Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 45: 619-629, 2021

Long non-coding RNA AC245100.4 promotes prostate cancer
tumorigenesis via the microRNA-145-5p/RBBPS axis
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Abstract. Long non-coding RNAs (IncRNAs) are markedly
involved in cancer progression. Thus, identification of these
IncRNAs can aid in the treatment of cancer. The present
study focused on investigating the overall biological function,
mechanism of action and clinical importance of IncRNA
AC245100.4 in prostate cancer (PCa). The present study identi-
fied that AC245100.4 expression was significantly upregulated
in PCa tissues and cell lines. Knockdown of AC245100.4
impaired tumor growth in an animal model. Biological func-
tion analysis indicated that AC245100.4 overexpression notably
promoted cell proliferation and migration, while knockdown
of AC245100.4 suppressed cell proliferation and migration.
Mechanism studies focused on the competing endogenous
RNA (ceRNA) network of AC245100.4. Bioinformatics
predictions indicated that both AC245100.4 and retinoblas-
toma binding protein 5 (RBBP5) had microRNA (miR)
response elements for miR-145-5p. This was further verified
using a dual luciferase and RNA immunoprecipitation assays.
AC245100.4 could positively regulate RBBP5 expression,
but negatively regulated miR-145-5p expression. In addition,
AC245100.4 knockdown-mediated inhibitory effects on cell
proliferation and migration could be reversed by miR-145-5p
silencing. Overall, the present study proposed a novel model in
which the AC245100.4/miR-145-5p/RBBP5 ceRNA network
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induced the development of PCa, providing novel insights for
PCa treatment.

Introduction

Prostate cancer (PCa) has accounted for the largest number
of estimated new cases of cancer among men (2018-2020)
in the United States, and the number of mortalities was the
second highest, accounting for 10% of all mortalities (1-3).
Globally, the number of diagnosed cases of PCa in men is the
highest among all cancer types in 109 countries (4). Although
therapeutic strategies have improved over time, the efficiency
remains far from optimal. Researchers have focused on the
regulatory role of protein-coding RNAs. Recently, numerous
non-coding RNAs (ncRNAs), including long ncRNAs
(IncRNAs), have been revealed to be involved in PCa progres-
sion (5,6). Therefore, there is an urgent need to identify the
underlying mechanisms of these regulatory transcripts to
fully understand PCa carcinogenesis in order to develop novel
diagnostic targets and treatment strategies.

IncRNAs are a subset of ncRNAs with a transcription
length of >200 nucleotides, and have limited or no protein
coding ability (7). Moreover, IncRNAs exhibit both the highest
abundance and complexity among non-coding transcripts (8).
Numerous studies have reported that IncRNAs achieve their
regulatory role by regulating gene expression at the transcrip-
tional or post-transcriptional level (5,6,9). Salmena et al (10)
proposed a novel regulatory mechanism, in which IncRNAs
regulate mRNA expression by competing with microRNAs
(miRNAs/miRs), forming a competing endogenous RNA
(ceRNA) network. A large number of ceRNA regulatory
networks are involved in cancer development. For example,
Inc-TALC promotes O-6-methylguanine-DNA methyltrans-
ferase expression and temozolomide resistance by regulating
the c-Met/STAT3/p300 axis via sponging of miR-20b-3p in
glioblastoma (11). IncRNA-PAGBC contributes to gallbladder
cancer development by regulating miR-511 as a ceRNA (12),
while LINCS81507 acts as tumor suppressor by competing with
miR-199b-5p to regulate caveolin 1 expression and STAT3
activation in non-small cell lung cancer (NSCLC) (13). In
PCa, several IncRNAs have been demonstrated to contribute
to tumorigenesis as ceRNAs. For instance, the highly specific
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IncRNA prostate cancer associated 3 (PCA3) exerts an onco-
genic effect by competitively binding with miR-218-5p and
promoting high mobility group box 1 expression in PCa (14). It
has also been revealed that forkhead box P4 (FOXP4)-antisense
RNA 1 regulates FOXP4 at the post-transcriptional level by
sponging miR-3184-5p to promote tumorigenesis (15), while
IncRNA small nucleolar RNA host gene 12 promotes cancer
cell proliferation and metastasis by sponging miR-133b (16).
Therefore, it was hypothesized that other IncRNAs may also
be involved in PCa progression by acting as ceRNAs.

Our previous study identified that IncRNA AC245100.4
(ENSG00000231551 or RP11-495P10.1) was closely associated
with PCa (17). However, whether it had clinical significance, the
exact role it served in cancer progression and its mechanism of
action remain to be revealed in PCa. Therefore, it is necessary
to investigate the relationship between AC245100.4 and PCa.
In the present study, the expression of AC245100.4 in patients
with PCa was examined via bioinformatics prediction. Cell
proliferation assay, Transwell migration assay, wound healing
and subcutaneous models were used for assessing the role of
AC245100.4 in PCa. Moreover, the underlying mechanisms
were evaluated.

Materials and methods

Cell source and culture condition. The human normal pros-
tate epithelium cell line (RWPEL), PCa cell lines (DU145 and
PC3) and 293T cells were all purchased from The Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences.
RWPEI cells were cultured in keratinocyte-serum-free
medium containing 0.05 mg/ml bovine pituitary extract and
5 ng/ml epidermal growth factor (all from Gibco; Thermo
Fisher Scientific, Inc.). DU145 cells were maintained in RPMI
1640 medium (Invitrogen; Thermo Fisher Scientific, Inc.),
while PC3 and 293T cells were cultured in DMEM (Invitrogen;
Thermo Fisher Scientific, Inc.). All culture media were supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific,
Inc.) and 1% penicillin/streptomycin (Sigma Aldrich; Merck
KGaA). All cells were maintained in a humidified atmosphere
at 37°C with 5% CO,.

Bioinformatics analysis. The different expression of
AC245100.4 in prostate cancer and healthy tissues were
analyzed via Gene Expression Profiling Interactive Analysis
(GEPIA; version: 1.0; http://gepia.cancer-pku.cn/), using
data from The Cancer Genome Atlas (TCGA) database (18).
The data included 492 PCa tissues (tumor) and 52 adjacent
para-cancerous tissues (healthy). Relative analysis values
were selected as follows: Gene=ENSG00000231551 or
RP11-495P10.1; llog2 FCI cutoff=0.05; P-value cutoff=0.05;
datasets=Prostate adenocarcinoma and match TCGA normal
data.

Gene transfection in vitro. The overexpression pcDNA3.1-
AC245100.4 and control pcDNA3.1 recombinant plasmids
were constructed by Shanghai GenePharma Co., Ltd. Small
interfering RNAs [si-AC245100.4 and si-negative control
(NC)] and miRNAs [(mimics-miR-145-5p, mimic-NC;
cat. no. miR10000437) and (inhibitors-miR-145-5p and
inhibitor-NC; cat. no. miR20000437)] were synthesized by
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Guangzhou RiboBio Co., Ltd. The siRNA sequences were
as follows: si-NC, 5'-UUCUCCGAACGUGUCACGUTT-3";
si-AC245100.4-#1, 5-UCAGAUCAGAACUAGCUAUTT-3"
si-AC245100.4-#2, 5-GGAUUGUAUAUGUCCUCUUTT-3
and si-AC245100.4-#3, 5'-GUCCAGCUGUAUAAUGAA
ATT-3'. Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.) was used for gene transfection following the manu-
facturer's instructions. Cells were transfected with 100 nM
miRNAs (miR-145-5p mimics or inhibitors), 50 nM siRNA
(si-AC245100.4 or si-NC) or 2 ug plasmid for 24 h in 6-well
plates. Transfection procedures were conducted at room
temperature. Cell proliferation assay were performed 24 h
post-transfection. Reverse transcription-quantitative (RT-q)
PCR, RNA immunoprecipitation (RIP) assay, scratch wound
healing assay and Transwell migration assay were conducted
48 h post-transfection. Western blotting was performed 72 h
post-transfection.

RT-gPCR. Total RNA was isolated using RNAiso Plus reagent
(Takara Bio, Inc.) according to the manufacturer's protocol.
RNA concentration and purity were detected using a NanoDrop
2000 (Thermo Fisher Scientific, Inc.). Subsequently, 1 pg total
RNA was transcribed to cDNA using the PrimeScript™ RT
reagent kit (Takara Bio, Inc.). RT reaction were two steps:
gDNA eraser at 42°C for 2 min, reverse transcription at 37°C
for 15 min and 85°C for 5 sec. RT-qPCR was performed
according to the manufacturer's protocol using SYBR Premix
Ex Tagq II (Takara Bio, Inc.). Reaction conditions were set as:
Initial denaturation at 95°C for 1 min, followed by 40 cycles of
95°C for 5 sec and 60°C for 10 sec. Relative RNA expression
was analyzed based on the 2-22%4 method and GAPDH was
used as an internal control for the ACq of specific genes (19).
The primers used were as follows: GAPDH forward, 5'-GAG
TCAACGGATTTGGTCGT-3' and reverse, 5'-GACAAGCTT
CCCGTTCTCAG-3'; RBBPS forward, 5'-AGACAAAAATTA
GCTGGGCGTGG-3' and reverse, 5'-GTGGTGCGATTC
TCCACTCACT-3"; and AC245100.4 forward, 5'-AGCAAT
GCCTTCCTCTTTGA-3' and reverse, 5-AAGGGTCTCCTT
CAGGTGCT-3". The primers for miR-145-5p were provided
along with the miRNAs synthesized by Guangzhou RiboBio
Co., Ltd. (cat. no. miR10000437).

Western blotting. Whole cell lysates were obtained by lysing
cells using RIPA buffer (Beyotime Institute of Biotechnology)
with proteinase inhibitor (Sigma-Aldrich; Merck KGaA) on
ice. The concentrations of isolated proteins were detected
using a BCA assay kit (Beyotime Institute of Biotechnology).
Equal amounts of whole cell lysate (50 ug) were subjected
to 10% SDS-PAGE. Subsequently, proteins in the gel were
transferred to PVDF membranes (EMD Millipore). Following
blocking with 5% non-fat milk for 2 h at room temperature,
the membranes were incubated with specific primary anti-
bodies against RBBP5 (cat. no. 13171; 1:1,000) or GAPDH
(cat. no. 5174; 1:1,000) at 4°C overnight. Subsequently, the
membranes were incubated with horseradish peroxidase-linked
secondary antibodies (cat. no. 7074; 1:3,000) for 1 h at room
temperature. All antibodies were obtained from Cell Signaling
Technology, Inc. The blots were visualized using the substrate
BeyoECL Plus (Beyotime Institute of Biotechnology) and
imaged using a Tanon 5200 Chemiluminescent Imaging
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system (Tanon Science and Technology Co., Ltd.). The densi-
tometry was conducted using ImagelJ software, version 1.50
(National Institutes of Health).

RIP assay. RIP was performed according to the manufac-
turer's protocol of the Magna Nuclear RIP™ (Cross-Linked)
Nuclear RNA-Binding Protein Immunoprecipitation kit (EMD
Millipore). PC3 cells (2x107) transfected with indicated genes
were harvested and lysed on ice. Crosslinking of protein and
RNAs were obtained by adding 37% formaldehyde at room
temperature for 10 min. Excess formaldehyde was removed
using glycine and cell pellets were centrifugated at 800 x g for
5 min at 4°C. Subsequently, cell pellets were incubated with
the Nuclei Isolation Buffer on ice for 15 min. RIP Cross-linked
Lysis Buffer was then added to release the cross-linked
protein/RNAs. The lysate was sonicated with 5 pulses at 50%
power with 30 sec intervals between pulses using SM-250D
(Nanjing Shunma Technology Co., Ltd.). The tubes were
cooled on ice at all times. Specific argonaute RNA-induced
silencing complex (RISC) catalytic component 2 (AGO2;
cat. no. MA5-14861; 1:10; Thermo Fisher Scientific, Inc.) or
IgG antibodies (cat. no. PP64B; 1:10; EMD Millipore) were
incubated with Protein A/G magnetic beads (supplied in the kit)
at 4°C for ~3 h to obtain conjugated beads. Mix the conjugated
beads with sonicated lysis and incubate in 4°C. The beads were
washed with ice cold low Salt Wash Buffer after 3 h. Protein in
beads was removed using Proteinase K. Finally, the existence
of AC245100.4 or miR-145-5p in immunoprecipitated RNA
was analyzed by qPCR.

Cell proliferation assay. A Cell Counting Kit 8 (CCKS;
Beyotime Institute of Biotechnology) was used to evaluate
cell proliferation according to the manufacturer's instructions.
DU145 or PC3 cells after gene transfection with AC245100.4
or miR-145-5p were collected and counted separately. Cells
were seeded at a density of 5,000 cells/well in 96-well
plates. Following incubation for 1-4 days CCK8 solution was
added in the dark at a volume of 10% of the cell suspension.
Subsequently, the plate was incubated at 37°C for another 1 h.
The absorbance at a wavelength of 450 nm was measured
using a microplate reader.

Cell migration analysis. Both scratch wound healing and
Transwell migration assays were used to evaluate the cell
migratory ability as previously described (20). For the scratch
wound healing assay, DU145 and PC3 cells were scratched
using a 200 ul tip at 48 h after gene transfection. Cells were
washed and cultured in serum-free medium after scratching.
Images of wound were captured with light microscope (magni-
fication, x200) at O and 24 h post scratching. The blank area
between cell boundaries at 0 h (Area 0) and 24 h (Area 24)
was quantitated using ImagelJ software, version 1.50 (National
Institutes of Health). The migration rates were calculated by
the formula: [(Area 0)-(Area 24)]/(Area 0) x100%.

For the Transwell migration assay, cells (5x10° cells/ml) in
200 pl serum-free medium were seeded in the top chambers
of 8-um pore size Transwell inserts (Corning Inc.). A total of
600 pl medium supplemented with 20% FBS was added to the
bottom Transwell chamber. After 24 h of incubation at 37°C,
the cells on the membrane of the top inserts were fixed with
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100% ethanol at room temperature for 15 min and stained
with 0.5% crystal violet for 20 min at room temperature.
Cell numbers were counted in =6 random fields with light
microscope at x20 magnification for the Transwell migration
assays.

Luciferase reporter assay. The binding sites between
AC245100.4 and miR-145-5p were predicted using the
online DIANA-LncBase version: v2.0 (https://diana.e-ce.
uth.gr/home), while TargetScan version 7.2 (http://www.
targetscan.org/vert_72/) and miRDB version 1 (http://www.
mirdb.org/) were used to predict binding sites between RBBP5
and miR-145-5p (21-23). The wild-type (WT) plasmids
were produced by inserting the predicted binding site in
the AC245100.4 sequence and the 3'untranslated region
(3'UTR) of RBBPS into the psi-CHECK-2 vector (Promega
Corporation). Simultaneously, the predicted binding site
was deleted to generate mutant (MUT) plasmids. 293T cells
(1x10°%) were co-transfected with the WT or MUT plasmids
(2 ug in 6-well plates) along with miR-145-5p mimic or control
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) at
room temperature. Following 48 h of incubation after transfec-
tion, luciferase activity was evaluated using a Dual-luciferase
Reporter assay system (Promega Corporation). The activity
of Renilla luciferase was used for the normalization of firefly
luciferase activity.

Nude mouse PCa subcutaneous models. All animal experi-
ment protocol and procedure were approved by the Animal
Care and Use Committee of Harbin Medical University. The
pGPH1-short hairpin RNA (shRNA) plasmids to knockdown
AC245100.4 (sh-AC245100.4 or sh-NC) were constructed
by Shanghai GenePharma Co. Ltd. A total of 2 ug
sh-AC245100.4 or sh-NC plasmids were transfected to PC3
cells using Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.) at room temperature. Cells were incubated for another
48 h. Then, 2 mg/ml neomycin was added to PC3 cells after
transfection with sh-AC245100.4 or sh-NC for 2-3 weeks
to generate a stable AC245100.4-knockdown PC3 cell line.
PCa xenograft models were established via subcutaneous
injection of PC3 cells (1x10° cells in 100 ul PBS) stably
transfected with control sSiRNA or shRNA-AC245100.4 into
male BALB/c nude mice (Beijing Vital River Laboratory
Animal Technology Co., Ltd. age, 4-6 weeks; weight,
20-30 g). Cells were subcutaneously injected to the left
medial upper limb of mice. Animals were housed at constant
temperature (20-26°C) and humidity (40-70%) with a 12 h
dark-light cycle and unrestricted access to food and water.
A total of 15 mice were purchased, of which three were
excluded from the experiment as one animal died before
subcutaneous injection (autopsy did not determine the cause
of mortality) and two animals died during anesthesia. A
total of 12 mice left were randomly divided into two groups
(ShRNA-NC or shRNA-AC245100.4; n=6 per group). The
mice weight and condition were monitored every 2 days. The
humane endpoints used to determine when animals should
be euthanized were as follows: Weight loss of 20-25% of
the animal's original body weight; loss of appetite for 24 h;
severe infection; tumors growth >10% of the animal's original
body weight or the average diameter >20 mm; and animals


https://www.spandidos-publications.com/10.3892/or.2020.7894

622

that are weak or dying. After 28 days of subcutaneous injec-
tion, all 12 tumor-bearing mice lived and were euthanized
via excessive anesthetized with an intraperitoneal injection
of 0.7% pentobarbital sodium (150 mg/kg). After the mice
died, which was confirmed by cardiac arrest and respiratory
arrest for >2 min, tumor samples were excised and weighed.
Tumor length and width were measured. Tumor volume was
calculated using the formula: V=(length x width?)/2.

Statistical analysis. Each experiment was performed
=3 times. Data are presented as the mean + SD of =3 sepa-
rate experiments. Differences between two groups were
compared using an unpaired two-tailed Student's t-test, and
one-way ANOVA followed by Tukey's post hoc test was
used to compare differences among multiple groups. The
differences in AC245100.4 expression from TCGA data-
base were analyzed using GEPIA (version: 1.0; http://gepia.
cancer-pku.cn/) using the method one-way ANOVA for
differential analysis. Disease state (Tumor or Normal) was
the variable for calculating differential expression. Statistical
analysis was performed using GraphPad Prism version 7
(GraphPad Software, Inc.). P<0.05 was considered to indicate
a statistically significant difference.

Results

IncRNA AC245100.4 expression is upregulated in PCa cells.
Since AC245100.4 has rarely been investigated in cancer,
the present study first examined the association between
AC245100.4 and PCa. The differences in AC245100.4
expression were analyzed by GEPIA using data from TCGA
database (18). The data included 492 PCa tissues (tumor)
and 52 adjacent para-cancerous tissues (healthy). Relative
expression values of AC245100.4 were analyzed using llog2
fold changel cut-off=0.05, P<0.05. The difference analysis
(Fig. 1A) demonstrated that the expression of AC245100.4 in
PCa tissues was increased compared with those in adjacent
healthy tissues. Furthermore, the expression of AC245100.4
in PCa cell lines was examined using RT-qPCR. DUI145 and
PC3 cells exhibited significantly higher expression levels of
AC245100.4 compared with the normal prostate epithelium
RWPEI cell line (Fig. 1B). The present results suggested that
AC245100.4 expression may be positively associated with the
development of PCa.

IncRNA AC245100.4 promotes PCa cell proliferation. The
present study investigated the effects of AC245100.4 on
cell proliferation in PCa. AC245100.4 expression in DU145
and PC3 cells was altered by transfection with siRNA and
pcDNA3.1/AC245100.4 (Fig. 2A). The RT-qPCR results
demonstrated that AC245100.4 expression was effectively regu-
lated in DU145 and PC3 cells. siRNA#3 was selected for the
subsequent experiments due to its high efficiency. The CCKS8
proliferation assay results demonstrated that AC245100.4
knockdown decreased proliferation, whereas AC245100.4
overexpression significantly increased proliferation in DU145
and PC3 cells (Fig. 2B-D).

To further investigate the effects of AC245100.4 in vivo,
a PC3 cell line with stable knockdown of AC245100.4
was constructed using shRNA (Fig. 2E). Animal models
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Figure 1. AC245100.4 expression is upregulated in PCa cell lines and tissues.
(A) Relative AC245100.4 expression was detected in PCa tissues in The Cancer
Genome Atlas database. “P<0.05. (B) Reverse transcription-quantitative PCR
was used to analyze the expression of AC245100.4 in a normal prostate
epithelial cell line (RWPEI) and prostate cancer cells. Data are presented
as the mean = SD of three independent experiments (n=3). “"P<0.01. PRAD,
prostate; num(T), number(Tumor); num(N), number(Normal); PCa, prostate
cancer.

were established via subcutaneous injection of control
shRNA-treated or shRNA-AC245100.4-treated PC3 cells in
male nude mice. It was found that tumor volume and weight
were significantly decreased following AC245100.4 knock-
down (Fig. 2F). These results suggested that AC245100.4 may
promote the proliferation of PCa cells.

IncRNA AC245100.4 promotes PCa cell migration in vitro.
Cancer cell motility reflects the metastasis potential of
cancer (24). Subsequently, the present study evaluated
the migration abilities of DU145 and PC3 cells following
AC245100.4 knockdown or overexpression. Transwell
migration (Fig. 3A) and wound healing (Fig. 3B) assays
indicated that AC245100.4 knockdown impaired the migra-
tion of PCa cells, while overexpression of AC245100.4
significantly increased the migratory capacity of PCa cells
(Fig. 3). Based on its promoting effects on proliferation and
migration, it was concluded that AC245100.4 served an
oncogenic role in PCa.

IncRNA AC245100.4 targets miR-145-5p in PCa cells. Since
it was proposed that AC245100.4 may be an oncogene, its
mechanism of action was subsequently investigated. It was
identified that AC245100.4 was mostly located in the cyto-
plasm (data not shown). It has been reported that IncRNAs
may be involved in post-transcriptional regulation of mRNAs
by sponging miRNAs in human cancer (6). Potential miRNA
binding sites in AC245100.4 were predicted using a human
miRNA target tool (DIANA Tools) (23). Binding sites
with miR-145-5p were observed (Fig. 4A). Therefore, the
present study targeted miR-145-5p for further investigation.
Following AC245100.4 knockdown, miR-145-5p expression
was significantly increased. Conversely, overexpression of
AC245100.4 decreased miR-145-5p expression (Fig. 4B).
Transfection with miR-145-5p inhibitor could significantly
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Figure 2. IncRNA AC245100.4 promotes PCa cell proliferation in vitro and in vivo. (A) DU145 and PC3 cells transfected with si-AC245100.4 or
pcDNA3.1-AC245100.4 were analyzed for IncRNA expression via RT-qPCR. Effects of AC245100.4 (B and C) overexpression or (D) knockdown on PCa
cell proliferation were assessed using Cell Counting Kit 8 assays. "P<0.05 and “P<0.01 Comparison of cell proliferation at indicated time point. "P<0.05
and “"P<0.01 Si-AC245100.4 vs. NC or AC245100.4 vs. vector. (E) PC3 cells transfected with sh-AC245100.4 were analyzed for IncRNA expression via
RT-gPCR. (F) Tumor volume and weight were detected in a xenograft mouse model established via subcutaneous injection of sh-control-transfected and
sh-AC245100.4-transfected PC3 cells. Data are presented as the mean + SD of three independent experiments (n=3). "P<0.05 and “"P<0.01. AC245100.4,
IncRNA AC245100.4; IncRNA, long non-coding RNA; PCa, prostate cancer; si, small interfering RNA; sh, short hairpin RNA; RT-qPCR, reverse

transcription-quantitative PCR; NC, negative control.

decrease miR-145-5p expression, and transfection with
miR-145-5p mimic could significantly increase miR-145-5p
expression (Fig. 4C). Furthermore, AC245100.4 expression
was downregulated by exogenous miR-145-5p mimic trans-
fection, but upregulated by miR-145-5p inhibitor transfection
(Fig. 4D).

To confirm the direct binding, luciferase reporter assays
were conducted. A vector containing the AC245100.4/miR-
145-5p binding sequence (AC WT) and a vector with the
deleted binding site (AC MUT) were generated. Vectors were
transfected together with miR-145-5p mimics. The lucif-
erase activity was decreased following co-transfection of
miR-145-5p mimic and AC WT reporter vector, but remained

unchanged for AC MUT vector (Fig. 4E), which indicated that
AC245100.4 may be a target of miR-145-5p.

AC245100.4 and miR-145-5p both bind to AGO2 in PCa
cells. miRNAs exert their gene silencing function by binding
to AGO2, forming a functional RISC, and miRNAs degrade
mRNAs with the involvement of RISC (25). To further verify
the present hypothesis, anti-AGO2 RIP was performed
using PC3 cell extracts. RT-qPCR was used to determine
whether AC245100.4 and miR-145-5p were present in the
immunoprecipitates. AC245100.4 was enriched in anti-AGO2
conjugated immunoprecipitates compared with in the anti-IgG
control. Consistently, miR-145-5p was also present in the
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Figure 4. miR-145-5p targets AC245100.4 in PCa. (A) Bioinformatics analysis demonstrated that miR-145-5p directly targeted the AC245100.4 sequence.
(B) RT-qPCR analysis of miR-145-5p expression in DU145 and PC3 cells transfected with AC245100.4 si-RNA or pcDNA3.1-AC245100.4. (C) RT-qPCR
analysis of miR-145-5p expression in DU145 and PC3 cells transfected with miR-145-5p mimic or inhibitor. (D) RT-qPCR analysis of AC245100.4 expression
in DU145 and PC3 cells transfected with miR-145-5p mimic or inhibitor. (E) Luciferase reporter plasmid containing AC-WT or AC-MUT AC245100.4 was
co-transfected into 293T cells with miR-145-5p mimic or NC. (F) RIP experiments were performed in PC3 cells, and the coprecipitated RNA was subjected
to RT-qPCR for analysis of AC245100.4 and miR-145-5p expression. “P<0.01 vs. IgG. Data are presented as the mean + SD of three independent experiments
(n=3). “P<0.01. AC-WT, AC245100.4 wild-type; AC-MUT, AC245100.4 mutant; miR-145-5p, microRNA-145-5p; PCa, prostate cancer; RT-qPCR, reverse
transcription-quantitative PCR; NC, negative control; si, small interfering RNA; AGO?2, catalytic component; RIP, RNA immunoprecipitation.
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Figure 5. RBBPS is a miR-145-5p target gene and is indirectly regulated by AC245100.4. (A) Bioinformatics analysis demonstrated that RBBPS is a target gene
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immunoprecipitates (Fig. 4F). Therefore, AC245100.4 and
miR-145-5p were both pulled down by AGO?2, likely via direct
binding. Overall, the present study suggested that there was
direct binding between AC245100.4 and miR-145-5p, and
demonstrated the reciprocal association between AC245100.4
and miR-145-5p.

IncRNA AC245100.4 regulates RBBP5 expression indirectly
by sponging miR-145-5p. To elucidate the ceRNA network
among AC245100.4, miR-145-5p and its targets in PCa, online
prediction was conducted. TargetScan predicted 907 targets
and miRDB predicted 909 targets (21,22). There were 100s
of genes even after the results were overlapped. RBBP5 was
among the overlapping genes. To validate the predicted rela-
tionships, luciferase assays were performed. The WT reporter
vector contained RBBPS5 3'UTR binding sites, but the binding
sites were deleted in the MUT reporter vector (Fig. 5A). The
luciferase activity was decreased after co-transfection of
miR-145-5p mimic and the RBBP5 WT reporter vector, but
not the MUT vector, indicating that miR-145-5p targeted
RBBPS5 by directly binding to the 3'UTR of RBBP5 (Fig. 5B).
Additionally, miR-145-5p negatively regulated RBBPS expres-
sion (Fig. 5C-F). It was also identified that knockdown or
overexpression of AC245100.4 decreased or increased RBBP5
protein expression, respectively, in DU145 and PC3 cells
(Fig. 5E and F).

Subsequently, it was investigated whether miR-145-5p was
involved in the combination of AC245100.4 and RBBP5. As

presented in Fig. 5SE and F, RBBP5 expression was restored
by miR-145-5p inhibition in AC245100.4-knockdown cells.
Similarly, the increase in RBBPS protein expression induced
by AC245100.4 overexpression was effectively reversed by
miR-145-5p mimics. Collectively, these findings suggested that
AC245100.4 regulated the expression of RBBPS5 via regulation
of miR-145-5p at the post-transcriptional level.

IncRNA AC245100.4 reverses the suppressive role of
miR-145-5p in PCa. It was further investigated whether
miR-145-5p suppressed tumorigenesis in DU145 and PC3 cells.
The proliferation and migration of PCa cells were negatively
associated with miR-145-5p expression (Fig. 6A-E).

To examine the reciprocal effects of miR-145-5p on
AC245100.4, loss of function experiments were performed in
PCa cells. The results demonstrated that cell proliferation in
the inhibitor-miR-145-5p and si-AC245100.4 group was signif-
icantly decreased compared with the inhibitor-miR-145-5p
group, suggesting that miR-145-5p silencing had promoting
effect on proliferation, and this was partially reversed by
AC245100.4 knockdown (Fig. 7A). The cell migration in the
inhibitor-miR-145-5p and si-AC245100.4 group was signifi-
cantly decreased compared with the inhibitor-miR-145-5p
group, suggesting that the addition of the si-AC245100.4 altered
the inhibitor-miR-145-5p-mediated increase in cell migration
(Fig. 7B). All data suggested that miR-145-5p suppressed
tumorigenesis in PCa and competed with AC245100.4 to exert
its inhibitory effect in PCa cells.
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Figure 6. miR-145-5p serves as a tumor suppressor in PCa. Effects of miR-145-5p (A) mimic or (B and C) inhibitor on PCa cell proliferation were assessed
using a Cell Counting Kit 8 assay. (D) Effects of miR-145-5p on PCa cell migration were assessed using Transwell migration and wound healing assays,
(E) and the results were quantified. Magnification, x200. Data are presented as the mean = SD of three independent experiments (n=3). “P<0.05 and ““P<0.01.

miR-145-5p, microRNA-145-5p; PCa, prostate cancer; NC, negative control.

Discussion

PCa was the second most common newly diagnosed cancer
and fifth leading cause of cancer-associated mortality in
men worldwide in 2018 (4). Therefore, a comprehensive
understanding of the molecular events responsible for
PCa tumorigenesis is required. IncRNAs have gained
increasing attention as cryptic regulators in PCa (9). Thus,
it is necessary to identify the underlying mechanisms of
these regulatory transcripts to fully understand PCa carci-
nogenesis in order to develop novel diagnostic targets and
treatment strategies.

In the present study, a novel IncRNA, AC245100.4,
associated with PCa was identified. Upregulated expres-
sion levels of AC245100.4 were observed in tumor tissues
in TCGA data and cell lines. The results demonstrated that
AC245100.4 had an oncogenic effect on PCa cell prolifera-
tion and migration. AC245100.4 exerted its oncogenic role
by sponging miR-145-5p, thereby repressing degradation
of RBBP5. The present findings provided evidence for
AC245100.4 as a candidate for overcoming therapeutic
obstacles in PCa.

Previous studies have reported that IncRNAs are respon-
sible for PCa carcinogenesis (9). For example, PCA3, metastasis
associated lung adenocarcinoma transcript 1 (MALATI1),
HOX transcript antisense RNA and prostate cancer associ-
ated transcript (PCAT)19 serve oncogenic roles and promote
growth in PCa, while PCAT29 and Downregulated RNA
in Androgen Independent Cells suppress cellular migration
and metastasis (8,26). Certain characterized IncRNAs, such
as PCA3, H19 and PCAT?29, have been considered to be
more specific to PCa (8). Our previous study predicted that
AC245100.4 was closely associated with PCa using bioinfor-
matics methods (17). In the present study, AC245100.4 was
demonstrated to promote proliferation and migration in PCa
cell lines, and to induce tumor growth in an animal model.
Upregulated expression levels of AC245100.4 were observed
in TCGA tumor samples. To the best of our knowledge,
this was the first study to identify the oncogenic function
of AC245100.4 in PCa. However, the expression levels of
AC245100.4 should be studied in additional patients in future
studies.

A number of IncRNAs exert their function by acting as
ceRNAs in PCa (14,15,17). In ceRNA networks, miRNAs are
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Figure 7. IncRNA AC245100.4 activity is partially mediated via negative regulation of miR-145-5p. (A) Proliferation of DU145 and PC3 cells following
co-transfection with si-AC245100.4 and miR-145-5p inhibitor was determined using a Cell Counting Kit 8 assay. (B) Cell migration of DU145 and PC3 cells
after co-transfection with si-AC245100.4 and miR-145-5p inhibitor was determined using Transwell migration and wound healing assays. Magnification, x200.
Data are presented as the mean + SD of three independent experiments (n=3). “P<0.01. IncRNA, long non-coding RNA; miR-145-5p, microRNA-145-5p; si,

small interfering RNA; NC, negative control.

important mediators, and miRNAs could serve roles in PCa
development, and thus are potential targets for novel thera-
pies (27,28). There has been increased interested in ncRNAs
(miRNAs and IncRNAs) due to limitations of coding genes in
cancer diagnosis and treatment (29). IncRNA-miRNA ceRNA
networks represents the competitive association between
IncRNAs and miRNAs, which could explain some features
of PCa. For example, IncRNA HLA complex P5 expression
is upregulated in PCa, and promotes cell proliferation by
inducing cell migration inducing hyaluronidase 1 expression
by sponging miR-4656 (30).

In the present study, an online database of biological
information predicted that AC245100.4 had complementary
binding sites with miR-145-5p. The direct binding was further
confirmed using a luciferase reporter assay. Both AC245100.4
and miR-145-5p could interact with AGO2 in PCa cells,
which suggested that AC245100.4 may function as an endog-
enous miRNA sponge. Numerous studies have revealed that
miR-145-5p suppresses tumor progression in various types
of cancer, including melanoma, NSCLC, bladder cancer and
gastric cancer (31-33). In PCa, miR-145-5p inhibits docetaxel

resistance by repressing A-kinase anchoring protein 12, which
could be reversed by MALATI1 in a ceRNA manner (34).
Furthermore, the miR-145-5p/fascin actin-bundling protein
1 axis contributes to tumor progression mediated by PCATI,
and PCAT1 competes with miR-145-5p by direct binding (35).
The functions of miRNAs largely depend on the specific
target, thus the molecular mechanism of miR-145-5p was also
a focus of the present study. It was demonstrated that PCa cell
proliferation and migration were impaired following transfec-
tion of miR-145-5p mimics. Moreover. AC245100.4 promoted
the proliferation and migration of DU145 and PC3 cells by
targeting miR-145-5p. It is important to identify real markers
and develop novel specific therapies to decrease the mortality
of PCa (36). Therefore, further study of miRNAs is impor-
tant (37). The present findings reinforced the tumor-suppressive
role of miR-145-5p in PCa, which suggests it as a promising
biomarker.

The ceRNA network also requires a miRNA target gene to
complete the regulatory axis (10). According to bioinformatics
analyses, RBBP5 and AC245100.4 share the same response
elements for miR-145-5p. The association was verified
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using luciferase reporter assays. Furthermore, miR-145-5p
expression was negatively associated with RBBP5 protein
expression. It was identified that knockdown or overexpres-
sion of AC245100.4 decreased or increased RBBP5 protein
expression. Therefore, it was demonstrated that RBBPS was
targeted by miR-145-5p. AC245100.4 may induce RBBP5
expression by repressing its inhibitor, miR-145-5p. RBBP5
is a coding protein in the nucleus (38), and can bind to RB
transcriptional corepressor 1, a known tumor suppressor (39).
However, the role of RBBPS5 is ambiguous. Increased RBBP5
expression has been observed in patients with hepatocellular
carcinoma, and RBBP5 knockdown can inhibit the prolifera-
tion of hepatocellular carcinoma cells (40). Moreover, RBBP5
silencing promotes cell adhesion and migration in cervical
cancer cells (41). These findings indicate that RBBP5 has dual
roles in cancer. The exact role and underlying mechanism of
RBBPS5 in PCa should be investigated in future studies.

In conclusion, the present study demonstrated that the
novel IncRNA AC245100.4 was upregulated in PCa cells and
may be involved in the development of PCa. High AC245100.4
expression may be one of the factors affecting the prognosis of
patients with PCa. Mechanistically, AC245100.4 can regulate
the expression of RBBPS, acting as a ceRNA of miR-145-5p.
The present findings provide evidence that AC245100.4 may
be a promising diagnostic or therapeutic marker for PCa.
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