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Abstract

Introduction: Information regarding
roles of LIPE antisense RNA 1 (LIPE-A
(PCa) progression is currently limi
termined LIPE-AS1 expressi
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ing the Cell Counting Kit-8 assay,
ion and invasion assays, and tumor xeno-
were used to determine the effects of LI-
ells. The putative miRNA-binding LIPE-AS1
icted via bioinformatics analysis and further veri-
the luciferase reporter and RNA immunoprecipita-
assays. Results: LIPE-AS1 was expressed at high levels in
cells; this result is consistent with that of The Cancer Ge-
nome Atlas database. Patients with PCa manifesting high
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ession had shorter overall survival than those
low LIPE-AS1 expression. Downregulated LIPE-
ited PCa cell proliferation, migration, and invasion
in vitro and impaired tumor growth in vivo. With respect to
mechanism, LIPE-AS1 functioned as a competing endog-
enous RNA for microRNA-654-3p (miR-654-3p) in PCa cells,
and hepatoma-derived growth factor (HDGF) was the direct
target of miR-654-3p. HDGF was positively regulated by LI-
PE-AS1 in PCa cells via the absorption of miR-654-3p. Rescue
experiments confirmed that miR-654-3p downregulation or
HDGF overexpression counteracts the inhibitory effects of
LIPE-AS1 depletion on PCa cell proliferation, migration, and
invasion. Conclusion: LIPE-AST promotes PCa malignancy
by targeting the miR-654-3p/HDGF axis. Determining the LI-
PE-AS1/miR-654-3p/HDGF pathway may increase our under-
standing of PCa pathogenesis and contribute toward a wid-

er applied scope. ©2021S. Karger AG, Basel

Introduction

Globally, prostate cancer (PCa) is the most diagnosed
malignancy in men [1], accounting for approximately
20% of the novel cancer cases in men [2]. Every year,
359,000 patients die due to PCa worldwide [3]. In the past
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decade, there have been considerable advances in surgical
techniques, endocrine therapy, hormonal agents, chemo-
therapy, and radiotherapy. As a result, the survival of pa-
tients with PCa has been significantly prolonged [4]. Nev-
ertheless, a number of patients with PCa die within 5
years after primary diagnosis [5]. Furthermore, approxi-
mately 30% of patients with PCa experience relapse after
conventional treatments [6, 7]. The complicated patho-
genesis of PCa involves multiple factors, including age,
lifestyle, environment, and heredity [8]. However, infor-
mation regarding the mechanisms of PCa development is
still limited [9]. Therefore, elucidating the mechanisms
underlying the occurrence and development of PCa is ur-
gently warranted, with the ultimate goal of identifying
potential treatment strategies.

Long noncoding RNAs (IncRNAs) are defined as a
subset of transcripts with >200 nucleotides that are not
templates for protein synthesis [10]. IncRNAs are in-
volved in the regulation of gene expression at the epigen-
etic, transcriptional, and posttranscriptional levels [11].
Existing studies have confirmed the vital functions of In-
cRNAs in a broad spectrum of physiological and patho-
logical phenotypes [12]. Recently, the importance of In-
cRNAs in controlling prostate neoplasia and progression
has been widely acknowledged [13]. Many IncRNAs are
aberrantly expressed and perform crucial regulatory ac-
tions in PCa, proving their potential as novel ther.
targets.

MicroRNAs (miRNAs) are a catego
coding RNAs containing 17-25 nucleo
exert important roles in controlling
base-pairing with the 3’-untranslat
stream target genes and forming a s
ing in translation inhibition or

eral studies have r
in PCa an
during PC
ly reported eting endogenous RNA (ceR-
NA) 1 portant role in human cancers
[17]. ., INcCRNAs carry one or more miRNA re-
nd can sponge certain miRNAs, there-
the expression of the miRNA targets [18].
ring the important roles of IncRNAs and miR-
aimed to further investigate their expression,
es, and possible mechanisms in PCa.

umerous IncRNAs have been identified in the hu-
man genome; yet, there are still many IncRNAs whose
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expression and exact roles remain largely unknown in
PCa and require further elucidation. Through The
Cancer Genome Atlas (TCGA) database, we found that
LIPE antisense RNA 1 (LIPE-AS1) was one of the most
differentially expressed IncRNAs. Therefore, the pr
ent study aimed to investigate the detailed roles
probable molecular mechanisms of LIP i
in order to improve our understanding o
genesis and contribute toward a wider a

AS1 in PCa and characterize
Then, we explored the detail
the oncogenicity of PCa bxe
lular functions. Finally,
mechanisms underlyin
AS1 in PCa.

e molecular

s
a

tig
1&vroles of LIPE-

Ca tissues and adjacent normal tissues were
with PCa at the First Affiliated Hospital of

d nitrogen until use. This study was approved by the
£thics Committee of the First Affiliated Hospital of Qig-

ciid was conducted in full accordance with the World Medical
sociation’s Declaration of Helsinki. All participants signed an
formed consent document before the study. The clinical and his-
topathological information of all PCa patients are summarized in
Table 1.

TCGA Program

The TCGA dataset of PCa (TCGA-PRAD) was downloaded
from the TGCA Data Portal (https://tcga-data.nci.nih.gov/tcga/).
The database contained 498 PCa tissues and 51 normal tissues.
These cohorts were used for RNA expression analysis of LIPE-AS1
and miR-654-3p. Also, the clinical value of miR-654-3p in patients
with PCa was analyzed in the cohorts.

Cell Culture

Two PCa cell lines, namely, LNCaP and 22RV1, were pur-
chased from the Type Culture Collection of the Chinese Acad-
emy of Sciences (Shanghai, China) and maintained in Roswell
Park Memorial Institute medium 1640 supplemented with 10%
fetal bovine serum (FBS) and 1% sodium pyruvate (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Another
PCa cell line, DU145 (Type Culture Collection of the Chinese
Academy of Sciences), was cultured in Dulbecco’s modified Ea-
gle’s medium (Gibco; Thermo Fisher Scientific, Inc.) with 10%
FBS. RWPE-1, a normal human prostate epithelial cell line, was
also obtained from the Type Culture Collection of the Chinese
Academy of Sciences and maintained in Keratinocyte-SFM me-
dium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
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Table 1. Clinical and histopathological information of all PCa patients

No. Age, years PSA,ng/mL  Gleason score Metastasis  No. Age, years PSA,ng/mL  Gleason score Metastasis
1 54 16.88 4+3 Negative 27 60 29.52 5+4 Positive
2 66 25.65 4+3 Negative 28 69 26.83 4+4 Negative
3 57 20.15 5+4 Negative 29 72 15.20 5+4

4 73 10.26 5+3 Negative 30 70 23.53 4+3

5 68 27.59 4+4 Positive 31 58 25.62 4+4

6 59 23.73 4+3 Negative 32 63 18.46 5+4

7 71 16.32 5+4 Negative 33 55 23.44 4+4

8 55 21.85 4+3 Negative 34 71 28.70 4+3

9 57 14.47 5+4 Negative 35 65 10.93 ‘ 3

10 74 16.87 5+4 Negative 36 68 28.91

11 70 31.25 4+4 Negative 37 62 17.02 4

12 68 22.68 4+5 Negative 38 54 23.47 Negative
13 73 27.31 5+4 Negative 39 67 12.75 Negative
14 65 23.14 5+4 Negative 40 70 26.80 Negative
15 69 17.68 4+4 Negative 41 65 15.32 Negative
16 58 21.42 5+3 Negative 42 68 26. Positive
17 59 30.04 4+3 Positive 43 57 11.2 4+3 Negative
18 74 26.20 3+3 Negative 44 62 4+3 Negative
19 67 27.35 4+3 Negative 45 70 5+4 Negative
20 70 29.18 5+4 Negative 46 61 4+3 Negative
21 56 16.78 5+4 Negative 47 68 5+4 Negative
22 74 23.19 4+5 Negative 59 5+3 Negative
23 72 18.06 4+4 Negative 57 4+3 Negative
24 57 25.53 5+4 Negative 5 . 5+4 Positive
25 65 12.00 4+3 Negative 23.42 5+4 Negative
26 68 27.38 5+4 Negative 16.77 4+3 Negative

PSA, prostate-specific antigen; PCa, prostate cancer.

with a gentamicin and amphotericin soluti
midified incubator with 5% CO,.

Cell Transfection
Small interfering RNAs (si
AS1#1, si-LIPE-AS1#2, and si
(NC) siRNA (si-NC) wer
arma Co., Ltd. (Shan
was used as, the

-AS1 (si-LIPE-
and negative control
ased from Geneph-
ense sequence (si-NC)
-AS1#1 sequence was
TAGATA 3'; the si-LIPE-AS142
TTGAATCAAACTCT-3'; the
5'-GCCAAGACAACATAAA-

sequence w
si-LIPE-AS1

DGF overexpression plasmid was con-
the HDGF sequence into the pcDNA3.1
DNA3.1-HDGF (Guangzhou RiboBio Co.,

controls. One nlght prior to transfectlon PCa cells were
d into 6-well plates. Cells were transfected with the afore-
tioned siRNAs (100 pmol), miRNA mimic (100 pmol), miR-
NA inhibitor (100 pmol), or plasmids (4 pg) using Lipofectamine®

LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

2000 (Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h of
transfection, quantitative reverse transcription polymerase chain
reaction (QRT-PCR), Cell Counting Kit-8 (CCK-8) assay, and
Western blotting were performed. Transwell migration and inva-
sion assay and Western blotting were implemented at 24 h post-
transfection.

Quantitative Reverse Transcription Polymerase Chain

Reaction

Total RNA was extracted from the tissues or cells using the TRIzol
reagent (Beyotime Institute of Biotechnology, Shanghai, China). The
quality and quantity of total RNA were determined using the Nano-
drop 2000 system (Invitrogen; Thermo Fisher Scientific, Inc.). To
quantify the expression levels of LIPE-AS1 and HDGE, qRT-PCR
was performed using the PrimeScript® RT reagent Kit (Takara, Da-
lian, China) and SYBR® Premix Ex TaqTM II (Takara). To deter-
mine miRNA expression, the Mir-X miRNA First-Strand Synthesis
Kit (Takara) was used to reverse transcribe total RNA. Quantitative
PCR was performed using the Mir-X miRNA qRT-PCR TB Green®
Kit (Takara). Glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) was used as the control for LIPE-AS1 and HDGEF, and miRNA
expression was normalized to that of U6 small nuclear RNA. Relative
gene expression was determined using the 222t method. The prim-
er sequences are shown in Table 2.
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Table 2. Primers sequences for QRT-PCR

Gene Sequences (5’ > 3')

LIPE-ASI

Forward GAGTTAACGGTGAAGTCCACAAAA
Reverse AAAAATCTATACCTCACAGTTCGGG
HDGF

Forward GATCGAGAACAACCCTACTGTCAA
Reverse GCATTCCCCTTCTTATCACCG
GAPDH

Forward AGTCAACGGATTTGGTCGTATTG
Reverse AAACCATGTAGTTGAGGTCAATGAA
miR-760

Forward TCGGCAGGCGGCUCUGGG

Reverse CACTCAACTGGTGTCGTGGA
miR-654-3p

Forward TCGGCAGGCGUGUACAAGACGC
Reverse CACTCAACTGGTGTCGTGGA
miR-642a-5p

Forward TCGGCAGGGUCCCUCUCCAAAUG
Reverse CACTCAACTGGTGTCGTGGA
miR-520a-5p

Forward TCGGCAGGCUCCAGAGGGAAGU
Reverse CACTCAACTGGTGTCGTGGA
miR-455-3p

Forward TCGGCAGGCACAUAUACGGGU
Reverse CACTCAACTGGTGTCGTGGA
miR-424-5p

Forward TCGGCAGGCAGCAG

Reverse CACTCAACTGGTGT

miR-330-5p

Forward TCGGCAGGUCU G

Reverse CACTCAACTGG GTGG
miR-326

Forward TCGGC CCU
Reverse TCGTGGA
miR-299-3p

Forward CCAAAUGGU

Reverse TGTCGTGGA

miR-107
Forward
Reverse

CAACTGGTGTCGTGGA

CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

CR, quantitative reverse transcription polymerase chain
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Subcellular Fractionation

PCa cells were treated with the Nuclear/Cytosol Fractionation
Kit (Biovision, San Francisco, CA, USA) to obtain the nuclear and
cytoplasmic fractions. After RNA extraction, the level of LIPE-AS1
in the cytoplasm and nucleus of PCa cells was examined via qRT-
PCR. U6 and GAPDH were used as the internal nuclear and ¢
plasmic references, respectively.

CCK-8 Assay

PCa cells were transfected for 24 h and then h
seeded into 96-well plates. Each well contained
suspension containing 2 x 10° cells. The CCK-8§
lar Technologies, Inc., Kumamoto,
proliferation. At 0, 1, 2, and 3 days
the CCK-8 reagent was added into ea
incubated at 37°C for an additj
detected at a wavelength of 45

liquot of the cell suspension con-
into the upper Transwell chambers.
supplemented with 20% FBS served as the
sadded to the basolateral Transwell cham-
ut (for migration) or with (for invasion)
RD Biosciences, San Jose, CA, USA). After culturing the
% onmigrated or noninvaded cells were removed us-
a ton bud. Migrated or invaded cells were fixed using
anol and dyed with 0.1% crystal violet. The stained cells
ere photographed under a light microscope (x200 magnification;
ympus, Tokyo, Japan). The number of migrated or invaded cells
as counted in 5 randomly selected fields.

Tumor Xenograft Experiments

All animal procedures were approved by the Animal Care and
Use Committee of the First Affiliated Hospital of Qigihar and con-
ducted in compliance with the recommended procedures of the
National Institutes of Health guidelines for the care and use of
laboratory animals. The short hairpin RNA against the expression
of LIPE-AS1 (sh-LIPE-AS1) and the NC short hairpin RNA (sh-
NC) were designed and produced by Genepharma Co., Ltd., and
cloned into a lentiviral plasmid. The sh-LIPE-AS1 sequence was 5’
-CCGGGCCAAGACAACATAAACAAGACCCTCGAGGC-
CAAGACAACATAAACAAGACCTTTTTG-3'; and the sh-NC
sequence was 5'-CCGGCACGATAAGACAATGTATTTCTC-
GAGAAATACATTGTCTTATCGTGTTTTTG-3". The plasmid
was transfected into 293T cells along with lentiviral packaging
plasmids. The supernatants carrying sh-LIPE-AS1 or sh-NC lenti-
virus were collected after 3 days of incubation and used to infect
DU145 cells. DU145 cells stably overexpressing sh-LIPE-AS1 or
sh-NC were selected using 0.5 ug/mL puromycin.

Male BALB/c nude mice aged 4-6 weeks were purchased from
Shanghai SLAC Laboratory Animal, Co., Ltd. (Shanghai, China)
and subcutaneously injected with 1 x 10° DU145 cells stably over-
expressing sh-LIPE-AS1 or sh-NC. Each group contained 3 nude
mice. One week after cell inoculation, the tumor volume was mon-
itored every 5 days. The tumor volume was calculated using the
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following formula: 0.5 x length x width® After 32 days, mice were
euthanized via cervical dislocation, and tumor xenografts were ex-
cised for weight assessment and further use.

Bioinformatics Prediction

The potential miRNA targets of sh-LIPE-AS1 were identified
using StarBase 3.0 (http://starbase.sysu.edu.cn/). TargetScan
(http://www.targetscan.org/) and miRDB (http://mirdb.org/)
were used to predict the potential targets of miR-654-3p.

Luciferase Reporter Assay

Fragments of LIPE-AS1 and HDGF containing the wild-type
(wt) or mutant (mut) miR-654-3p-binding sites were constructed
by Genepharma Co., Ltd., and inserted into the pmirGLO Dual-
Luciferase Reporter Vector (Promega, Madison, WI, USA) to gen-
erate the reporter plasmids LIPE-AS1-wt, LIPE-AS1-mut, HDGF-
wt, and HDGF-mut. For reporter assays, miR-654-3p mimic or
NC mimic was cotransfected with the wt or mut reporter plasmids
using Lipofectamine 2000. The culture was maintained at 37°C for
48 h, followed by the detection of luciferase activity using the Du-
al-Luciferase Reporter Assay System (Promega).

RNA Immunoprecipitation Assay

The interaction between LIPE-AS1, miR-654-3p, and HDGF in
PCa cells was verified using the Magna RIP™ RNA-Binding Pro-
tein Immunoprecipitation Kit (Millipore, Billerica, MA, USA).
PCa cells were lysed in RNA immunoprecipitation (RIP) lysis buf-

fer, and cell extracts were collected for the RIP assay. A volume of

10 pL of the cell extract was defined as the input. The cell extracts
(100 pL) were probed with RIP buffer containing magnetic beads
conjugated with human anti-Ago2 antibody or normal mouse im-
munoglobulin G (IgG; Millipore). After overnight incubafg
4°C, the magnetic beads were collected and treated with px
K at 55°C for 30 min. After the immunoprecipitated RN
tracted, QRT-PCR was performed to determine,
LIPE-AS1, miR-654-3p, and HDGF.

RNA Pull-Down Assay

The assay was implemented to further
action between LIPE-AS1 and miR- 654 3
nylated miR-654-3p mimic (bio-
Biotin 3’ End
nc.). After transfec-
cubated at 37°Cin a
. Thereafter, transfect-
e precooled lysis buffer.
atant was further cultivated with
D Biosciences) at 4°C for addi-
NA-IncRNA complexes. Finally,
test the relative enrichment of LIPE-

DNA Labeling Kit (Thermo Fj
tion with biotinylated RN
humidified incubator
ed cells were ¢ llecte

Dynabeads
tional 2 h, ge

iotechnology). Then, the isolated protein was quantified
Protein Assay Kit (Beyotime Institute of Biotechnol-
ivalent amounts of protein were separated via 10% so-
dodecyl sulfate-polyacrylamide gel electrophoresis and
sferred onto polyvinylidene difluoride membranes. After 2 h
of blocking with 5% nonfat milk at room temperature, the prima-

LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

ry antibodies targeting HDGF (ab128921; 1:1,000 dilution; Ab-
cam, Cambridge, MA, USA) or GAPDH (ab128915; 1:1,000 dilu-
tion; Abcam) were added to the membrane, followed by overnight
incubation at 4°C. Upon probing the membrane with goat anti-
rabbit horseradish peroxidase-conjugated IgG secondary antibody
(ab205718; 1:5,000 dilution; Abcam) at room temperature for
the protein bands were visualized using the Immobilon We
Chemiluminescent HRP substrate (Millipore,
USA). Densitometry was performed applying Qu
ware version 4.62 (Bio Rad Laboratories, Inc., Hercu

Statistical Analyses

All experiments were repeated
was performed in triplicate. All stati
using SPSS 20.0 (IBM SPSS, Armonk,

tiple groups were evaluated
Tukey’s post hoc test. Pear,
-AS1, miR-654-3p,
as mean * standard

AS1 Downregulation Inhibits PCa Cell
% ion, Migration and Invasion

RENAS1 expression in PCa was first evaluated using
database. Compared with normal tissues, LIPE-
S1 expression was upregulated in PCa tissues (shown in
g. la). Then, 52 pairs of PCa tissues and adjacent nor-
mal tissues were collected and used to quantify LIPE-AS1
expression via QRT-PCR. qRT-PCR revealed that LIPE-
AS]1 expression was higher in PCa tissues than that in ad-
jacent normal tissues (shown in Fig. 1b). Furthermore,
LIPE-AS1 was overexpressed in PCa cell lines (LNCaP,
22RV1, and DU145) compared with the normal human
prostate epithelial cell line RWPE-1 (shown in Fig. 1c).
Importantly, the overall survival of PCa patients mani-
festing high LIPE-AS1 expression was lower than those
manifesting low LIPE-AS1 expression (shown in Fig. 1d).

Considering the relatively high LIPE-AS1 levels in
22RV1 and DU145 cells, these 2 cell lines were selected
for follow-up experiments. To explore the biological role
of LIPE-ASI in PCa, si-LIPE-AS1 was transfected into
22RV1and DU145 cells to knockdown LIPE-AS1 expres-
sion (shown in Fig. le). The CCK-8 assay revealed that
silencing LIPE-AS1 expression decreased the prolifera-
tion of 22RV1 and DU145 cells (shown in Fig. 1f). More-
over, the Transwell migration and invasion assays re-
vealed that LIPE-ASI1 suppression decreased the migra-
tion (shown in Fig. 1g) and invasive (shown in Fig. 1h)
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were detected via QRT-PCR. d The log-rank test
ted to examine the overall survival rate of PCa tissues
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determined via RT-qPCR in 22RV1 and DU145 cells transfected
with siRNAs against LIPE-AS1. f The CCK-8 assay presented the
proliferation ability of 22RV1 and DU145 cells when LIPE-AS1 was
silenced. g, h The migration and invasive abilities of PCa cells were
assessed using the Transwell migration and invasion assays after LI-
PE-ASI silencing (x200 magnification). **p < 0.01. TCGA, The
Cancer Genome Atlas; qRT-PCR, quantitative reverse transcription
polymerase chain reaction; CCK-8, Cell Counting Kit 8; PCa, pros-
tate cancer; LIPE-AS1, LIPE antisense RNA 1.
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abilities of 22RV1 and DU145 cells. Taken together, these
results demonstrate that LIPE-AS1 exhibits tumor-pro-
moting roles in PCa cells.

LIPE-AS1 Acts as an miR-654-3p Decoy in PCa Cells

After identifying the roles of LIPE-AS1 in PCa cells, we
elucidated the molecular events underlying the oncogen-
ic roles of LIPE-ASI. First, IncLocator (http://www.csbio.
sjtu.edu.cn/bioinf/IncLocator/) was used to predict the
subcellular location of LIPE-AS1. LIPE-AS1 was predict-
ed to primarily exist in the cytoplasm (shown in Fig. 2a).
Simultaneously, the subcellular fractionation assay con-
firmed the major distribution of LIPE-AS1 in the cyto-
plasm of 22RV1 and DU145 cells (shown in Fig. 2b).
Therefore, we speculated that LIPE-AS1 functions as a
ceRNA in PCa by acting as a decoy for specific miRNAs,
thereby modulating gene expression at the posttranscrip-
tional level.

Using StarBase 3.0, 54 miRNAs possessing binding
sites for LIPE-AS1 were identified. TCGA database was
used to analyze the expression statuses of these miRNAs
in PCa tissues. Ten miRNAs were found to be weakly ex-
pressed in PCa tissues (shown in Fig. 2c). Then, qRT-PCR
was conducted to determine the expression levels of these
miRNAs in 22RV1 and DU145 cells after LIPE-AS1
knockdown. The results revealed that only miR-654-3
expression increased in LIPE-AS1-deficient 22RV,
DU145 cells, whereas the expression levels of the
miRNAs remained unchanged in respo
knockdown (shown in Fig. 2d). In addit
expression demonstrated a decreasin
sues compared with that in adja
(shown in Fig. 2e). Pearson’s correl
that LIPE-ASI1 expression wasi
in Fig. 2f).

say was then perfo vestigate the interac-
tion betwee miR-654-3p in PCa cells. The
results rev -3p overexpression signifi-

cantly redu
not t
(sho h).
A e element of RNA-induced silencing

p can directly induce the degradation of tar-
As via its catalytic activity in gene silencing pro-
duced by siRNAs or miRNAs. Thus, the RIP
ay was conducted using human anti-Ago2 antibody.
shown in Figure 2i, LIPE-AS1 and miR-654-3p were
highly enriched in the anti-Ago2 group than in the con-

gerdse activity of LIPE-AS1-wt but
ut in 22RV1 and DU145 cells

LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

trol IgG group, confirming the association between LIPE-
AS1 and miR-654-3p in the same RNA-induced silencing
complexes. Furthermore, the RNA pull-down assay dem-
onstrated that the relative LIPE-AS1 enrichment was
higher in the bio-miR-654-3p group than that in the bi
NC group, further certifying that LIPE-AS1 is bou
miR-654-3p directly (shown in Fig. 2j). T
the results suggest that LIPE-ASI acts as an
decoy in PCa cells.

HDGF Is the Direct Target (Q
Considering the downregu
PCa tissues (shown in Fig. &a) .wi re
value of miR-654-3p in P
Decreased miR-654-3p e

p in
clinical
A database.
ely correlated

shown in Fig. 3d) in
own cohort, downregula-
ted a notable correlation
with age e), Gleason score (shown in
etastasis (shown in Fig. 3g) in

oles of miR-654-3p in PCa, 22RV1,
45, cells were transfected with the miR-654-3p
mimic; the transfection efficiency was as-
RT-PCR. Transfection with the miR-654-3p
ed to the notable overexpression of miR-654-3p
22RV1and DU145 cells (shown in Fig. 4a). The CCK-
assay results indicated that compared with the NC
mimic group, the proliferative ability of 22RV1 and
DU145 cells was remarkably suppressed after miR-654-
3p mimic transfection (shown in Fig. 4b). Furthermore,
ectopic miR-654-3p expression decreased the migration
(shown in Fig. 4c) and invasion (shown in Fig. 4d) of
22RV1 and DU145 cells. Bioinformatics analysis was
performed to determine the target of miR-654-3p.
HDGEF (shown in Fig. 4e) was selected for further ex-
perimental verification due to its important regulatory
roles in PCa. The mRNA expression level of HDGF was
upregulated in PCa tissues compared with that in adja-
cent normal tissues (shown in Fig. 4f). A negative cor-
relation was observed between HDGF and miR-654-3p
expression in 52 PCa tissues (shown in Fig. 4g) via Pear-
son’s correlation analysis. To confirm this relationship,
mRNA and protein levels of HDGF were determined in
miR-654-3p mimic-transfected 22RV1 and DU145
cells. The increased expression of miR-654-3p sup-
pressed the expression of HDGF in 22RV1 and DU145
cells at both the mRNA (shown in Fig. 4h) and protein
(shown in Fig. 4i) levels. Eventually, the luciferase re-
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porter assay revealed that miR-654-3p overexpression LIPE-AS1 Functions as a ceRNA by Sponging miR-

decreased the luciferase activity of the HDGF-wt re- 654-3p to Increase HDGF Expression

porter plasmid in 22RV1 and DU145 cells but not that A series of mechanistic experiments were conducted

of the HDGF-mut (shown in Fig. 4j). Taken together, to address whether LIPE-AS1 functions as a ceRNA to

these results indicate that HDGF is the direct target of regulate the miR-654-3p/HDGF axis. The mR

miR-654-3p in PCa cells. (shown in Fig. 5a) and protein (shown in Fig,5b) ex
sion levels of HDGF were decreased in E-
transfected 22RV1 and DU145 cells. The
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Fig. 3. Correlation between clinical/his olo

miR-654-3p in PCa based on the T

miR-654-3p sponge in PCa cells.
LIPE-AS1 was predicted using
ractionation assay confirmed the
22RV1 and DU145 cells. ¢ Ten miR-
pacity for LIPE-AS1. d After LIPE-AS1
was conducted to determine the levels of the
0, miR-654-3p, miR-642a-5p, miR-520a-5p,

in 22RV1 and DU145 cells. e The expression of
in 52 pairs of PCa tissues and adjacent normal tissues
ated via qRT-PCR. f Pearson’s correlation analysis re-
d the correlation between the expressions of miR-654-3p
LIPE-ASI in the 52 PCa tissues. g The predicted wild-type
and mutant-binding sites between LIPE-AS1 and miR-654-3p are

LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

tasis was evaluated in patients with PCa. e-g Using our own co-
hort, the correlation between miR-654-3p expression and age,
Gleason score, and lymph node metastasis was evaluated in pa-
tients with PCa. **p < 0.01. TCGA, The Cancer Genome Atlas;
PCa, prostate cancer; miR-654-3p, microRNA-654-3p.

presented. h Luciferase reporter assay was performed to verify the
binding sites for LIPE-AS1 and miR-654-3p in 22RV1 and DU145
cells. i RIP assay was performed to detect the enrichment of LIPE-
AS1 and miR-654-3p in anti-IgG or anti-Ago immunoprecipita-
tion of 2RV1 and DU145 cells. j PCa cells were transfected with
bio-miR-654-3p or bio-NC. The relative enrichment of LIPE-AS1
in the yield bio-miRNA-IncRNA complexes was analyzed apply-
ing qRT-PCR. **p < 0.01. qRT-PCR, quantitative reverse tran-
scription polymerase chain reaction; PCa, prostate cancer; LIPE-
AS1, LIPE antisense RNA 1; RIP, RNA immunoprecipitation;
bio-miR-654-3p, biotinylated miR-654-3p mimic; bio-NC, bioti-
nylated NC mimic; IncRNA, long noncoding RNA; miR-654-3p,
microRNA-654-3p.
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ther revealed that LIPE-AS1, miR-654-3p, and HDGF
coexist in the same RNA-induced silencing complex,
confirming the direct interaction between the 3 mole-
cules in PCa cells (shown in Fig. 5¢). Anti-miR-654-3p
was used in the rescue experiments, and its efficiency in
silencing miR-654-3p expression was confirmed via
qRT-PCR (shown in Fig. 5d). Anti-miR-654-3p or anti-
NC and si-LIPE-AS1 were transfected into 22RV1 and
DU145 cells. The expression levels of miR-654-3p were
upregulated in LIPE-AS1-silenced 22RV1 and DU145
cells; this trend was mitigated after miR-654-3p inhibi-
tion (shown in Fig. 5e). QRT-PCR and Western blotting
results demonstrated that si-LIPE-AS1 transfection sup-
pressed the mRNA and protein expression levels of
HDGF in 22RV1 and DU145 cells; however, cotransfec-
tion with anti-miR-654-3p rescued the expression of
HDGEF after LIPE-AS1 knockdown (shown in Fig. 5f, g).
Moreover, Pearson’s correlation analysis revealed a pos-
itive correlation between LIPE-AS1 and HDGF in PCa
tissues (shown in Fig. 5h). Taken together, these results
demonstrate that LIPE-AS1 acts as a ceRNA in PCa cells
by sequestering miR-654-3p, leading to increased HDGF
expression.

LIPE-AS1 Promotes the Malignancy of PCa Cells by

Targeting the miR-654-3p/HDGF Axis

Given that LIPE-AS1 positively modulated HD
pression in PCa cells by sequestering miR-654-3
experiments were additionally perfor
whether LIPE-AS1 exerted its roles in P
ing the miR-654-3p/HDGF axis. A
22RV1 and DU145 cells with anti-
NC and si-LIPE-ASI, cell prolifer
invasion were evaluated. Anti-mi
tion rescued the inhibition
and DU145 cells triggere

on of 22RV1
silencing (shown

inhibiting roles and directly tar-
gets HDGF in “¥CR was conducted to determine the
i i 2RV1and DU145 cells after transfect-
-3p mimic or NC mimic. b CCK-8 assay
the proliferation of 22RV1 and DU145 cells
miR-654-3p mimic or NC mimic. ¢, d After
xpression, the migration, and invasive abilities of
145 cells was analyzed using the Transwell migration
assays (x200 magnification). e Predicted binding sites
54-3p in the 3"-untranslated regions of HDGF. The mu-
inding sequences are also presented. f qRT-PCR analysis was
to determine the mRNA expression level of HDGF in the 52
pairs of PCa tissues and adjacent normal tissues. g Correlation
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in Fig. 6a). Furthermore, miR-654-3p inhibition blocked
the inhibitory action of si-LIPE-AS1 on the migration
(shown in Fig. 6b) and invasive (shown in Fig. 6¢) abilities
of 22RV1 and DU145 cells.

22RV1and DU145 cells were transfected with si-LIP
AS1 and pcDNA3.1-HDGF or pcDNA3.1. First, the

expression efficacy (shown in Fig. 6d). LI
ence suppressed 22RV1and D cell
antiproliferative effects were o
tion (shown in Fig. 6e). Singi
tion and invasion assays r
creased the migration (s

type of PCa cells by se-
thereby increasing HDGF

e subcutaneously injected into nude mice. The
ansplanted tumors derived from sh-LIPE-AS1-ex-
essed DU145 cells were smaller (shown in Fig. 7a) and
ad slower growth rate (shown in Fig. 7b) than those de-
rived from sh-NC-expressed cells. In addition, the tumor
weight was lower in the sh-LIPE-AS1-injected group than
that in the sh-NC group (shown in Fig. 7c). After tumor
excision, the levels of LIPE-AS1, miR-654-3p, and HDGF
were determined in the transplanted tumors. The expres-
sion levels of LIPE-AS1 (shown in Fig. 7d) and HDGF

between the expression of HDGF and miR-654-3p in the 52 PCa
tissues was studied using Pearson’s correlation analysis. h, i The
mRNA and protein levels of HDGF were measured via QRT-PCR
and Western blotting, respectively, in 22RV1 and DU145 cells after
transfection with miR-654-3p mimic or NC mimic. j The luciferase
reporter assay was conducted to measure the luciferase activity in
22RV1and DU145 cells after cotransfection with miR-654-3p mim-
ic or NC mimic and HDGF-wt or HDGF-mut. **p < 0.01. HDGF,
hepatoma-derived growth factor; PCa, prostate cancer; qRT-PCR,
quantitative reverse transcription polymerase chain reaction; miR-
654-3p, microRNA-654-3p; NC, negative control; wt, wild-type;
mut, mutant.

(For figure see next page.)
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Fig. 5. LIPE-AS1 acts as a ceRNA by adso
regulate HDGF in PCa cells. a, b
sion levels of HDGF in si-LIP
fected 22RV1 and DU145 cel
Western blotting, respecti s conducted to detect
the enrichment of LIP »and HDGF in an RNA-

induced silencjng c 1 iR-654-3p expression was
confirmed i an 5 cells after anti-miR-654-3p or
anti-NC inje IPE- pleted 22RV1 and DU145 cells
were further ith"anti-miR-654-3p or anti-NC. The

oW e) were remarkably decreased, whereas
-3p expression (shown in Fig. 7f) was increased
IPE-AS1-injected tumor xenografts. Taken to-
LIPE-ASI knockdown hinders the tumor growth
Ca cells in vivo.

i -3p to up-
tein expres-
ected or si-NC-trans-

sing QRT-PCR and
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expression of miR-654-3p was determined using qRT-PCR. f, g qRT-
PCR and Western blotting were used to measure the mRNA and
protein expression levels of HDGF, respectively, in the aforemen-
tioned cells. h Pearson’s correlation analysis revealed the relationship
between LIPE-AS1 and HDGF in PCa tissues. **p < 0.01. LIPE-AS1,
LIPE antisense RNA 1; ceRNA, competing endogenous RNA;
HDGF, hepatoma-derived growth factor; PCa, prostate cancer;
qRT-PCR, quantitative reverse transcription polymerase chain re-
action; miR-654-3p, microRNA-654-3p; NC, negative control;
RIP, RNA immunoprecipitation.

Discussion

In recent years, a number of IncRNAs have been re-
vealed to play crucial regulatory roles in the oncogen-
esis and progression of PCa [19]. Therefore, studying
the roles and mechanisms of action of IncRNAs would
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assay was performed to determine cell proliferation.
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e migration and invasive abilities of 22RV1 and DU145
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ting examined the protein expression level of HDGF in 22RV1
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LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

e CCK-8 assay detected the proliferation ability of 22RV1 and
DU145 cells after transfection with si-NC, si-LIPE-AS1 + pcD-
NA3.1, or si-LIPE-AS1 + pcDNA3.1-HDGE f, g Transwell migra-
tion and invasion assays were conducted to determine the cell mi-
gration and invasive abilities of 22RV1 and DU145 cells after co-
transfection with si-LIPE-AS1and pcDNA3.1-HDGF orpcDNA3.1
(%200 magnification). **p < 0.01. HDGEF, hepatoma-derived growth
factor; miR-654-3p, microRNA-654-3p; CCK-8, Cell Counting
Kit 8; si-LIPE-AS1, small interfering RNAs against LIPE-ASI;
LIPE-AS1, LIPE antisense RNA 1.
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Fig.7.LIPE-AS1 knockdown inhibits PCa tu
a Images of the transplanted tumors in
with sh-LIPE-AS1- or sh-NC-transfected
resected. b Growth curves of the transpl
mice in the sh-LIPE-AS1 and s g
tumor xenografts obtained fro
sion levels of LIPE-AS1 and H
mined via QRT-PCR and Waste

s. d, e Expres-
enografts were deter-
ectively. f QRT-PCR

help ident he

Despite the

argets for PCa treatment.
bér of IncRNAs verified in the
ecific functions of IncRNAs in

PCa. The detailed roles of LIPE-AS1 were in-
in vitro and in vivo. In addition, the mecha-
ms underlying the oncogenic roles of LIPE-AS1 in
were confirmed to provide a novel insight into and
a new mechanism underlying PCa pathogenesis.
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results showed the expression levels of miR-654-3p in tumor
xenografts of mice in the sh-LIPE-ASI and sh-NC groups. **p <
0.01. LIPE-AS1, LIPE antisense RNA 1; PCa, prostate cancer;
sh-LIPE-ASI, short hairpin RNA against the expression of LI-
PE-AS1; sh-NC, short hairpin RNA negative control; HDGF,
hepatoma-derived growth factor; gqRT-PCR, quantitative reverse
transcription polymerase chain reaction; miR-654-3p, microRNA-
654-3p.

Various studies have focused on IncRNAs in PCa. For
example, LINC00173 [20] and PROX1-AS1 [21] are over-
expressed in PCa and function as oncogenes. On the oth-
er hand, LINC00261 [22] and TUG1 [23] are downregu-
lated in PCa and inhibit PCa progression. However,
whether LIPE-AS1 is involved in PCa malignancy re-
mains unknown. Evidence suggests that LIPE-ASI is
highly expressed in PCa; this is consistent with the results
of TCGA database. PCa patients manifesting high LIPE-AS1
expression had shorter overall survival than those mani-
festing low LIPE-AS1 expression. Downregulated LIPE-
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AS]1 resulted in a notable decrease in PCa cell prolifera-
tion, migration, and invasion in vitro. Furthermore, loss
of LIPE-AS1 decreased the tumor growth of PCa cells in
vivo. In summary, our results demonstrated the enhanced
expression and pro-oncogenic roles of LIPE-AS1 in PCa.

Subsequently, we elucidated the downstream mecha-
nism of action of LIPE-ASI in PCa cells. Mechanically,
the widely studied latent mechanism of action of IncRNAs
is dependent on their subcellular location. IncRNAs lo-
cated in the nucleus are capable of directly binding to pro-
teins and modulating gene expression at the transcrip-
tionallevel [17]. On the other hand, cytoplasmicIncRNAs
harbor an miRNA response element, which can compet-
itively bind to certain miRNAs and regulate their target
genes at the posttranscriptional level, thereby functioning
as ceRNAs [24]. Our study demonstrated that LIPE-AS1
was primarily distributed in the cytoplasm of PCa cells,
suggesting that LIPE-AS1 is a ceRNA. Using a reliable
online predicting tool, miR-654-3p was identified as a po-
tential downstream miRNA target of LIPE-AS1 in PCa.
We demonstrated that LIPE-AS1 depletion resulted in an
increased expression level of miR-654-3p in PCa cells.
Consistent with the findings of a recent study [25], miR-
654-3p was weakly expressed in PCa cells, manifesting an
inverse expression correlation with LIPE-AS1. We con-
firmed the direct interaction between LIPE-AS1 and
miR-654-3p in PCa cells using the luciferase repor
RIP assays. Taken together, these results show th
AS1 acts as a miR-654-3p sponge in PCa

miR-654-3p is underexpressed in
cancer [26] and non-small-cell lung ca
it is upregulated in gastric cancer [2
[29]. In particular, miR-654-3p is e
in PCa and controls tumor ¢
[25]. Previously, multiple
SYTL2 [30], QPRT [31],
direct targets of miR
genes may also be
ther explor
HDGEF is
miR-654-3p
that L
by a

esent study, we verified that
nd functional mediator of
. Subsequently, our data proved
upregulated HDGF in PCa cells
iR-654-3p. The RIP assay further corrob-
tence of LIPE-AS1, miR-654-3p, and
me RNA-induced silencing complex. Ac-
, for the first time, we demonstrated that LIPE-
-654-3p, and HDGF constitute a novel ceRNA
hway in PCa.

DGF, a heparin-binding growth factor, is located on
chromosome 1 in the 21-q23 region. The tumor-promot-

LIPE-AS1/miR-654-3p/HDGF Pathway in
PCa

ing roles of HDGF in PCa tumorigenesis and progression
have been unveiled in previous studies [32]. At present, our
results demonstrate that the HDGF level positively corre-
lates with LIPE-AS1 levels in PCa tissues. Moreover, rescue
assays confirmed that miR-654-3p downregulation
HDGEF overexpression weakens the actions of LIPE-,
depletion on cell proliferation, migration,
PCa cells. In other words, our research uncov
tions of the LIPE-AS1/miR-654-3p/HDGF
way in promoting tumor processes of PC
Our study has 2 limitations.!t, the
very small. Second, our current
effect of LIPE-ASI depletio
cells in vivo; but, the infl
on tumor metastasis in vj

ical ¢

of PCa
knockdown
. In the near

is significantly associated with
E-AS1 is a ceRNA functioning as a
-3p in PCa cells, which enhances

v may have therapeutic potentials.
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