion abilities of A549 cells that were suppressed by
miR-101-5p (Figure 6D and E). These findings indicate that
miR-101-5p inhibits the growth, migration and invasion of
NSCLC through targeting CXCL6.

Confirmation that miR-101-5p inhibition
of the aggressiveness phenotypes of
NSCLC cells is dependent on CXCL6
Finally, we conducted another rescue experiment to prove that
miR-101-5p inhibition of the aggressiveness phenotypes of
NSCLC cells was dependent on regulating CXCL6. A549 cells
were transfected with miR-101-5pinhi alone or cotransfected
with miR-101-5pinhi and siRNA targeting CXCL6. The protein
expression of CXCL6 was assessed by immunofluorescence
staining assay (Figure 7A). Then, the proliferation, migration and invasion abilities of NSCLC cells were investigated.
As shown in Figure 7B and C, downexpression of CXCL6
obviously inhibited the proliferation and colony formation
of A549 cells that were induced by miR-101-5pinhi. Similarly, downexpression of CXCL6 dramatically suppressed
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the migration and invasion abilities of A549 cells that were
promoted by miR-101-5pinhi (Figure 7D and E). These results
indicate that miR-101-5p regulates the progression of NSCLC
cells through targeting CXCL6.

Discussion
miRNAs have been proved to have close correlations with
several tumors, including gastric cancer, breast carcinoma,
colon cancer and ovarian cancer.30–33 Previous investigation indicates that miR-101 inhibits the growth and distant
metastasis of lung cancer cells via regulating the expression
of zinc finger E-box binding homeobox 1 (ZEB1).12 Among
two mature miRNAs, miR-101-3p is generated from the
3′-ends of the precursor, and miR-101-5p is generated from
the 5′-end of pre-miR-101.34 Accumulating evidence have
demonstrated that the levels of miR-101-5p are decreased
in many malignances, including liver cancer.35 In NSCLC,
miR-101-3p suppresses the growth and metastasis of cancer
cells via blocking the phosphoinositide 3-kinase/protein
kinase B (PI3K/AKT) signaling pathway and regulating the
expression of metastasis-associated lung adenocarcinoma
transcript 1 (MALAT-1).14 Nevertheless, the level and precise
role of miR-101-5p in NSCLC needed further investigation.
In this work, we revealed that miR-101-5p was upregulated
in NSCLC compared to that in the adjacent normal samples,
which indicated that miR-101-5p might act as a tumor
suppressor in the development of NSCLC. Consistently,
miR-101-5p was significantly downregulated in NSCLC
cells when compared to BEAS-2B or WI-38 cells. Then,
we performed the gain- and loss-of-function experiments
to reveal the roles of miR-101-5p in the growth, migration
and metastasis of NSCLC cells. The results indicated that
upregulation of miR-101-5p suppressed the proliferation,
migration and invasion of NSCLC cells in vitro. Consistently,
upregulation of miR-101-5p inhibited the metastasis and
tumor growth of NSCLC cells in vivo.
We further investigated the potential targets of miR-101-5p
using the public available database and demonstrated that
CXCL6 gene was the target gene of miR-101-5p using
the luciferase reporter analysis to explore the underlying
mechanism of miR-101-5p as a suppressive miRNA in
NSCLC. In addition, the expression of CXCL6 was inversely
regulated by miR-101-5p in NSCLC cells, and the level
of CXCL6 was negatively correlated with the level of
miR-101-5p in NSCLC tissues.
Then, we proceeded to address the crucial role of
miR-101-5p-CXCL6 axis in regulating aggressiveness
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Figure 6 Overexpression of CXCL6 reverses the effect of miR-101-5p in A549 cells.
Notes: (A) A549 cells that were transfected with miR-101-5p and CXCL6 were subjected to immunofluorescence staining assay. (B) A549 cells were transfected with
miR-101-5p alone or miR-101-5p in combination with CXCL6. The proliferation of A549 cells was detected using CCK-8 assay. (C) A549 cells were transfected with
miR-101-5p alone or miR-101-5p in combination with CXCL6. Colony formation assay was conducted. (D) The migration of A549 cells was determined by wound
healing assay. (E) A549 cells were transfected with miR-101-5p alone or miR-101-5p in combination with CXCL6. The invasion of A549 cells was measured by Transwell
invasion assay. **P,0.01 compared to control and ##P,0.01 compared to miR-101-5p.
Abbreviations: CCK-8, cell counting kit-8; EV, empty vector; h, hours.
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Figure 7 Downexpression of CXCL6 reverses the effect of miR-101-5p in A549 cells.
Notes: (A) A549 cells that were transfected with miR-101-5pinhi and siCXCL6 were subjected to immunofluorescence staining assay. (B) A549 cells were transfected with
miR-101-5pinhi alone or miR-101-5pinhi in combination with siCXCL6. The proliferation of A549 cells was detected using CCK-8 assay. (C) A549 cells were transfected with
miR-101-5pinhi alone or miR-101-5pinhi in combination with siCXCL6. Colony formation assay was conducted. (D) The migration of A549 cells was determined by wound
healing assay. (E) A549 cells were transfected with miR-101-5pinhi alone or miR-101-5pinhi in combination with siCXCL6. The invasion of A549 cells was analyzed by Transwell
invasion assay. **P,0.01 compared to control and ##P,0.01 compared to miR-101-5pinhi.
Abbreviations: CCK-8, cell counting kit-8; h, hours; miR-101-5pinhi, miR-101-5p inhibitor.
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phenotypes of NSCLC cells. First, A549 cells were
cotransfected with miR-101-5p and pcDNA3.1(+) that
contain CXCL6. As expected, the suppressive roles of
miR-101-5p in the growth, colony formation, migration
and invasion of A549 cells were rescued by overexpression
of CXCL6. A549 cells were also cotransfected with
miR-101-5pinhi and siRNA targeting CXCL6. Downregulation of CXCL6 obviously inhibited the growth, migration and
invasion of A549 cells that were promoted by miR-101-5pinhi
transfection, suggesting that miR-101-5p exerted its functions
by regulating the expression of CXCL6 in NSCLC.

Conclusion
We prove that miR-101-5p is underregulated in NSCLC and
serves as a suppressive miRNA. Furthermore, upregulation
of miR-101-5p inhibits the proliferation, migration and
invasion of NSCLC cells in vitro as well as suppresses the
metastasis and growth of NSCLC cells in vivo. In addition,
we demonstrate that miR-101-5p regulates the growth and
aggressiveness of NSCLC cells through regulating the
expression of CXCL6. These results reveal the underlying
mechanism by which miR-101-5p acts as a potential tumor
suppressor in NSCLC.
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Supplementary materials
Table S1 Clinical characteristics of 55 test samples obtained from patients with NSCLC
Characteristics

AC

SCC

LCC

LCNEC

Total

Number of cases
Median age (range), years
Gender
Male
Female
Smoking
Ever
Never
NA
Stage
I
II
III
IV
NA

31
65 (36–83)

16
71 (56–83)

7
59 (51–79)

1
76

55
68 (36–83)

21
10

12
4

6
1

1
0

40
15

23
7
1

11
3
2

5
2
0

1
0
0

40
12
3

19
7
3
1
1

9
4
2
1
0

6
1
0
0
0

1
0
0
0
0

35
12
5
2
1

Abbreviations: AC, adenocarcinoma; LCC, large-cell lung carcinoma; LCNEC, large-cell neuroendocrine carcinoma; NA, data not available; NSCLC, non-small-cell lung
carcinoma; SCC, squamous cell carcinoma.

Table S2 Results of EGFR and KRAS mutation status
N=55
EGFR gene
Mutation
Exon 18 (G719X)
Exon 19 (19del)
Exon 21
L858R
L861Q
Exon 20
T790M
H337_V774ins H
S768I
Combination of two mutations
19del+20T790M
Wild type
KRAS gene
Mutation
Exon 2
Exon 3
Wild type
Combination of EGFR and KRAS mutations

22
7
5
3
1
2
6
2
4
0
1
1
33

Table S3 Candidate reference genes for normalization and the
expression stability were calculated by the NormFinder program
Gene name

Stability value

GAPDH
U6
ACTB
RPL32
RPL13A
HPRT1

0.214
0.126
0.649
0.509
0.837
0.936

17
11
6
38
2
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