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progression. The identification of a novel DARS-AS1/miR-628-5p/MTDH regulatory net-
work in PCa cells may offer a new theoretical basis for the development of promising
therapeutic targets.
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Introduction
Prostate cancer (PCa) is the second most frequent human cancer among men.' It is

also the seventh leading cause of tumor-related deaths worldwide, and an estimated
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PCa diagnosed at an early stage.* However, a large num-
ber of patients die within 5 years after their initial
diagnosis.” The poor clinical outcomes of patients with
PCa are largely caused by the fact that more than 30% of
cases experience biochemical recurrence and are diag-
nosed at advanced stages.® Furthermore, approximately
10% of newly diagnosed PCa cases show evidence of
a locally advanced stage, and 5% develop distant metas-
tases, which reduces the opportunity for further therapy.’
Although great efforts have been put to study this tumor,
the mechanisms underlying PCa formation and progres-
sion remain elusive and poorly understood.® Hence, the
investigation of genes contributing to the molecular patho-
genesis in PCa may allow the identification of novel clin-
ical markers and therapeutic targets.

In the past decades, the critical functions of long non-
coding RNAs (IncRNAs) in human diseases have received
increasing attention.”'® They are a type of transcript with-
out protein-coding ability characterized by a length of over
200 nucleotides, but some debate exists.!! Several studies
have revealed the involvement of IncRNAs in a wide
range of physiological and pathological processes.'? '
Of note, the altered expression of IncRNAs is closely
correlated with the pathogenesis of PCa, in which t
participate in modulating the pathological processes
PCa cells.'> As such, several IncRNAs are dyg

region O their
iring, trigger-
ing target mRNA suppressing
translation.*”
RNA (ceRNA) th

widespread ag

competing endogenous

function a
miRNAs an8
miRNAs to supp

Msequently attenuate the ability of
their target genes.’'** Altogether,
the above evidenc®highlights the important roles of
IncRNAs and miRNAs and suggests their potential as
molecular targets for anticancer treatments in PCa.

The long non-coding RNA DARS antisense RNA 1
(DARS-ASI) has been identified as a crucial regulator in
thyroid cancer,”® ovarian cancer,”® non-small-cell lung
cancer,” and renal cell carcinoma.”® However, the expres-
sion profile and roles of DARS-AS]1 in PCa has not been

reported. Here, we determined the expression of DARS-

ASI1 in PCa tissues and cell lines. The detailed roles of
DARS-ASI
explored using a series

in regulating PCa carcinogenesis were
of functional experiments.
Furthermore, the mechanisms underlying the regulation
of the oncogenicity of PCa cells by DARS-AS1 were
revealed in detail. To our knowledge, this is the first
study on the role of DARS-ASI1 in PCa pathogenesis and
the mechanisms involved. Our findings may provide
a scientific basis for the search of promising therapeutic
targets.

Materials and Methg
Human Tissue Sam

tee of the

University
d with the

Second Hospital
(2017SHDLMU-(,

ent in this study. Fresh

Second Hospital of Dalian
, none of which had been diagnosed
human cancer or received preoperative

linical and demographic characteristics of all subjects
rolled in the study are summarized in Table 1.

Cell Culture

The human normal prostate epithelial cell line RWPE-1
was obtained from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China) and
grown in Keratinocyte-SFM medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with a gentamicin/amphotericin solution (Gibco; Thermo
Fisher Scientific, Inc.,). RPMI Medium 1640 containing
10% fetal bovine serum (FBS) and 1% sodium pyruvate
(all from Gibco; Thermo Fisher Scientific, Inc.,) was used
for the culture of LNCaP and 22RV1 PCa cell lines (the
Type Culture Collection of the Chinese Academy of
Sciences). The culture medium of LNCaP cells contained
1% Glutamax (Gibco; Thermo Fisher Scientific, Inc.,).
The other two PCa cell lines PC-3 and DUI45 were
respectively grown in F-12 culture medium (Gibco;
Thermo Fisher Scientific, Inc.,) and Dulbecco’s modified
Eagle’s medium (Gibco; Thermo Fisher Scientific, Inc.,),
respectively, both of which were supplemented with 10%
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Table 1 The Clinical and Demographic Characteristics of All Subjects Enrolled in the Study
No. Age PSA (ng/mL) Gleason Score Metastasis No. Age PSA (ng/mL) Gleason Score Metastasis
1 58 15.33 3+3 Negative 28 74 26.37 4+5 Negative
2 67 2347 4+5 Negative 29 71 18.30 5+4 Positive
3 60 28.20 4+3 Negative 30 65 25.26 4+5 Negative
4 72 19.52 4+3 Positive 31 60 27.12 3+3 Negative
5 71 24.39 5+4 Negative 32 68 18.05 5+3 Negative
6 65 25.67 4+3 Negative 33 55 27.31 4+3 Negative
7 62 22.14 5+3 Negative 34 62 19.41 5+4 Negative
8 79 27.38 3+3 Negative 35 65 26.50 5+3 Negative
9 64 18.94 5+3 Negative 36 60 20.82 4+4 Negative
10 59 16.44 4+3 Negative 37 68 24.66 4 Negative
1 60 24.30 5+4 Negative 38 56 21.96 Negative
12 75 26.85 4+5 Negative 39 70 19.88 Positive
13 71 21.64 5+5 Negative 40 62 30.35 Negative
14 64 15.83 4+3 Negative 41 65 25.63 3+ Negative
15 66 22.38 5+4 Negative 42 6l 27.9 Negative
16 6l 25.75 5+4 Negative 43 72 Negative
17 60 32.62 3+3 Negative 44 58 Negative
18 72 24.10 4+3 Negative 45 5 Negative
19 57 2421 5+4 Negative 46 Negative
20 63 28.32 4+4 Negative 47 5+4 Positive
21 67 19.94 4+3 Negative . 3+3 Negative
22 65 28.26 4+5 Negative 19.56 4+5 Negative
23 68 30.30 4+3 Positive 8.33 3+3 Negative
24 59 2751 4+3 30.12 4+3 Negative
25 66 26.21 5+4 22.68 4+4 Negative
26 64 24.83 4+3 19.50 5+3 Negative
27 68 16.32 5+4

Abbreviation: PSA, prostate-specific antigen.

FBS. All cells were maintain
37°C with 5% CO,.

BenePharma Company (Shanghai,
ctadherin (MTDH)-overexpressing plasmid
) and empty pcDNA3.1 plasmid were
designed and chemically synthesized by Genechem
Company (Shanghai, China). miR-628-5p mimic (RiboBio;
Guangzhou, China) was transfected into PCa cells to
increase endogenous miR-628-5p expression, with mimic
miR-628-5p  inhibitor

(RiboBio) was used for silencing miR-628-5p expression,

control used as the control.

and inhibitor control acted as the control.

For cell transfection, PCa cells were seeded in 6-well
plates, and transfections with plasmids, oligonucleotides,
or siRNAs were performed using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) as the carrier. After
6-h incubation, the medium was replaced with fresh cul-

ture medium.

Nucleus-Cytoplasm Fractionation Assay

The separation and purification of cytoplasmic and
nuclear RNA were conducted using the Cytoplasmic
and Nuclear RNA Purification Kit (Norgen, Belmont,
CA, USA). The isolated RNA was analyzed by reverse
transcription quantitative polymerase chain reaction (RT-
gPCR). Glycerol 3-phosphate dehydrogenase (GAPDH)
and U6 small nuclear RNA expression levels were mea-
sured as the cytoplasmic and nuclear references,

respectively.
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RNA Extraction and RT-qPCR
Total RNA was
(Invitrogen; Thermo Fisher Scientific, Inc.,). A Thermo

isolated with the TRIzol reagent

NanoDrop 2000 Spectrophotometer was used to determine
the concentration and quality of total RNA, which was
reverse transcribed into complementary DNA (cDNA)
using a QuantiTect Reverse Transcription Kit (Qiagen
GmbH, Hilden, Germany). The expression levels of
DARS-AS1 and MTDH were detected by quantitative
PCR with the QuantiTect SYBR Green PCR Kit (Qiagen
GmbH). To analyze miR-628-5p expression, reverse tran-
scription was conducted using the miScript Reverse
Transcription Kit (Qiagen GmbH). The miScript SYBR
Green PCR Kit (Qiagen GmbH) was used for quantitative
PCR. Using the 272 method, miR-628-5p expression
was normalized to that of U6 small nuclear RNA, and
GAPDH served as the control for DARS-AS1 and
MTDH mRNA expression.

Cell Counting Kit-8 (CCK-8) Assay

Transfected cells were collected after 24-h incubation
and seeded into 96-well plates. Each well was covered
with a 100 pL cell suspension containing 2 x 10° ce
Cell proliferation was examined by incubating cel
with 10 pL of the CCK-8 '
Laboratories, Kumamoto, Japan). Two

solution ajindo

optical density at a wavelength of 45%

assays were performed

repeated three times.

Flow Cytome

An  annexi V
Apoptosis @
CA, USA) W d

four hours late

hiocyanate (FITC)

Mtify cell apoptosis. Twenty-
ansfected cells were harvested and
rinsed with cold p®phate-buffered saline, followed by
centrifugation and removal of the supernatant. The resul-
tant cells were then resuspended in 100 pL of 1x binding
buffer and double stained with 5 uL of annexin V-FITC
and 5 pL of propidium iodide. Following a 15 min incuba-
tion in the dark, the fraction of apoptotic cells was
obtained using a flow cytometer (BD Biosciences,

Franklin Lakes, NJ, USA).

Transwell Migration and Invasion Assays

For migration assays, cells were collected with trypsin
at 24-h post-transfection and used to prepare single-cell
suspensions in FBS-free basal medium. The upper
compartment of Transwell chambers (BD Biosciences)
was filled with a 100 pL cell suspension containing
5x10%cells, and 600 pL of culture medium supple-
mented with 20% FBS was added into the lower com-
partments. After 24 h, the upper surface of the
membranes was cleaned with a cotton bud, and the

number of
Transwell coated with Matrigel
(BD Bi the remainder experimental

ose of migration assays.

raft Experiments

“related experimental procedures were

by the Animal Research Ethics Committee

ith NIH guidelines for the care and use of laboratory
animals. The lentiviral viruses harboring DARS-ASI
short hairpin (sh) RNA (sh-DARS-AS1) or scramble
negative control shRNA (sh-NC) were purchased from
Genechem Company and transfected into DU145 cells
to obtain the DARS-ASI stably depleted cell line. For
in vivo assays, male BALB/c nude mice (4-6 weeks
old) were bought from the Shanghai Experimental
Animal Center of the Chinese Academy of Sciences
(Shanghai, China) and subcutaneously injected with 1
x 107 DU145 cells stably overexpressing sh-DARS-
AS1 or sh-NC. Tumor sizes were recorded weekly
using a caliper, and the volume of subcutaneous tumors
was calculated using the formula: Volume = (length x
width?)/2. All mice were euthanized at week 5, and
subcutaneous tumors were resected and photographed.
After weighing the tumors, total RNA and protein
samples were extracted and used for molecular

analyses.
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Bioinformatics Analysis

The identification of putative miRNAs targeting DARS-
AS1 was conducted using StarBase version 3.0 (http://
starbase.sysu.edu.cn/). Three bioinformatics tools, includ-

ing StarBase 3.0, TargetScan (http://www.targetscan.org/),

and miRDB (http://mirdb.org/), were employed to deter-
mine the candidate target genes of miR-628-5p.

RNA Immunoprecipitation (RIP) Assay

RIP assays were performed using the Magna RIP RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
Bedford, MA, USA). PCa cells in the logarithmic growth
phase were treated with RIP lysis buffer. Afterward, a 100-
pL aliquot of the cell lysate was probed with RIP buffer
containing magnetic beads conjugated with a human anti-
Ago2 antibody (Millipore) or negative control IgG
(Millipore). The magnetic beads were collected after over-
night incubation at 4°C, followed by the addition of
Proteinase K to digest the protein. The immune precipi-
tated RNA was extracted, and the relative enrichment of
DARS-ASI1 and miR-628-5p was measured by RT-qPCR.

Luciferase Reporter Assay
The fragments of DARS-AS1 and the MTDH 3
containing miR-628-5p binding sites werg

tively. The DARS-ASI1
fragments were obtaj

asing Lipofectamine 2000. At
transfection, the Dual-Luciferase
Reporter AssayQpystem (Promega) was used to measure

luciferase activity.

Western Blot Analysis

Total protein from cells or tumor xenografts were
using RIPA lysate buffer (Beyotime
Shanghai, China). The BCA Protein
Assay Kit (Beyotime Biotechnology) was used for total

extracted
Biotechnology;

protein quantification. Equal quantities of proteins were

resolved by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and then transferred onto polyvinyli-
dene difluoride membranes. After being blocked with 5%
skim milk powder in Tris-buffered saline containing 0.1%
Tween-20 (TBST) at room temperature for 2 h, mem-
branes were incubated with a 1:1000 dilution of primary
antibodies against MTDH (ab124789; Abcam, Cambridge,
USA) or GAPDH (ab181602; Abcam) overnight at 4°C.
The membranes were washed with TBST three times and
incubated with a horseradish peroxidase-conjugated sec-
ondary antibody (ab205718; Abcg

1 h at room tem-

Statistical
All results

ifferences between two groups were ana-
dent’s f-test. Pearson’s correlation coeffi-
ermined for correlation analysis between
and miR-628-5p expressions. All statistical
s were performed with SPSS 17.0 software (SPSS
Inc., Chicago, USA), and P-value of <0.05 was considered
statistically significant.

Results

DARS-AS| Knockdown Inhibits PCa Cell
Proliferation, Migration, and Invasion and
Induces Cell Apoptosis in vitro

To address the functions of DARS-AS1 in PCa, its expres-
sion profile was first analyzed in TCGA and GTEx data-
bases using GEPIA (http://gepia.cancer-pku.cn/index.
html). As presented in Figure 1A, DARS-AS1 was found
to be highly expressed in PCa tissues (n = 492) compared

with that in normal prostate tissues (n = 152). Next, RT-
gPCR analysis was conducted to determine DARS-ASI1
expression in 53 pairs of PCa tissues and adjacent normal
tissues. The results showed that the expression level of
DARS-ASI1 was approximately three times higher in PCa
tissues than that in adjacent normal tissues (Figure 1B, P =
0.00008). Similarly, DARS-AS1 overexpression was con-
firmed in PCa cell lines (Figure 1C). Furthermore, the
clinical relevance of DARS-AS1 in patients with PCa
was examined using GEPIA. No correlation was identified
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between DARS-AS1 expression and overall survival
(Figure 1D) or disease-free survival (Figure 1E) in patients
with PCa.

Three siRNAs targeting DARS-AS1 (si-DARS-AS1)
were used to silence DARS-ASI expression in PC-3 and

DU145 cells, and the silencing efficiency was evaluated by
RT-qPCR. si-DARS-ASI1#1 presented the highest effi-
ciency (Figure 1F) and was selected for subsequent experi-
ments. CCK-8 assay was conducted to test whether

DARS-AS1 regulates cell proliferation. The results
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confirmed that the proliferation of PC-3 and DU145 cells
was obviously suppressed by DARS-AS1 silencing
(Figure 1G). Additionally, knocking down DARS-ASI1
enhanced the apoptotic proportion of PC-3 and DU145
cells, as evidenced by flow cytometry analyses (Figure
1H). Furthermore, Transwell assays were carried out to
investigate the effects of DARS-ASI depletion on the
migration and invasion of PCa cells. The migratory
(Figure 11I) and invasive (Figure 1J) capacities of PC-3
and DU145 cells were substantially impaired by the loss of
DARS-ASI1. Taken together, our results indicated that
DARS-AS1 was highly expressed in PCa and performed
pro-oncogenic actions to promote cancer progression.

DARS-AS| Functions as a ceRNA of
miR-628-5p in PCa Cells

To investigate the mechanisms associated with the onco-
genic roles of DARS-AS1 in PCa, the IncRNA subcel-
lular localization predictor IncLocator (http://www.csbio.

sjtu.edu.cn/bioinf/IncLocator/) was used to identify the
localization of DARS-AS1. The results showed that
DARS-AS1 was predominantly distributed in the cyto-
plasm (Figure 2A). The nucleus-cytoplasm fracti N

assay results further confirmed the cytoplasmic lo
tion of DARS-AS1 in PC-3 and DU145

een the miRNAs that

S-AS1 in PCa cells.

3 and DU14
miRNAs was ul¥

glls, whereas the expression of the other six
fected (Figure 2C). Next, miR-628-5p
expression was determined in 53 pairs of PCa tissues and
adjacent normal tissues. The results revealed that the
expression of miR-628-5p was downregulated in PCa tis-
sues to approximately 45% of that in normal tissues
(Figure 2D, P = 0.0002). Interestingly, an inverse correla-
tion between the DARS-ASI] and miR-628-5p levels in
PCa tissues was validated through Pearson’s correlation
coefficient analysis (Figure 2E; r = —0.6608, P < 0.0001).

Then, the detailed roles of miR-628-5p in PCa cells were
investigated. First, miR-628-5p expression was increased
in PC-3 and DU145 cells transfected with miR-628-5p
mimic (Figure 2F). The influences of miR-628-5p upregu-
lation on PCa cell proliferation and apoptosis were tested
by CCK-8 assays and flow cytometry analyses. The
increased expression of miR-628-5p effectively sup-
pressed cell proliferation (Figure 2G) and promoted cell
in PC-3 and DUI145 cells.
Furthermore, the migration (Figure 2I) and invasion
(Figure 2J) of PC-3 and D

apoptosis (Figure 2H)

aclls were clearly

to DARS-AS1. The RIP assay results
ed that miR-628-5p and DARS-ASI1 were
y enriched in the Ago2-containing beads com-
: with the levels in control IgG beads (Figure 2M).
Collectively, these results demonstrated that DARS-AS1
functioned as a ceRNA in PCa cells by sequestering miR-
628-5p.

DARS-AS| Regulates MTDH Expression
in PCa Cells by Sequestering miR-628-5p

The direct target recognition sequence of miR-628-5p was
predicted via bioinformatics analysis, and MTDH was
selected for further analysis due to its well-established as
a critical regulator of PCa oncogenicity.””*® The binding
sequence of miR-628-5p to the 3'-UTR of MTDH was
presented in Figure 3A. Luciferase reporter assays were
performed to validate the binding of miR-628-5p and the
MTDH 3'-UTR in PCa cells. The data uncovered that
miR-628-5p mimic efficiently lowered the luciferase activ-
ity of MTDH-WT in PC-3 and DU145 cells but had no
effect on MTDH-MUT (Figure 3B). Subsequently, the role
of miR-628-5p in regulating MTDH expression in PCa
cells was determined by RT-qPCR and Western blotting.
Unsurprisingly, miR-628-5p overexpression decreased
MTDH mRNA (Figure 3C) and protein (Figure 3D) levels
in PC-3 and DU145 cells. Furthermore, MTDH mRNA
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was relatively highly expressed in PCa tissues (Figure 3E)
and inversely correlated with miR-628-5p expression
(Figure 3F; r = —0.7207, P < 0.0001).

Given the above results, we hypothesized that DARS-
AS1 upregulates MTDH expression in PCa cells by spong-
ing miR-628-5p. To test this hypothesis, the mRNA and

protein levels of MTDH in PC-3 and DU145 cells trans-
fected with si-DARS-AS1 or si-NC were measured. The
results showed that both the levels of MTDH mRNA
(Figure 3G) and protein (Figure 3H) were reduced by
DARS-ASI depletion. Notably, Pearson’s correlation coef-
ficient analysis revealed a positive correlation between the
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cells restored the MTDH mRNA (Figure 3J) and protein DARS-ASI in PCa Cells
(Figure 3K) expression suppressed by DARS-AS1 knock-
down. Altogether, these results suggested that DARS-AS1
participated in a ceRNA pathway in PCa cells by sponging
miR-628-5p and consequently promoting MTDH

expression 0
tissues (Figure

Rescue experiments were performed to elucidate whether
DARS-ASI1 executed its oncogenic roles in PCa cells via
the miR-628-5p/MTDH axis. First, RT-qPCR was used to
evaluate the transfection efficiency of miR-628-5p inhibi-

expression. tor, and the data confirmed that miR-628-5p inhibitor
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effectively reduced endogenous miR-628-5p expression in
PC-3 and DU145 cells (Figure 4A). CCK-8 assay showed
that the decreased cell proliferation induced by si-DARS-
AS1 was restored in PC-3 and DU145 cells after miR-628-
5p inhibitor cotransfection (Figure 4B). Similarly, loss of
DARS-AS1 promoted the apoptosis of PC-3 and DU145

cells, which was reversed by miR-628-5p inhibition

--si-DARS-AS1+inhibitor control
--si-DARS-AS1+miR-628-5p inhibitor

(Figure 4C). In addition, the migratory (Figure 4D) and
invasive (Figure 4E) abilities hindered by silencing
DARS-AS1 were rescued via miR-628-5p

cotransfection. The overexpression of MTDH in PC-3

inhibitor

and DU145 cells was achieved via transfection with
pcDNA3.1-MTDH (Figure 5A). The influences of DARS-
AS1 interference on PC-3 and DUI145 cell proliferation

CCK-8 OD450

A B .
2 1.5ymminhibitor control 1.57--si-NC
2 BB miR-628-5p inhibitor 3
25 S 1.0
o 2 :
0§ o
b 2 g |*|**
o T
g S 5 0.5
% © PC-3
€ 0 0
PC-3 DU145 0244872
Hours
C
#1 #2 #3 #1
a 105; 1055 105% T
10¢) | 104 100 104
108| ( ‘ 108 & 103% { 10| t

10210° 10410° 10210° 10*10°

10210° 1610

Apoptosis rate (%)

€-0d

s¥ina

inhibitor control
+miR-628-5p inhibitor

Number of
cell migration

PC-3 DU145

10210° 104905

16-To° U T0"

#1 C
#2=si~DARS-AS1 +inhibitor control
9 5#03-si-DARS-AS1+miR-628-5p inhibitor

*%

4w § 2001 I [k% o
5 & 150 F
Qo >
€. 100 r
D =
Z Q8 50

0

PC-3 DU145

Figure 4 miR-628-5p inhibitor rescues the influences of si-DARS-AS| on PCa cells. (A) RT-qPCR analysis of the transfection efficiency of miR-628-5p inhibitor in PC-3 and
DU145 cells. (B-E) si-DARS-ASI, in combination with miR-628-5p inhibitor or inhibitor control, was transfected into PC-3 and DU145 cells. The transfected cells were
subjected to CCK-8 assay, flow cytometry analysis, and Transwell assays for the determination of cell proliferation, apoptosis, and migration and invasion, respectively.

*P<0.05 and *P < 0.01.

submit your manuscript

8372

Dove!

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove Fan et al

B
--Si-NC --Si-NC
mpcDNA3.1 --si-DARS-AS1+pcDNA3.1 --Si-DARS-AS1+pcDNA3.1
® -pgDNA3.1-MTDH +si-1DéRS-AS1+pcDNA3.1 -MTDH +S|-1DéRs-As1 +pcDNA3.1-MTDH
% o . o '
253 5 7
_% g *x n1.0 A 10
Ik S e 0 o
Q x ¥ 0.5 v 0.5
T o1 o O
a &} PC-3 O DU145
0 0.0 0.0
= PC-3 DU145 0244872 0244872
Hours Hours
#2 - #3 1 - #2
108 10 ‘ E1051? 105‘
.10¢ 104 | 10“\‘, 10| 2
; ! i p
100 # 103] _(‘ J 100 # 100 £

10°10° 10410°  10210° 10°10°
Annexin V-FITC

10210° 104105 10210° 104105 10210° 10105
Annexin V-FITC

PC-3 DU1
—~ 40 *%k k%

X *% Kk

o 30 #1msi-NC

2 20 #2mmsi-DARS-AS1+pcDNA3. 1
2 #3msi-DARS-AS1+ 3.1-MT
[e]

2 10

[e]

Q.

< 0

PC-3 DU145

#3

£9d_

svind

#1msi-NC
#2 msi-DARS-AS1+pcDNA3. 1
25#63 0 si-DARS-AS1+pcDNA3.1-MTDH

*%*

*%*
5 55200 B, Dles
. 58 150
[0] o ©
o Qo >
c g.'_é 100
> ZQg 50
0
PC-3 DU145

Figure 5 Res s MTDH abrogates the inhibiting actions of DARS-ASI knockdown on PCa cells. (A) The protein level of MTDH in pcDNA3.I-MTDH or
pcDNA3. | -transfe8 PC-3 and DU145 cells was evaluated by Western blotting. (B, C) PC-3 and DU145 cells were transfected with si-DARS-ASI in the presence of
pcDNA3.1-MTDH o PNA3.I. Proliferation and apoptosis were respectively determined by CCK-8 assays and flow cytometry analyses. (D, E) Transwell assays were
conducted to detect the migration and invasion of the cells described above. **P < 0.01.

(Figure 5B), apoptosis (Figure 5C), migration (Figure 5D),  DARS-AS| Represses PCa Tumor
and invasion (Figure 5E) were reversed by MTDH over-  Growth in vivo

expression. Hence, the DARS-AS1/miR-628-5p/MTDH

network was a modulatory of PCa progression.

Finally, the impact of DARS-AS1 knockdown on PCa
tumor growth in vivo was determined using tumor
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xenograft experiments. DU145 cells stably overexpressing
sh-DARS-AS1 or sh-NC were subcutaneously inoculated
into nude mice. The growth of tumor xenografts in the sh-
DARS-AS1 group was significantly slower compared with
the sh-NC group (Figure 6A and B). In addition,
weights of tumor xenografts were measured at the en
point of the experiments. The tumor weight waa
ASI1-stably silenced DUI45 cells
Furthermore, the expression of DA

knockdown tumors
that loss of DA

Discu
An increasin er of studies have confirmed the cri-
tical roles of As in various pathophysiological
processes.”’ ! SeveMll IncRNAs are aberrantly expressed
in PCa, and their expression is closely related to the over-
all survival of patients with PCa.**>* In this regard,
exploring the detailed roles of novel IncRNAs in PCa
may offer promising strategies for cancer therapies. In
total, 548 640 IncRNAs have been identified in the
human genome;>> however, most IncRNAs in PCa have
not been studied.>®*” In this work, our results identified

a close relationship among DARS-AS1, miR-628-5p, and

-NC groups. (B)
DU 145 cells stably
-AS| and sh-NC groups
S-AS| and sh-NC groups.

er patients with high DARS-AS]1 expression
er overall survival rate than those with low DARS-
1 expression.”® The overexpression of DARS-AS] has also
een verified in ovarian cancer,24 non-small-cell lung cancer,25
d renal cell carcinoma.?® To date, the expression profile of
DARS-ASI in PCa remains unknown, and further study is
needed to elucidate whether DARS-ASI critically contributes
to PCa progression. In this study, DARS-AS1 expression in
PCa was first analyzed in TCGA and GTEx databases using
GEPIA. DARS-ASI was found to be upregulated in PCa. RT-
gPCR analysis further confirmed that DARS-ASI levels were
higher in PCa tissues than in adjacent normal tissues. The
results of in vitro functional assays uncovered that DARS-
AS]1 silencing inhibited PCa cell proliferation, restricted cell
migration and invasion, and promoted cell apoptosis.
Furthermore, in vivo studies exhibited that downregulation of
DARS-ASI impaired tumor growth in nude mice.

The molecular events involved in DARS-ASI-triggered
cellular progress in PCa were comprehensively elucidated.
To this end, the subcellular localization of DARS-AS1 was
predicted using IncLocator. DARS-AS1 was predominantly
located in the cytoplasm, which was further verified by
nucleus-cytoplasm fractionation assays. Thus, DARS-ASI1
may function in post-transcriptional regulation in PCa.
Recently, ceRNA regulatory networks have drawn great
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attention.*®**° In this network, IncRNAs function as ceRNAs
by sponging certain miRNAs and thereby inhibiting the
miRNA-mediated suppression of target mRNAs.*!

In this study, the putative miRNAs that bind to DARS-AS1
were first identified. miR-628-5p was found to harbor
a complementary sequence to DARS-ASI1, and the binding
interaction between miR-628-5p and DARS-ASI in PCa cells
was validated by luciferase reporter and RIP assays.
Additionally, the expression of miR-628-5p was increased in
PCa cells by transfecting with si-DARS-AS1. Furthermore,
miR-628-5p exhibited weak expression in PCa tissues and was
negatively correlated with DARS-AS1. These results identi-
fied DARS-ASI as a novel miR-628-5p sponge in PCa.

Multiple studies have illustrated the expression and func-
tions of miR-628-5p in human cancers.*** miR-628-5p has
been reported to be downregulated in PCa.** Herein, miR-628-
5p was demonstrated to play a tumor-inhibiting role in PCa
cells. Next, the molecular mechanisms by which miR-628-5p
controls PCa progression were explored in detail. MTDH, also
known as AEG-1,*® was identified as a direct target of miR-
628-5p in PCa cells. In ceRNA networks, IncRNAs increase
the expression of mRNAs by sequestering certain miRNAs.
Hence, we next evaluated whether DARS-AS1 upregulates
MTDH expression in PCa cells by interacting with mf
5p. DARS-ASI1 interference led to a decrease in
mRNA and protein levels in PCa cells, whercagashe

expression.
pvel ceRNA

628-5p, and MTDH.
MTDH, the firs

a genesis and progres-

axis in PCa DARS-ASI can affect post-transcriptional
Crfere with miR-628-5p in PCa cells by

competing for shared miRNA response elements, conse-

processes and 1

quently increasing the mRNA and protein levels of MTDH.
Our rescue experiments further showed that the effects of
DARS-ASI silencing on PCa cell proliferation, apoptosis,
migration, and invasion were reversed by miR-628-5p down-
regulation. Additionally, restored MTDH expression reversed
the si-DARS-AS1-mediated anti-oncogenic actions in PCa
cells. Overall, our findings suggest the implication of the

DARS-AS1

L

«\\?« Proliferation/Growth
n/

— MTDH .
— Apoptosis

‘ ‘ ™ Migration/Invasion H

\\ Pca cells J

pro-oncogenic roles in PCa cells by spongig
ing MTDH expression.

was identified as the driver of PCa onco-

ogression.”® Androgen receptor signaling

cutic benefit.® Regarding the interaction between
DARS-AS1 and androgen receptor, DARS-AS1 may be
implicated in the control of androgen receptor signaling
via a ceRNA way. The miRNAs targeting androgen recep-
tor may be sponged by DARS-ASI1, thereby forming
a DARS-AS1/miRNAs/androgen receptor pathway.

Our study has two limitations. First, the sample size
was small. Second, the effect of DARS-AS1 on androgen
receptor signaling in PCa was not examined. These limita-

tions will be addressed in future studies.

Conclusion

DARS-AS1 was upregulated in PCa and facilitated cancer
progression. Mechanistic studies revealed that DARS-ASI
functioned as a ceRNA in PCa by adsorbing miR-628-5p
and consequently increasing the expression of MTDH. As
a result, the DARS-AS1/miR-628-5p/MTDH pathway
(Figure 7) may have an important implication for the
development of PCa treatments.
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