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MicroRNA-16-5p/BIMP1/NF-kB axis regulates autophagy
to exert a tumor-suppressive effect on bladder cancer
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Abstract. Bladder cancer (BC) is the second most common
urological disease worldwide. Previous studies have reported
that microRNA (miR)-16-5p is associated with the devel-
opment of BC, but whether miR-16-5p regulates BC cell
autophagy remains unknown. Thus, the aim of the present
study was to investigate this issue. miR-16-5p expression in
BC cells was assessed by reverse transcription-quantitative
PCR. Cell viability and apoptosis were detected via Cell
Counting Kit-8 and flow cytometry assays, respectively. For
cell autophagy detection, autophagic flux was detected using
a mCherry-green fluorescent protein-microtubule-associated
proteins 1A/1B light chain 3B (LC3) puncta formation assay,
followed by determination of autophagy-related protein
markers. The targeting relationship between miR-16-5p and
caspase recruitment domain family member 10 (BIMP1) was
confirmed using a dual-luciferase reporter assay, followed
by detection of the BIMP1/NF-kB signaling pathway. The
results showed that miR-16-5p overexpression inhibited cell
viability, whereas miR-16-5p knockdown promoted cell
viability in BC. Furthermore, miR-16-5p overexpression
induced autophagy, which was accompanied by increased
autophagic flux and expression of the autophagy-related
proteins LC3-II and beclin 1, as well as decreased p62
expression, whereas miR-16-5p silencing led to an inhibition
of autophagy in BC cells. Moreover, autophagy inhibitor
3-methyladenine treatment inhibited cell autophagy and apop-
tosis in miR-16-5p-overexpressing cells. Mechanistic studies
demonstrated that miR-16-5p could inhibit the BIMP1/NF-«B
signaling pathway and this inhibition was achieved by directly
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targeting BIMP1. Furthermore, it was found that blockade of
the BIMP1/NF-kB signaling pathway inversed the inhibitory
effects of miR-16-5p knockdown on autophagy in BC cells.
In vivo experiments further verified the tumor-suppressive
effect on BC of the miR-16-5p/BIMP1/NF-«B axis. Therefore,
the results of the present study indicated that miR-16-5p
promotes autophagy of BC cells via the BIMP1/NF-«B
signaling pathway, and an improved understanding of
miR-16-5p function may provide therapeutic targets for
clinical intervention in this disease.

Introduction

Bladder cancer (BC) is one of the most common malignant
tumors of the urinary system and is characterized by high
morbidity and mortality rates (1). A number of factors can
induce BC, including smoking, environmental exposure,
exposure to carcinogens and genetic factors (1,2). Surgical
resection, chemotherapy and radiotherapy are the conven-
tional treatments for BC (3). Initial tumor resection combined
with adjuvant therapy increases the 5-year survival rate (4);
however, BC has a high recurrence rate after surgery. It was
previously demonstrated that non-muscle invasive BC has
tumor recurrence and disease progression rates of up to 80 and
45%, respectively (5). Therefore, it is necessary to investigate
the molecular mechanisms involved in the development of
BC in order to find novel diagnostic markers and therapeutic
targets.

Autophagy is a conservative self-degradation process that
plays an important role in the development and treatment of
cancers (6). It has been reported that the induction of autophagy
inhibited breast cancer progression (7). MicroRNAs (miRs)
are non-coding single-stranded RNA molecules that regulate
gene expression by binding to the 3'-untranslated region
(UTR) of downstream targets (8). Due to this characteristic,
miRs have multiple functions, including regulating cell
autophagy (9). For example, miR-16-5p, which acts as a tumor
suppressor in BC, has been reported to induce autophagy of
cervical carcinoma cells (10,11). It has also been observed
that autophagy significantly increased in non-small cell lung
carcinoma cells transfected with miR-16-5p mimics (12).
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These findings indicate that miR-16-5p exerts an important
regulatory effect on the autophagy of cancer cells. However,
whether miR-16-5p regulates autophagy in BC cells requires
further investigation.

It is predicted that caspase recruitment domain family
member 10 (BIMP1) may be a downstream target of miR-16-5p.
BIMPI, also known as caspase recruitment domain 10, is a
member of the CARMA family (13). BIMP1 has been reported
to be upregulated in BC cells and BIMP1 silencing can inhibit
activation of the NF-«xB signaling pathway (14). The NF-xB
signaling pathway is activated in numerous types of cancer,
including colorectal cancer, prostate cancer and BC, and exerts
a tumorigenic effect (15-17). Moreover, blocking the NF-kB
signaling pathway has been found to induce autophagy (18-20).
Therefore, the aim of the present study was to investigate
whether the miR-16-5p/BIMP1/NF-kB axis exerts antitumor
effects by regulating autophagy in BC.

Materials and methods

Cell lines. T24 and 5637 cells were purchased from Shanghai
Zhong Qiao Xin Zhou Biotechnology Co., Ltd. RPMI-1640
medium (MilliporeSigma) containing 10% fetal bovine serum
(Sangon Biotech Co., Ltd.) was used for cell culture in an
incubator at 37°C with 5% CO,.

Cell transfection. Cells were cultured to a density of ~90% and
washed once with PBS. The supernatant was discarded and
0.25% trypsin was added to digest the cells. When the cells
became round, the complete medium (RPMI-1640 medium)
was added to terminate the reaction. Cells were then seeded in
a 6-well plate (2x10° cells per well) and placed in an incubator
at 37°C in 5% CO,. After 24 h, the transfection experiments
were performed. The 5637 cells were transfected with
miR-16-5p inhibitor (50 pmol per well) or its negative control
(NGC; 50 pmol per well) for 24 h. T24 cells were transfected
with miR-16-5p mimics (50 pmol per well) or its NC (50 pmol
per well) for 24 h. The transfections were performed with 6 pl
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.).

After transfection for 6 h, the T24 cells were treated with
the autophagy inhibitor 3-methyladenine (3-MA; 2.5 mM)
for 48 h. The 5637 cells were incubated with pyrrolidine
dithiocarbamate (PDTC; 20 uM) for 48 h at 37°C. For
co-transfection, miR-16-5p inhibitor (50 pmol per well) and
BIMP1 small interfering (si)RNA (50 pmol per well) or its
NC (50 pmol per well) was co-transfected into 5637 cells for
24 h with Lipofectamine 2000, according to the manufac-
turer's instructions. All of the transfections were performed
at room temperature. All cells were transfected and dosed
up for the appropriate duration, and follow-up experiments
were conducted immediately. The BIMP1 and NC siRNA,
miR-16-5p mimics, mimics NC and miR-16-5p inhibitor and
inhibitor NC were purchased from JTS Scientific Ltd. The
sequences used for the present study are presented in Table I.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from BC cells with TriPure Isolation
Reagent (BioTeke Corporation) and the concentration was
determined using a NanoDrop 2000 UV spectrophotometer

(Thermo Fisher Scientific, Inc.). Next, cDNA was obtained
via reverse transcription using Super M-MLV Reverse
Transcriptase (BioTeke Corporation), dNTPs (Beijing Solarbio
Science & Technology Co., Ltd.) and RNase inhibitor (BioTeke
Corporation). Finally, using the cDNA template, primers,
SYBR Green (Millipore Sigma) and 2X Power Taqg PCR
MasterMix (BioTeke Corporation), gPCR was performed and
the relative mRNA expression level was calculated using the
2-44C4 method (21). The thermocycling conditions for gPCR
were as follows: For miRNA, 94°C for 4 min, followed by
40 cycles of 94°C for 15 sec, 60°C for 20 sec and 72°C for
15 sec; and for mRNA, 94°C for 5 min, followed by 40 cycles
of 94°C for 15 sec, 60°C for 25 sec and 72°C for 30 sec. miRNA
and mRNA expression levels were normalized to ribosomal
5S RNA and (-actin, respectively. The primers used for gPCR
are presented in Table II.

Cell proliferation assay. BC cell viability was analyzed via
Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute of
Biotechnology). Briefly, cells were seeded in a 96-well plate at
a density of 4x10° per well. After transfection and treatments,
the supernatant was discarded and complete medium (100 ul)
was added to each well. Then, 10 ul CCK-8 was added to each
well and cells were incubated at 37°C for 1 h. Finally, the
optical density (OD) value at 450 nm was calculated using a
microplate reader (BioTek Instruments, Inc.).

Cell apoptosis assay. Cell apoptosis was detected by flow
cytometry. Briefly, after transfection and treatments, cells
were washed once with PBS and then centrifuged (300 x g)
for 5 min at room temperature and the supernatant was
discarded. After washing twice with PBS, cells were stained
with Annexin V-FITC (5 ul) and propidium iodide (5 ul). After
incubation at room temperature in the dark for 15 min, the
apoptosis rate was detected by flow cytometry (NovoCyte;
ACEA Bioscience, Inc.) and analyzed by NovoExpress
(version 1.2.5; ACEA Biosciences, Inc.).

Western blotting. Total proteins were extracted using
Western and IP cell lysate (cat. no. PO013; Beyotime Institute
of Biotechnology) mixed with PMSF (cat. no. ST506;
Beyotime Institute of Biotechnology) and the total protein
concentration was determined using a BCA protein assay
kit (Beyotime Institute of Biotechnology) according to the
manufacturer's instructions. Proteins were separated via
SDS-PAGE (20-40 pg/lane; 8, 10 and 14%). After electro-
phoresis, the separated proteins were transferred onto the
PVDF membranes and blocked with 5% skimmed milk
for 1 h at room temperature. The membranes were subse-
quently incubated with primary antibodies overnight at
4°C, followed by incubation with horseradish peroxidase
(HRP)-conjugated secondary antibodies for 45 min at 37°C.
Finally, the proteins were visualized with ECL chemilumi-
nescent reagent (Beyotime Institute of Biotechnology) and
the OD of the target proteins was analyzed using a gel image
processing system (Gel-Pro-Analyzer 4.0; Media Cybernetics,
Inc.). The following primary antibodies (1:1,000) used for
western blotting were purchased from ABclonal Biotech
Co., Ltd.: Microtubule-associated proteins 1A/1B light
chain 3B (LC3; cat. no. A19665), beclin 1 (cat. no. A7353),
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Table I. Sequences used for transfection.

Sequence type

Sequence (5'-3")

BIMPI1 siRNA
siRNA NC
miR-16-5p mimics
Mimics NC

miR-16-5p inhibitor
Inhibitor NC

Forward: GGAUGAGAACUACAUGAUCTT
Reverse: GAUCAUGUAGUUCUCAUCCTT
Forward: UUCUCCGAACGUGUCACGUTT
Reverse: ACGUGACACGUUCGGAGAATT
Forward: UAGCAGCACGUAAAUAUUGGCG
Reverse: CCAAUAUUUACGUGCUGCUAUU
Forward: UUCUCCGAACGUGUCACGUTT
Reverse: ACGUGACACGUUCGGAGAATT
CGCCAAUAUUUACGUGCUGCUA
UUGUACUACACAAAAGUACUG

si, small interfering; NC, negative control; miR, microRNA.

Table II. Primers used for qPCR.

Primers (5'-3")

Gene Forward Reverse

miR-16-5p TAGCAGCACGTAAATATTGGCG GCAGGGTCCGAGGTATTC

5S rRNA GATCTCGGAAGCTAAGCAGG TGGTGCAGGGTCCGAGGTAT
BIMP1 GGTGCCGAGCCCTTCTACATT TCCAGGTCCCGCAGAGTGAG
[-actin CTTAGTTGCGTTACACCCTTTCTTG CTGTCACCTTCACCGTTCCAGTTT

miR, microRNA; 5S rRNA, ribosomal 5S RNA.

p62 (cat. no. A19700), IxBa (cat. no. A1187), p-IxBa (ser32;
cat. no. AP0707), NF-xB (cat. no. A19653) and BIMP1 (cat.
no. A7368). Histone H3 primary antibody (1:2,000) was
purchased from Abgent Biotech Co., Ltd. (cat. no. AM8433)
and (-actin primary antibody (1:1,000) was obtained from
Santa Cruz Biotechnology, Inc. (cat. no. sc-47778). The
following secondary antibodies (1:5,000) were purchased
from Beyotime Institute of Biotechnology: Goat anti-rabbit
IgG (cat. no. A0208) and goat anti-mouse IgG (cat. no. A0216).

mCherry-green fluorescent protein (GFP)-LC3 puncta
formation assay. Cells were seeded in 6-well plates at a
density of 2x10° cells per well. The mCherry-GFP-LC3
plasmids (1 pg per well) and miR-16-5p mimics, miR-16-5p
inhibitor or its NC were co-transfected into BC cells for 48 h
at room temperature. The co-transfection was performed with
Lipofectamine 2000. Finally, the puncta were observed under
a fluorescence microscope (magnification, x400; Olympus
Corporation). Yellow and red dots represent autophagosomes
and autolysosomes, respectively.

Electrophoretic mobility shift assay. Nuclear proteins
were extracted from BC cells using the Nuclear Protein
Extraction kit (Beyotime Institute of Biotechnology). The
protein lysate was obtained as previously described for
western blotting. Following centrifugation, cytoplasmic
protein extraction reagent (200 u1/20 pl cell pellet; Beyotime

Institute of Biotechnology) containing PMSF was added
to the pellet. The cell pellet was vigorously vortexed on the
highest setting for 5 sec and incubated on ice for 10-15 min.
Subsequently, cytoplasmic protein extraction reagent (10 ul;
Beyotime Institute of Biotechnology) was added and vortexed
for 5 sec on the highest setting and centrifuged for 5 min (4°C)
at 12,000 x g. The pellet was collected again and treated with
nuclear protein extraction reagent (50 pl; Beyotime Institute
of Biotechnology) containing PMSF. The tubes containing the
pellet were vortexed on the highest setting for 15-30 sec, every
1-2 min for a total duration of 30 min. Following centrifugation
for 5 min (4°C) at 12,000 x g, the supernatant was obtained,
which only contained nuclear protein. The concentration was
detected using a BCA Protein assay kit (Beyotime Institute
of Biotechnology). After nuclear proteins were incubated with
the biotin-labeled probe for 20 min at room temperature, elec-
trophoresis was performed using 6.5% polyacrylamide gels.
After separation on polyacrylamide gels, nuclear proteins were
transferred onto nylon membranes and the membranes were
cross-linked under UV light for 30 min. After incubation in
the streptavidin-HRP (Viagene Biotech) reaction solution for
20 min at room temperature, the membranes were visualized
with the ECL chemiluminescent reagent. Finally, the OD value
was calculated.

Dual-luciferase reporter assay. The binding sites
between miR-16-5p and BIMP1 were determined using
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TargetScanHuman (version 7.2; http://www.targetscan.org/
vert_72/). miR-16-5p was searched and multiple genes that
miR-16-5p may target were obtained. UTRs between BIMP1
and miR-16-5p were also searched to obtain the target binding
sequence between miR-16-5p and BIMPI1. The luciferase
reporter assay was performed using T24 cells. Briefly, T24 cells
were co-transfected with mutant (MUT) or wild-type (WT)
plasmid (1.25 ug per well) containing the 3'-UTR of BIMP1
and miR-16-5p mimics (15 pmol per well) or its NC (15 pmol
per well), respectively. After 48 h, the cells were harvested and
luciferase activity was detected using a Luciferase Detection kit
(Promega Corporation) according to the manufacturer's proto-
cols. Relative luciferase activities were evaluated through the
ratio of firefly luciferase to Renilla luciferase.

Xenograft tumor model. The present study was approved by
The China Medical University Laboratory Animal Welfare
and Ethical Committee (approval no. KT2020037) and
animal experiments were performed in accordance with the
Guidelines for the Care and Use of Laboratory Animals (22).
Twelve male BALB/c nude mice (age, 6 weeks old; weight,
18+2 g) were purchased from Huafukang Biotechnology Co.,
Ltd. and housed under the following conditions: 12 h light/dark
cycle, 45-55% humidity and a temperature of 24+1°C. All
mice had free access to food and water. The mice (n=12) were
randomly divided into the following two groups: i) Mimics NC
group (n=6), mice were injected subcutaneously (right armpit)
with T24 cells (1x107) transfected with mimics NC; and
ii) miR-16-5p mimics group (n=6), mice were injected subcu-
taneously with T24 cells (1x107) transfected with miR-16-5p
mimics. The tumor volume was measured every 3 days from
day 6. The maximum xenograft tumor size was 334.75 mm®.
On day 24, mice were euthanized by an intraperitoneal injec-
tion of sodium pentobarbital (150 mg/kg), the tumor weight
was recorded and tumor tissue samples were preserved in 4%
paraformaldehyde in an ultra-low temperature refrigerator at
-70°C for subsequent experiments.

Immunofluorescence staining. Tumor tissue samples were
fixed using 4% paraformaldehyde for 48 h at room tempera-
ture, embedded in paraffin and cut into 5-ym sections. The
sections were first blocked with normal goat serum (stock
solution, Beijing Solarbio Science & Technology Co., Ltd.)
for 15 min at room temperature. The tumor sections were
treated with the primary antibody, LC3 obtained from Santa
Cruz Biotechnology, Inc. (1:50; cat. no. sc-376404) at 4°C
overnight and then incubated with the secondary antibody
Cy3-labeled goat anti-mouse IgG obtained from Beyotime
Institute of Biotechnology (1:200; cat. no. A0521) at room
temperature for 1 h. Following DAPI staining, the cover slips
were mounted and visualized using a fluorescence microscope
(magnification, x400; Olympus Corporation).

Statistical analysis. An unpaired t-test was used to compare
the differences between two groups. Differences among
=3 groups were analyzed by one-way ANOVA with Tukey's
multiple comparisons test. Data are expressed as the
means + SD. Data analysis was performed using GraphPad
Prism 8.0 (GraphPad Software, Inc.) and P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

miR-16-5p promotes autophagy in BC cells. In order to
investigate the role of miR-16-5p in the autophagy of BC
cells, the expression of miR-16-5p in 5637 and T24 cells was
determined. It was found that the expression of miR-16-5p
in T24 cells was lower than that in 5637 cells (Fig. 1A).
miR-16-5p was overexpressed in T24 cells via transfection
with miR-16-5p mimics, whereas miR-16-5p expression was
knocked down in 5637 cells via transfection with miR-16-5p
inhibitor (Fig. 1B). As presented in Fig. 1C, miR-16-5p over-
expression significantly decreased the viability of BC cells,
whereas miR-16-5p knockdown significantly increased cell
viability when compared with the corresponding control
group. As shown in Fig. 1D, miR-16-5p overexpression led
to an increase in free yellow puncta and red puncta (indi-
cating autolysosomes) and the merged colors were more
towards red, indicating that miR-16-5p overexpression
increased the formation of autophagosomes and autolyso-
somes, and that autophagic flux was promoted. However, no
apparent yellow or red spots were observed in the miR-16-5p
inhibitor group (Fig. 1D). Furthermore, the expression levels
of autophagy-related proteins were detected via western
blotting. The results demonstrated that the LC3-II/I ratio
and beclin 1 protein levels in the miR-16-5p mimics group
were significantly higher than those in the mimics NC
group, whereas miR-16-5p knockdown notably decreased
their levels as compared with the inhibitor NC (Fig. 1E).
By contrast, the protein expression of p62 was notably
decreased by miR-16-5p mimics, whereas its expression
was significantly increased by transfection with miR-16-5p
inhibitor as compared with the corresponding control group
(Fig. 1E). Therefore, these results indicated that miR-16-5p
induced autophagy and this may be achieved by increasing
autophagic flux and the formation of autophagosomes in BC
cells.

Inhibition of autophagy attenuates the promoting effect
of miR-16-5p overexpression on apoptosis of BC cells.
Subsequently, whether there is an association between
autophagy and apoptosis in BC was investigated. As presented
in Fig. 2A, miR-16-5p overexpression significantly decreased
cell viability, whereas 3-MA treatment increased cell viability
as compared with the miR-16-5p mimics group. Furthermore,
miR-16-5p overexpression significantly increased LC3-II/1
ratio and beclin 1 protein expression levels, whereas it
decreased p62 expression, which was reversed by treatment
with 3-MA (Fig. 2B). Notably, 3-MA treatment also decreased
miR-16-5p overexpression-induced apoptosis in BC cells
(Fig. 2C). Overall, these results suggested that autophagy and
apoptosis are interrelated in the progression of BC. Specifically,
the inhibition of autophagy could weaken the promoting effect
of miR-16-5p overexpression on apoptosis.

miR-16-5p overexpression inhibits the BIMPI1/NF-«B signaling
pathway by directly targeting BIMPI in BC cells. According
to the prediction of TargetScanHuman, miR-16-5p may have
binding sites with BIMP1 (Fig. 3A). In addition, the targeting
relationship between miR-16-5p and BIMP1 was verified
using a dual-luciferase reporter assay. The results showed
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Figure 1. miR-16-5p promotes autophagy in bladder cancer cells. (A) Relative miR-16-5p expression levels in 5637 and T24 cells. (B) Relative miR-16-5p expres-
sion levels after 5637 and T24 cells were transfected with miR-16-5p mimics, inhibitor or the NC. (C) Viability of 5637 and T24 cells after transfection with
miR-16-5p mimics, inhibitor or the NC. (D) Representative fluorescence images of autophagosomes and autolysosomes in 5637 and T24 cells after co-transfection
with mCherry-GFP-LC3 plasmid and miR-16-5p mimics, inhibitor or the NC (magnification, x400). (E) Relative LC3-II/1, beclin 1 and p62 protein expression
levels in 5637 and T24 cells transfected with miR-16-5p mimics, inhibitor or the NC (n=3). Data are presented as the means + SD. “P<0.01, “"P<0.001, *P<0.01,
"P<0.001. miR, microRNA; NC, negative control; GFP, green fluorescent protein; LC3, microtubule-associated proteins 1A/1B light chain 3B.

that the luciferase activity in the WT-BIMP1 + miR-16-5p
mimics group was significantly lower than that of the other
three groups (Fig. 3A). In addition, the mRNA and protein
expression levels of BIMP1 were significantly reduced by
miR-16-5p mimics, whereas miR-16-5p knockdown increased
BIMP1 expression (Fig. 3B and C). Furthermore, the overex-
pression of miR-16-5p increased the protein expression of [kBa

and decreased the expression of phosphorylated (p)-IxBa.
However, miR-16-5p knockdown decreased IkBa protein
expression and increased the expression of p-IkBa (Fig. 3D).
When miR-16-5p was overexpressed, NF-kB protein expres-
sion in the cytoplasm was significantly increased, whereas
NF-kB protein expression in the cell nucleus and NF-kB
activity was decreased (Fig. 3D and E). However, miR-16-5p
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knockdown had the opposite effects on the protein expres-
sion and activity of NF-xB (Fig. 3D and E). Taken together,
the results indicated that miR-16-5p negatively regulated the
BIMP1/NF-«B signaling pathway via binding to BIMP1 in BC
cells.

miR-16-5p promotes autophagy by blocking the BIMPI/
NF-xB signaling pathway in BC cells. After transfection
with the miR-16-5p inhibitor, 5,637 cells were treated with
small interfering (si)-BIMP1, the NC or the NF-xB pathway
inhibitor PDTC to investigate whether miR-16-5p regulates
autophagy in BC cells via the BIMP1/NF-«kB signaling
pathway. The BIMP1 knockdown efficiency in 5637 cells was
first verified. The results showed that BIMP1 siRNA transfec-
tion significantly decreased the BIMP1 protein level (Fig. 4A).
As presented in Fig. 4B, miR-16-5p knockdown significantly
increased cell viability, whereas BIMP1 knockdown or PDTC
treatment reversed this effect. Furthermore, PDTC treatment
increased the LC3-II/I ratio and the protein expression levels
of and beclin 1, but decreased p62 expression when compared
with the miR-16-5p inhibitor group (Fig. 4C). Similarly,
BIMP1 knockdown also increased the LC3-II/I ratio and
beclin 1 protein expression levels and decreased p62 expres-
sion when compared with the miR-16-5p inhibitor + si-NC
group (Fig. 4C). Thus, the results suggested that inhibition of

the BIMP1/NF-kB signaling pathway reversed the inhibitory
effects of miR-16-5p knockdown on autophagy in BC cells.

miR-16-5p overexpression suppresses tumor growth in
mice. T24 cells transfected with mimics NC or miR-16-5p
mimics were injected subcutaneously into the nude mice.
The expression of miR-16-5p was analyzed via RT-qPCR,
which demonstrated that the injection of cells transfected with
miR-16-5p mimics significantly increased miR-16-5p expres-
sion in tumor tissues (Fig. 5A). Tumor growth was detected
every 3 days. The results showed that miR-16-5p overexpression
decreased tumor volume and weight (Fig. 5B-D). The results
of immunofluorescence staining showed that LC3 expression
in the tumor tissue samples was significantly increased by
miR-16-5p overexpression (Fig. SE). In addition, miR-16-5p
overexpression increased the protein expression level of p65 in
the cytoplasm and the LC3-II/I ratio, whereas it decreased the
protein expression levels of BIMP1 and p65 protein in nucleus
(Fig. 5F). Taken together, these data indicated that miR-16-5p
overexpression inhibited tumor growth.

Discussion

The present study elucidated the regulatory mechanisms of
miR-16-5p and the BIMP1/NF-kB signaling pathway in the
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autophagy of BC cells. It was found that miR-16-5p induced
BC cell autophagy and further promoted apoptosis. miR-16-5p
negatively regulated the BIMP1/NF-«xB signaling pathway
by directly targeting BIMP1. The induction of autophagy by
miR-16-5p overexpression was mediated through the BIMP1/
NF-«B signaling pathway. These findings provided novel
insight into the molecular mechanism underlying BC cell
autophagy and indicated that miR-16-5p may be a target for
the treatment of BC.

With increasing numbers of studies into miRs, various miRs
have been found to be dysregulated during cancer development,

and they have been demonstrated to be involved in cancer cell
proliferation, apoptosis and autophagy, which suggests that
miRs may represent potential targets for cancer diagnosis and
treatment (23). It has been reported that miR-16-5p was down-
regulated in BC tissues and cells, and miR-16-5p silencing led
to a decrease in BC cell viability (11,24), which was consistent
with the findings of the present study.

In addition, overexpression of miR-16-5p induces
autophagy in non-small cell lung carcinoma cells (12).
Autophagy is a highly conserved process of self-degradation.
By preventing the accumulation of damaged proteins and
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organelles, autophagy reduces oxidative stress and oncogenic
signaling, thereby inhibiting cancer progression (25). Although
the role of autophagy in inhibiting human cancer is unclear,
previous findings have suggested a role for autophagy stimu-
lation in cancer prevention and treatment (26). The present
study demonstrated that miR-16-5p induced autophagy in BC
cells, as evidenced by increased autophagic flux, LC3-11/1
ratio and beclin 1 protein expression, and decreased p62
expression in miR-16-5p-overexpressing BC cells. In addition,
increasing evidence has demonstrated that there is crosstalk
between autophagy and apoptosis during cancer development.
Specifically, it has been reported that apoptotic inhibitors had
no significant effect on autophagy in colorectal cancer cells,
whereas 3-MA treatment or silencing autophagy-related gene
5 inhibits apoptosis in colorectal cancer cells (27). In addition,
3-MA administration reduces troglitazone-induced apoptosis
in BC cells (28). The present results demonstrated that 3-MA
treatment decreased miR-16-5p overexpression-induced
apoptosis. These findings demonstrated that autophagy may
act as an upstream mediator of apoptosis and activate apop-
tosis during the development of BC. Furthermore, it has been
reported that beclin 1 is an important mediator of autophagy
and apoptosis. Specifically, beclin 1 contains a Bcl-2 homology
(BH)3 region, which physically interacts with Bcl-2/Bcl-xLL
proteins (29). BH3 domains bind to BH3 receptors and inhibit
the anti-apoptotic Bcl-2 proteins, including Bcl-2, or activate
the pro-apoptotic Bcl-2 family members, such as Bax (30).
Thus, treatment with the autophagy inhibitor 3-MA may
inhibit the apoptosis of BC cells by suppressing beclin 1.

BIMPI1 is a scaffold protein that plays an important role in
the development of cancer. It has been reported that BIMP1 is
highly expressed in several types of cancer, including breast
cancer, BC and colorectal cancer (31-33). Functional studies
have revealed that BIMP1 is associated with cancer cell
proliferation, migration, invasion and apoptosis, but whether
BIMPI regulates autophagy in BC cells remains largely
unknown (14,32). BIMP1 has been reported to be associated
with the NF-kB signaling pathway, and BIMP1 overexpres-
sion promotes breast cancer cell proliferation and suppresses
apoptosis by activating the NF-kB signaling pathway (31). In
addition, our previous study revealed that BIMP1 knockdown
inhibited NF-«xB signaling in BC cells (34).

The NF-«xB signaling pathway is considered to be a posi-
tive regulatory pathway in cancer development (35). During
cancer progression, the activation of the IxB protein by the IxB
kinase complex leads to phosphorylation-induced proteasomal
degradation of the IkB protein. The dimer (p50/p65) then
forms and enters the nucleus to bind to the B site in the target
gene promoter or enhancer and further regulates gene expres-
sion (36). The NF-kB signaling pathway is a negative regulator
of autophagy in several types of cancer. For example, baicalein
induces autophagy in breast cancer cells by inhibiting the
NF-«B signaling pathway (37). Dihydroartemisinin stimulates
the induction of autophagy in human multiple myeloma,
colorectal and cervical cancer cell lines via repression of the
NF-«B signaling pathway (19). Taken together, these findings
indicate that the BIMP1/NF-«kB signaling pathway suppresses
autophagy.
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Figure 5. miR-16-5p overexpression suppresses tumor growth in mice. (A) The expression of miR-16-5p in tumor tissue samples was detected by reverse tran-
scription-quantitative PCR after the mice were injected with T24 cells transfected with mimics NC or miR-16-5p mimics. (B) Macroscopic images of the tumors.
(C) Tumor volume was measured every 3 days from day 6 onwards. (D) On day 24, tumor weight was recorded. (E) LC3 expression in tumor tissue samples
was analyzed by immunofluorescence staining (magnification, x400). (F) The LC3-II/1I ratio, BIMPI1 protein expression and the nucleus (NF-xB-N)/cytoplasm
(NF-xB-C) ratio of p65 in tumor tissue samples were detected by western blotting (n=6). Data are presented as the means = SD. "P<0.05, “P<0.001. miR, microRNA;
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Additionally, the present study demonstrated that
miR-16-5p directly targeted BIMP1 and suppressed its
expression, suggesting that miR-16-5p is able to block the
BIMP1/NF-«B signaling pathway by targeting BIMP1. It was
demonstrated that BIMP1 inhibition or the blockade of the
NF-«B signaling pathway restored the effects of miR-16-5p
knockdown on cell autophagy, indicating that miR-16-5p
induces autophagy in BC cells through blocking the BIMP1/
NF-«kB signaling pathway. However, a single miRNA can
target multiple downstream genes. For example, AKT3 has
been demonstrated to be a target gene of miR-16-5p (38),
while AKT3 knockdown in glioblastoma multiforme cells
induces autophagy w9). Therefore, miR-16-5p may also
induce autophagy in BC cells by targeting AKT3, indicating
that miR-16-5p may participate in the regulation of BC cell
autophagy through various pathways, and the miR-16-5p/
BIMP1/NF-kB axis may be one of multiple potential path-
ways. Collectively, these findings provide initial evidence that
the miR-16-5p/BIMP1/NF-kB axis may serve as a potential
therapeutic target for BC.
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