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miR-365b regulates the development of
non-small cell lung cancer via GALNT4
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Abstract. Non-small cell lung cancer (NSCLC) is a type
of cancer that is associated with high prevalence and high
mortality rates in China. Therefore, it is of importance to
identify the mechanisms underlying NSCLC progression.
In the present study, reverse transcription-quantitative PCR
was performed to measure the expression of microRNA
(miR)-365b in NSCLC cell lines. In addition, the biological
roles of miR-365b and N-acetylgalactosaminyltransferase 4
(GALNT4) were investigated by manipulating the expression
levels of miR-365b and GALNT4 in NSCLC cells. It was found
that miR-365b expression was reduced in NSCLC tissues and
cells. Overexpression of miR-365b inhibited NSCLC cell
proliferation whilst promoting apoptosis, but miR-365b knock-
down promoted NSCLC cell proliferation. In addition, it was
demonstrated that miR-365b regulated the proliferation and
apoptosis of NSCLC cells by targeting GALNT4 expression.
Collectively, the present study identified a miR-365b/GALNT4
regulatory axis in NSCLC, suggesting that miR-365b may
serve as a therapeutic target for NSCLC.

Introduction

The estimated cases for lung cancer in United States are
~228,820, while non-small cell lung cancer (NSCLC)
represents about 85% of all lung cancer cases (1). Treatment
strategies for NSCLC including surgery, chemotherapy,
immunotherapy and targeted therapy (2). However, the 5-year
overall survival for NSCLC remains only ~19% (1).
MicroRNAs (miRNAs or miRs) are conserved RNA
molecules that are typically 18-24 nucleotides in length
and do not encode proteins (3). miRNA can regulate gene
expression by binding to the 3'-untranslated regions (3'-UTR)
of target mRNAs, resulting in degradation or inhibition of
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translation (4). In addition, miRs have been reported to have
the potential to be developed as diagnostic or treatment
biomarkers for patients with NSCLC (5). For example, circu-
lating serum levels of miR-590-5p have been identified as a
useful biomarker for NSCLC prognosis prediction (6). It has
also been previously demonstrated that miR-590-5p overex-
pression can inhibit NSCLC cell proliferation and metastasis,
whilst miR-590-5p knockdown resulted in opposite effects
being observed (6). These previous findings suggest a tumor
suppressive role for miR-590-5p.

miR-365b has been reported to exert important roles in
regulating disease progression (7-9). For instance, miR-365b-3p
overexpression has been shown to inhibit atherosclerosis
development (7). Reduced miR-365b-3p expression has been
demonstrated in retinoblastoma tumor tissues, where its over-
expression can inhibit cancer cell proliferation by inducing
cell cycle arrest and promoting apoptosis, suggesting that
miR-365b-3p has a role in suppressing tumor progression (8).
However, Tian et al (9) previously showed that miR-365b
expression is elevated in hepatocellular carcinoma. In addition,
functional assays showed that miR-365b overexpression can
promote hepatocellular carcinoma cell motility and invasion
by regulating the expression of small glutamine rich tetratri-
copeptide repeat containing f (SGTB) proteins, conversely
suggesting an oncogenic role for miR-365b (9).

N-acetylgalactosaminyltransferase 4 (GALNT4) belongs
to the GALNT family of proteins that catalyze the transfer of
N-acetylgalactosamine to serine or threonine residues (10).
GALNT contains several isoforms, including GALNT3,
GALNTS and GALNTY, which have been reported to serve
roles in cancer progression (11-13). Additionally, GALNT4 exerts
crucial functions in multiple cancer types (14,15). For example,
GALNTH4 expression can be negatively regulated by miR-4262,
resulting in the inhibition of colon cancer proliferation (14,15).

Since the reported roles of miR-365b are diverse in different
types of cancer and its specific function in NSCLC remains
poorly understood, the present study aimed to investigate the
role of miR-365b and its associated downstream mechanism
in NSCLC.

Materials and methods
Cell culture and transfection. NSCLC cell lines A549 and

H1299 and the normal human bronchial epithelial cell
line 16HBE were purchased from American Type Culture
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Collection. Cells were incubated in DMEM (Invitrogen;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Invitrogen; Thermo Fisher Scientific, Inc.) in a 37°C humidi-
fied atmosphere containing 5% CO,.

miR-365b mimic (forward, 5~ AGGGACUUUCAGGGG
CAGCUGU-3'; and reverse, 5-AGCUGCCCCUGAAAG
UCCCUUU-3"), inhibitor (forward, 5'-~ACAGCUGCCCCU
GAAAGUCCCU-3"; and reverse, 5-GGGACUUUCAGG
GGCAGCUGUUU-3") and corresponding negative controls
(NC-mimic; forward, 5'-GUAUGAGCGACUAGUGGC
UGCG-3"; and reverse, 5'-CAGCCACUAGUCGCUCAU
ACUU-3" and NC-inhibitor; forward, 5'-GACUACCGAUAC
ACCGCCGUUC-3"; and reverse, 5'-CGGCGGUGUAUC
GGUAGUCUU-3") were designed by Shanghai GeneChem
Co., Ltd. Small interfering RNA targeting GALNT4
(si-GALNT4; 5-AAGAGATCATCTTGGTGGATG-3') and
corresponding negative control (NC-siR; 5'-GGTCATGAT
GTCGGTGAATAA-3") were also purchased from Shanghai
GeneChem Co., Ltd. The pcDNA3.1 plasmid containing
the coding sequence of GALNT4 (pGALNT4, Clone ID:
OHul7193) was purchased from GenScript Biotech, Inc,
while pcDNA3.1 was used as negative control. For transfec-
tion, cells were seeded into 6-well plates at the density of
2x10° cells/well and transfected with Lipofectamine® 2,000
(Invitrogen; Thermo Fisher Scientific, Inc.) at the concen-
tration of miRNAs: 50 nmol/l, siRNAs: 20 nmol/l, and
expression vector: 4 ug. Cells were collected for subsequent
analyses 48 h after transfection.

Microarray analysis. The microarray dataset GSE53882, was
downloaded from Gene Expression Omnibus (https:/www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE53882). The
dataset contained miRNA expression data from 151 paired
NSCLC and healthy tissues.

Cell Counting Kit-8 (CCK-8) assay. CCK-8 assay (Beyotime
Institute of Biotechnology) was used to measure cell viability
according to the manufacturer's instructions. In brief, 2x10°
cells were plated into 96-well plates and cultured at 37°C for 0,
24,48 and 72 h. 10 1 CCK-8 solution was added to each well
at each of the indicated times prior to incubation at 37°C for a
further 4 h. Optical density at 450 nm was measured in each
well using a microplate reader.

Reverse transcription-quantitative PCR (RT-gPCR). RNA
samples of cultured cells were extracted using the TRIzol®
reagent according to manufacturer's protocol (Invitrogen;
Thermo Fisher Scientific, Inc.). PrimerScript™ RT Master
mix (Takara Biotechnology Co.,Ltd.) was used to reverse tran-
scribe RNA into cDNA at 37°C for 15 min, 85°C for 5 sec and
4°C for 60 min according to manufacturer's protocol. gPCR
was performed using SYBR® Premix Ex Taq™ II (Takara
Biotechnology Co., Ltd.) in an ABI 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Sequences of the
primers used, which were purchased from GenScript Biotech,
Inc., were as follows: miR-365b forward, 5'-TAATGCCCC
TAAAAAT-3" and reverse, 5'-CCAGTGCAGGGTCCGAGG
T-3'; U6 snRNA forward, 5"TGCGGGTGCTCGCTTCGG
CAGC-3' and reverse, 5'-CCAGTGCAGGGTCCGAGGT-3";
GALNT4 forward, 5-GGCCTATATCTTCGTGGAGCTC-3'
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and reverse, 5-CCTGCGGAGGCATGAAAA-5' and GAPDH
forward, 5'-CTGGGCTACACTGAGCACC-3' and reverse,
5'-AAGTGGTCGTTGAGGGCAATG-3". Thermocycling
conditions were as follows: 1 cycle of at 95°C for 3 min;
followed by 40 cycles at 95°C for 10 sec, 58°C for 30 sec and
72°C for 30 sec. Relative expression levels were calculated
using the 2244 method (16).

Western blotting. Protein samples were extracted from cells
using RIPA lysis buffer (Invitrogen; Thermo Fisher Scientific,
Inc.) and quantified using a bicinchoninic acid protein assay
kit (Beyotime Institute of Biotechnology). The samples (50 pg)
were then separated at 10% SDS-PAGE and transferred to PVDF
membranes. The membranes were subsequently blocked with
fat-free milk at 4°C for 2 h and incubated with anti-GALNT4
(1:5,000; cat. no. ab80676; Abcam) and anti-GAPDH (1:5,000;
cat. no. ab181602; Abcam) primary antibodies 4°C for over-
night. After washing with PBS, the membranes were incubated
with horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody (1:1,000; cat. no. ab6721; Abcam) at room
temperature for 4 h. Then, the membranes were incubated
with a BeyoECL kit (Beyotime Institute of Biotechnology) to
visualize the protein bands.

Colony formation assay. In total, 500 cells were seeded into
6-well plates and allowed to proliferate for 2 weeks at a 37°C
humidified atmosphere contains 5% CO,. On day 14, 95%
methanol was used to fix the colonies at 37°C for 30 min,
following which 1% crystal violet was used to stain the colo-
nies at 37°C for 15 min. Colony numbers were then manually
counted using an inverted microscope with a magnification of
x200.

Cell apoptosis assay. Flow cytometry was used to measure
cell apoptosis. Cells (5x10%) were collected and incubated with
Annexin V-FITC and propidium iodide (Beyotime Institute
of Biotechnology) according to the manufacturer's protocols.
Flow cytometry was performed using a BD FACSCalibur™
(BD Biosciences) and analyzed with the FlowJo v10 software
(FlowJo LLC).

Bioinformatics analysis. Potential targets for miR-365b
were predicted using starBase v2.0 [http://starbase.sysu.edu.
cn/index.php, (17)], which is a database containing the predic-
tion results from various prediction tools. GALNT4 was
selected since it was found to contain a complete binding site
for miR-365b in its 3-UTR.

Dual-luciferase activity reporter assay. Luciferase activity
constructs were established by inserting the wild-type (wt) or
mutant (mt) sequences of GALNT4 3'-UTR synthesized by
GenScript Biotech, Inc., into the pmirGLO vector (Promega
Corporation) to generate wt-GALNT4 or mt-GALNT4 plas-
mids. A549 and H1299 cells were seeded into 6-well plates
at the density of 2x10* cells/well and were co-transfected
with the respective luciferase activity reporter vectors
4 pg) and miR-365b mimic or NC-mimic (50 nmol/l) with
Lipofectamine® 2000 according to manufacturer's protocols
(Invitrogen; Thermo Fisher Scientific, Inc.). Relative lucif-
erase activity was measured 48 h after transfection using
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Figure 1. miR-365b expression is lower in NSCLC tissues and cells compared with their non-cancerous counterparts. (A) Comparison of miR-365b
expression among NSCLC and healthy cell lines. ““P<0.001 vs. I6HBE. (B) Comparison of miR-365b expression between NSCLC and healthy tissues.
“"P<0.001 vs. Healthy. miR-365b, microRNA-365b; NSCLC, non-small cell lung cancer.
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Figure 2. Knockdown of miR-365b promotes NSCLC cell proliferation, promotes colony formation and inhibits apoptosis. (A) Expression of miR-365b
in NSCLC cells transfected with the miR-365b inhibitor and NC-inhibitor was measured. (B) Cell Counting Kit-8 assay results indicated that miR-365b
knockdown increased NSCLC cell viability. (C) Colony formation assay results suggested that miR-365b knockdown promoted NSCLC colony formation.
(D) Flow cytometry assay results demonstrated that miR-365b knockdown inhibited NSCLC cell apoptosis. ““P<0.001, “P<0.01 vs. NC-inhibitor. miR-365b,
microRNA-365b; NSCLC, non-small cell lung cancer; NC, negative control; OD, optical density.

the Dual-Luciferase® Reporter Assay system (Promega
Corporation) with Renilla luciferase activity serving as the
internal control.

Statistical analysis. Experiments were conducted in triplicate.
Data are presented as the mean + SD. Difference between
two groups were analyzed using paired Student's t-test,
whilst differences among multiple groups were analyzed with

ANOVA and Tukey's test. P<0.05 was considered to indicate a
statistically significant difference.

Results
miR-365b expression is reduced in NSCLC. miR-365b expres-

sion was measured in two NSCLC cell lines (A549 and H1299)
and a normal human bronchial epithelial cell line (16HBE). It
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Figure 3. Overexpression of miR-365b inhibits NSCLC cell proliferation, inhibits colony formation and promotes apoptosis. (A) Expression of miR-365b in
NSCLC cells transfected with the miR-365b mimic or NC-mimic was measured. (B) Cell Counting Kit-8 assay results indicated that miR-365b overexpres-
sion inhibited NSCLC proliferation. (C) Colony formation assay demonstrated that miR-365b overexpression inhibited NSCLC colony formation. (D) Flow
cytometry assay indicated that miR-365b overexpression promoted NSCLC cell apoptosis. ““P<0.001, “P<0.01 vs. NC-mimic. miR-365b, microRNA-365b;
NSCLC, non-small cell lung cancer; NC, negative control; OD, optical density.
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Figure 4. miR-365b regulates GALNT4 expression by binding to the 3'-UTR of GALNT4. (A) Binding site between miR-365b and the 3'-UTR of GALNT4.
(B) Expression of GALNT4 in NSCLC cells transfected with miR-365b mimic and NC-mimic was measured by RT-qPCR. "“P<0.01 vs. NC-mimic. (C) Expression
of GALNT4 in NSCLC cells transfected with miR-365b inhibitor and NC-inhibitor was measured by RT-qPCR. “P<0.01 vs. NC-inhibitor. (D) Expression of
GALNT4 in NSCLC cells transfected with miR-365b mimic and NC-mimic was measured by western blotting. (E) Expression of GALNT4 in NSCLC cells trans-
fected with miR-365b inhibitor and NC-inhibitor was measured by western blotting. (F) Relative luciferase activity as measured in NSCLC cells co-transfected
with miR-365b mimic or NC-mimic and wt-GALNT4 or mt-GALNT4. “P<0.01 vs. NC-mimic. (G) GALNT4 expression in NSCLC cells and the non-cancerous
cell line as measured by RT-qPCR. “P<0.01 vs. 16HBE. miR-365b, microRNA-365b; NSCLC, non-small cell lung cancer; UTR, untranslated region; GALNT4,
N-acetylgalactosaminyltransferase 4; wt, wild-type; mt, mutant; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 5. GALNT4 knockdown attenuates the effects of miR-365b inhibitor transfection on NSCLC cells. (A) miR-365b expression in cells transfected with
si-GALNT4+NC-inhibitor, NC-siR+NC-inhibitor or si-GALNT4+miR-365b inhibitor. (B) GALNT4 expression in cells transfected with si-GALNT4+NC-inhib-
itor, NC-siR+NC-inhibitor or si-GALNT4+miR-365b inhibitor. (C) Cell Counting Kit-8 assay results indicated that GALNT4 knockdown inhibited NSCLC
proliferation and attenuated the effects of miR-365b inhibitor transfection on NSCLC cells. (D) Colony formation assay found that GALNT4 knockdown
inhibited NSCLC colony formation and reversed the effects of miR-365b inhibitor transfection on NSCLC cells. (E) Flow cytometry assay suggested that
GALNT4 knockdown promoted NSCLC cell apoptosis and attenuated the effects of miR-365b inhibitor transfection on NSCLC cells. ““P<0.001, “P<0.01,
“P<0.05 vs. NC-siR+NC-inhibitor. miR-365b, microRNA-365b; NSCLC, non-small cell lung cancer; GALNT4, N-acetylgalactosaminyltransferase 4; si, small

interfering RNA; NC, negative control.

was found that the expression of miR-365b was significantly
reduced in NSCLC cells compared with that in 1l6HBE cells
(Fig. 1A). In addition, by analyzing the GSE53882 dataset,
it was demonstrated that miR-365b expression was also
significantly reduced in NSCLC tissues compared with that in
healthy tissues (Fig. 1B).

miR-365b knockdown promotes NSCLC cell prolif-
eration and colony formation whilst inhibiting apoptosis.
Knockdown experiments were performed to assess the
functional roles of miR-365b in NSCLC cells. The effi-
ciency of miR-365b inhibitor transfection was verified by
RT-qPCR (Fig. 2A). CCK-8 assay results suggested that
miR-365b knockdown significantly increased NSCLC
cell viability (Fig. 2B). In addition, transfection with the
miR-365b inhibitor was found to exert similar effects on
NSCLC colony formation compared with the cell viability
assays (Fig. 2C). In addition, flow cytometry assay results
suggested that miR-365b knockdown significantly inhibited
NSCLC cell apoptosis (Fig. 2D).

Overexpression of miR-365b inhibits NSCLC cell prolif-
eration, inhibits colony formation and promotes apoptosis.
Overexpression experiments were subsequently performed

to elucidate the roles of miR-365b further. It was found that
transfection with the miR-365b mimic increased miR-365b
expression (Fig. 3A). CCK-8 assay and colony formation
assay results demonstrated that miR-365b overexpression
inhibited NSCLC cell proliferation and colony formation
(Fig. 3B and C). Additionally, the results indicated that the
percentage of cell apoptosis was significantly increased by
miR-365b overexpression (Fig. 3D).

miR-365b regulates GALNT4 expression binding to its
3'-UTR. Bioinformatics analysis suggested that the 3'-UTR
of GALNT4 contained a binding site for miR-365b (Fig. 4A).
Overexpression of miR-365b significantly reduced GALNT4
expression in NSCLC cells (Fig. 4B), whereas miR-365b
knockdown significantly increased GALNT4 expression in
NSCLC cells (Fig. 4C). Western blotting results appeared
to exhibit the same trends as those obtained by RT-qPCR
(Fig. 4D and E). In addition, dual-luciferase activity reporter
assay results suggested that miR-365b overexpression reduced
luciferase activity in cells transfected with wt-GALNTA4, but
not in those transfected with mt-GALNT4 (Fig. 4F). It was
also found that GALNT4 expression was higher in NSCLC
cell lines compared with that in the non-cancerous cell line
(Fig. 4G).
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GALNT4 knockdown attenuates the effects of miR-365b
inhibitors on NSCLC cell physiology. To assess whether
miR-365b exerted a tumor suppressive role on NSCLC cells by
regulating GALNT4 expression, si-GLANT4 and miR-365b
inhibitor were co-transfected into H1299 cells. The results
indicated that miR-365b expression was reduced by miR-365b
inhibitor transfection, whilst si-GALNT4 transfection
increased miR-365b expression slightly (Figs. 5A and S1A). In
addition, it was found that GALNT4 expression was reduced
by transfection with si-GALNT4 and increased by miR-365b
inhibitor transfection (Figs. 5B and S1B). Functional assay
results suggested that GALNT4 knockdown inhibited NSCLC
cell proliferation and colony formation whilst promoting
apoptosis (Fig. 5C-E). It was subsequently demonstrated that
the stimulatory effects of miR-365b inhibitor transfection
on NSCLC cells could be partly attenuated by si-GALNT4
co-transfection (Fig. 5C-E), whereas GALNT4 overexpression
was found to increase GALNT4 expression and NSCLC cell
proliferation (Fig. S2).

Discussion

Results from the present study suggested that miR-365b
overexpression inhibited NSCLC cell proliferation and colony
formation whilst promoting apoptosis by targeting GALNT4
expression, which serve as a novel mechanism underlying the
progression of NSCLC.

Dysregulated expression of miRNA has been revealed to
occur in numerous types of cancer and during the carcino-
genesis process (18). miRNAs have been shown to function
as either tumor suppressors or oncogenes in NSCLC (19,20).
For example, miR-422a has been reported to inhibit
NSCLC cell proliferation, metastasis, epithelial-mesenchymal
transition and tumorigenesis by regulating sulfatase 2 expres-
sion (19). By contrast, miR-671-3p can promote NSCLC
cell proliferation, migration and invasion by regulating the
expression of the forkhead box P2 protein (20). The present
study measured the expression of miR-365b in NSCLC and
non-cancerous cell lines, which found miR-365b expression to
be lower in NSCLC cell lines. Cancer progression is frequently
accompanied with several hallmark features, including uncon-
trolled cell proliferation and resistance to cell death (21).
Therefore, the effects of miR-365b on NSCLC cell physiology
were assessed. Knockdown of miR-365b expression was found
to promote NSCLC cell proliferation and colony formation
whilst inhibiting apoptosis. However, it was found that the
overexpression of miR-365b using a miR-365b mimic exerted
the opposite effects on NSCLC cells compared with those
transfected with the miR-365b inhibitor.

Previous studies have identified a number of target genes,
including ADAM metallopeptidase with thrombospondin type
1 motif 1, paired box 6 and SGTB for miR-365b in various
types of malignancies (7-9). However, the relationship between
miR-365b and these targets in NSCLC was not investigated in
the present study. Despite this, the present study searched for
potential targets for miR-365b using bioinformatics tools and
identified GALNT4 to be a possible target. Subsequent lucif-
erase activity reporter assay results demonstrated the direct
interaction between miR-365b and the 3'-UTR of GALNT4.
RT-gPCR and western blotting results also indicated that over-
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expression of miR-365b significantly reduced the expression of
GALNT4 in NSCLC cells in contrast to miR-365b knockdown,
which increased GALNT4 expression. Rescue experimental
results suggested that GALNT4 knockdown attenuated the
effects of miR-365b inhibitors on NSCLC cells. However, a
limitation to this rescue experiment is that the results were
only presented for the H1299 cell line. Previous studies have
demonstrated that the expression of miRNAs in cancer can
be regulated by long non-coding RNA, circular RNA and
nucleotide polymorphism (22-24). Therefore, a limitation to
the present study is that the regulatory mechanism responsible
for the reduced expression of miR-365b in NSCLC was not
examined, which should be investigated in future studies.

Collectively, the present results indicated that miR-365b
functioned as a tumor suppressor in NSCLC. Therefore,
elucidating the regulatory mechanism of GALNT4 by
miR-365b may further the understanding of NSCLC carci-
nogenesis and facilitate the development of treatment for
NSCLC.
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