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Long non‑coding RNA NORAD exhaustion 
represses prostate cancer progression 
through inhibiting TRIP13 expression 
via competitively binding to miR‑495‑3p
Fengling Chen1*†, Ling Liu2*†   and Shuya Wang2

Abstract 

Background:  Prostate cancer (PCa) is a malignant heterogeneous tumor that threatens men’s health. Long non-
coding RNA activated by DNA damage (NORAD) and microRNA-495-3p (miR-495-3p) have been revealed to be con-
cerned with the tumorigenesis and progression of diverse cancers. Nevertheless, the regulatory mechanism between 
NORAD and miR-495-3p in PCa is unclear.

Methods:  The expression of NORAD, miR-495-3p, and thyroid hormone receptor interactor 13 (TRIP13) mRNA was 
detected with quantitative real-time polymerase chain reaction (qRT-PCR). The levels of Bcl-2, Bax, Cleaved-casp-3, 
TRIP13, cyclin D1, and PCNA were detected through western blot analysis. The proliferation, apoptosis, migration, and 
invasion of PCa cells were assessed through 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), flow 
cytometry, or transwell assays. The relationship between NORAD or TRIP13 and miR-495-3p was confirmed via dual-
luciferase reporter, RIP, or RNA pull-down assays.

Results:  NORAD and TRIP13 were upregulated while miR-495-3p was downregulated in PCa tissues and cells. Both 
NORAD silencing and miR-495-3p upregulation accelerated cell apoptosis and curbed cell proliferation, migration, 
and invasion in PCa cells. Also, NORAD silencing repressed tumor growth in vivo. Notably, NORAD modulated TRIP13 
expression by competitively binding to miR-495-3p. Furthermore, miR-495-3p repression reversed NORAD knock-
down-mediated effects on the malignant behaviors of PCa cells. Moreover, TRIP13 enhancement overturned the 
effects of miR-495-3p overexpression on the proliferation, apoptosis, migration, and invasion of PCa cells.

Conclusion:  NORAD depletion inhibited PCa advancement via the miR-495-3p/ TRIP13 axis, which provided a poten-
tial tactic for PCa treatment.
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Highlights

1.	 NORAD and TRIP13 were upregulated and miR-
495-3p was downregulated in PCa tissues and cells.

2.	 NORAD knockdown promoted cell apoptosis and 
suppressed cell proliferation, migration, and invasion 
in PCa cells.
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3.	 MiR-495-3p overexpression induced apoptosis and 
repressed proliferation, migration, and invasion of 
PCa cells.

4.	 NORAD regulated TRIP13 expression via competi-
tively binding to miR-495-3p in PCa cells.

Background
Prostate cancer (PCa) is a complex heterogeneous tumor 
of male and ranks second among common malignancies 
in men worldwide [1]. Currently, most patients with PCa 
can be effectively treated by various treatments, such as 
radical resection and radiotherapy [2]. Unfortunately, 
approximately 25% of PCa patients relapse within 5 years 
[3]. Moreover, the recurrence, metastasis and castration-
resistant progression of PCa are the leading causes of 
PCa death [4]. Hence, it is imperative to explore new PCa 
progress mechanism to develop effective PCa diagnosis 
and treatment.

Long non-coding RNAs (lncRNAs) are a class of criti-
cal members of the non-coding RNA (ncRNA) family 
that are more than 200 nucleotides in length and have no 
protein coding function [5, 6]. Increasing evidence has 
reported that lncRNAs exert a critical role in pathologi-
cal and physiological processes, such as tumorigenesis 
and organ formation [6, 7]. LncRNA activated by DNA 
damage (NORAD) is an outstanding lncRNA, which 
plays a vital role in chromosomal stability and DNA pro-
tection [8]. The abnormal expression of NORAD was 
connected with the advancement of various cancers. For 
instance, increased NORAD expression was related to 
the poor prognosis of bladder cancer [9]. Also, NORAD 
could regulate the migration and proliferation of osteo-
sarcoma cells [10]. And high NORAD expression was 
associated with tumor progression in colorectal cancer 
[11]. Also,  NORAD depletion repressed epithelial ovar-
ian cancer advancement [12]. Furthermore, NORAD was 
concerned with the tumorigenesis of PCa [13]. Neverthe-
less, the regulatory mechanism of NORAD in PCa pro-
gression has been not been well explained.

MicroRNAs (miRNAs) are a class of short ncRNAs 
(approximately 22 nucleotides), which participate in a 
range of biological processes, such as cell differentiation, 
movement, proliferation, and apoptosis [14]. In recent 
years, miRNAs are revealed to be abnormally expressed 
in tumors and have attracted widespread attention [15]. 
MicroRNA-495-3p (miR-495-3p) was showed to be 
downregulated in a series of tumors, such as colon can-
cer [16], melanoma [17], and osteosarcoma [18]. MiR-
495-3p served as a suppressor in gastric carcinogenesis 
via modulating multiple epigenetic modifiers [19]. Also, 
the lncRNA UCA1/miR-495-3p/SATB1 axis was  related 
to cell invasion and proliferation in gastric cancer [20]. 

However, whether miR-495-3p can be regulated by 
NORAD has not been reported.

Thyroid hormone receptor interactor 13 (TRIP13), a 
member of the AAA + protein family, plays a pivotal role 
in mitosis [21, 22]. TRIP13 was revealed to be amplified 
in a variety of human cancers, and was concerned with 
tumor progression [23]. For instance, TRIP13 could 
accelerate tumor growth in colorectal cancer [24]. Fur-
thermore, reduced TRIP13 expression curbed tumor 
metastasis and growth in hepatocellular cancer [25]. 
Also, TRIP13 was revealed as a predictor for poor prog-
nosis of  PCa [26]. Nevertheless, it is unclear whether 
NORAD and miR-495-3p can regulate the expression of 
TRIP13 in PCa.

Hence, we evaluated the expression patterns of 
NORAD, miR-495-3p, and TRIP13 in PCa tissues and 
cells. Moreover, the roles of NORAD and miR-495-3p in 
PCa cells in vitro were further investigated. Furthermore, 
we also explored the mechanism of the NORAD/miR-
495-3p/TRIP13 axis in PCa, which provided a possible 
strategy for the treatment of PCa.

Materials and methods
PCa specimen collection
The current research was permitted by the Ethical Com-
mittee of Huaihe Hospital, Henan University. All speci-
mens (PCa tissues and adjoining healthy tissues) used in 
this research were  collected from 30 patients with PCa 
who were diagnosed at Huaihe Hospital, Henan Univer-
sity hospital. PCa patients participating in this research 
did not receive any treatment before surgery. Moreover, 
all participants in this research signed informed consents 
prior to surgery. The clinicopathological characteristics 
of patients with PCa were shown in Table 1.

Cell culture
PCa cell lines (DU145, 22Rv1, and LNCaP) and the 
normal human prostate epithelial cells RWPE-1 were 
procured from American Tissue Culture Collection 
(Manassas, VA, USA). The Roswell Park Memorial 
Institute (RPMI) 1640 medium from Life Technologies 
(Grand Island, NY, USA) supplemented with fetal bovine 
serum (10%, FBS, HyClone, Logan, UT, USA), streptomy-
cin (100 μg/mL, Life Technologies) and penicillin (100 U/
mL, Life Technologies) was utilized to culture the above 
cell lines. Moreover, all cells were kept in an incubator 
with 5% CO2 at 37℃.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)
Total RNA of PCa tissues and adjoining healthy tis-
sues, as well as cells, were extracted through TRIzol rea-
gent (Thermo Fisher Scientific, Waltham, MA, USA). 
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Primer-Script one step RT-PCR kit (Takara, Dalian, 
China) or MiRNA Reverse Transcription kit (Thermo 
Fisher Scientific) was employed to synthesize the first-
strand complementary DNA. The levels of NORAD, 
miR-495-3p, and TRIP13 were assessed via SYBR Premix 
DimerEraser Kit (Takara). The primer sequences used in 
the research were presented as below: NORAD: 5′-TGA​
TAG​GAT​ACA​TCT​TGG​ACA​TGG​A-3′ (F) and 5′-AAC​
CTA​ATG​AAC​AAG​TCC​TGA​CAT​ACA-3′ (R); miR-
495-3p: 5′-ACA​CTC​CAG​CTG​GGA​AAC​AAA​CAT​GGT​
GCA​-3′ (F) and 5′-TGG​TGT​CGT​GGA​GTCG-3′ (R); 
TRIP13: 5′-ACT​GTT​GCA​CTT​CAC​ATT​TTCCA-3′ (F) 
and 5′-TCG​AGG​AGA​TGG​GAT​TTG​ACT-3′ (R); glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH): 5′-GAC​
TCC​ACT​CAC​GGC​AAA​TTCA-3′ (F) and 5′-TCG​CTC​
CTG​GAA​GAT​GGT​GAT-3′ (R); U6 small nuclear RNA 
(snRNA): 5′-GCT​CGC​TTC​GGC​AGC​ACA​-3′ (F) and 
5′-GAG​GTA​TTC​GCA​CCA​GAG​GA-3′ (R). The expres-
sion levels of NORAD, miR-495-3p, and TRIP13 were 
calculated by the 2−ΔΔCt method, and GAPDH or U6 
snRNA was viewed as an internal control for NORAD, 
TRIP13, and miR-495-3p.

Cell transfection
Small interference RNA (siRNA) targeting NORAD (si-
NORAD) and negative control (si-NC) were procured 
from GenePharma (Shanghai, China). The pcDNA-
NORAD vectors (pcDNA-NORAD) and pcDNA-
TRIP13 vectors (pcDNA-TRIP13) were constructed 
using the pcDNA3.1 vector (Invitrogen, Carlsbad, CA, 
USA). MiR-495-3p mimic (miR-495-3p) and scram-
bled mimics control (miR-NC), as well as miR-495-3p 

inhibitor (anti-miR-495-3p) and matching control (anti-
miR-NC), were obtained from GenePharma. Also, the 
cells were transfected with Lipofectamine 2000 reagent 
(Invitrogen). The sequences were displayed as the fol-
lowing: si-NC (5′-GCG​CGA​TAG​CGC​GAA​TAT​A-3′), 
si-NORAD (5′- AAT​AGA​ATG​AAG​ACC​AAC​CGC-3′), 
miR-495-3p (5′-TTT​GTT​TGT​ACC​ACG​TGA​AGAA-3′), 
and anti-miR-495-3p (5′-UUC​UUC​ACG​UGG​UAC​AAA​
CAAA-3′).

3‑(4, 5‑dimethylthiazol‑2‑yl)‑2, 5‑diphenyltetrazolium 
bromide (MTT) assay
The proliferation capacity of transfected PCa cells was 
evaluated through MTT assay. Briefly, transfected PCa 
cells (2.5 × 103/well) were seeded into 96-well plates 
(Corning Costar, Corning, NY, USA) and maintained 
in an incubator with 5% CO2 at 37℃ for 24, 48, or 72 h. 
Then, MTT (20 μL) (Sigma, Louis, Missouri, USA) was 
replenished to each well and kept for 4 h. Thereafter, the 
supernatant of each well was discarded and dimethyl sul-
foxide (150 μL, Sigma) was used for the dissolution of the 
formazan crystals. In the end, the Microplate Absorb-
ance Reader (Thermo Fisher Scientific) was executed for 
the assessment of the optical density value at 490 nm.

Flow cytometry assay
The apoptotic rate of transfected PCa cells was evaluated 
via the Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) apoptosis detection kit (Sigma). In 
short, transfected PCa cells were cultured for 48 h. After 
washing with PBS, the cells were resuspended in bind-
ing buffer. Afterward, the binding buffer with transfected 
PCa cells (1 × 106/mL) was supplemented with Annexin 
V-FITC (10 μL) and PI (5 μL) and kept for 15 min in the 
dark. At last, the FACScan flow cytometry from BD Bio-
sciences (San Jose, CA, USA) was employed to analyze 
the apoptotic rate of transfected PCa cells.

Western blot analysis
Total protein of PCa tissues and adjoining healthy tis-
sues, as well as cells, was extracted by radio-immuno-
precipitation assay (RIPA) lysis buffer (Thermo Fisher 
Scientific). Afterward, extracted protein was sepa-
rated via the sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (10%, SDS-PAGE). After that, the 
wet electrophoretic transfer method was executed to 
transfer the separated protein onto polyvinylidene dif-
luoride (PVDF) membranes (Millipore, Bedford, MA, 
USA). Next, the PVDF membranes were washed and 
then blocked by Tris Buffered Saline Tween (TBST) 
buffer with 5% skim milk. Then, the PVDF membranes 
were incubated with primary antibodies: anti-TRIP13 
(HPA005727, Sigma), anti-GAPDH (1:2500, ab9485, 

Table 1  The clinicopathological characteristics of  30 
prostate cancer patients

Clinicopathologic parameters Case

Age (years)

 ≤ 60 12

 > 60 18

Tumor size

  ≤ 2.5 cm 20

  > 2.5 cm 10

Pathological stage

 I–II 19

 III 11

Lymph node metastasis

 No 9

 Yes 21

Histological grade

 G1 + G2 16

 G3 14
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Abcam, Cambridge, MA, USA), anti-Bcl-2-associated 
X (Bax) (1:1000, ab32503, Abcam), anti-B cell lym-
phoma 2 (Bcl-2) (1:2000, ab182858, Abcam), anti-
Cleaved-caspase-3 (Cleaved-casp-3) (1:500, ab32042, 
Abcam), anti-cyclin D1 (1:200, ab16663, Abcam), and 
anti-proliferation cell nuclear antigen (PCNA) (1:1000, 
ab92552). Subsequently, the membranes were washed 
and incubated with goat anti-rabbit IgG (1:2000, 
ab97051, Abcam). GAPDH was regarded as a loading 
control. Finally, the ImageJ software from the National 
Institutes of Health (Bethesda, MD, USA) was used to 
visualize the bands.

Transwell assay
The transwell chamber (8 μm) from Corning Costar was 
applied to evaluate the migration and invasion capacities 
of transfected PCa cells. For the migration assay, RPMI 
1640 medium (200 μL) embracing transfected PCa cells 
(1.5 × 105) were added to the top chamber. Synchro-
nously, RPMI 1640 medium (800 μL) supplemented with 
FBS (10%) was added to the lower chamber as a chem-
oattractant. After culturing for 24  h, a cotton swab was 
used to eliminate the cells on the upper surface of the 
member. Afterward, the migrated cells on the lower sur-
face of the membrane were fixed via methanol (100%) 
and stained with crystal violet (0.25%, Sigma). The inva-
sion assay was performed with a transwell chamber 
coated with matrigel matrix (BD Biosciences). Eventually, 
the migrated or invaded cells were counted using a light 
microscope (Olympus, Tokyo, Japan).

Dual‑luciferase reporter assay
The starBase v2.0 database was utilized for the prediction 
of the binding sites between miR-495-3p and NORAD 
or TRIP13. The pGL3-control vector (Promega, Madi-
son, WI, USA) with the wild type NORAD sequence 
(NORAD WT) and mutant NORAD sequence (NORAD 
MUT) (within predicted miR-495-3p binding sites) were 
constructed to verify the binding sites between miR-
495-3p and NORAD. Similarly, the wild type TRIP13 
3′-Untranslated Regions (UTR) and mutant TRIP13 
3′-UTR sequences (within predicted miR-495-3p binding 
sites) were synthesized and inserted into the pGL3-con-
trol vector to construct the luciferase reporters. After-
ward, the miR-NC or miR-495-3p was co-transfected 
into PCa cells with luciferase reporter vectors for the exe-
cution of the dual-luciferase reporter assay, respectively. 
Finally, the luciferase activities of luciferase reporter 
vectors were determined through the dual-luciferase 
reporter assay kit (Promega).

RNA immunoprecipitation (RIP) assay
The relationship between miR-495-3p and NORAD 
was verified via the Magna RIP™ RNA Binding Protein 
Immunoprecipitation Kit (Millipore). In short, 22Rv1 and 
LNCaP cells were lysed in RIP lysis buffer with protease 
inhibitor (Sigma) and RNase inhibitor (Thermo Fisher 
Scientific). Then, the lysates were incubated in RIP buffer 
containing magnetic beads, and the magnetic beads were 
conjugated with anti-AGO2 or anti-IgG antibodies (Mil-
lipore). Subsequently, the magnetic beads were incubated 
with proteinase K (Sigma) for the digestion of the protein. 
Afterward, total RNA was isolated via the TRIzol rea-
gent (Thermo Fisher Scientific). The enrichment of miR-
495-3p and NORAD was evaluated through qRT-PCR.

RNA pull‑down assay
The biotinylated (bio)-NC and bio-miR-495-3p were 
acquired from Sigma Aldrich. In short, 22Rv1 and 
LNCaP cells were transfected with bio-NC or bio-miR-
495-3p, respectively. Then, the cells were lysed with lysis 
buffer. Next, the lysate was incubated with streptavidin-
coupled magnetic beads for 2  h. Thereafter, the bound 
RNA was obtained via using Trizol reagent, and the level 
of TRIP13 was determined via qRT-PCR.

Xenograft assay
The animal experiments were approved by the Eth-
ics Committee of Huaihe Hospital, Henan University. 
18 BALB/c nude mice (5-week-old) were obtained from 
Shanghai Experimental Animal Center (Shanghai, China) 
and housed in no specific pathogentic conditions with 
water and food. LNCaP (2 × 106) cells transfected with 
sh-NC, lentivirus-mediated sh-NORAD, or lentivirus-
mediated sh-NORAD + anti-miR-495-3p was subcutane-
ously injected into the dorsal side of mice (6 mice in each 
group). Tumor volume was measured once a week using 
a digital caliper. The tumor volume was calculated with 
the equation:

On day 35, the mice were killed through cervical dislo-
cation under 5% isoflurane for subsequent analysis.

Statistical analysis
SPSS 20.0 software (IBM, Armonk, NY, USA) and Graph-
Pad Prism 5.0 (GraphPad, San Diego, CA, USA) were 
employed for the conduction of the statistical analysis. 
Student’s t test or one-way variance analysis (ANOVA) 
was applied to compare the differences between two or 
among more groups. Differences with P < 0.05 were sta-
tistically significant. Pearson’s correlation analysis was 
utilized to assess the correlation among NORAD, miR-
495-3p, and TRIP13 in PCa tissues. The data for this 

Volume = (length× width2/2)
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study were derived from at least 3 independent experi-
ments and were shown as mean ± standard deviation.

Results
NORAD was augmented while miR‑495‑3p 
was downregulated in PCa tissues and cells
To assess the role of NORAD in PCa, we employed the 
qRT-PCR for the assessment of the expression level of 
NORAD in 30 paired PCa tissues and adjoining healthy 
tissues. The data exhibited that an apparent elevation 
of NORAD was discovered in PCa tissues compared to 
that in adjoining healthy tissues (Fig.  1a). Compared to 
the RWPE-1 cells, NORAD expression was strikingly 
increased in PCa cell lines (DU145, 22Rv1 and LNCaP). 
Furthermore, NORAD expression was higher in 22Rv1 
and LNCaP cells than that in DU145 cells (Fig.  1b). 
Subsequently, the expression pattern of miR-495-3p in 
PCa tissues and cell lines was explored. As presented 
in Fig.  1c, d, miR-495-3p expression was conspicuously 

decreased in PCa tissues and cell lines in contrast to 
adjoining healthy tissues and RWPE-1 cells. These results 
indicated that the abnormal expression of NORAD and 
miR-495-3p in PCa might be related to the progression 
of PCa.

NORAD downregulation induced cell apoptosis 
and repressed cell proliferation, migration, and invasion 
in PCa cells
In view of the above results, we transfected the si-NC 
or si-NORAD into 22Rv1 and LNCaP cells to silence 
the expression of NORAD. Results of qRT-PCR exhib-
ited that NORAD expression was dramatically reduced 
in 22Rv1 and LNCaP cells transfected with si-NORAD 
compared to the si-NC control (Fig. 2a). MTT assay dis-
played that decreased NORAD expression apparently 
restrained the proliferation ability of 22Rv1 and LNCaP 
cells (Fig. 2b, c). Flow cytometry assay was then carried 
out and the results indicated that NORAD silencing 

Fig. 1  Expression levels of NORAD and miR-495-3p in PCa tissues and cells. a QRT-PCR was employed to analyze the expression level of NORAD 
in 30 paired PCa tissues and adjoining healthy tissues. b The level of NORAD in PCa cell lines and RWPE-1 cells was assessed with qRT-PCR. c, d The 
expression of miR-495-3p in PCa tissues, adjoining healthy tissues, PCa cell lines, and RWPE-1 cells was detected using qRT-PCR. The experiments 
were performed in triplicate. ***P < 0.001
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evidently facilitated the apoptosis of 22Rv1 and LNCaP 
cells (Fig.  2d). Western blot analysis suggested that 
NORAD inhibition dramatically elevated the levels of 
Bax and Cleaved-casp-3 and reduced the level of Bcl-2 

in 22Rv1 and LNCaP cells (Fig.  2e–h). Also, transwell 
assay showed that the migration and invasion capacities 
of 22Rv1 and LNCaP cells were obviously inhibited by 
NORAD downregulation (Fig.  2i, j). Collectively, these 

Fig. 2  Effects of NORAD downregulation on the proliferation, apoptosis, migration and invasion of PCa cells. a The expression of NORAD in 22Rv1 
and LNCaP cells was evaluated by qRT-PCR. a–j 22Rv1 and LNCaP cells were transfected with si-NC or si-NORAD. b, c MTT assay was executed for 
the detection of the proliferation of 22Rv1 and LNCaP cells. d Flow cytometry assay was performed to assess the apoptosis of 22Rv1 and LNCaP 
cells. e–h Western blot analysis was conducted for the assessment of the levels of Bax, Bcl-2, and Cleaved-casp-3 in 22Rv1 and LNCaP cells. i, j 
Transwell assay was employed to evaluate the migration and invasion capacities of 22Rv1 and LNCaP cells. The experiments were performed in 
triplicate. ***P < 0.001
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results indicated that NORAD knockdown expedited 
apoptosis and repressed proliferation, migration, and 
invasion of PCa cells.

Elevated miR‑495‑3p expression induced apoptosis 
and impeded proliferation, migration, and invasion of PCa 
cells
To evaluate the role of miR-495-3p in PCa, we employed 
the gain-of-function experiments to analyze the effects of 
miR-495-3p overexpression on proliferation, apoptosis, 
migration, and invasion of PCa cells. In comparison to 
the miR-NC control, miR-495-3p expression was strik-
ingly reinforced in 22Rv1 and LNCaP cells after miR-
495-3p transfection (Fig.  3a). MTT assay showed that 
the proliferation of 22Rv1 and LNCaP cells was drasti-
cally suppressed by miR-495-3p overexpression (Fig. 3b, 
c). Also, flow cytometry assay disclosed that miR-495-3p 
elevation notably accelerated the apoptosis of 22Rv1 and 
LNCaP cells (Fig.  3d). Transwell assay manifested that 
miR-495-3p upregulation inhibited cell migration and 
invasion in 22Rv1 and LNCaP cells (Fig.  3e, f ). Besides, 

western blot analysis exhibited that enhanced miR-
495-3p expression conspicuously upregulated the levels 
of Bax and Cleaved-casp-3 and downregulated the level 
of Bcl-2 in 22Rv1 and LNCaP cells (Fig.  3g, j). Taken 
together, the results suggested that miR-495-3p ene-
hancement could trigger cell apoptosis and constrain cell 
proliferation, migration, and invasion in PCa cells.

NORAD served as a sponge for miR‑495‑3p in PCa cells
In consideration of the above results, we further explored 
whether NORAD acted as a sponge for miR-495-3p 
in PCa cells. We found that NORAD held the potential 
binding sites for miR-495-3p through the starBase v2.0 
database. Dual-luciferase reporter assay manifested that 
miR-495-3p overexpression strikingly reduced the lucif-
erase activity of luciferase reporters with NORAD WT 
in 22Rv1 and LNCaP cells, while the luciferase activity of 
luciferase reporters with NORAD MUT did not change 
(Fig.  4b, c). RIP assay exhibited that the enrichment of 
NORAD and miR-495-3p was higher in Ago2-harboring 
beads compared with the control IgG (Fig.  4d, e). RNA 

Fig. 3  Effects of miR-495-3p mimic on the proliferation, apoptosis, migration, and invasion of PCa cells. a QRT-PCR was conducted for the 
evaluation of the expression of miR-495-3p in both 22Rv1 and LNCaP cells. a–j 22Rv1 and LNCaP cells were transfected with miR-NC or miR-495-3p. 
b, c The proliferation capacity of 22Rv1 and LNCaP cells was determined with MTT assay. d The apoptotic rate of 22Rv1 and LNCaP cells was 
assessed using flow cytometry assay. e, f The migration and invasion capacities of 22Rv1 and LNCaP cells were detected using transwell assay. g–j 
The levels of Bax, Cleaved-casp-3, and Bcl-2 in 22Rv1 and LNCaP cells were measured by western blot analysis. The experiments were performed in 
triplicate. ***P < 0.001
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pull-down assay displayed that NORAD was pulled down 
by bio-miR-495-3p in comparison to the control bio-NC 
(Fig.  4f ). We found that NORAD expression was nega-
tively correlated with miR-495-3p in PCa tissues (Fig. 4g). 
And miR-495-3p expression was markedly elevated 
in NORAD-silenced 22Rv1 and LNCaP cells and was 
reduced in 22Rv1 and LNCaP cells after transfection with 
pcDNA-NORAD (Fig. 4h). Together, these data indicated 
that NORAD acted as a sponge for miR-495-3p in PCa 
cells.

MiR‑495‑3p inhibition weakened NORAD 
downregulation‑mediated effects on proliferation, 
apoptosis, migration, and invasion of PCa cells
Given that NORAD negatively regulated the expression 
of miR-495-3p in PCa cells, we further explored whether 
NORAD played its function in PCa cells via miR-495-3p. 

The results presented that miR-495-3p expression was 
enhanced in NORAD-silenced 22Rv1 and LNCaP cells, 
while this trend was overturned after anti-miR-495-3p 
transfection (Fig.  5a). MTT assay manifested that the 
suppression of proliferation of 22Rv1 and LNCaP cells 
caused by NORAD inhibition was mitigated by miR-
495-3p downregulation (Fig.  5b, c). Also, flow cytom-
etry assay suggested that the promotive influence of 
NORAD inhibition on apoptosis of 22Rv1 and LNCaP 
cells was alleviated by miR-495-3p exhaustion (Fig.  5d). 
Moreover, transwell assay revealed that miR-495-3p 
knockdown strikingly counteracted the suppressive influ-
ence of NORAD reduction on migration and invasion 
of 22Rv1 and LNCaP cells (Fig. 5e, f ). In addition, west-
ern blot analysis suggested miR-495-3p reduction could 
abate the effects of NORAD inhibition on the levels of 
Bax, Cleaved-casp-3, and Bcl-2 of 22Rv1 and LNCaP 

Fig. 4  NORAD negatively regulated miR-495-3p expression in PCa cells. a The binding sites between NORAD and miR-495-3p were predicted 
with starBase v2.0 database. b, c The luciferase activities of luciferase reporter vectors of NORAD MUT and NORAD WT in 22Rv1 and LNCaP cells 
transfected with miR-495-3p or miR-NC were determined with dual-luciferase reporter assay. d, e RIP assay was performed to verify the relationship 
between miR-495-3p and NORAD. f RNA pull-down assay was employed to determine whether NORAD can be pull-down by miR-495-3p in both 
22Rv1 and LNCaP cells. g Pearson’s correlation analysis method was employed to assess the correlation between NORAD and miR-495-3p in PCa 
tissues. h The expression of miR-495-3p in both 22Rv1 and LNCaP cells transfected with si-NORAD, si-NC, pcDNA-NORAD or pcDNA was detected by 
qRT-PCR. The experiments were performed in triplicate. ***P < 0.001
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cells (Fig.  5g–j). In a word, these results indicated that 
NORAD mediated the malignant behaviors of PCa cells 
through miR-495-3p.

TRIP13 acted as a target for miR‑495‑3p in PCa cells
To deeply understand the molecular mechanism of 
PCa, we applied the starBase v2.0 database to predict 
the possible target of miR-495-3p. The results presented 
that TRIP13 might be a target for miR-495-3p (Fig. 6a). 
Results of dual-luciferase reporter assay exhibited that 
the co-transfection of the luciferase reporters with 
TRIP13 3′-UTR-WT and miR-495-3p markedly inhib-
ited the luciferase activity in 22Rv1 and LNCaP cells. 
However, there was no apparent difference in the lucif-
erase reporters with TRIP13 3′-UTR-MUT (Fig.  6b, c). 
RNA pull-down assay exhibited that TRIP13 mRNA was 
pulled down by bio-miR-495-3p in contrast to the con-
trol group (Fig. 6d). Also the levels of TRIP13 mRNA and 
protein were overtly  increased in PCa tissues compared 
with adjoining healthy tissues (6E and 6F). Compared 
the RWPE-1 cells, the levels of TRIP13 mRNA and pro-
tein were conspicuously elevated in 22Rv1 and LNCaP 
cells (Fig.  6g, h). Furthermore, TRIP13 and miR-495-3p 

expression had a negative correlation in PCa tissues 
(Fig.  6i). In addition, we found that the protein level of 
TRIP13 were remarkably elevated in 22Rv1 and LNCaP 
cells transfected with anti-miR-495-3p, while the levels 
of TRIP13 protein were evidently reduced in 22Rv1 and 
LNCaP cells transfected with miR-495-3p (Fig.  6j). In 
short, miR-495-3p targeted TRIP13 in 22Rv1 and LNCaP 
cells.

TRIP13 overexpression reversed miR‑495‑3p 
upregulation‑mediated impacts on proliferation, 
apoptosis, migration, and invasion of PCa cells
Based on the above findings, we investigated whether 
miR-495-3p exerted its function through TRIP13. The 
data exhibited that TRIP13 protein levels were down-
regulated in miR-495-3p-increased 22Rv1 and LNCaP 
cells, while this effect was reversed after transfection with 
TRIP13 (Fig. 7a). We discovered that TRIP13 overexpres-
sion abrogated the suppression of proliferation of 22Rv1 
and LNCaP cells induced by miR-495-3p overexpres-
sion (Fig.  7b, c). Moreover, flow cytometry assay dem-
onstrated that the reintroduction of TRIP13 recovered 
the accelerative influence of miR-495-3p elevation on 

Fig. 5  Reduced miR-495-3p expression mitigated NORAD knockdown-mediated influence on cell proliferation, apoptosis, migration and invasion 
in PCa cells. a QRT-PCR was conducted for the evaluation of the expression of miR-495-3p in 22Rv1 and LNCaP cells. a–j 22Rv1 and LNCaP cells were 
transfected with si-NORAD, si-NC, si-NORAD + anti-miR-NC, or si-NORAD + anti-miR-495-3p. b, c The proliferation of 22Rv1 and LNCaP cells was 
analyzed with MTT assay. d Flow cytometry assay was executed for the assessment of the apoptosis of 22Rv1 and LNCaP cells. e, f Teanswell assay 
was carried out for the detection of cell migration and invasion in 22Rv1 and LNCaP cells. g–j The levels of Bax, Cleaved-casp-3, and Bcl-2 in 22Rv1 
and LNCaP cells were assessed with western blot analysis. The experiments were performed in triplicate. *P < 0.05, **P < 0.01, and ***P < 0.001
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apoptosis of 22Rv1 and LNCaP cells (Fig. 7d). Transwell 
assay displayed that TRIP13 upregulation overturned the 
prohibitive effect of miR-495-3p upregulation on migra-
tion and invasion of 22Rv1 and LNCaP cells (Fig. 7e, f ). 
In addition, western blot analysis displayed that TRIP13 
reintroduction abolished the upregulation of Bax and 
Cleaved-casp-3 and the downregulation of Bcl-2 in miR-
495-3p-increased 22Rv1 and LNCaP cells (Fig.  7g, j). 
These results indicated that miR-495-3p exerted its func-
tion through regulating TRIP13 expression in PCa cells.

NORAD regulated TRIP13 expression via targeting 
miR‑495‑3p in PCa cells
In light of all the above results, we next probed into 
whether NORAD could regulate TRIP13 expression as a 
competing endogenous RNA (ceRNA) in PCa cells. In the 
first place, we observed TRIP13 protein level was reduced 
in NORAD-decreased 22Rv1 and LNCaP cells, while 
this decrease was overturned by miR-495-3p silencing 
(Fig. 8a). Besides, TRIP13 could be pulled down by bio-
NORAD (Fig.  8b).  Also, the expression of NORAD and 
TRIP13 had a positive correlation in PCa tissues (Fig. 8c). 

Also, TRIP13 protein level was  effectively downregu-
lated in 22Rv1 and LNCaP cells after transfecttion with 
si-NORAD, while this reduction was overturned by 
TRIP13 reintroduction (Fig.  8d). And TRIP13 overex-
pression overturned the suppressive effect of NORAD 
downregulation on proliferation of 22Rv1 and LNCaP 
cells (Fig.  8e, f ). Furthermore, the stimulative effect of 
NORAD knockdown on apoptosis of 22Rv1 and LNCaP 
cells was recovered by TRIP13 upregulation (Fig. 8g). In 
addition, TRIP13 elevation reversed  the repression of 
migration and invasion of 22Rv1 and LNCaP cells caused 
by NORAD silencing (Fig. 8h, i). Also,  elevated TRIP13 
expression reversed the effects of NORAD inhibition 
on the levels of Bax, Cleaved-casp-3, and Bcl-2 of 22Rv1 
and LNCaP cells (Fig. 8j–m). In sum, NORAD exerted its 
role by regulating TRIP13 expression via sponging miR-
495-3p in PCa cells.

NORAD depletion curbed tumor growth 
through the miR‑495‑3p/TRIP13 axis in vivo
Given that NORAD modulated TRIP13 expression 
through miR-495-3p in PCa cells in  vitro, we further 

Fig. 6  MiR-495-3p targeted TRIP13 in PCa cells. a The binding sites of miR-495-3p in the 3′-UTR of TRIP13 were predicted with starBase v2.0 
database. b, c Dual-luciferase reporter assay was carried out to detect the luciferase activity of luciferase reporter vector of TRIP13 3′-UTR-MUT 
or TRIP13 3′-UTR-MUT in 22Rv1 and LNCaP cells transfected with and miR-495-3p or miR-NC. d RNA pull-down assay was executed to verify the 
relationship between miR-495-3p and TRIP13. e, f QRT-PCR or western blot analysis was conducted to assess the expression of TRIP13 mRNA and 
protein in PCa tissues and adjoining healthy tissues. g, h The expression levels of TRIP13 mRNA and protein in 22Rv1, LNCaP, and RWPE-1 cells were 
detected by qRT-PCR or western blot analysis. i Pearson’s correlation analysis method was used to analyze the correlation between TRIP13 and 
miR-495-3p in PCa tissues. j The expression of TRIP13 protein in 22Rv1 and LNCaP cells transfected with anti-miR-495-3p, anti-miR-NC, miR-NC, or 
miR-495-3p was detected by western blot analysis. The experiments were performed in triplicate. ***P < 0.001
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confirmed the regulatory mechanism in  vivo through 
xenograft assay. We observed that NORAD expression 
was overtly decreased in LNCaP cells infected with len-
tivirus-mediated sh-NORAD compared to the sh-NC 
control, but this influence did not change after anti-miR-
495-3p introduction (Fig.  9a). Moreover, miR-495-3p 
expression was elevated in LNCaP cells infected with 
lentivirus-mediated sh-NORAD compared to the lentivi-
rus-mediated sh-NORAD + anti-miR-495-3p and sh-NC 
(Fig. 9b). Also, tumor volume and weight were decreased 
in mice tumor tissues of the sh-NORAD group, and this 
this repressed was partly recovered by the introduction 
of anti-miR-495-3p (Fig. 9c–e). And NORAD was down-
regulated in mice tumor tissues of the sh-NORAD group 
compared to the control group, and NORAD expres-
sion in mice tumor tissues of the sh-NORAD + anti-
miR-495-3p group was consistent with the sh-NORAD 
group (Fig.  9f ). Furthermore, the level of miR-495-3p 
was increased and the levels of TRIP13 mRNA and 
protein were reduced in mice tumor tissues of the sh-
NORAD group, while this trend was partly abolished in 
mice tumor tissues of the sh-NORAD + anti-miR-495-3p 

group (Fig. 9g–i). Additionally, the levels of cyclinD1 and 
PCNA in mice tumor tissues of sh-NC, sh-NORAD, and 
sh-NORAD + anti-miR-495-3p groups were consistent 
with the TRIP13 mRNA and protein levels (Fig. 9j). Col-
lectively, these results manifested that NORAD inhibi-
tion could constrain tumor growth in  vivo through the 
miR-495-3p/TRIP13 axis.

Discussion
PCa has high morbidity and mortality. It was estimated 
that there will be 174,650 new cases of PCa and 31,620 
deaths in the United States in 2019, and the number of 
new PCa cases  and deaths will increases by 6 and 7% 
respectively over the previous year [27]. LncRNAs have 
been reported as therapeutic targets for  some  can-
cers, including PCa [28, 29]. Increased studies revealed 
that NORAD expression was elevated in various can-
cers. Li et  al. revealed that NORAD expression was 
elevated in pancreatic cancer tissues, and NORAD 
silencing impeded metastasis and epithelial-to mes-
enchymal-transition (EMT) of pancreatic cancer cells 
in  vivo and in  vitro [30]. Another research revealed 

Fig. 7  MiR-495-3p played its function via regulation of TRIP13 expression in PCa cells. a Protein level of TRIP13 in 22Rv1 and LNCaP cells 
was assessed using western blot analysis. a–j 22Rv1 and LNCaP cells were transfected with miR-NC, miR-495-3p, miR-495-3p + pcDNA or 
miR-495-3p + pcDNA-TRIP13. b, c MTT assay analysis of cell proliferation capacity in 22Rv1 and LNCaP cells. d Flow cytometry assay was applied to 
detect the apoptotic rate of 22Rv1 and LNCaP cells. e, f The migration and invasion abilities of 22Rv1 and LNCaP cells were evaluated with transwell 
assay. g–j The levels of Bax, Cleaved-casp-3 and Bcl-2 in 22Rv1 and LNCaP cells were analyzed through western blot analysis. The experiments were 
performed in triplicate. *P < 0.01 and ***P < 0.001
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that NORAD was upregulated in colorectal cancer tis-
sues, and NORAD inhibition induced apoptosis and 
constrained invasion, migration, and proliferation of 
colorectal cancer cells [31]. Zhang et  al. stated that 
NORAD exhaustion constrained migration, prolifera-
tion, and accelerated apoptosis of PCa cells [13]. We 
also observed that NORAD expression was boosted 
in PCa tissues and cells. Furthermore, NORAD down-
regulation facilitated apoptosis and repressed prolifera-
tion, migration, and invasion of PCa cells. Our results 

were consistent with the above studies, revealing that 
NORAD played a carcinogenic role in PCa.

Increasing studies demonstrated that NORAD played 
its role in cancers via acting as a ceRNA [12, 32, 33]. 
MiR-495-3p was revealed to exert a suppressive role 
in a range of cancers. One report revealed that miR-
495-3p upregulation could repress cell migration, 
invasion, and proliferation in osteosarcoma cells [18]. 
Wang et  al. reported that lncRNA LUCAT1 depletion 
increased miR-495-3p expression in clear cell renal 
cell cancer cells, which could suppress cancer cell 

Fig. 8  NORAD bound to miR-495-3p to regulate TRIP13 expression. a The expression of TRIP13 protein in 22Rv1 and LNCaP cells transfected with 
si-NC, si-NORAD, si-NORAD + anti-miR-NC or si-NORAD + anti-miR-495-3p was evaluated with western blot analysis. b RNA pull-down assay was 
employed to verify the relationship between NORAD and TRIP13.  c Pearson’s correlation analysis revealed the correlation  between NORAD and 
TRIP13 expression in PCa tissues. d Western blot analysis was conducted to assess TRIP13 protein level in 22Rv1 and LNCaP cells. d-m 22Rv1 and 
LNCaP cells were transfected with si-NC, si-NORAD, si-NORAD + pcDNA or si-NORAD + pcDNA-TRIP13. e, f The proliferation of 22Rv1 and LNCaP 
cells was detected with MTT assay. g The apoptosis of 22Rv1 and LNCaP cells was analyzed via flow cytometry assay. h, i The migration and invasion 
capacities of 22Rv1 and LNCaP cells were assessed through transwell assay. j–m Western blot analysis was executed to evaluate the levels of Bax, 
Cleaved-casp-3 and Bcl-2 protein in 22Rv1 and LNCaP cells. The experiments were performed in triplicate. *P < 0.05, **P < 0.01, and ***P < 0.001
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invasion and proliferation [34]. Li et al. discovered that 
increased miR-495 expression suppressed the invasion 
and migration of PCa cells via regulating mTOR and 
Akt signaling [35]. Consistent with the above stud-
ies, we observed that miR-495-3p was decreased in 
PCa tissues and cells. Also, miR-495-3p elevation pro-
moted cell apoptosis and inhibited cell proliferation, 
migration, and invasion in PCa cells. NORAD acted as 
a sponge for miR-495-3p in PCa cells. Moreover, the 
proliferation, apoptosis, migration, and invasion of PCa 
cells mediated by NORAD downregulation were over-
turned by miR-495-3p silencing. Furthermore, NORAD 
inhibition reduced tumor growth in  vivo, while this 
decrease was partly abolished by miR-495-3p inhibi-
tor. Silenced NORAD expression decreased the levels 
of cyclinD1 and PCNA in mice tumor tissues, but this 
reduced overturned by miR-495-3p silencing. Mount-
ing researches have revealed that cyclinD1 modulates 
G1 to S phase progression and is highly expressed 
in diverse tumors [36–38]. PCNA is a key medium in 
the process of DNA replication and can be used as a 

proliferation marker to evaluate the cell proliferation of 
xenograft tumor cells [39, 40].These data indicated that 
NORAD regulated cell malignant behaviors via spong-
ing miR-495-3p in PCa.

It is well known that miRNA works by targeting its 
target genes. Previous researches reported that TRIP13 
exerted a cancerogenic role in a series of cancer [41–43]. 
Report of Dong et al. claimed that TRIP13 was enhanced 
in PCa tissues and cells, and augmented TRIP13 expres-
sion accelerated invasion, migration, and prolifera-
tion of PCa cells [26]. Also, Zhang et  al. revealed that 
miR-515-5p repressed the expression of TRIP13 in PCa 
cells, which repressed cancer cell invasion, migration, 
and proliferation [44]. Herein, TRIP13 was upregulated 
in PCa tissues and cells. Furthermore, TRIP13 deple-
tion could expedite cell apoptosis and hamper cell pro-
liferation, migration, and invasion in PCa cells. TRIP13 
served as a target for miR-495-3p in PCa cells. TRIP13 
overexpression weakened the effects of the miR-495-3p 
enhancement on cell proliferation, apoptosis, migration, 
and invasion in PCa cells. Therefore, we concluded that 

Fig. 9  NORAD silencing repressed tumor growth through the miR-495-3p/TRIP13 axis in vivo. a, b The expression levels of NORAD and miR-495-3p 
in LNCaP cells transfected with sh-NC, sh-NORAD, or sh-NORAD + anti-miR-495-3p were detected with qRT-PCR. c Tumor volume was measured 
once a week in mice of the sh-NC, sh-NORAD, or sh-NORAD + anti-miR-495-3p groups. d A graph showing the tumor size of mice. e Tumor weight 
of mice of the sh-NC, sh-NORAD, or sh-NORAD + anti-miR-495-3p groups was assessed on day 35. f–h The expression of NORAD, miR-495-3p, and 
TRIP13 mRNA in tumor tissues of mice of the sh-NC, sh-NORAD, or sh-NORAD + anti-miR-495-3p groups was examined by qRT-PCR. i, j The levels of 
TRIP13 prtoein, cyclin D1, and PCNA in mice tumor tissues of the sh-NC, sh-NORAD, or sh-NORAD + anti-miR-495-3p groups were detected through 
western blot analysis. **P < 0.01 and ***P < 0.001
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NORAD exhaustion decreased TRIP13 expression via 
sponging miR-495-3p in PCa cells, which repressed cell 
proliferation, migration, and invasion and accelerated cell 
apoptosis.

Conclusion
All in all, NORAD depletion repressed PCa advancement 
via regulation of the miR-495-3p/TRIP13 axis. Further-
more, the research provided a might clue for the treat-
ment of PCa.

Abbreviations
PCa: Prostate cancer; miR-495-3p: MicroRNA-495-3p; TRIP13: Thyroid hormone 
receptor interactor 13; qRT-PCR: Quantitative real-time polymerase chain reac-
tion; lncRNAs: Long non-coding RNAs; ncRNA: Non-coding RNA.

Acknowledgements
None.

Authors’ contributions
LL and SW: conceived, designed and did statistical analysis & writing of the 
manuscript; LL: participated in revising the manuscript. Both authors read and 
approved the final manuscript.

Funding
None.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Ethics approval and consent to participate
The current research was permitted by the Ethical committee of Huaihe 
Hospital, Henan University.

Consent for publication
Informed consent was obtained from all patients.

Competing interests
The authors declare that they have no competing interests.

Received: 2 December 2019   Accepted: 20 June 2020

References
	1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2018;68(6):394–424.

	2.	 Litwin MS, Tan HJ. The diagnosis and treatment of prostate cancer: a 
review. JAMA. 2017;317(24):2532–42.

	3.	 Stephenson AJ, Kattan MW, Eastham JA, Dotan ZA, Bianco FJ Jr, Lilja H, 
Scardino PT. Defining biochemical recurrence of prostate cancer after 
radical prostatectomy: a proposal for a standardized definition. J Clin 
Oncol. 2006;24(24):3973–8.

	4.	 Wu J, Cheng G, Zhang C, Zheng Y, Xu H, Yang H, Hua L. Long noncoding 
RNA LINC01296 is associated with poor prognosis in prostate cancer and 
promotes cancer-cell proliferation and metastasis. Onco Targets Ther. 
2017;10:1843–52.

	5.	 Gibb EA, Brown CJ, Lam WL. The functional role of long non-coding RNA 
in human carcinomas. Mol Cancer. 2011;10:38.

	6.	 Schmitz SU, Grote P, Herrmann BG. Mechanisms of long noncod-
ing RNA function in development and disease. Cell Mol Life Sci. 
2016;73(13):2491–509.

	7.	 Li X, Wu Z, Fu X, Han W. lncRNAs: insights into their function and mechan-
ics in underlying disorders. Mutat Res Rev Mutat Res. 2014;762:1–21.

	8.	 Munschauer M, Nguyen CT, Sirokman K, Hartigan CR, Hogstrom L, 
Engreitz JM, Ulirsch JC, Fulco CP, Subramanian V, Chen J, et al. The NORAD 
lncRNA assembles a topoisomerase complex critical for genome stability. 
Nature. 2018;561(7721):132–6.

	9.	 Li Q, Li C, Chen J, Liu P, Cui Y, Zhou X, Li H, Zu X. High expression of long 
noncoding RNA NORAD indicates a poor prognosis and promotes clinical 
progression and metastasis in bladder cancer. Urol Oncol. 2018;36(6):310.
e15–e22.

	10.	 Wang X, Zou J, Chen H, Zhang P, Lu Z, You Z, Sun J. Long noncoding 
RNA NORAD regulates cancer cell proliferation and migration in human 
osteosarcoma by endogenously competing with miR-199a-3p. IUBMB 
Life. 2019;71(10):1482–2149149.

	11.	 Wang L, Du L, Duan W, Yan S, Xie Y, Wang C. Overexpression of long 
noncoding RNA NORAD in colorectal cancer associates with tumor 
progression. Onco Targets Ther. 2018;11:6757–66.

	12.	 Tong L, Ao Y, Zhang H, Wang K, Wang Y, Ma Q. Long noncoding RNA 
NORAD is upregulated in epithelial ovarian cancer and its downregula-
tion suppressed cancer cell functions by competing with miR-155-5p. 
Cancer Med. 2019;8(10):4782–91.

	13.	 Zhang H, Guo H. Long non-coding RNA NORAD induces cell proliferation 
and migration in prostate cancer. J Int Med Res. 2019;47(8):3898–904.

	14.	 Macfarlane LA, Murphy PR. MicroRNA: biogenesis, function and role in 
cancer. Curr Genomics. 2010;11(7):537–61.

	15.	 Lin S, Gregory RI. MicroRNA biogenesis pathways in cancer. Nat Rev 
Cancer. 2015;15(6):321–33.

	16.	 He Z, Dang J, Song A, Cui X, Ma Z, Zhang Z. NEAT1 promotes colon 
cancer progression through sponging miR-495-3p and activating CDK6 
in vitro and in vivo. J Cell Physiol. 2019;234(11):19582–91.

	17.	 Xia Y, Zhou Y, Han H, Li P, Wei W. lncRNA NEAT1 facilitates melanoma cell 
proliferation, migration, and invasion via regulating miR-495-3p and E2F3. 
J Cell Physiol. 2019;234(11):19592–601.

	18.	 Zhao G, Zhang L, Qian D, Sun Y, Liu W. miR-495-3p inhibits the cell 
proliferation, invasion and migration of osteosarcoma by targeting C1q/
TNF-related protein 3. Onco Targets Ther. 2019;12:6133–43.

	19.	 Eun JW, Kim HS, Shen Q, Yang HD, Kim SY, Yoon JH, Park WS, Lee JY, Nam 
SW. MicroRNA-495-3p functions as a tumor suppressor by regulat-
ing multiple epigenetic modifiers in gastric carcinogenesis. J Pathol. 
2018;244(1):107–19.

	20.	 Sun L, Liu L, Yang J, Li H, Zhang C. SATB1 3’-UTR and lncRNA-UCA1 com-
petitively bind to miR-495-3p and together regulate the proliferation and 
invasion of gastric cancer. J Cell Biochem. 2019;120(4):6671–82.

	21.	 Li XC, Schimenti JC. Mouse pachytene checkpoint 2 (TRIP13) is required 
for completing meiotic recombination but not synapsis. PLoS Genet. 
2007;3(8):e130.

	22.	 Miniowitz-Shemtov S, Eytan E, Kaisari S, Sitry-Shevah D, Hershko A. Mode 
of interaction of TRIP13 AAA-ATPase with the Mad2-binding protein 
p31comet and with mitotic checkpoint complexes. Proc Natl Acad Sci 
USA. 2015;112(37):11536–40.

	23.	 Lu S, Qian J, Guo M, Gu C, Yang Y. Insights into a crucial role of TRIP13 in 
human cancer. Comput Struct Biotec J. 2019;17:854–61.

	24.	 Sheng N, Yan L, Wu K, You W, Gong J, Hu L, Tan G, Chen H, Wang Z. TRIP13 
promotes tumor growth and is associated with poor prognosis in colo-
rectal cancer. Cell Death Dis. 2018;9(3):402.

	25.	 Yao J, Zhang X, Li J, Zhao D, Gao B, Zhou H, Gao S, Zhang L. Silencing 
TRIP13 inhibits cell growth and metastasis of hepatocellular carcinoma 
by activating of TGF-β1/smad3. Cancer Cell Int. 2018;18:208.

	26.	 Dong L, Ding H, Li Y, Xue D, Li Z, Liu Y, Zhang T, Zhou J, Wang P. TRIP13 is 
a predictor for poor prognosis and regulates cell proliferation, migration 
and invasion in prostate cancer. Int J Biol Macromol. 2019;121:200–6.

	27.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 
2019;69(1):7–34.

	28.	 Chandra Gupta S, Nandan TY. Potential of long non-coding RNAs in 
cancer patients: from biomarkers to therapeutic targets. Int J Cancer. 
2017;140(9):1955–67.

	29.	 Misawa A, Takayama KI, Inoue S. Long non-coding RNAs and prostate 
cancer. Cancer Sci. 2017;108(11):2107–14.

	30.	 Li H, Wang X, Wen C, Huo Z, Wang W, Zhan Q, Cheng D, Chen H, Deng X, 
Peng C, et al. Long noncoding RNA NORAD, a novel competing endog-
enous RNA, enhances the hypoxia-induced epithelial-mesenchymal 



Page 15 of 15Chen et al. Cancer Cell Int          (2020) 20:323 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

transition to promote metastasis in pancreatic cancer. Mol Cancer. 
2017;16(1):169.

	31.	 Zhang J, Li XY, Hu P, Ding YS. LncRNA NORAD contributes to colorectal 
cancer progression by inhibition of miR-202-5p. Oncol Res. 2018. https​://
doi.org/10.3727/09650​4018X​15190​84487​0055.

	32.	 Chen T, Qin S, Gu Y, Pan H, Bian D. Long non-coding RNA NORAD pro-
motes the occurrence and development of non-small cell lung cancer by 
adsorbing MiR-656-3p. Mol Genet Genomic Med. 2019;7(8):e757.

	33.	 Yang X, Yan Y, Chen Y, Li J, Yang J. Involvement of NORAD/miR-608/STAT3 
axis in carcinostasis effects of physcion 8-O-beta-glucopyranoside on 
ovarian cancer cells. Artif Cells Nanomed Biotechnol. 2019;47(1):2855–65.

	34.	 Wang LN, Zhu XQ, Song XS, Xu Y. Long noncoding RNA lung cancer asso-
ciated transcript 1 promotes proliferation and invasion of clear cell renal 
cell carcinoma cells by negatively regulating miR-495-3p. J Cell Biochem. 
2018;119(9):7599–609.

	35.	 Li JZ, Wang ZL, Xu WH, Li Q, Gao L, Wang ZM. MicroRNA-495 regulates 
migration and invasion in prostate cancer cells via targeting Akt and 
mTOR signaling. Cancer Invest. 2016;34(4):181–8.

	36.	 Tashiro E, Tsuchiya A, Imoto M. Functions of cyclin D1 as an oncogene 
and regulation of cyclin D1 expression. Cancer Sci. 2007;98(5):629–35.

	37.	 Qi Y, Wang D, Huang W, Wang B, Huang D, Xiong F, Chen X, Chen Y. 
CyclinD1 inhibits dicer and crucial miRNA expression by chromatin modi-
fication to promote the progression of intrahepatic cholangiocarcinoma. 
J Exp Clin Cancer Res. 2019;38(1):413.

	38.	 Cao L, Liu Y, Wang D, Huang L, Li F, Liu J, Zhang C, Shen Z, Gao Q, Yuan W, 
et al. MiR-760 suppresses human colorectal cancer growth by targeting 
BATF3/AP-1/cyclinD1 signaling. J Exp Clin Cancer Res. 2018;37(1):83.

	39.	 Stoimenov I, Helleday T. PCNA on the crossroad of cancer. Biochem Soc 
Trans. 2009;37(Pt 3):605–13.

	40.	 Bologna-Molina R, Mosqueda-Taylor A, Molina-Frechero N, Mori-Estevez 
A-D, Sánchez-Acuña G. Comparison of the value of PCNA and Ki-67 as 
markers of cell proliferation in ameloblastic tumors. Med Oral Patol Oral 
Cir Bucal. 2013;18(2):e174–e179179.

	41.	 Sheng N, Yan L, Wu K, You W, Gong J, Hu L, Tan G. TRIP13 promotes tumor 
growth and is associated with poor prognosis in colorectal cancer. Cell 
Death Dis. 2018;9(3):402.

	42.	 Banerjee R, Russo N, Liu M, Basrur V, Bellile E, Palanisamy N, Scanlon CS, 
van Tubergen E, Inglehart RC, Metwally T, et al. TRIP13 promotes error-
prone nonhomologous end joining and induces chemoresistance in 
head and neck cancer. Cell Death Dis. 2014;5:4527.

	43.	 Yao J, Zhang X, Li J, Zhao D, Gao B, Zhou H, Gao S, Zhang L. Silencing 
TRIP13 inhibits cell growth and metastasis of hepatocellular carcinoma 
by activating of TGF-beta1/smad3. Cancer Cell Int. 2018;18:208.

	44.	 Zhang X, Zhou J, Xue D, Li Z, Liu Y, Dong L. MiR-515-5p acts as a tumor 
suppressor via targeting TRIP13 in prostate cancer. Int J Biol Macromol. 
2019;129:227–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3727/096504018X15190844870055
https://doi.org/10.3727/096504018X15190844870055

	Long non-coding RNA NORAD exhaustion represses prostate cancer progression through inhibiting TRIP13 expression via competitively binding to miR-495-3p
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Highlights
	Background
	Materials and methods
	PCa specimen collection
	Cell culture
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	Cell transfection
	3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay
	Flow cytometry assay
	Western blot analysis
	Transwell assay
	Dual-luciferase reporter assay
	RNA immunoprecipitation (RIP) assay
	RNA pull-down assay
	Xenograft assay
	Statistical analysis

	Results
	NORAD was augmented while miR-495-3p was downregulated in PCa tissues and cells
	NORAD downregulation induced cell apoptosis and repressed cell proliferation, migration, and invasion in PCa cells
	Elevated miR-495-3p expression induced apoptosis and impeded proliferation, migration, and invasion of PCa cells
	NORAD served as a sponge for miR-495-3p in PCa cells
	MiR-495-3p inhibition weakened NORAD downregulation-mediated effects on proliferation, apoptosis, migration, and invasion of PCa cells
	TRIP13 acted as a target for miR-495-3p in PCa cells
	TRIP13 overexpression reversed miR-495-3p upregulation-mediated impacts on proliferation, apoptosis, migration, and invasion of PCa cells
	NORAD regulated TRIP13 expression via targeting miR-495-3p in PCa cells
	NORAD depletion curbed tumor growth through the miR-495-3pTRIP13 axis in vivo

	Discussion
	Conclusion
	Acknowledgements
	References




