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Regulation of BTG3 by microRNA-20b-5p
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Abstract. The present study aimed to evaluate microRNA-
20b-5p (miR-20b-5p) expression in non-small cell lung cancer
(NSCLC), and investigate the effects of miR-20b-5p expres-
sion on NSCLC cell proliferation and migration. Reverse
transcription-quantitative polymerase chain reaction was
performed to measure the expression level of miR-20b-5p
in NSCLC tissues and cell lines. Cell Counting Kit-8 and
wound healing assays were used to measure cell prolif-
eration and migration. A dual-luciferase reporter assay was
performed to validate B-cell translocation gene 3 (BTG3) as
a target of miR-20b-5p. It was identified that the expression
level of miR-20b-5p is elevated in NSCLC tissues and cell
lines. miR-20b-5p overexpression was revealed to promote
NSCLC cell proliferation and migration. Furthermore,
BTG3 was identified as a direct target of miR-20b-5p, and
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BTG3 overexpression reversed a miR-20b-5p mimic-induced
increase in cell proliferation and migration. In summary, the
present study revealed that miR-20b-5p promotes NSCLC cell
proliferation and migration by targeting BTG3, which may
assist with the development of a novel therapeutic target for
the treatment of NSCLC.

Introduction

Lung cancer is one of the leading causes of cancer-associated
mortality worldwide (1). Lung cancer can be classified into
the following two subgroups: Small-cell lung cancer and
non-small-cell lung cancer (NSCLC) (2). In 2017, NSCLC was
reported to account for almost 80% of all cases of lung cancer
worldwide (3). The overall survival rate for patients with
NSCLC is poor, as diagnosis often occurs at an advanced stage
due to a lack of efficient diagnosis methods (4). Investigations
regarding the mechanisms underlying the development and
progression of NSCLC may improve the precise diagnosis of
the disease.

MicroRNAs (miRNAs or miRs) are a family of endog-
enous RNAs with a length of ~8-25 nucleotides (5). miRNAs
have been reported to serve crucial roles in the development
and progression of human cancer as they participate in
almost all cell malignancy behaviors (6-8). No miRNA has
been used as diagnostic or prognostic marker in the clinic;
however, numerous studies have highlighted the significance
of these molecules in human cancer (9,10). miR-20b-5p is
located at human chromosome Xq26.2, a site that has previ-
ously been reported to be associated with the initiation or
progression of a number of types of cancer (11). Recently, it
has been reported that miR-20b-5p is abnormally expressed
in human cancer and functions as a tumor suppressor or
oncogene in a context-dependent manner (12-14). Li et al (12)
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demonstrated that miR-20b-5p expression was downregulated
in renal cell carcinoma, in the first study to reveal a tumor
suppressive role of miR-20b-5p. A recent study (13) demon-
strated that miR-20b-5p was upregulated in breast cancer and
could be used as a biomarker to diagnose breast cancer. A
study using RT-qPCR revealed that an increased expression
level miR-20b-5p could effectively distinguish NSCLC from a
control (14). However, the biological functions of miR-20b-5p
in NSCLC remain unclear.

The present study revealed that miR-20b-5p is over-
expressed in NSCLC tissues and cell lines. Cell Counting
Kit-8 (CCK-8) and wound-healing assays were performed to
investigate the effects of miR-20b-5p expression on NSCLC
cell proliferation and migration. In addition, B-cell trans-
location gene 3 (BTG3) was identified as a direct target of
miR-20b-5p by using bioinformatics, a luciferase activity
reporter assay and western blot analysis.

Materials and methods

Clinical specimens. A total of 113 pairs of tumor tissue samples
and adjacent non-cancerous tissue samples (=2 cm away from
the tumor) were collected from patients with NSCLC (57 male
and 56 female; 56.7+4.2 years) who underwent treatment at
Guangzhou General Hospital of The People's Liberation
Army (PLA) (Guangzhou, China) between March 2011 and
November 2012. The tissue samples were snap-frozen in liquid
nitrogen following surgery and stored at -80°C prior to further
use. Tumor stage was classified according to the American
Joint Committee on Cancer staging system (15). The present
study was approved by the Ethics Committee of Guangzhou
General Hospital of PLA (Guangzhou, China). Written
informed consent was obtained from all recruited patients.

Cell culture and transfection. A549, H1299, and 16HBE
cell lines were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). All cells were
cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.),
100 U/ml penicillin and 100 pg/ml streptomycin in a humidi-
fied incubator at 37°C containing 5% CO,. The miR-20b-5p
mimic (5'-CAAAGUGCUCAUAGUGCAGGUAG-3"),
inhibitor (5'-CUACCUGCACUAUGAGCACUUUG-3") and
negative control (NC; 5'-GCUAGAUGCACUCAUCUCUAC
GU-3") were obtained from Shanghai GenePharma Co., Ltd.
(Shanghai, China). The BTG3 expression construct and the
pcDNA3.3 NC were purchased from GenScript (Nanjing,
China). Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) was used for cell transfections, according to
the manufacturer's protocol. Subsequent experiments were
performed 48 h after transfection.

RT-qPCR. Total RNA from tissues and cell lines was extracted
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). cDNA was synthesized using a miScript reverse tran-
scription kit (Qiagen GmbH, Hilden, Germany). RT-qPCR
was performed with a SYBR-Green PCR master mix (Thermo
Fisher Scientific, Inc.) on a 7500 Real-time PCR system
(Thermo Fisher Scientific, Inc.). Primers were synthesized
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by GenScript (Nanjing, China) with the following sequences:
miR-20b-5p forward, 5"-TGTCAACGATACGCTACGA-3' and
reverse, 5'-GCTCATAGTGCAGGTAGA-3"; and U6 forward,
5'-CTCGCTTCGGCAGCACA-3' and reverse, 5-AACGCT
TCACGAATTTGCGT-3". Relative expression levels were
calculated using the 2-24%4 method with U6 as the internal
control (16). The thermocycling conditions were as follows:
95°C for 2 min, 95°C for 10 sec, 55°C for 30 sec and 72°C
for 30 sec, for 40 cycles. Each experiment was performed in
triplicate.

Protein sample extraction and western blot analysis. Total
protein from tissues and cell lines was extracted using RIPA
lysis buffer (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. Protein concen-
tration was measured using a BCA kit (Beyotime Institute
of Biotechnology, Haimen, China). The extracted protein
samples (50 pg) were separated by 10% SDS-PAGE and then
transferred to polyvinylidene fluoride membranes (Invitrogen;
Thermo Fisher Scientific, Inc.). Subsequently, the membranes
were blocked with 5% non-fat milk for 2 h at room tempera-
ture prior to incubation with primary antibodies targeting
BTG3 (1:1,000; catalog no. ab112938; Abcam, Cambridge,
MA, USA) or GAPDH (1:1,000; catalog no. ab181602;
Abcam) overnight at 4°C. Subsequently, the membranes
were incubated with horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (1:5,000; catalog no. ab6721;
Abcam) for 1 h at room temperature. Protein signals were
visualized using an enhanced chemiluminescence detection
system (Beyotime Institute of Biotechnology) and analyzed
with ImageJ 1.42 software (National Institutes of Health,
Bethesda, MD, USA).

CCK-8 assay. Cell proliferation ability was measured using a
CCK-8 assay (Beyotime Institute of Biotechnology), according
to the manufacturer's protocol. Briefly, the A549 and H1299
cells were seeded at a density of 5,000 cells/well in a 96-well
plate and incubated in RPMI-1640 medium supplemented with
10% fetal bovine serum, 100 U/ml penicillin and 100 zg/ml
streptomycin. CCK-8 reagent was added to each well at 0, 24,
48 and 72 h, and the cells were further incubated for 2 h. The
absorbance was measured at 450 nm using an ELISA reader
(BioTek Instruments, Inc., Winooski, VT, USA).

Wound-healing assay. Cell migration ability was measured
using a wound-healing assay, as described previously (17).
Briefly, 5x10° cells (A549 and H1299) were seeded in a 12-well
plate and cultured until ~80% confluence. A wound was then
created using a sterile 200-u1 pipette tip at the surface of the
cells in each well. Subsequently, the cells were washed with
PBS to remove cell debris. Images were acquired using a Leica
DMI 6000B inverted light microscope (Leica Microsystems,
Inc., Buffalo Grove, IL, USA) at O or 24 h after the wounds
were made to measure the wound width.

Bioinformatic analysis. miR-20b-5p targets were predicted
and analyzed using the online miRNA targets prediction
algorithm TargetScan (www.targetscan.org). Targets to be
investigated were selected based on the reported gene func-
tions. These results revealed that BTG3 may be a target of
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Figure 1. miR-20b-5p is significantly upregulated in NSCLC tissues and cell lines. (A) The expression level of miR-20b-5p was measured in NSCLC tissues
and adjacent normal tissues by RT-qPCR. ““P<0.001 vs. tumor. (B) The expression level of miR-20b-5p was measured in the NSCLC cell lines A549 and
H1299 and the normal cell line 1I6HBE by RT-qPCR. ““P<0.001 vs. I6HBE. miR-20b-5p, microRNA-20b-5p; NSCLC, non-small cell lung cancer; RT-qPCR,

reverse transcription-quantitative polymerase chain reaction.

miR-20b-5p as it contains a miR-20b-5p binding site in its
3'-untranslated region (3'-UTR).

Dual-luciferase reporter assay. The putative wild-type (wt)
and mutant (mut) miR-20b-5p binding sequences were cloned
into a pGL3 vector (Promega Corporation, Madison, WI,
USA). Cells were co-transfected with the built constructs
along with miR-20b-5p mimic or NC using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Luciferase
activity was measured using a Dual-Luciferase assay kit
(Promega Corporation) 48 h after transfection. Data were
normalized to the activity of the Renilla luciferase reference
plasmid.

Statistical analysis. Data were analyzed with GraphPad Prism
6 software (GraphPad Software, Inc., La Jolla, CA, USA)
and presented as the mean + standard deviation. Analysis
between two groups was performed with a paired Student's
t-test. One-way analysis of variance with Tukey's post hoc test
was used for the comparison of multiple groups. A ¥ test was
performed to analyze the associations of miR-20b-5p expres-
sion and clinicopathological features. The correlation between
miR-20b and BTG3 was analyzed with Pearson's correlation.
Survival analysis was performed with Kaplan-Meier curve and
log-rank test. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-20b-5p is upregulated in NSCLC tissues and cell lines.
It was identified that the miR-20b-5p expression level was
significantly higher in NSCLC tissues compared with normal
adjacent tissues (Fig. 1A). Furthermore, the level of miR-20b-5p
in NSCLC cell lines was investigated, which revealed that the
expression level of miR-20b-5p was significantly higher in the
NSCLC cell lines A549 and H1299 compared with the normal
16HBE cell line (Fig. 1B).

Clinical significance of miR-20b-5p expression in NSCLC.
Patients with NSCLC were classified into high or low
miR-20b-5p expression groups based on the median
miR-20b-5p expression level. Patients with an miR-20b-5p

expression level equal to or higher than the median value (4.12)
were classified into the high expression group. Otherwise, the
patients were classified into the low expression group. It was
identified that miR-20b-5p expression was not significantly
associated with age, sex, hepatitis B surface antigen and
smoking status (Table I). However, significant differences
were revealed between miR-20b-5p expression level and tumor
size and tumor stage. Kaplan-Meier analysis and a log-rank
test were performed to analyze the association of miR-20b-5p
expression with the overall survival rate. The overall survival
rate of patients with a high miR-20b-5p expression level was
significantly lower compared with those with alow miR-20b-5p
expression level (P=0.033; Fig. 2).

Knockdown of miR-20b-5p inhibits NSCLC cell proliferation
and migration. The in vitro biological function of miR-20b-5p
was assessed by CCK-8 assay and a wound-healing assay.
The expression level of miR-20b-5p in NSCLC cells was
altered by transfection with miR-20b-5p mimic or inhibitor.
It was demonstrated that transfection with miR-20b-5p
mimic significantly increased the level of miR-20b-5p, while
miR-20b-5p inhibitor significantly downregulated the level
of miR-20b-5p (Fig. 3A). CCK-8 assay results demonstrated
that the proliferation ability of NSCLC cells was significantly
decreased following transfection with miR-20b-5p inhibitor
but significantly increased by miR-20b-5p mimic (Fig. 3B).
Furthermore, a wound-healing assay revealed that the migra-
tory distance of NSCLC cells transfected with miR-20b-5p
mimic was significantly larger compared with the NC group.
In addition, the migratory distance was significantly smaller
for the NSCLC cells transfected with inhibitor compared with
the NC group (Fig. 3C). These data indicate that miR-20b-5p
overexpression significantly increases cell proliferation and
migration.

BTG3 is a target of miR-20b-5p in NSCLC. Online targets
analysis revealed that BTG3 contains a putative binding
site for miR-20b-5p in its 3'-UTR (Fig. 4A). Furthermore,
a dual-luciferase reporter assay demonstrated that trans-
fection with miR-20b-5p mimic significantly decreased
the luciferase activity in NSCLC cells transfected with wt
BTG3 but not in those transfected with mut BTG3 (Fig. 4B).
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Table I. Association between miR-20b-5p expression and
clinicopathological features of patients with non-small cell
lung cancer.

miR-20b-5p
expression
Variables No.of cases High Low  P-value®
Sex 0.484
Male 57 29 28
Female 56 31 25
Age, years 0.100
=50 62 32 30
<50 51 28 23
HBsAg 0.106
Negative 52 30 22
Positive 61 30 31
Smoking status 0.166
Yes 52 26 26
No 61 34 27
Tumor size, cm 0.025
=5 64 35 29
<5 49 25 24
Tumor stage 0.014
I-11 63 36 27
I 50 24 26

*According to the ¥ test. miR-20b-5p, microRNA-20b-5p; HBsAg,
hepatitis B surface antigen.

—— High miR-20b-5p expression
—— Low miR-20b-5p expression

100+

60+

1 p=0033

20+

Overall survival rate (%)

0 I L 1
0 20 40 60

Months

Figure 2. Kaplan-Meier survival curve of patients with NSCLC. Patients
in the high miR-20b-5p expression group exhibited a significantly poorer
prognosis compared with those in the low miR-20b-5p expression group.
miR-20b-5p, microRNA-20b-5p; NSCLC, non-small cell lung cancer.

Subsequently, BTG3 protein expression was examined in
the miR-20b-5p mimic or NC-transfected NSCLC cells.
It was identified that transfection with miR-20b-5p mimic
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significantly decreased BTG3 protein expression in NSCLC
cells compared with that in the NC group (Fig. 4C).
Furthermore, an inverse correlation was revealed between
miR-20b-5p and BTG3 expression levels in NSCLC tissues
(Fig. 4D). These results suggest that BTG3 is a direct target
of miR-20b-5p.

miR-20b-5p promotes NSCLC cell proliferation and migra-
tion by targeting BTG3. To validate BTG3 as a functional
target of miR-20b-5p, NSCLC cells were co-transfected with
a BTG3 expression construct and miR-20b-5p mimic. Western
blot analysis demonstrated that transfection with the BTG3
expression construct markedly increased the protein level of
BTG3 in NSCLC cells (Fig. 5A). Furthermore, transfection
with miR-20b-5p mimic reduced the stimulation effect of
BTG3 expression construct on the expression level of BTG3
(Fig. 5A). As presented in Fig. 5B, overexpression of BTG3
significantly reversed the stimulation effect of miR-20b-5p
mimic on cell proliferation. Similarly, the promoting effect
of miR-20b-5p mimic on cell migration was significantly
inhibited by BTG3 overexpression (Fig. 5C).

Discussion

miR-20b-5p, along with miR-17-92 and miR-106b-25 clusters,
form a large and highly conserved miRNA family, termed the
miR-17 family (18). Members of the miR-17 family have been
reported to be highly expressed in human cancer types and
have been suggested to function as oncogenes (19,20). In addi-
tion, previous studies have demonstrated that miR-20b-5p can
regulate a number of cell behaviors, including cell proliferation,
cell migration and cell apoptosis (12,13). A previous study has
examined the expression level of miR-20b-5p in NSCLC (14);
however, to the best of our knowledge, no previous study has
investigated its clinical significance in NSCLC.

The present study identified that miR-20b-5p expression
was upregulated in NSCLC tissues, which is the same result
that was observed in a high throughput RT-qPCR experi-
ment (14). The investigation of miR-20b-5p expression level
in NSCLC cell lines and a normal cell line also revealed
that miR-20b-5p expression was upregulated in NSCLC.
Subsequently, the associations between miR-20b-5p expres-
sion and clinicopathological parameters were evaluated, which
revealed that miR-20b-5p expression was significantly associ-
ated with two classical tumor malignancy indicators, tumor
size and tumor stage. Furthermore, it was identified that a high
expression level of miR-20b-5p predicts a worse 5-year overall
survival rate.

It has been established that miRNAs exert their biological
roles via regulation of cancer-associated genes (7-10). In addi-
tion, miR-20b-5p has been reported to regulate a number of
human genes in cancer (12). BTG3 is a target of p53 and a
negative regulator of cell cycle progression and cell prolif-
eration (21,22). BTG3 expression has been identified to be
downregulated in colorectal cancer and reported to regulate
cell proliferation, migration, invasion, the cell cycle and
apoptosis (23). Furthermore, BTG3 overexpression can inhibit
epithelial ovarian cancer cell proliferation and invasion but
promote cell apoptosis via regulation of the AKT/glycogen
synthase kinase-3f3/B-catenin pathway (24). It has been
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Figure 3. Knockdown of miR-20b-5p inhibits NSCLC cell proliferation and migration. (A) Expression levels of miR-20b-5p in the NSCLC cell lines A549 and
H1299 following transfection with miR-20b-5p mimic or inhibitor were measured by reverse transcription-quantitative polymerase chain reaction. (B) The
effects of miR-20b-5p on NSCLC cell proliferation were assessed by a CCK-8 assay. (C) The effects of miR-20b-5p on NSCLC cell migration were evaluated
by a wound-healing assay. “P<0.01, ““P<0.001 vs. NC. miR-20b-5p, microRNA-20b-5p; NSCLC, non-small cell lung cancer; CCK-8, Cell Counting Kit-8;

NC, negative control.

reported that BTG3 expression is reduced in NSCLC and
functions as a tumor suppressor (25).

Notably, the present study identified that the 3'-UTR of
BTGS3 contains a binding site for miR-20b-5p. Therefore,
it was then investigated whether miR-20b-5p and BTG3
are associated in NSCLC. Western blot analysis revealed
that BTG3 expression could be regulated by miR-20b-5p,
which indicates that BTG3 is a direct target of miR-20b-5p.
Further in vitro functional assays revealed that miR-20b-5p
overexpression could promote NSCLC cell proliferation and

migration. These results suggest that miR-20b-5p functions
as an oncogene in NSCLC, which is a role that has been
identified in other cancer types, including breast and prostate
cancer (13,26). Mechanistic studies revealed that BTG3 was
a functional target of miR-20b-5p. Notably, overexpression
of BTG3 only partially reversed the effects of miR-20b-5p
mimic on cell proliferation and migration, which indicates
that other molecules may also be involved in this process.
For example, it has been reported that miR-20b-5p regu-
lates myoblast differentiation and proliferation by directly
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was identified in NSCLC. "*P<0.001 vs. NC. miR-20b-5p, microRNA-20b-5p; wt, wild-type; mut, mutant; BTG3, B-cell translocation gene 3.

regulating the expression of E2F transcription factor 1 it is reasonable to suggest that E2F1 may also participate in
(E2F1) (27). Additionally, BTG3 binds to and inhibits E2F1  the miR-20b-5p-mediated NSCLC cell behaviors and this
via an N-terminal domain to regulate growth (28). Therefore, requires further investigation in the future.
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In conclusion, the present study revealed that miR-20b-5p
expression is elevated in NSCLC and overexpression of
miR-20b-5p can promote cell proliferation and migration by
targeting BTG3. Notably, a high miR-20b-5p expression level
was identified to be associated with a worse 5-year overall
survival rate. Therefore, miR-20b-5p may serve as a novel
target for NSCLC early diagnosis or treatment.
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