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Abstract. - OBJECTIVE: MicroRNAs (miR-
NAs) are endogenous, non-coding RNAs, which
exert crucial functions in regulating biological
progressions. Previous studies have demon-
strated the anti-tumor effect of miRNA-215-5p.
However, its specific role in influencing the pro-
gression of prostate cancer (PCa) remains un-
clear. This study aims to uncover the regulato-
ry effect of miRNA-215-5p on the metastasis and
prognosis of PCa.

PATIENTS AND METHODS: MiRNA-215-
5p levels in collected PCa tissues (n=52) and
paracancerous tissues (n=52) were determined
by quantitative Real Time-Polymerase Chain
Reaction (qRT-PCR). The relationship between
miRNA-215-5p level and pathological indexes,
as well as overall survival of PCa patients, was
analyzed. Regulatory effects of miRNA-215-5p
on proliferative and metastatic capacities of LN-
CaP and DU-145 cells were evaluated through
cell counting kit-8 (CCK-8) and transwell assay,
respectively. Bioinformatics prediction was per-
formed to search for the target genes of miRNA-
215-5p and PGK1 was selected. The biological
role of PGK1 in the progression of PCa was fi-
nally clarified by a series of rescue experiments.

RESULTS: MiRNA-215-5p was lowly expressed
in PCa tissues and cell lines. Low level of miR-
NA-215-5p predicted poor prognosis in PCa pa-
tients. The silence of miRNA-215-5p enhanced
viability, migratory, and invasive capacities of
LNCaP cells, while the overexpression of miR-
NA-215-5p yielded the opposite trends in DU-
145 cells. PGK1 was predicted to be the target
of miRNA-215-5p. PGK1 was upregulated in PCa
tissues and cell lines and its high level predict-
ed poor prognosis of PCa. Moreover, PGK1 level
was negatively correlated to that of miRNA-215-
5p in PCa tissues. PGK1 was able to reverse the
regulatory effects of miRNA-215-5p on metastat-
ic potentials of PCa cells.

CONCLUSIONS: Downregulated miRNA-215-
5p in PCa is closely related to distant metastasis
and poor prognosis of affected patients. MiR-
NA-215-5p alleviates the malignant progression
of PCa by targeting and downregulating PGK1.
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Introduction

Prostate cancer (PCa) is one of the most com-
mon malignancies throughout the world, which
is the leading cause of cancer-related deaths in
the United States and Europe. In recent years, the
incidence of PCa in China has rapidly increased
year by year'?. Detective rate of PCa achieved a
peak in the early 1990s after the introduction of
prostate-specific antigen (PSA) screening*®. So
far, approximately 85% of newly diagnosed PCa
cases are limited to early-stage cancer®. Although
PSA screening greatly improves the diagnostic
rate of early-stage PCa, its potential effect on de-
creasing the mortality of PCa remains controver-
sial®. Since PCa is characterized as tumor hetero-
geneity, developing diagnostic, therapeutic, and
prognostic hallmarks is the priority™®. Currently,
target therapy based on tumor-related miRNAs
presents a promising application’!.

MicroRNAs (miRNAs) are small, endogenous
non-coding RNAs, exerting negative transla-
tion regulation on expressions of protein-coding
genes'>. They exert the biological function by
degrading or inhibiting translation of mRNAs".
It is reported” that miRNAs are extensively in-
volved in affecting cellular behaviors and disease
progression. Increasing evidence'®'” has demon-
strated the effects of abnormally expressed miR-
NAs on the occurrence and progression of tumors.
These certain miRNAs may be utilized for devel-
oping anti-tumor drugs or biological hallmarks'®.
About 30% human genome could be regulated by
miRNAs. Most of the human miRNAs (52%) lo-
cate on tumor-associated genomic regions or gene
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fragile sites'”?°. Dysregulation of these certain
miRNAs results in tumorigenesis. Bioinformatics
has been widely applied to analyze the genome
to further uncover the gene expression pattern?'.
By analyzing miRNA profiling microarray of
PCa, miRNA-215-5p was selected®. Its potential
targets and the biological function in PCa were
further analyzed®. Our findings provide a new
idea for the clinical treatment of PCa.

Patients and Methods

Patients and Tissue Samples

A total of 52 PCa patients undergoing rectal
surgery in the Second Affiliated Hospital of
Fujian Medical University were enrolled in this
experiment. Tumor tissues and matched adjacent
normal tissues (5 cm away from tumor edge) were
surgically resected from PCa patients and pre-
served within 5 min ex vivo. Pathological indexes
and follow-up data of PCa patients were collected
for further analyses. Patients and their families
have been fully informed. This research was
approved by the Ethics Committee of the Second
Affiliated Hospital of Fujian Medical University.

Cell Culture

Prostate epithelial cells (RWPE-1) and PCa
cells (LNCaP, 22RV1, PC3, and DU-145) were
provided by Cell Bank (Shanghai, China). Cells
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640; HyClone, South Logan,
UT, USA) containing 10% fetal bovine serum
(FBS; Gibco, Rockville, MD, USA). The medium
was replaced every 2-3 days. The cell passage
was conducted at 90% confluence.

Transfection

Transfection plasmids were provided by Ge-
nePharma (Shanghai, China). Cells seeded in the
6-well plates were cultured until 70% confluence
and transfected using Lipofectamine 3000 (Invi-
trogen, Carlsbad, CA, USA). At 48 h, cells were
harvested for verification of transfection efficacy
and subsequent experiments.

Cell Counting Kit-8 (CCK-8)

Cells were seeded in the 96-well plate with
2x10° cells per well. At 6, 24, 48 and 72 h, ab-
sorbance value at 450 nm of each sample was
recorded using the CCK-8 kit (Dojindo Laborato-
ries, Kumamoto, Japan) for plotting the viability
curves.
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Transwell Assay

Cells were adjusted to a dose of 2.0x10°/mL.
For determining cell invasion, diluted Matrigel
was pre-coated on the bottom of each transwell
chamber. 200 pL of suspension was applied in the
upper side chamber (Millipore, Billerica, MA,
USA) inserted in a 24-well plate. In the bottom
side, 700 pL of medium containing 10% FBS
was applied. After 48 h of incubation, cells pen-
etrated to the bottom side were fixed in methanol
for 15 min, dyed with crystal violet for 20 min,
and counted using a microscope. The numbers of
migratory and invasive cells were counted in 5
randomly selected fields per sample.

Quantitative Real Time Polymerase
Chain Reaction (gRT-PCR)

Total RNA was extracted from cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
purified by DNase I treatment, and reversely tran-
scribed into complementary deoxyribose nucleic
acid (cDNA) using the Primescript RT Reagent
(TaKaRa, Otsu, Shiga, Japan). The obtained cD-
NA was subjected to qRT-PCR using SYBR®Pre-
mix Ex Taq™ (TaKaRa, Otsu, Shiga, Japan).
Glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH) and U6 were used as internal referenc-
es. QRT-PCR conditions were as follows: 94°C
for 30 s, 55°C for 30 s, and 72°C for 90 s, for a
total of 40 cycles. Each sample was performed in
triplicate and the relative level was calculated by
the 2-*4““method. Primer 5.0 was used for design-
ing QRT-PCR primers. Primer sequences used in
this study were as follows: PGK1, F: 5-CATG-
GAGGAACCATTAGTC-3, R: 5°-GCTCCGAT-
GTCCTCCAGAACGGA-3’; microRNA-215-5p,
F: 5-GATGTAGAACAGTCCTGCGACTG-3’,
R: 5’-GATAAGATGTCATGGAGCTCG-3’;
u6: F: 5-GCTTCGGCAGCACATATACTA-
AAAT-3’, R:  5-CGCTTCAGAATTTGC-
GTGTCAT-3’; GAPDH: F: 5-CGCTCTCT-
GCTCCTCCTGTTC-3, R:  5-ATCCGTT-
GACTCCGACCTTCAC-3".

Western Blot

Total protein was extracted from cells us-
ing radioimmunoprecipitation assay (RIPA) and
quantified by bicinchoninic acid (BCA) method
(Beyotime, Shanghai, China). The protein sample
was loaded for electrophoresis and transferred on
a polyvinylidene difluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). Membranes
were blocked in 5% skim milk for 2 h and react-
ed with primary and secondary antibodies. Bands
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were exposed by enhanced chemiluminescence
(ECL) and analyzed by Image Software (NIH,
Bethesda, MD, USA).

Statistical Analysis

GraphPad Prism 6 V6.01 (La Jolla, CA, USA)
was used for data analyses. Data were expressed
as mean + standard deviation. Differences be-
tween two groups were analyzed by the #-test.
Kaplan-Meier curves were introduced for sur-
vival analysis. Chi-square test was performed to
evaluate the correlation between miRNA-215-5p
levels with pathological indexes of PCa patients.
p<0.05 was considered as statistically significant.

Results

MIRNA-215-5p Was Downregulated
in PCa

Expression pattern of miRNA-215-5p in PCa
was first determined by qRT-PCR. Compared
with adjacent normal tissues, miRNA-215-5p was
downregulated in PCa tissues (Figure 1A). Simi-
larly, miRNA-215-5p was downregulated in PCa
cell lines than that of the prostate epithelial cell
line (Figure 1B).

MIRNA-215-5p Expression Was
Correlated with Distant Metastasis
and Overall Survival in PCa Patients
Pathological indexes and follow-up data of en-
rolled PCa patients were collected. According to
the median level of miRNA-215-5p, PCa patients
were assigned to high-level and low-level miR-
NA-215-5p groups. MiRNA-215-5p level was re-
lated to distant metastasis, but not related to age,
gender, TNM staging, and lymphatic metastasis
of PCa patients (Table I). Moreover, Kaplan-Mei-
er curves revealed worse prognosis in PCa pa-
tients of low-level group than that of high-level
group (Figure 1C).

MIiRNA-215-5p Influenced Proliferative
and Metastatic Capacities of PCa

MiRNA-215-5p overexpression and knock-
down models were constructed in DU-145 and
LNCaP cells, respectively (Figure 2A). Transfec-
tion of miRNA-215-5p inhibitor enhanced viabil-
ity, numbers of migratory and invasive LNCaP
cells (Figure 2B, 2C). On the contrary, the vi-
ability, migratory, and invasive capacities were
attenuated in DU-145 cells overexpressing miR-
NA-215-5p (Figure 2B, 2C).
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Figure 1. MiR-215-5p was downregulated in PCa. A, MiR-
215-5p level in adjacent normal tissues and PCa tissues. B,
MiR-215-5p level in prostate epithelial cells (RWPE-1) and
PCa cells (LNCaP, 22RV1, PC3, and DU-145). C, Overall
survival in PCa patients with high and low expression of
miR-215-5p.

Interaction Between MiRNA-215-5p
and PGKT1

Potential target genes of miRNA-215-5p
were predicted in the miRDB, TargetScan, and
StarBase (Figure 3A). At last, the intersection
contained 6 potential targets (PGKI, NIPALI,
PRKD3, RPAP2, ZEB2, and RAB2A). Among
them, PGK1 was the most differentially ex-
pressed one after transfection of miRNA-215-5p
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Table I. Association of miR-215-5p expression with clinicopathologic characteristics of prostate cancer.

MiR-215-5p expression
Parameters No. of cases High (%) Low (%) p-value
Age (years) 0.857
<60 20 12 8
>60 32 20 12
T stage 0.254
T1-T2 36 24 12
T3-T4 16 8 8
Lymph node metastasis 0.316
No 33 22 11
Yes 19 10 9
Distance metastasis 0.023
No 31 23 8
Yes 21 9 12

inhibitor in LNCaP cells (Figure 3B). In addi-
tion, PGK1 level was markedly downregulated
in DU-145 cells overexpressing miRNA-215-5p
(Figure 3C). To further uncover the role of
PGKI1 in PCa, we constructed pcDNA-PGK1
and si-PGK1. MiRNA-215-5p level was found
to be remarkably downregulated in LNCaP cells
transfected with pcDNA-PGK1, which was up-
regulated in DU-145 cells transfected with si-
PGKI1 (Figure 3D).

PGK1 Was Upregulated in PCa

In PCa tissues and cell lines, PGK1 was re-
markably upregulated relative to controls (Figure
4A, 4B). By detecting expression levels of PGK1
and miRNA-215-5p in PCa tissues, a negative
correlation between them was identified (Figure
4C). Furthermore, the prognostic potential of
PGK1 was confirmed. PCa patients with a high
level of PGK1 suffered worse prognosis relative
to those with low level (Figure 4D).

MiRNA-215-5p Regulated Cell Behaviors
of PCa by Targeting PGK1

Rescue experiments were performed to uncov-
er the role of miRNA-215-5p/PGK1 axis in influ-
encing the progression of PCa. In LNCaP cells
transfected with miRNA-215-5p inhibitor, the up-
regulated PGK1 was reversed after co-transfec-
tion of si-PGK1. Moreover, downregulated PGK1
in DU-145 cells overexpressing miRNA-215-5p
was reversed by overexpression of PGK1 (Figure
5A, 5B). Notably, the silence of miRNA-215-5p
accelerated migratory and invasive capacities in

642

LNCaP cells, which was reversed by co-transfec-
tion of si-PGK1. Similarly, attenuated metastatic
capacities of DU-145 cells overexpressing miR-
NA-215-5p were reversed by overexpression of
PGKI1 (Figure 5C).

Discussion

MiRNAs not only influence normal physical
activities, but also regulate tumor progression
at transcriptional and post-transcriptional lev-
els!®!, Whole-genome gene expression analysis
and DNA copy number analysis have demonstrat-
ed inactivated tumor-suppressor genes (PTEN,
ATBF, KLF5, and KLF6) and activated onco-
genes (c-MYC, AR and TEMPRESS/ERG) in
PCa cells®’. Microarray-based Comparative Ge-
nomic Hybridization has identified several chro-
mosomal changes in PCa cell lines and primary
tissues®”’. In these chromosomal deletion or am-
plification regions, the presence of cancer-related
genes or miRNAs may be existed'’. Oncogenes or
tumor-suppressor genes were used to develop as
drug targets for tumor treatment. Nowadays, tu-
mor-related miRNAs have been well concerned,
exerting more crucial application in early-stage
diagnosis, target therapy, and effective prognosis
of tumors''.

MiRNA-215-5p is a recently discovered miR-
NAZ. In this paper, miRNA-215-5p was down-
regulated in PCa tissues and cell lines. Low level
of miRNA-215-5p was correlated with distant
metastasis and poor prognosis of PCa patients,
suggesting its anti-tumor effect. The strong met-
astatic ability of PCa cells is the leading cause of
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Figure 2. MiR-215-5p influences proliferative and metastatic capacities of PCa. A, Transfection efficacy of miR-215-5p
inhibitor in LNCaP cells, and miR-215-5p mimics in DU-145 cells. B, Viability in LNCaP cells with miR-215-5p knockdown
and DU-145 cells overexpressing miR-215-5p. C, Migration and invasion in LNCaP cells with miR-215-5p knockdown and
DU-145 cells overexpressing miR-215-5p (magnification: 200%).
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Figure 3. Interaction of miR-215-5p and PGK1. A, Potential target genes of miR-215-5p predicted in the miRDB, TargetScan
and StarBase. B, Expression levels of six potential targets (PGK1, NIPAL1, PRKD3, RPAP2, ZEB2, and RAB2A) of miR-
215-5p in LNCaP cells transfected with NC inhibitor or miR-215-5p inhibitor. C, PGK1 level in LNCaP cells with miR-215-5p
knockdown and DU-145 cells overexpressing miR-215-5p. D, MiR-215-5p level in LNCaP cells overexpressing PGK1 and

DU-145 cells with PGK1 knockdown.

poor prognosis in PCa patients. Here, our results
revealed that silence of miRNA-215-5p enhanced
viability, migratory, and invasive capacities of
PCa. Conversely, overexpression of miRNA-215-
S5p attenuated the proliferative and metastatic
capacities.

Regulatory mechanism of miRNAs depends
on the expressions and functions of their target
genes'™ ', A miRNA degrades target mRNA or
suppresses its translation by base pairing with
3’UTR of the mRNA". The degree of base
pairing decides the degradation or translation
suppression of miRNAs, that is, complete base
pairing leads to mRNA degradation. Otherwise,
translation inhibition is achieved®. MiRNAs
only account for only 1% of the whole human
genome, but they are able to regulate more than
30% protein-encoding genes. Multiple miRNAs
could precisely regulate a single target gene'*'>.
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Our results showed that PGK1 was the target
gene of miRNA-215-5p through prediction in
miRDB, TargetScan, and StarBase. PGK1 level
was upregulated in PCa and negatively regu-
lated by miRNA-215-5p. Of note, PGK1 could
reverse the regulatory effects of miRNA-215-5p
on metastatic potentials of PCa cells. Hence, it
is concluded that miRNA-215-5p alleviated the
malignant progression of PCa via negatively
regulating PGK1.

Conclusions

We first showed that downregulated miRNA-
215-5p is closely related to distant metastasis and
poor prognosis of PCa patients. It alleviates the
malignant progression of PCa by targeting and
downregulating PGK1.
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Figure 4. PGK1 was upregulated in PCa. A, PGK1 level in adjacent normal tissues and PCa tissues. B, PGK1 level in prostate
epithelial cells (RWPE-1) and PCa cells (LNCaP, 22RV1, PC3, and DU-145). C, A negative correlation between expressions of
miR-215-5p and PGK1 in PCa tissues. D, Overall survival in PCa patients with high and low expression of PGKI.
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