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Abstract. - OBJECTIVE: Studies have demon-
strated that long non-coding RNAs (IncRNAs) are
important in the development and prognosis of
prostate cancer. The aim of this study was to in-
vestigate the functions and mechanism of Inc-SN-
HG14 in prostate cancer.

PATIENTS AND METHODS: Quantitative Real
Time-Polymerase Chain Reaction (qRT-PCR) or
Western blot (WB) were performed to detect mR-
NA expressions of SNHG14 and miR-5590-3p, and
the protein levels of Yin Yang-1 (YY1) in prostate
cancer tissues, adjacent tissues, and cancer cell
lines. The correlation analysis was used to ana-
lyze the correlations between SNHG14, miR-5590-
3p, and YY1. Kaplan-Meier survival analysis was
used to analyze the overall survival for prostate
cancer patients. Cell Counting Kit-8 (CCK-8) assay
was performed to measure cell proliferation ability
and flow cytometry assay was used to detect cell
apoptotic rate. Besides, transwell assay was used
to measure cell invasion ability. In addition, WB
was performed to measure protein expressions
in prostate cancer cell lines. Finally, Luciferase
reporter assay was performed to verify the bind-
ing sites between SNHG14 and miR-5590-3p, miR-
5590-3p, and YY1.

RESULTS: The results showed that SNHG14
was significantly increased in prostate cancer
tissues and prostate cancer cell lines, which
were related with advanced stage and poor diag-
nosis for prostate cancer patients. MiR-5590-3p
was reduced in prostate cancer tissues and cell
lines, which were negatively correlated with SN-
HG14. YY1 was found to be increased in prostate
cancer tissues, which was negatively correlated
with miR-5590-3p and positively correlated with
SNHG14. Furthermore, SNHG14 knockdown in-
hibited cell proliferation, invasion, and promoted
cell apoptosis in DU145 cells. In addition, protein
expressions of Cyclin D1, Bcl-2, and N-cadherin
were repressed, and the levels of Bax, Cleaved
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Caspase-3, and E-cadherin were increased. Be-
sides, miR-5590-3p inhibition promoted cell pro-
liferation and invasion, and inhibited apoptosis
in DU145 cells. Importantly, Luciferase reporter
assay proved that SNHG14 could directly sponge
with miR-5590-3p, which could bind with YY1 and
regulate the functions of cancer cell. Finally, we
proved that SNHG14 regulated cell proliferation,
cell apoptosis, and invasion via miR-5590-3p/ YY1
axis in prostate cancer.

CONCLUSIONS: Above all, we found that SN-
HG14 was increased in prostate cancer patients,
which was related with future diagnosis for pros-
tate cancer patients. Of note, we discovered that
SNHG14 could promote cell proliferation, inva-
sion, and repress cell apoptosis via miR-5590-
3p/YY1 axis in prostate cancer, which might pro-
vide a new target for treating prostate cancer.

Key Words:
LNcSNHGI14,  MiR-5590-3p, YY1, Cell invasion,
Apoptosis, Prostate cancer.

Introduction

Prostate cancer is an epithelial malignancy in
prostate, which is one of most common cancers in
urinary system. The incidence of prostate cancer
in China is increasing after the age of 55, which
ranks the sixth of male malignant cancers'*. Pros-
tate cancer is mainly treated with androgen depri-
vation therapy, surgery, and radiotherapy'?. How-
ever, the efficacy and outcome for prostate cancer
patients are still unsatisfied, so new methods for
early diagnosis and treatment are needed.

Most non-coding transcripts longer than 200
nt are known as long non-coding RNAs (In-
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cRNAs), which have been found®!' to play im-
portant roles in various cancers’”’, including pros-
tate cancer. Lnc-NEAT1 promoted resistance by
sponging with miR-34a-5p and miR-204-5p in
prostate cancer®; Inc-CASC15 was reported to
promote cancer cell migration and invasion via
targeting miR-200a-3p in prostate cancer’; Inc-
MEGS3 might act as a tumor suppressor to inhibit
progression by modulating miR-9-5p/QKI-5 axis
in prostate cancer'.

Small nucleolar RNA host gene 14 (SNHG14) is
a IncRNA that has been reported to play oncogenic
functions, which could promote cancer cell prolif-
eration, initiation, invasion, and migration in mul-
tiple cancers'?>, including hepatocellular cancer'?,
non-small cell lung cancer”, cervical cancer",
and colorectal cancer'’>. However, the functions of
SNHGI4 in prostate cancer have never been found.

MicroRNAs (miRNAs) are short RNAs that
have been reported'®-'® to affect different functions
in various tumors, including prostate cancer®!’,
LncRNAs can sponge with miRNAs through en-
dogenous RNA (ceRNA) mechanism and regulate
biological functions in different cancers'®*2.

MiR-5590-3p was reported to play as a tu-
mor-suppressive gene that could inhibit cancer cell
proliferation and migration®*. It was demonstrat-
ed that miR-5590-3p could inhibit tumor growth by
targeting DDX5/AKT/m-TOR pathway in gastric
cancer”; miR-5590-3p could regulate the prolifer-
ation and migration of triple-negative breast can-

cer’; miR-5590-3p was involved in tumor growth
and metastasis in hepatocellular carcinoma?®.
However, the functions of miR-5590-3p in prostate
cancer has not been studied.

This paper investigated SNHGI4 expressions
in prostate cancer tissues and prostate cancer cell
lines. Thus, we explored the functions and po-
tential mechanism of SNHGI14 in prostate cancer
patients.

Patients and Methods

Clinical Patient Samples

60 cases of prostate cancer tissue samples and
the adjacent tissue samples were collected by sur-
gical resection from August 2012 to September
2013 in our hospital. The samples were frozen
at -80°C. Clinical features of prostate cancer pa-
tients were listed in Table 1. This study was ap-
proved by the Faculty of Medicine’s Ethics Com-
mittee of our hospital and every patient signed the
informed consent.

Cell Culture

Normal human myofibroblast stromal cell
(WPMY1) and human prostate cancer cell lines,
including LNCaP, 22RV1, PC-3, and DU145, were
purchased from the American Type Culture Collec-
tion (ATCC; Manassas, VA, USA). The cells were
cultured in Dulbecco’s Modified Eagle’s Medium

Table I. The relationships between SNHG14 expression and clinical characters in patients with prostate cancer.

Parameters No. Low SNHG14 High SNHG14 p-value

Total patients 60 30 30

Age 0.580
<65Y 19 8 11
>65Y 41 22 19

Tumor size 0.037
<3cm 33 21 12
>3 cm 27 9 18

Lymph node metastasis 0.019
Yes 32 11 21
No 28 19 9

Distant metastasis 0.170
Yes 20 7 13
No 40 23 17

Histological grade 0.004
Well and moderately 28 20 8
Poorly and others 32 10 22

TNM stage 0.035
[-11 25 17 8
I-1v 35 13 22
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(DMEM)/F12 medium (Invitrogen, Carlsbad, CA,
USA) containing with 10% fetal bovine serum
(FBS; Gibco, Rockville, MD, USA). The cells were
cultured in an incubator with 5% CO, at 37°C.

Construction of siRNA
and Cell Transfection

Small interfering RNA (siRNA) for SNHGI14
was synthesized and constructed into a plasmid.
SiRNA negative control (si-NC) was obtained from
Invitrogen (Invitrogen, Carlsbad, CA, USA). The
cells were pre-incubated on 6-well plates until about
50% confluence, and then, si-SNHG14 and si-NC
were respectively transfected with Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) following the
protocol. The stable cells with SNHGI14 inhibition
were obtained after one week. In the other way, indi-
cated cells were pre-incubated on 6-well plates until
about 70%, then, miR-NC or miR-5590-3p inhibitor
was transfected into cells with Lipofectamine 2000,
according to the protocol.

CCK-8 Assay

Cell Counting Kit-8 assay (CCK-8, Dojindo
Molecular Technologies, Kumomoto, Japan) was
used to measure cell proliferation ability follow-
ing the protocol. The cells were pre-incubated on
96-well plates for O h, 24 h, 48 h, and 72 h, then,
10 pul CCK-8 was added and incubated for other 2
h. The optical density (OD) value was measured
at 450 nm with microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA).

Flow Cytometry for Cell Apoptosis
Analysis

Flow cytometry was used to analyze the cell
apoptotic rate. The treated DUI145 cells were
digested with trypsin and fixed. The pellet was
stained with FITC-Annexin V and Propidium
Iodide (PI), and then, flow cytometry was per-
formed within 5 mins. The apoptotic cells were

Table Il. Primers for qRT-PCR.

obtained using a FACSCalibur system (BD Bio-
sciences, Franklin Lakes, NJ, USA), and imag-
es were analyzed by FlowJo software (Tree Star
Corp, Ashland, OR, USA).

Transwell Assay

Transwell assay was used to measure cell in-
vasion ability, 24-well transwell chamber (Costar,
Cambridge, MA, USA) was used in this assay.
The cells were seeded with serum-free DMEM/
F12 in the upper chamber, and the lower cham-
bers were filled with DMEM/F12 containing 20%
FBS to induce cell invasion. After culturing for
48 h, non-invasive cells were removed, and the
ells invaded through the membranes were stained
with 0.1% crystal violet (Biyuntian, Shanghai,
China). At least four random fields were count-
ed in each chamber with an inverted light micro-
scope (Olympus Corporation, Tokyo, Japan).

RNA Extraction and quantitative
Real Time-PCR

Total RNA was isolated from human samples
and prostate cancer cell lines by TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
protocol and purified by GeneJET RNA Purifi-
cation Kit (Thermo Fisher Scientific, Waltham,
MA, USA). Total RNA was reversed by Prime-
Script™ RT reagent Kit (TaKaRa, Dalian, China)
according to the manufacturer’s protocol. The
primers for qRT-PCR were synthesized by Gene
Pharma (Shanghai, China), which were listed in
Table II. The mRNA expressions were measured
by SYBR® Premix DimmerEraser™ kit (TaKaRa,
Dalian, China) and the relative mRNA expres-
sions were calculated by 2-24T method. GAPDH
or U6 was used for normalization.

Western Blot
Total protein was extracted from human sam-
ples and prostate cancer cells using a RIPA lysis

Gene names Primer sequences

SNHG14 Forward: 5'-GGGTGTTTACGTAGACCAGAAC-3'
Reverse: 5'-CTTCCAAAAGCCTTCTGCCTTAG-3'

miR-5590-3p Forward: 5'-CCCCCTTGTCATGTTCCTGATCTT-3'
Reverse: 5'-GCAGAGGAAATGAAACCAGTATG-3'

GAPDH Forward: 5'-CGGAGTCAACGGATTTGGTCGTAT-3'
Forward: 5'-AGCCTTCTCCATGGTGGTGAAGAC-3'

U6 Forward: 5'-CGCTTCGGCAGCACATATACT-3'
Forward: 5'-CGCTTCACGAATTTGCGTGTC-3'
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buffer (Beyotime, Shanghai, China). 40 mg of pro-
teins were separated by 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then, transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Biller-
ica, MA, USA). After blocking with 5% nonfatty
milk at room temperature for 1 h, the membranes
were incubated with primary antibodies over-
night at 4°C, including YY1 (ab109237, Abcam,
Cambridge, MA, USA, 1:5000, 45 kDa), Cyclin
D1 (ab134175, Abcam, Cambridge, MA, USA,
1:5000, 34 kDa), Bcl-2 (ab97051, Abcam, Cam-
bridge, MA, USA, 1:1000, 26 kDa), Bax (ab32503,
Abcam, Cambridge, MA, USA, 1:5000, 21 kDa),
Cleaved Caspase-3 (ab2302, Abcam, Cam-
bridge, MA, USA, 1:1000, 17 kDa), N-cadherin
(ab18203, Abcam, Cambridge, MA, USA, 1:1000,
100 kDa), E-cadherin (ab40772, Abcam, Cam-
bridge, MA, USA, 1:5000, 97 kDa), and GAPDH
(ab8245, Abcam, Cambridge, MA, USA, 1:5000,
36 kDa). Then, the membranes were incubated
with matched secondary antibodies for 1 h. The
proteins were detected by enhanced chemilumi-
nescence (ECL) reagents (Pierce, Rockford, IL,
USA) with ECL detection system (Thermo Fisher
Scientific, Waltham, MA, USA). The relative pro-
tein expressions were calculated and GAPDH was
used for normalization.

Luciferase Reporter Assay

The pmiR-GLO Dual-Luciferase vectors
(Promega, Madison, WI, USA) containing
wild type SNHG14 (WT-SNHGI4) and mutant
SNHG14 (MUT-SNHG14) were constructed, and
the vectors containing wild type YY1 (WT-YY1)
and mutant YY1 (MUT- YY1) were also con-
structed. The cells were seeded on 48-well plates,
the vectors were respectively co-transfected with
miR-5590-3p mimic or miR-NC in DUI45 cells
with Lipofectamine 2000 according to the proto-
col. Activities of Firefly Luciferase and Renilla
Luciferase were measured by Promega Luciferase
Assay (Promega, Madison, WI, USA). Relative
Luciferases were analyzed, and Renilla Lucifer-
ase gene was used for normalization.

Statistical Analysis

Data were presented as (mean+ SD), and were
analyzed by SPSS 22.0 (IBM Corp., Armonk,
NY, USA) and GraphPad Prism 6.0 (GraphPad
Software, La Jolla, CA, USA). The significance
between the groups was analyzed by Student’s
t-test or one-way ANOVA and SNK method.
Pearson correlation was utilized for verifying the
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significance of the correlation among SNHGI4,
miR-5590-3p, and YY1 in patient samples. Ka-
plan-Meier survival test was performed to ana-
lyze the overall survival. p<0.05 was considered
as statistically significant.

Results

SNHG14 was Increased in Prostate
Cancer Tissues and Prostate Cancer
Cell Lines

To investigate SNHG14 expressions in prostate
cancer tissues, sixty paired prostate cancer tissues
and adjacent tissues were collected and SNHG14
expressions were detected by qRT-PCR. The re-
sults showed that SNHG14 was increased in pros-
tate cancer tissues, compared to adjacent tissues
(Figure 1A) (p<0.001). Furthermore, SNHG14 ex-
pression in patients at stage I1I-IV was higher than
that of patients at stage I-1I (Figure 1B) (p<0.001).
The clinical characters of prostate cancer patients
were listed in Table I, which revealed that SNHG14
high expression was related with tumor size,
lymph node metastasis, histological grade, and ad-
vanced stages (Table I) (p<0.05). Additionally, Ka-
plan-Meier survival illustrated that patients with
SNHGI4 high expression showed a lower overall
survival rate (Figure 1C) (p<0.05). To investigate
the mechanism of SNHGI14 in prostate cancer, we
detected SNHGI14 expressions in prostate cancer
cell lines, which showed that SNHG14 expressions
were increased (Figure 1D) (p<0.01). These data
suggested that SNHG14 was increased in prostate
cancer tissues, which was related with future diag-
nosis of prostate cancer patients. However, the un-
derlying functions of SNHGI4 in prostate cancer
remained unclear.

SNHG 14 Downregulation Repressed
Cell Proliferation, Invasion,
and Promoted Apoptosis in DUT145 Cells
In order to study the functions of SNHGI14 in
prostate cancer, SNHG14 si-RNA was construct-
ed into a plasmid (si-SNHGI14). After si-SNHG14
or si-NC was transfected into DUI145 cells, we
found that SNHGI14 was significantly inhibited,
compared with control and si-NC (Figure 2A)
(p<0.001). CCK-8 assay revealed that SNHG14
downregulation repressed cell proliferation (Fig-
ure 2B) (p<0.01). Flow cytometry results revealed
that SNHG14 downregulation promoted cell apop-
tosis (Figure 2C) (p<0.01). Furthermore, transwell
assay showed that SNHGI14 downregulation re-
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Figure 1. SNHG14 was increased in prostate cancer tissues and prostate cancer cell lines. A, SNHG14 expressions in prostate
cancer tissues (n=60) and adjacent tissues (n=60) were detected by qRT-PCR. B, SNHG14 expressions in patients at stage I-11
(n=25) and stage I1I-1V (n=35) were analyzed. C, Overall survival of prostate cancer patients was analyzed by Kaplan-Meier
survival analysis. D, SNHGI14 expressions in prostate cancer cell lines were detected. **p<0.01, ***p<0.001.

pressed cell invasion ability (Figure 2D) (p<0.01).
In addition, we detected proliferation and apopto-
sis associated gene expressions, including Cyclin
D1, Bcl-2, Bax, Cleaved caspase-3, and we also
detected invasion associated gene expressions, in-
cluding N-cadherin and E-cadherin. The results
showed that the protein expressions of Cyclin DI,
Bcl-2, and N-cadherin were repressed, while the
levels of Bax, Cleaved caspase-3, and N-cadherin
were promoted (Figure 2E, F) (p<0.01), further
suggesting that SNHGI14 downregulation re-
pressed cell proliferation, invasion, and promoted
apoptosis in DU145 cells. However, the detailed
mechanism remained unclear.

MiR-5590-3p was Reduced in Prostate
Cancer and it Could Directly Sponge
with SNHG14 in DU145 Cells

To further understand the mechanism of
SNHGI4 in prostate cancer, we used bioinformat-
ics analysis to explore the targets of SNHGI14, and
miR-5590-3p was predicted to have complemen-
tary binding sites, which was reported to be in-
volved in the progression of some cancers>2. We
found that miR-5590-3p expression was decreased

in prostate cancer tissues (Figure 3A) (p<0.001),
and miR-5590-3p expression in patients at stage
II-IV was lower than patients at stage I-1I (Figure
3B) (p<0.001). In addition, correlation analysis re-
vealed that miR-5590-3p was negatively correlated
with SNHGI4 in prostate cancer tissues (Figure
3C) (p<0.05) but not in adjacent tissues (Figure
3D) (p>0.05), especially in patients at stage of I1I-
IV (Figure 3E) (p<0.01) but not in patients at stage
of I-II (Figure 3F) (p>0.05). Besides, miR-5590-3p
expressions were significantly reduced in prostate
cancer cell lines, especially in DU145 cells (Figure
3G) (p<0.001) and they were increased following
SNHGI14 inhibition (Figure 3H) (p<0.001). Above
all, these data prompted that SNHG14 was nega-
tively interacted with miR-5590-3p, which was pre-
dicted as a downstream molecule for SNHG14. To
verify whether miR-5590-3p could competitively
sponge with SNHGI14, wild type and mutant se-
quences of SNHGI14 were constructed into GLO
vectors (Figure 3I) and the Luciferase reporter
assay was performed. The results demonstrated
that the relative Luciferase activity in DU145 cells
co-transfected with WT-SNHG14 and miR-5590-
3p mimic was significantly repressed, while it was
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Figure 2. SNHGI14 downregulation repressed cell proliferation, invasion and promoted apoptosis in DU145 cells. A, SNHG14
expressions were detected by qRT-PCR. B, Proliferation abilities were measured by CCK-8 assay. C, Cell apoptotic rate was
evaluated by flow cytometry. D, Invasion abilities were measured by transwell assay. E-F, Protein levels of Cyclin D1, Bcl-2,
Bax, Cleaved caspase-3, N-cadherin, and E-cadherin were detected by WB (magnifications: x2.0). **p<0.01, ***p<0.001.

reversed following co-transfection with MUT-SN-
HG14 (Figure 3J) (p<0.01). These data demon-
strated that miR-5590-3p was reduced in prostate
cancer and it could directly sponge with SNHG14
in DU14S5 cells.

MiR-5590-3p Downregulation Promoted
Cell Proliferation, Invasion and
Inhibited Apoptosis in DU145 Cells

To further explore how miR-5590-3p regulat-
ed prostate cancer cell functions, miR-5590-3p
inhibitor or miR-NC was respectively transfected
into DU145 cells, which revealed that miR-616-
5p was significantly decreased in miR-5590-3p
inhibitor group (Figure 4A) (p<0.001). CCK-8
assay prompted that cell proliferation ability was
improved following miR-5590-3p inhibition (Fig-
ure 4B) (p<0.001). Flow cytometry revealed
that miR-5590-3p downregulation repressed cell
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apoptosis (Figure 4C) (p<0.01). Transwell assay
showed that cell invasion ability was improved
following miR-5590-3p inhibition (Figure 4D)
(p<0.01). Moreover, WB showed that the protein
expressions of Cyclin D1, Bel-2, and N-cadherin
were increased, while the levels of Bax, Cleaved
caspase-3, and N-cadherin were repressed (Fig-
ure 4E, F) (p<0.001), which further verified that
miR-5590-3p downregulation promoted cell pro-
liferation, invasion, and inhibited apoptosis in
DU145 cells. However, the detailed mechanism of
miR-5590-3p in prostate cancer was unclear.

MiR-5590-3p Could Directly Target
at Binding with YY1

To explore how miR-5590-3p promoted cell pro-
liferation, invasion, and inhibited apoptosis in pros-
tate cancer, TargetScan database was used to predict
the target genes with 3’UTR. YY1, an oncogene to
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Figure 3. MiR-5590-3p was reduced in prostate cancer and it could directly sponge with SNHG14 in DU145 cells. A, MiR-
5590-3p expressions in prostate cancer tissues (n=60) and adjacent tissues (n=60) were detected. B, MiR-124-3p expressions
in patients at stage I-II (n=25) and stage III-IV (n=35) were analyzed. C-D, Correlations between SNHG14 and miR-5590-3p
were analyzed in prostate cancer tissues and adjacent tissues. E-F, Correlations between SNHGI14 and miR-5590-3p were
analyzed in patients at stage I-II and stage III-IV. G-H, MiR-5590-3p expressions were detected in prostate cancer cell lines
and in DU145 cells transfected with si-SNHG14 or si-NC. I, Wild type and mutant sequences of SNHG14 were synthesized. J,
Luciferase gene reporter assay was performed in DU145 cells. *p<0.05, **p<0.01, ***p<0.001.

promote progression in some cancers**%, was iden-
tified to be a potential target gene of miR-5590-3p.
Then, we detected the protein expressions of YY1 in
human prostate cancer tissues and adjacent tissues
by WB. The results showed that YY1 protein ex-
pression was significantly increased in prostate can-
cer tissues (Figure 5A) (p<0.001) and the expression
level in patients at stage [1I-1V was much higher than
these at stage I-II (Figure 5B) (p<0.001). Further-
more, correlation analysis revealed that miR-5590-
3p was negatively correlated with YY1 in prostate
cancer tissues and patients at stage of I1I-IV(Figure

5C, E) (p<0.01), but not in adjacent tissues and pa-
tients at stage of I-1I (Figure 5D, F) (p>0.05). More-
over, Y Y1 protein levels in prostate cancer cell lines
were increased (Figure 5G) (p<0.05).

Above all, these data demonstrated that miR-
5590-3p was negatively correlated with YY1,
which might be a target of miR-5590-3p. To under-
stand whether miR-5590-3p could bind with YY1
in prostate cancer, plasmids with YY1 wild type
and mutant sequences were synthesized and Lucif-
erase gene reporter assay was carried out (Figure
5H). Results showed that miR-5590-3p mimic sig-
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Figure 4. MiR-5590-3p downregulation promoted cell proliferation and invasion, and inhibited apoptosis in DU145 cells. A,
MiR-5590-3p expressions were detected after miR-5590-3p inhibitor transfection. B, CCK-8 assay was performed to measure
cell proliferation ability. C, Cell apoptotic rate was evaluated by flow cytometry. D, Invasion abilities were measured by tran-
swell assay. E-F, Protein levels of Cyclin DI, Bcl-2, Bax, Cleaved caspase-3, N-cadherin, and E-cadherin were detected by

WB (magnifications: x2.0). ***p<0.001.

nificantly reduced the Luciferase activity of YY1-
WT but not in that of YY1-MUT vector in DU145
cells (Figure 5I) (p<0.01). Collectively, above data
suggested that miR-5590-3p could bind with YY1
and regulate cancer cell biological features.

SNHG 14 was Positively Interacted
with YY1 in Prostate Cancer Tissues

We demonstrated that SNHGI14 could sponge
with miR-5590-3p, which would bind with YY1,
and the correlation analysis was performed to
make a clear understanding between SNHG14 and
YY1. Results showed that SNHG14 was positive-
ly correlated with YY1 in prostate cancer tissues,
as well as in patients at stage of [1I-IV (Figure 6A,
C) (p<0.05), but not in adjacent tissues and pa-
tients at stage of I-1I (Figure 6B, D) (p>0.05). Fur-
thermore, YY1 protein expression was reduced in
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SNHG14 inhibition group in DU145 cells (Figure
6E) (p<0.01). These data indicated that SNHG14
was positively interacted with YY1 in pros-
tate cancer tissues. Therefore, we assumed that
SNHGI14 could function as a ceRNA to sponge
with miR-5590-3p, which would directly repress
YY1 expression and regulate cancer cell biologi-
cal features in prostate cancer.

SNHG14 Regulated Cancer Cell Growth,
Apoptosis and Invasion Via
MiR-5590-3p/ YY1 Axis in Prostate Cancer
Based on above data, we might confirm that
SNHGI4 could function as a ceRNA to sponge
with miR-5590-3p, which would repress YY1 ex-
pression. To validate our assumption, miR-5590-
3p inhibitor was transfected into DU145 cells with
si-SNHG14 or si-NC. Results showed that SNHG14
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was reduced and miR-5590-3p was increased in
cells with si-SNHG14. SNHG14 and miR-5590-3p
were both reversed following miR-5590-3p inhibi-
tor transfection (Figure 7A) (p<0.001). CCK-8 as-
says indicated that miR-5590-3p inhibition could
promote the repressed cell proliferation ability in
cells with si-SNHG14 (Figure 7B) (p<0.01). Flow
cytometry revealed that miR-5590-3p inhibition
could repress the promoted cell apoptosis in the
cells with si-SNHGI14 (Figure 7C) (p<0.01). Be-
sides, transwell assay illustrated that the restrained
invasion effect of SNHG14 inhibition was counter-
vailed by miR-5590-3p inhibition in DU145 cells
(Figure 7D) (p<0.001). In addition, WB showed

that SNHG14 inhibition repressed protein expres-
sions of YY1, Cyclin DI, Bcl-2, N-cadherin, and
increased Bax, Cleaved caspase-3, and E-cadher-
in expression, while they were countervailed by
miR-5590-3p inhibition (Figure 7E, F) (p<0.001).
Above all, these results confirmed that SNHG14
regulated cancer cell growth, apoptosis, and inva-
sion via miR-5590-3p/Y Y1 axis in prostate cancer.

Discussion

Prostate cancer is one of the most malignant
cancers in the urinary system, which ranks the
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sixth of male malignant cancers'*. Although new
diagnosis and treatment methods have been applied
in prostate cancer, the future outcomes for prostate
cancer patients are still unsatisfied. As a result, we
wanted to reach a better understanding of prostate
cancer and find novel methods for prostate cancer.

LncRNAs are kinds of long RNAs that play
important roles in various cancers®’, including
prostate cancer®!'. SNHG14 has been reported to
be an oncogene, which can promote cancer cell
proliferation, initiation, invasion, and migration
in cancers'>">. However, the functions of SNHG14
in prostate cancer have not been studied. For the
first time, we detected SNHGI14 expressions in
prostate cancer tissues and prostate cancer cell
lines. Results showed that SNHG14 was increased
in prostate cancer tissues, especially in patients at
stage I11-1V, which was associated with advanced
stage and lower overall survival for prostate can-
cer patients. Furthermore, SNHGI14 expressions
were increased in prostate cancer cell lines. How-
ever, the underlying functions of SNHGI4 in
prostate cancer remained unclear.

Cyclin D1 is a gene that promotes cell prolif-
eration in cancers***2, N-cadherin and E-cadherin
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are invasive genes that have been demonstrated
to promote cell invasion in multiple cancers®>*.
Bcl-2, Bax, and Cleaved caspase-3 are important
apoptotic genes in the process of apoptosis®*?’.
To explore the role of SNHGI14 in the progression
of prostate cancer, si-SNHGI14 was transfected
into DU145 cells, and subsequently the effects of
SNHG14 inhibition on proliferation, invasion and
apoptosis of DU145 cells were observed. CCK-8
and transwell assay showed that SNHGI4 inhi-
bition repressed cell abilities of proliferation and
invasion. Flow cytometry revealed that cell apop-
totic rate was evaluated following SNHG14 inhibi-
tion. WB results showed that the protein levels of
Cyclin D1, Bel-2, and N-cadherin were repressed,
while the levels of Bax, Cleaved caspase-3, and
E-cadherin were promoted after SNHGI4 inhi-
bition. These data suggested that SNHG14 could
regulate cell proliferation, invasion, and apoptosis
in DU145 cells, while the detailed mechanism re-
mained unknown.

MiRNAs are short RNAs that affect biological
functions in cancer'®'®, including prostate can-
cer®!!. It has been demonstrated that IncRNAs can
act as a ceRNA to sponge with target miRNAs.
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As a result, we used bioinformatics analysis to
explore the targets of SNHGI4, and miR-5590-3p
was predicted as one of the target miRNAs, which
was reported to be involved in the progression of
some cancers>?. Results showed that miR-5590-
3p expression was decreased in prostate cancer tis-
sues, especially in patients at stage I1I-IV, which
was negatively correlated with SNHG14 in prostate
cancer tissues and patients at stage of III-IV. These
data prompted that SNHG14 was negatively inter-
acted with miR-5590-3p, which was predicted as
a downstream molecule for SNHGI14. Luciferase
reporter assay verified that SNHG14 could directly
bind with miR-5590-3p in DU145 cells.

To further explore how did miR-5590-3p reg-
ulate prostate cancer cell functions, miR-5590-3p
inhibitor was respectively transfected into DU145
cells. CCK-8 and transwell assay showed that
miR-5590-3p inhibition promoted cell abilities
of proliferation and invasion. Flow cytometry

revealed that miR-5590-3p inhibition repressed
cell apoptosis. And the protein levels of Cyclin
D1, Bcl-2, and N-cadherin were increased, while
the levels of Bax, Cleaved caspase-3, and E-cad-
herin were repressed, suggesting the miR-5590-
3p downregulation promoted cell proliferation,
invasion, and inhibited apoptosis in DU145 cells.
However, the detailed mechanism of miR-5590-3p
in prostate cancer was unclear.

To explore how miR-5590-3p regulated cell
functions of prostate cancer, TargetScan database
was used to predict target genes and YY1 was
identified as a potential target gene, which was
reported to be an oncogene in some cancers®*%.
WB results showed that YY1 protein expression
was increased in prostate cancer tissues, especial-
ly in patients at stage I1I-1V, which was negatively
correlated with miR-5590-3p in prostate cancer
tissues and patients at stage of III-IV. These data
suggested that YY1 was negatively interacted
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with miR-5590-3p. Luciferase reporter assay con-
firmed that miR-5590-3p could directly bind with
the downstream target of YY1 in DU145 cells.

Above all, we might confirm that SNHGI14
could function as a ceRNA to sponge with miR-
5590-3p, which would repress Y Y1 expression. To
validate our assumption, miR-5590-3p inhibitor
was transfected into DU145 cells with si-SNHG14
or si-NC. CCKS8 assay and transwell assay showed
that the repressed cell proliferation and invasion
abilities in si-SNHGI4 were reversed followed
with miR-5590-3p inhibition. Flow cytometry re-
vealed the promoted cell apoptosis in si-SNHG14
was reversed followed with miR-5590-3p inhibi-
tion. Moreover, the protein expressions of YY1,
Cyclin D1, Bcl-2, N-cadherin were repressed and
Bax, Cleaved caspase-3, and E-cadherin expres-
sions were increased, while they were counter-
vailed followed by miR-5590-3p inhibition. These
results confirmed that SNHGI14 regulated cancer
cell growth, apoptosis, and invasion via miR-
5590-3p/ YY1 axis in prostate cancer.

Conclusions

We found that SNHGI14 was increased in pros-
tate cancer patients, which was related with future
diagnosis for prostate cancer patients. Of note, we
discovered that SNHG14 could promote cell prolif-
eration, invasion, and repress cell apoptosis via miR-
5590-3p/YY1 axis in prostate cancer, which might
provide a new target for treating prostate cancer.
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