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MicroRNA-195-5p is associated with cell proliferation,
migration and invasion in prostate cancer and targets MIB1

BIN CHEN'", GUOHUI BAI'?®, XIAOYAN MA'?, LULIN TAN'? and HOUQIANG XU'?

1College of Life Sciences; 2Key Laboratory of Animal Genetics, Breeding and Production in

The Plateau Mountains Region, Ministry of Education, Guizhou University, Guiyang,
Guizhou 550025; 3Zunyi Medical University, Zunyi, Guizhou 563000, P.R. China

Received April 30, 2021; Accepted August 18, 2021

DOI: 10.3892/0r.2021.8210

Abstract. Mind bomb 1 (MIB1) is a well-known E3 ubiquitin
ligase. MicroRNAs (miRNAs/miRs) have been found to serve
important functions in cancer cell physiology. However, the
clinical significance and biological function of MIB1 and
miRNAs in prostate cancer (PCa) are yet to be fully elucidated.
The current study predicted the interaction between MIB1 and
miR-195-5p using TargetScan, and the results were confirmed
by performing a dual-luciferase reporter assay. The mRNA
expression level of MIB1 and miR-195-5p in PCa and adjacent
normal tissues, and PCa cell lines was detected using reverse
transcription-quantitative PCR. Cell Counting Kit-8 and
Transwell assays were used to measure the proliferation, and
migration and invasion of VCaP and DUI145 PCa cell lines,
respectively, while western blot analysis was used to detect
the protein expression level of MIBI1. The results revealed that
the mRNA expression level of MIB1 was increased, while the
mRNA expression level of miR-195-5p was decreased in PCa
tissues (P<0.001 and P<0.01, respectively) and in various cell
lines, including PC-3 (P<0.001 and P<0.05, respectively), VCaP
(P<0.001 and P<0.01, respectively), 22Rv1 (P<0.001 and P<0.05,
respectively), DU145 (P<0.001 and P<0.01, respectively) and
LNCaP (P<0.001 and P<0.05, respectively). miR-195-5p mimics
rescued the inhibitory effects caused by knockdown of MIB1
on cell proliferation, migration and invasion in the VCaP and
DUI145 cell lines. In addition, MIB1 overexpression restored the
miR-195-5p overexpression-induced repression of cell prolifera-
tion and invasion. The current study revealed that the MIB1 gene
was an effector of cell proliferation, migration and invasion in
PCa cell lines. Furthermore, miR-195-5p may regulate PCa cell
proliferation and invasion by regulating MIBI, indicating its
potential therapeutic application for PCa in the future.
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Introduction

Prostate cancer (PCa) has become aleading cause of cancer-related
mortality among men worldwide (1-3). In addition, as the popu-
lation ages, prostate cancer rates are likely to increase (4). The
progression of PCa to hormone-dependent disease is associated
with advanced metastasis (5). As such, the 5-year survival rate
of most patients with a PCa diagnosis is >90%; however, the
survival rate of patients with metastatic disease is only 29% (6).
A number of patients are diagnosed with PCa at an advanced
stage where treatment is usually less effective (7). In addition,
due to the high incidence rate of overdiagnosis and overtreatment
using prostate-specific antigen (8,9), there is an urgent require-
ment to improve the understanding of the molecular mechanisms
underlying PCa to assist in the development of new diagnostic
and prognostic markers, and treatment strategies.

Mind bomb 1 (MIB1) is a well-known E3 ubiquitin ligase (10).
Previous studies have primarily focused on its ubiquitination in
various pathways. For example, in 2017, Mizoguchi et al (10)
demonstrated that MIB1 ubiquitinated CTNNDI, with MIB1
contributing to persistent directional cell migration by regulating
the CTNNDI1/Racl pathway. In addition, Berndt eral (11) reported
that MIBI1 served a role in the regulation of the Wnt/p-catenin
signaling pathway via the ubiquitination and degradation of
receptor-like tyrosine kinase. MIB1 has been reported to regulate
apoptosis by interacting with death-associated protein kinase (12)
and cellular FLICE-like inhibitory protein (13). Furthermore, it
was revealed that MIB1 was necessary for the efficient activation
of Notch signaling via the ubiquitination of Notch receptors (14).
However, little is known on the interaction between MIB1 and
microRNAs (miRNAs/miRs) in cancer, with only Ray et al (15)
demonstrating that MIB1 knockdown recapitulated the effects of
miR-198 on the proliferation and colony formation of DU145 and
LNCaP cells lines.

miRNAs are small non-coding RNAs, 18-22 nucleotides
in length, that serve important functions in cell physiology by
regulating the expression of mRNAs (16). An increasing amount
of evidence has suggested that miR-195-5p functions as a tumor
suppressor in numerous types of cancer, including non-small cell
lung (NSCLC), cervical and prostate cancers (17-24). For example,
in NSCLC, miR-195-5p overexpression inhibited cell prolif-
eration and induced apoptosis by directly targeting CIAPIN1 (17)
and CEP55 (18), and inhibited cell proliferation, migration, and
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invasion by directly targeting CPNEI1 (19). Liu et al (20) demon-
strated that miR-195-5p inhibited the tumor development of
cervical cancer by targeting YAP1. The current study investigated
the expression pattern, role and potential functional mechanism
of MIBI and miR-195-5p in PCa. The association between MIB1
and miR-195-5p was then further determined in the context of
PCa cell proliferation, migration and invasion.

Materials and methods

Clinical sample selection and ethics statement. Surgically
resected PCa tissues and adjacent normal tissues (distance,>3 cm)
were collected from 40 patients with PCa between March 2018
and November 2019 at the Affiliated Hospital of Zunyi Medical
University (Guizhou, China). All 40 patients were pathologically
confirmed. Pathological grading was based on Gleason scoring in
accordance with the World Health Organization histopatholog-
ical classification standard for prostate cancer (25,26). Exclusion
criteria were as follows: i) A history of preoperative radiotherapy
or chemotherapys; ii) benign prostatic hyperplasia or urolithiasis
and iii) a history of other types of cancer or systemic immune
disease. The clinical data of these patients were collected from
their medical records and are presented in Table SI. None of the
patients received radiotherapy or chemotherapy prior to resec-
tion. The current research was approved by the Ethics Committee
of Zunyi Medical University (Guizhou, China) and all patients
provided written informed consent. All PCa tissues and adjacent
normal tissues were immediately snap-frozen in liquid nitrogen
and stored at -80°C.

Cell culture and transfection. The PCa cell lines, including PC-3
[American Type Culture Collection (ATCC) no. CRL-1435)],
VCaP (ATCC no. CRL-2876), 22Rvl (ATCC no. CRL-2505),
DUI145 (ATCC no. HTB-81) and LNCaP (ATCC no. CRL-1740),
along with the normal human prostate epithelial cell line
RWPEI (ATCC no. CRL-11609), were purchased from the
ATCC. The RWPEI cell line was cultured in Keratinocyte
Serum-Free medium (Gibco; Thermo Fisher Scientific, Inc.),
while the PC-3, VCaP, 22Rv1, DU145 and LNCaP cell lines
were maintained in minimum essential medium (MEM)
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C in a humidified incubator with 5% CO,.

The primer sequences for cell transfection were synthesized
by Shanghai GenePharma Co., Ltd. The cells were divided
into groups according to their treatments as follows: 50 nM
miR-195-5p mimics (transfection with miR-195-5p mimics;
5'-UAGCAGCACAGAAAUAUUGGC-3' and 5-CAAUAU
UUCUGUGCUGCUAUU-3"), 50 nM miR-negative control
(NGC; non-targeting; transfection with miR-195-5p mimics NC;
5'-UCACAACCUCCUAGAAAGAGUAGA-3' and 5'-CAG
UACUUUUGUGUAGUACAA-3"); 50 nM anti-miR-195-5p
(transfection with miR-195-5p inhibitor; 5'-GCCAAUAUU
UCUGUGCUGCUA-3"),50 nM anti-miR-NC (transfection with
NC miR-195-5p inhibitor; 5'-CAGUACUUUUGUGUAGUA
CAA-3"); 2 ug short hairpin (sh) RNA targeting MIBI1 (transfec-
tion with sh-MIBI plasmid; 5'-GGAUAAAGAUGGUGAUAG
ATT-3' and 5'-UCUAUCACCAUCUUUAUCCTT-3"), 2 ug
sh-NC (non-targeting; transfection with NC sh-MIBI1 plasmid,;
5'-UUCUCCGAACGUGUCACGUTT-3' and 5'-ACGUGA
CACGUUCGGAGAATT-3"); 2 ug overexpression (OE)-MIB1

(transfection with OE-MIBI plasmid), 2 g OE-NC (transfec-
tion with OE-MIB1 NC plasmid); miR-195-5p mimic + OE-NC
(transfection with miR-195-5p mimic and OE-NC plasmid),
miR-195-5p mimic + OE-MIBI (transfection with miR-195-5p
mimic and OE-MIBI plasmid); anti-miR-195-5p + sh-MIB1
(transfection with miR-195-5p inhibitor and sh-MIB1) and
anti-miR-195-5p + sh-NC (transfection with miR-195-5p
inhibitor and sh-NC). Full length MIBI1 sequences were ampli-
fied via PCR and subcloned into pcDNA3.1 vector (Invitrogen;
Thermo Fisher Scientific, Inc.) to generate OE MIBI plasmids.
Therecombinant plasmid vectorsexpressing the double-stranded
shRNA targeting MIBI1 (sh-MIB1) or the shRNA control
(sh-NC) were purchased from Shanghai GenePharma Co., Ltd.
The PCa cells were seeded into a 6-well plate (1x10° cells/well)
and the aforementioned oligonucleotides were transfected into
each PCa cell line using Lipofectamine® 3000 transfection
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C for
48 h, according to the manufacturer's protocol. At 48 h post
transfection, the transfection efficiency was detected using
reverse transcription-quantitative PCR (RT-qPCR).

Total RNA extraction and reverse transcription-quantitative
PCR (RT-gPCR). Total RNA was isolated from tumor tissues
and cell lines using TRIzol® (Invitrogen, Thermo Fisher
Scientific, Inc.) in accordance with the manufacturer's
protocol. The concentration and purity of the extracted RNA
was then determined at an absorbance ratio of 260/280 nm
using a NanoDrop 2000 spectrophotometer (Invitrogen;
Thermo Fisher Scientific, Inc.). Subsequently, 1 ug RNA
was reverse transcribed into cDNA using the PrimeScript™
RT reagent kit (Takara Bio, Inc.) according to the manu-
facturer's protocol. qPCR reactions were performed using
a SYBR® Premix Ex Taq™ II kit (Takara Bio, Inc.) with
an ABI 7500 real-time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The following thermocycling
conditions were used: Initial denaturation at 95°C for 5 min,
followed by 40 cycles at 95°C for 1 min, 60°C for 30 sec and
72°C for 30 sec. A final cycle was implemented at 72°C for
5 min. GAPDH and U6 small nuclear RNA served as internal
controls for MIB1 and miR-195-5p expression, respectively.
The primers used for qPCR are listed in Table I. Relative
expression levels were calculated using the 2" method (27).

Cell proliferation, migration and invasion analyses. The prolif-
eration of the PCa cell lines was evaluated using a Cell Counting
Kit-8 (CCK-8) assay (Beyotime Institute of Biotechnology).
Following transfection, the VCaP and DU145 cell lines were
cultured in 96-well plates, at a density of 1x10° cells/well, and
incubated for 0, 24,48 or 72 h before adding 10 1 CCK-8 solution
to each well. The cells were subsequently incubated at 37°C for
2 h. Cell proliferation was measured using a microplate reader at
an absorbance of 450 nm (Thermo Fisher Scientific, Inc.).

The migration and invasion of the PCa cell lines was
assessed using Transwell and Matrigel assays. Following
transfection, the VCaP and DU145 cell lines were seeded into
the upper chamber at a density of 1x10° cells/well and then
incubated for 24 h at 37°C. The Transwell chambers were
pre-coated with 100 pl Matrigel (BD Biosciences) for the
evaluation of cell invasion at 37°C for 1 h. The lower chamber
was filled with 500 1 MEM supplemented with 10% FBS. The
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Table I. Primer sequences for reverse transcription-quantitative PCR.

Name Forward sequence (5'-3") Reverse sequence (5'-3")
miR-195-5p ACACTCCAGCTGGGTAGCAGCACAGAAAT TGGTGTCGTGGAGTCG
MIB1 TAACCGGGTGATGGTGGAAG GTGCCGTTGTCCCACACTA
GAPDH TCAAGGCTGAGAACGGGAAG TCGCCCCACTTGATTTTGGA
U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTG

PCa cells that migrated or invaded through the membranes into
the lower chamber were fixed with 100% methanol for 10 min
at room temperature and stained with 0.5% crystal violet solu-
tion for 10 min at room temperature. Finally, the number of
migrated and invaded cells was determined using a light micro-
scope (Olympus Corporation) in three randomly selected fields
of view. The statistical analysis of cell counts was performed
using ImagelJ 1.47v software (National Institutes of Health).

Dual-luciferase reporter assay. Potential binding sites between
MIBI and miR-195-5p were identified using TargetScan (http:/
www.targetscan.org/). MIBI1 sequences containing the binding
sites [MIB1 wild-type (WT)] and non-binding sites [MIB1
mutant (MUT)] of miR-195-5p were amplified and subcloned
into a psiCHECK2 luciferase vector (Promega Corporation).
The MIB1-WT or MIB1-MUT reporter vector was subsequently
co-transfected into the VCaP and DU145 cell lines using with
the aforementioned miR-195-5p mimics and its corresponding
NC Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Following culture for 48 h, luciferase activity
was examined using the Dual-Luciferase Reporter Assay kit
(Promega Corporation). Subsequently, the luciferase activity
was normalized to the firefly luciferase internal control.

Western blot analysis. The tumor tissues or PCa cell lines
were harvested and lysed using RIPA buffer (Beijing Solarbio
Science and Technology Co., Ltd.). The protein concentra-
tion was quantified using a BCA protein assay kit (Sangon
Biotech Co., Ltd.). Then, protein samples (30 pg per lane) were
separated using 12% SDS-PAGE and transferred onto PVDF
membranes following electrophoresis for 2 h. The membranes
were subsequently blocked using 5% skimmed milk in TBS and
0.1% Tween-20 (TBST) at 37°C for 2 h, following which they
were incubated with GAPDH (1:1,000; cat. no. 3781) or MIBI1
(1:1,000; cat. no. 1202) (both from Generay Biotech Co., Ltd.)
primary antibodies overnight at 4°C. After washing with TBST
three times, the membranes were incubated with corresponding
horseradish peroxidase-conjugated secondary antibodies
(1:10,000; cat. no. ZB-2306; Beijing Zhongshan Golden Bridge
Biotechnology Co.,Ltd.) for 1 h at room temperature. The signals
were visualized using the Pierce™ ECL Western Blotting
Substrate (Thermo Fisher Scientific, Inc.) and quantified using
ImagelJ v1.8.0 software (National Institutes of Health).

Statistical analysis. Statistical analysis was performed using
SPSS v22.0 (IBM Corp.) and GraphPad Prism v8.0 (GraphPad
Software, Inc.). All experiments were performed in triplicate
and the data are presented as the mean + SD. Differences
between tumor tissues and their adjacent normal tissues were

compared using a paired Student's t-test. Unpaired Student's
t-test was used for comparisons between unpaired groups
and one-way ANOVA followed by Tukey's post hoc test was
used for comparisons among multiple groups. The association
between miR-195-5p and MIBI1 expression was analyzed using
the Pearson's correlation coefficient. P<0.05 was considered to
indicate a statistically significant difference.

Results

MIBI expression is upregulated in PCa tissues and cell lines.
RT-qPCR was conducted to detect the mRNA expression level
of MIBI in PCa tissues and cell lines. Compared with that
in the adjacent normal tissues, the mRNA expression level
of MIBI was significantly increased in PCa tissues (n=40;
Fig. 1A). Furthermore, the results of RT-qPCR and western
blot analysis revealed that MIB1 mRNA and protein expres-
sion level was markedly increased in the PCa cell lines (PC-3,
VCaP, 22Rvl, DU145 and LNCaP) compared with that in the
normal human prostate epithelial cell line, RWPEI, respec-
tively (Fig. 1B and C). The results suggested that MIB1 may
serve a role in the occurrence and development of PCa.

MIBI overexpression markedly promotes PCa cell proliferation,
migration and invasion. Due to the higher expression level of
MIBI in the VCaP and DU145 cell lines when compared with
that in the other three PCa cell lines, they were selected for
further functional analysis. To determine the effect of MIB1
on the proliferation, migration and invasion of PCa cells, the
VCaP and DU145 cell lines were transfected with OE-MIBI,
sh-MIB1, OE-NC or sh-NC. As presented in Fig. 2A, the mRNA
and protein expression level of MIB1 was notably increased in
the VCaP and DU14S5 cell lines following OE-MIBI transfec-
tion. However, the expression level was markedly decreased
following transfection with sh-MIB1. The CCK-8 assay results
indicated that, compared with that in the sh-NC group, the stable
knockdown of MIBI significantly inhibited the proliferation
of the VCaP and DU145 cell lines, with MIBI overexpression
significantly promoting the proliferation of the VCaP and DU145
cell lines compared with that in the OE-NC group (Fig. 2B).
The results of the Transwell and Matrigel assays confirmed
that the inhibition of MIB1 markedly repressed the mobility
and invasiveness of the VCaP and DU145 cell lines, and that
MIBI overexpression significantly promoted cell migration and
invasion (Fig. 2C and D). These data suggested that MIB1 may
promote the proliferation, migration and invasion of PCa cells.

MIBI is targeted by miR-195-5p. To further investigate the
regulatory network of MIBI in PCa, TargetScan was used
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Figure 1. MIBI is highly expressed in PCa tissues and cell lines. The mRNA expression level of MIB1 was measured in (A) PCa tissues and adjacent normal
tissues (n=40), and in (B) PCa cell lines (PC-3, VCaP, 22Rvl, DU145 and LNCaP) and a normal human prostate epithelial cell line (RWPEI) using reverse
transcription-quantitative PCR analysis. ““P<0.001. (C) Western blot analysis of MIB1 protein expression level in PCa cell lines (PC-3, VCaP, 22Rv1, DU145
and LNCaP) and a normal human prostate epithelial cell line (RWPEI). MIBI, mind bomb 1; PCa, prostate cancer.
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Figure 2. MIBI1 promotes PCa cell proliferation, migration and invasion. To elucidate the function of MIB1 in PCa, the VCaP and DU145 cells were transfected
with OE-MIBI, sh-MIB1, OE-NC or sh-NC. (A) mRNA and protein expression level of MIBI1 in the transfected VCaP and DU145 cells was measured using
reverse transcription-quantitative PCR and western blot analysis, respectively. (B) Cell Counting Kit-8 assay was used to assess the proliferation of the transfected
VCaP and DU145 cell lines. Transwell assays were used to evaluate the (C) migration and (D) invasion of the transfected VCaP and DU145 cell lines. “P<0.05,
“P<0.01 and ““P<0.001. MIB1, mind bomb 1; PCa, prostate cancer; OE, overexpression; sh, short hairpin RNA; NC, negative control; OD, optical density.

to identify the miRNAs that could potentially target MIBI.
The putative binding sites between MIB1 and miR-195-5p are
presented in Fig. 3A. To confirm whether there was a direct
interaction, luciferase reporter vectors for MIBI-WT and
MIBI1-MUT were constructed and subsequently co-transfected
into the VCaP and DU145 cell lines alongside miR-195-5p
mimics or miR-NC. The results indicated that transfection

with miR-195-5p mimics significantly decreased the luciferase
activity of the MIB1-WT reporter, but had no effect on the
luciferase activity of the MIB1-MUT reporter, suggesting that
there was a targeted regulatory relationship between MIB1
and miR-195-5p in both cells lines (Fig. 3B and C). Taken
together, these results demonstrated that miR-195-5p could
directly bind with MIBI.
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Figure 4. miR-195-5p expression level is elevated in PCa tissues and cell lines, and MIBI is directly regulated by miR-195-5p. The mRNA expression level
of miR-195-5p was examined using RT-qPCR in (A) PCa tissues and adjacent normal tissues (n=40), as well as in (B) PCa cell lines (PC-3, VCaP, 22Rvl,
DU145 and LNCaP) and a normal human prostate epithelial cell line (RWPELI). (C) Pearson's analysis was used to assess the correlation between MIBI and
miR-195-5p expression in PCa. (D) MIB1 expression was measured using RT-qPCR and western blot anlaysis in VCaP and DU145 cells transfected with
miR-195-5p mimics, anti-miR-195-5p, miR-NC or anti-miR-NC. "P<0.05, “P<0.01 and "“P<0.001. miR, microRNA; PCa, prostate cancer; MIB1, mind
bomb 1; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control.

miR-195-5p inhibits the expression level of MIBI in the PCa  significantly decreased in PCa tissues (n=40) and cell lines
cell lines. The mRNA expression level of miR-195-5p in  (PC-3, VCaP, 22Rvl, DU145 and LNCaP) compared with that
the PCa tissues and cell lines (PC-3, VCaP, 22Rvl, DU145 in adjacent normal tissues and the normal human prostate
and LNCaP) was detected using RT-qPCR. The results epithelial cell line, RWPEI, respectively (Fig. 4A and B). The
demonstrated that miR-195-5p mRNA expression level was  correlation between miR-195-5p and MIBI expression was
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Figure 5. miR-195-5p knockdown promotes the proliferation, migration and invasion of PCa cells. Functional analysis was performed using the VCaP and
DU14S5 cell lines transfected with miR-195-5p mimics, anti-miR-195-5p, miR-NC or anti-miR-NC. (A) miR-195-5p expression in transfected cells was
measured using reverse transcription-quantitative PCR. (B) Cell Counting Kit-8 assay was used to evaluate the proliferation of transfected VCaP and DU145
cells. Transwell assays were used to assess the (C) migration and (D) invasion of transfected VCaP and DU145 cells. "P<0.05, “P<0.01 and “"P<0.001. miR,

microRNA; NC, negative control; OD, optical density.

subsequently assessed using Pearson's correlation analysis. The
results indicated that there was a moderate negative correlation
between miR-195-5p and MIB1 mRNA expression levels (r,
-0.5978; P<0.001; Fig. 4C). The VCaP and DU145 cell lines
were then transfected with miR-195-5p mimics and its inhibitor
(miR-195-5p and anti-miR-195-5p) or their corresponding
negative controls (miR-NC and anti-miR-NC). RT-qPCR
and western blot analyses revealed that MIBI mRNA and
protein expression level, respectively, was markedly reduced
in the VCaP and DU145 cell lines transfected with miR-195-5p
mimics, and was notably increased following knockdown of
miR-195-5p expression (Fig. 4D). These data suggested that
MIBI1 may serve a potential role in PCa, and that miR-195-5p
suppressed the expression level of MIBI in a targeted manner.

miR-195-5p overexpression inhibits PCa cell proliferation,
migration and invasion. To investigate the biological function of
miR-195-5p in PCa cells, the VCaP and DU145 cell lines were
transfected with miR-195-5p mimics, anti-miR-195-5p, miR-NC
or anti-miR-NC. The results of RT-qPCR demonstrated that
the mRNA expression level of miR-195-5p was markedly
increased in the VCaP and DU145 cells following miR-195-5p

mimics transfection, and that the mRNA expression level of
miR-195-5p was significantly decreased following transfec-
tion with anti-miR-195-5p (Fig. 5A). The results of the CCK-8
assay indicated that miR-195-5p mimics significantly inhibited
cell proliferation, and that miR-195-5p knockdown markedly
promoted the viability of the VCaP and DUI145 cell lines
(Fig. 5B). In addition, the results of the Transwell and Matrigel
assays revealed that VCaP and DU145 cell migration and inva-
sion following miR-195-5p mimics transfection was markedly
reduced compared with that in the cells transfected with NC.
Furthermore, miR-195-5p knockdown promoted cell migration
and invasion compared with that in cells transfected with the NC
(Fig. 5C and D). These data indicated that miR-195-5p regulated
the proliferation, migration and invasion of PCa cells in vitro.

miR-195-5p regulates cell proliferation and invasion by
promoting MIBI expression.To confirm that miR-195-5p serves
a role in the regulation of MIB1, miR-195-5p and MIBI1 were
overexpressed and knocked down at the same time. RT-qPCR
and western blot analyses revealed that MIB1 overexpression
reversed the inhibition of endogenous MIBI1 expression in
the VCaP and DUI145 cell lines transfected with miR-195-5p
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Figure 6. miR-195-5p promotes the proliferation and invasion of PCa cells via MIBI. To elucidate the function of the miR-195-5p/MIBI axis in PCa, the VCaP and
DU145 cell lines were transfected with miR-195-5p mimics, miR-NC, anti-miR-195-5p, anti-miR-NC, miR-195-5p mimics + OE-NC, miR-195-5p mimics + OE-MIBI,
anti-miR-195-5p + sh-MIB1 or anti-miR-195-5p + sh-NC. The mRNA and protein expression levels of MIB1 was determined in the VCaP and DU145 cell lines using
reverse transcription-quantitative PCR and western blot analysis, respectively following transfection with (A) miR-195-5p mimics and OE-MIBI, and (B) anti-miR-195-5p
and sh-MIBI. Cell Counting Kit-8 assay was used to assess the proliferation of VCaP and DU14S5 cells transfected with (C) miR-195-5p mimics, miR-NC, miR-195-5p
mimics + OE-NC, miR-195-5p mimic + OE-MIBI, and (D) anti-miR-195-5p, anti-miR-NC, anti-miR-195-5p + sh-MIBI or anti-miR-195-5p + sh-NC. Transwell
assay was used to detect the invasion of VCaP and DU145 cells transfected with (E) miR-195-5p mimics, miR-NC, miR-195-5p mimics + OE-NC, miR-195-5p
mimics + OE-MIB1 and (F) anti-miR-195-5p, anti-miR-NC, anti-miR-195-5p + sh-MIB1 or anti-miR-195-5p + sh-NC. "P<0.05, “"P<0.01 and “"P<0.001. miR,
microRNA; PCa, prostate cancer; MIB1, mind bomb 1; NC, negative control; OE, overexpression; sh, short hairpin RNA; OD, optical density.

mimics (Fig. 6A). In addition, MIB1 knockdown (sh-MIB1)
reversed the promotion of MIB1 expression in the VCaP
and DU145 cells transfected with anti-miR-195-5p (Fig. 6B).
According to the results of the CCK-8 assay, miR-195-5p
mimic transfection suppressed the proliferation of the VCaP
and DUI145 cell lines, and co-transfection of miR-195-5p
mimics and OE-MIBI reversed the effect of miR-195-5p

mimics on cell proliferation (Fig. 6C). Anti-miR-195-5p trans-
fection promoted the proliferation of the VCaP and DU145 cell
lines, and the co-transfection of anti-miR-195-5p and sh-MIB1
abolished the effect of miR-195-5p knockdown on cell prolif-
eration (Fig. 6D). The overexpression of MIBI rescued the
miR-195-5p overexpression-induced anti-invasive effects of
the VCaP and DU145 cell lines (Fig. 6E) and co-transfection
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of anti-miR-195-5p and sh-MIBI reversed the effect of
miR-195-5p knockdown on cell invasion (Fig. 6F). The results
demonstrated that miR-195-5p regulated cell proliferation and
invasion by promoting MIB1 expression in PCa.

Discussion

PCa is considered to be a common malignant tumor, that poses
a major threat to the health of men worldwide (1,2). Therefore,
designing novel treatment strategies is important for the
effective therapy of patients with PCa. The current study
aimed to identify novel biomarkers that could improve current
treatment strategies. The results revealed the essential role of
MIBI in PCa cell proliferation, migration and invasion, and
identified that miR-195-5p was a regulator of MIBI1 expres-
sion. RT-qPCR indicated that miR-195-5p mRNA expression
level was decreased in PCa tissues and cell lines, while MIB1
expression was elevated. By targeting MIBI, it was demon-
strated that miR-195-5p inhibited the proliferation and invasion
of PCa cells. Collectively, the findings of the current study
indicated that MIB1 may be crucial for PCa progression and
that miR-195-5p may inhibit the proliferation of PCa.

MIBI is an E3 ubiquitin ligase. Previous studies have
indicated that a number of molecules, such as catenin 8-1
(CTNNDI1) (10), receptor-like tyrosine kinase (11),
death-associated protein kinase (12), & (14), Werner syndrome
protein (28), Jagged (29) and polo-like kinase 4 (30), were
ubiquitinated by MIBI1. For example, MIB1 may directly
regulate cell migration by ubiquitinating CTNNDI to modu-
late GTPase activity (10). The present study verified that the
MIB1 mRNA and protein expression level was significantly
increased in PCa tissues and cell lines (PC-3, VCaP, 22Rvl,
DU145 and LNCaP). Furthermore, MIB1 overexpression mark-
edly promoted VCaP and DU145 cell proliferation, migration
and invasion. Bioinformatics analysis and the dual-luciferase
reporter assay demonstrated that MIB1 was a direct target
gene of miR-195-5p. However, further studies on the role of
MIBI1 and miR-195-5p in PCa are required.

Over the past few years, supporting lines of evidence have
indicated thatmiRNAs serve crucialroles in prostate tumorigen-
esis using a range of mechanisms (31-36), and this has attracted
the interest of numerous researchers who aim to determine
their underlying mechanisms of action. miR-195-5p belongs to
the miR-15 family, and has been demonstrated to exhibit a low
expression level in various types of cancer, serving a key nega-
tive regulatory role (17-21). In PCa, miR-195-5p suppressed
the migration and invasion of the DU145 and PC3 cell lines
by targeting Fos-related antigen 1 (22). Furthermore, miR-195
inhibited the proliferation of the PC-3, LNCaP and DUI145
cell lines by targeting ribosomal protein S6 kinase Bl (23).
Cai et al (24) demonstrated that miR-195 inhibited DU145 and
LNCaP cell proliferation and angiogenesis by downregulating
the expression of proline rich 11. In addition, hsa_circular
RNA_0062019 promoted the proliferation, migration and
invasion of PCa cells via the miR-195-5p/high-mobility group
AT-hook 2 axis (37). Long non-coding (Inc)RNA AFAPI1
antisense RNA 1 has also been demonstrated to modulate the
sensitivity of paclitaxel-resistant PCa cells (PC3 and DU145)
to paclitaxel via the miR-195-5p/FKBP prolyl isomerase 1A
axis (38). IncRNA LINC00473 additionally contributed to cell

proliferation by regulating the miR-195-5p/SEPT?2 axis (39).
Consistent with these studies, the present study confirmed
that miR-195-5p was significantly decreased in PCa tissues
and cell lines (PC-3, VCaP, 22Rvl, DU145 and LNCaP), and
revealed that miR-195-5p overexpression inhibited the prolif-
eration, migration and invasion of VCaP and DU145 cells. The
results indicated that miR-195-5p regulated cell proliferation
and invasion by promoting MIB1 expression.

However, the present study still has some limitations, which
require further investigation. First, whether the expression level
of MIBI and miR-195-5p is associated with reduced overall
survival, recurrence-free survival or metastasis-free survival
in patients with PCa should be analyzed using Kaplan-Meier
survival analysis. Unfortunately, this was not achieved in the
present study due to insufficient collection of relevant data.
Second, future investigations are required to determine the more
specific functions of MIB1 and miR-195-5p in PCa cells, such as
their role in cell apoptosis with in vivo experimental verification.

In conclusion, the current study demonstrated that miR-195-5p
overexpression markedly suppressed VCaP and DUI145 cell
proliferation, migration and invasion. The results are supported by
previous studies (22-24) and indicate that miR-195-5p may serve
an essential role in cancer development and progression. More
importantly, the current study revealed that MIB1 overexpression
markedly promoted the proliferation, migration and invasion of
VCaP and DUI45 cells. The results additionally suggested that
miR-195-5p overexpression inhibited the proliferation and inva-
sion of PCa cells by targeting MIBI, providing a novel promising
molecular target for the treatment of PCa.
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