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Abstract. Prostate cancer is a common malignancy with 
a high mortality rate. Long non‑coding RNA metastasis 
associated with lung adenocarcinoma transcript 1 (MALAT1) 
has been reported to serve tumor‑promoting roles. However, 
the underlying mechanism requires further examination. In 
the present study, it was demonstrated that MALAT1 was 
increased while microRNA (miR/miRNA)‑1‑3p was decreased 
in prostate cancer cell lines. The silencing of MALAT1 
inhibited migration, invasion and epithelial‑mesenchymal 
transition, when epithelial (E)‑cadherin expression level 
was increased, and neural (N)‑cadherin, vimentin, Slug 
and Snail expression levels were decreased. Dual‑luciferase 
reporter assay results demonstrated that miR‑1‑3p bound to 
MALAT1 and coronin 1C (CORO1C) 3' untranslated region, 
and MALAT1 competed with CORO1C for the binding sites 
of miR‑1‑3p. MALAT1 inhibited the expression of miR‑1‑3p 
and vice versa. MALAT1 knockdown induced the decline of 
CORO1C, which was subsequently recovered by the miR‑1‑3p 
inhibitor. In addition, by inhibiting miR‑1‑3p or overexpressing 
CORO1C, the silencing of MALAT1‑induced phenotypic 
alterations were restored. In conclusion, MALAT1 serving as 
a degradable miRNA sponge, may sequester miR‑1‑3p from 
CORO1C and by silencing MALAT1, migration, invasion and 
epithelial‑mesenchymal transition may be inhibited in prostate 
cancer cells. MALAT1 and CORO1C may serve as novel 
clinical therapeutic targets for prostate cancer.

Introduction

Prostate cancer is the most common reported malignancy 
of men in developed countries (1). A total of 307,500 men 
worldwide succumb to prostate cancer annually  (1). The 

pathogenesis of prostate cancer involves multiple factors, 
including age, race, familial heredity and androgen levels (2). 
Androgen deprivation therapy is the most common clinical 
approach to treat prostate cancer. However, in the majority 
of patients castration‑resistant prostate cancer (CRPC) 
develops, for which current anticancer treatments have yet to 
report positive clinical outcomes (3,4). Therefore, examining 
possible novel therapies is of great importance for the clinical 
treatment of prostate cancer.

In the recent years, the role of long noncoding RNAs 
(lncRNAs) in cancer pathogenesis and progression has gained 
increasing attention. LncRNAs are a class of endogenous 
noncoding RNAs with >200 nucleotides  (5). LncRNA 
metastasis‑associated lung adenocarcinoma transcript 1 
(MALAT1), also known as nuclear‑enriched abundant 
transcript 2, was first indicated to be highly expressed 
in non‑small cell lung cancer with a potential metastatic 
promoting role (6). Subsequently, MALAT1 was reported 
to be a nuclear‑enriched transcript and widely conserved 
among 33 mammalian species  (7). MALAT1 has been 
demonstrated to promote proliferation, migration, invasion, 
cell cycle transition and tumorigenesis in multiple types of 
malignant tumors, including ovarian cancer, cervical cancer 
and gastric cancer (8‑11). MALAT1 is also indicated to be 
overexpressed in prostate cancer and silencing of MALAT1 
inhibits proliferation, migration and invasion, and induces 
cell cycle arrest in prostate cancer cells (12).

MALAT1 has been reported to serve a binding role 
to microRNAs (miRs/miRNAs) by acting as a miRNA 
sponge or a competitive endogenous RNA (ceRNA). For 
instance, MALAT1 sponges miR‑22 and upregulates the 
miR‑22 targets matrix metallopeptidase 14 and Snail, and 
consequently enhances malignant melanoma growth and 
metastasis (13). In breast cancer cells, MALAT1 sponges 
miR‑1‑3p in order to promote malignancies  (14,15). In 
addition, miR‑1‑3p is downregulated in prostate cancer 
specimens and its expression is negatively associated 
with prognosis. The overexpression of miR‑1‑3p inhibits 
proliferation and invasion in prostate cancer cells  (16). 
Therefore, the aim of the present study is to examine whether 
the function of MALAT1 in prostate cancer is associated 
with miR‑1‑3p. This study investigated the association 
between MALAT1 and miR‑1‑3p in prostate cancer, and 
examined the underlying mechanism of MALAT1.
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Materials and methods

Plasmid construction. To construct the lncRNA MALAT1 
knockdown plasmid, two primers containing a sequence 
targeting the 5'‑GGA​AGA​TAG​AAA​CAA​GAT​A‑3' in the 
MALAT1 transcript were synthesized. The two primers were 
annealed and inserted into the pRNAH1.1 vector (Genscript, 
Nanjing, Jiangsu, China) at BamHI and HindIII sites. The 
sequence containing a negative control (NC) segment was 
inserted into the pRNAH1.1 vector and served as the control. 
The sequence information of the primers is presented 
in Table I.

To establish the overexpression plasmid of coronin 1C 
(CORO1C), the coding sequence (CDS) was amplified with 
human cDNA as the template, in the presence of CORO1C 
CDS primers. Following sequence analysis, the amplification 
segment was inserted into pcDNA3.1 vector (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 
BamHI and XhoI sites. The MALAT1 sequence targeted by 
miR‑1‑3p was also cloned into the pcDNA3.1 vector with 
BamHI and XhoI sites, in the presence of amplification PCR 
primers. The information regarding the CORO1C CDS and 
MALAT1 amplification PCR primers is presented in Table I.

Cell culture and transfection. Prostatic epithelial cell line 
RWPE2 was purchased from Shanghai Zhongqiaoxinzhou 
Biotech (Shanghai, China) and cultured with prostatic 
epithelial cell medium (Shanghai Zhongqiaoxinzhou Biotech) 
at 37˚C in 5% CO2. Prostate cancer cell lines DU145 and PC‑3 
were purchased from Procell Life Science & Technology Co., 
Ltd., (Wuhan, China), and cultured with minimum essential 
medium (MEM) or Ham's F‑12K medium (Procell Life 
Science & Technology Co., Ltd.) supplemented with 10% fetal 
bovine serum (FBS; Biological Industries, Kibbutz Beit 
Haemek, Israel). Prostate cancer cell lines LNCaP and 22RV1 
were purchased from Shanghai Zhongqiaoxinzhou Biotech 
and cultured with RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% FBS. The cells were seeded in 6‑well plates and trans-
fected with short hairpin RNA (sh)MALAT1 plasmid (~6.8 kb) 
with Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific Inc.). Following 24 h, the cells were treated with 
100 µg/ml G418 for 2 weeks and returned to normal medium. 
Subsequent to culturing for ~2 weeks, the monoclonal cell 
masses were selected. The MALAT1‑knocked down cells 
were obtained.

After culturing for 24 h, the LNCaP and 22RV1 cells were 
transfected with miR‑1‑3p mimics or inhibitor in serum‑free 
medium, in the presence of Lipofectamine  2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). A total of 4 h 
later, the transfection medium was replaced with normal 
medium and the cells were cultured for other experiments.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The total RNA was extracted using a TRIpure RNA 
extraction kit (BioTek China, Beijing, China) and the concen-
tration was measured with an ultraviolet spectrophotometer 
(Thermo Fisher Scientific Inc.). The RNA was reverse tran-
scribed into cDNA with M‑MLV reverse transcriptase (BioTek 
China) and 2xPower Taq PCR Master Mix buffer (BioTeke), 

in the presence of oligo(dT) and random primers, or specific 
miRNA RT primers (Sangon Biotech Co., Ltd., Shanghai, 
China): Denaturation at 70˚C for 2 min, annealing at 25˚C 
for 10 min, and extension at 42˚C for 50 min. Subsequently, 
the cDNA was used for RT‑qPCR with SYBR Green (Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, China) to 
detect the expression levels of MALAT1 and miR‑1‑3p, with 
GAPDH or U6 as the respective internal control. The proce-
dure was as follows: 94˚C for 5 min 10 sec, 60˚C for 20 sec, 
72˚C for 30 sec, and 40 cycles of 72˚C for 2 min 30 sec, 40˚C 
for 1 min 30 sec, melting from 60‑94˚C each 1˚C for 1 sec, and 
finally incubation at 25˚C for several minutes. The data were 
calculated using the 2‑ΔΔCq method (17). The information on 
primers is presented in Table I.

Western blot analysis. The protein was extracted with radio-
immunoprecipitation assay lysis buffer (Beyotime Institute 
of Biotechnology, Haimen, China) and the concentration 
was determined with a bicinchoninic acid protein assay kit 
(Beyotime Institute of Biotechnology). Following protein 
denaturation by boiling, the proteins were separated with 
SDS‑PAGE (5, 8, 10 and 14% separation gel for different 
sized proteins) and transferred onto a polyvinylidene difluo-
ride (PVDF) membrane (EMD Millipore, Billerica, MA, 
USA). Following blocking with 5% skimmed milk at room 
temperature for 1 h, the PVDF membrane was incubated 
with one of the following antibodies at 4˚C overnight: Rabbit 
anti‑CORO1C (1:500; cat. no. 14749‑1‑AP; Wuhan Sanying 
Biotechnology, Wuhan, China), mouse anti‑epithelial 
(E)‑cadherin (1:1,000; cat. no. 14472), rabbit anti‑neural 
(N)‑cadherin (1:1,000; cat. no. 4061), rabbit anti‑vimentin 
(1:500; cat. no. 5741; all Cell Signaling Technology, Inc., 
Danvers, MA, USA), rabbit anti‑Slug (1:500; cat. no. ab27568; 
Abcam, Cambridge, UK), rabbit anti‑Snail (1:1,000; cat. 
no. 3879; Cell Signaling Technology, Inc.). Following rinsing 
with TBST (TBS buffer with 0.15% Tween‑20), the PVDF 
membrane was incubated with the corresponding secondary 
antibody labeled with IgG at 37˚C for 45 min. The PVDF 
membrane was reacted with enhanced chemiluminescent 
reagent (Beyotime Institute of Biotechnology) for 5 min, 
followed by signal exposure. The immunoblotting bands 
were analyzed with Gel‑Pro‑Analyzer 4 software (Media 
Cybernetics, Rockville, MD, USA). GAPDH served as the 
internal control. The GAPDH level was detected via incu-
bation with rabbit anti‑GAPDH (1:500; cat. no. bs‑2188R; 
Bioss, Beijing, China) and corresponding secondary anti-
body as described above.

Bioinformatic analysis. StarBase v2.0 (http://starbase.sysu.edu.
cn/) was used to predict the candidate miRNAs of MALAT1. 
TargetScan 7.2 (http://www.targetscan.org/vert_72/) was 
subsequently used to predict the targeted genes of miR‑1‑3p.

Dual‑luciferase reporter assay. To demonstrate the binding 
of MALAT1 to miR‑1‑3p, the DNA segment containing 
the sequence miR‑1‑3p, was cloned into the dual‑luciferase 
reporter, pmirGLO (Promega Cooperation, Madison, WI, 
USA). The 293T cells (Procell Life Science & Technology 
Co., Ltd.) were transfected with the dual‑luciferase reporter 
containing the MALAT1 segment or its mutant sequence and 
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miR‑1‑3p mimics, in presence of Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific Inc.). Following 48 h, the 
cells were treated with dual‑luciferase reporter assay system 
(Promega Cooperation, Madison, WI, USA) and the firefly and 
the Renilla luciferase activities were detected.

Similarly, the DNA segment containing CORO1C 3'UTR 
sequence targeted by miR‑1‑3p, was cloned into dual‑luciferase 
reporter constructs. The firefly and Renilla luciferase activities 
were detected.

Wound healing assay. The LNCaP and 22RV1 cells were 
cultured until they reached 80% confluence, and treated 
with 1 µg/ml mitomycin C (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) for 1 h. The wound was made with a 
200 µl pipette tip and the cells were subsequently cultured. 
At 0 and 24 h, the wound size was viewed under an inverted 
light microscope (magnification x100; Olympus Corporation, 
Tokyo, Japan).

Transwell assay. The Transwell assay was performed and 
membrane precoated with Matrigel to detect the invasive 
ability of LNCaP and 22RV1 cells. The Transwell chamber 
with an 8.0  µm pore polycarbonate membrane (Corning 
Inc., Corning, NY, USA) was pre‑coated with Matrigel 
(Becton, Dickinson and Company; BD Biosciences, Franklin 
Lakers, NJ, USA) at 37˚C. A total of 200 µl cell suspension 
containing 2x104 cells was added into the upper chamber 
and 800 µl medium containing 30% FBS was added into the 

lower chamber. After 24 h culture at 37˚C, the cells on the 
reverse surface of the polycarbonate membrane were fixed 
with 4% paraformaldehyde at room temperature for 20 min, 
stained with 0.5% cresol violet at room temperature for 5 min 
and images were captured under an inverted light microscope 
(x200 magnification).

Statistical analysis. The data in the present study were 
presented as the mean ± standard deviation replicated in tripli-
cate. Results were analyzed with one‑way or two‑way analysis 
of variance with Bonferroni's post hoc multiple comparisons. 
GraphPad Prism 5.01 (GraphPad Software, Inc., La Jolla, CA, 
USA) was used for analysis of data in this study. P<0.05 was 
considered to indicate a statistically significant difference.

Results

MALAT1 is increased in prostate cancer cells and inhibits 
miR‑1‑3p expression. The expression levels of MALAT1 and 
miR‑1‑3p were detected in the normal prostatic epithelial cell 
line, RWPE2 and prostate cancer cell lines, PC‑3, DU145, 
LNCaP and 22RV1. As indicated in Fig.  1A and  B, the 
expression of MALAT1 was variably upregulated in prostate 
cancer cells, compared with RWPE2 cells, while miR‑1‑3p 
was downregulated in prostate cancer cells. LNCaP and 
22RV1 cells were selected to investigate the role of MALAT1, 
since the expression levels of MALAT1 and miR‑1‑3p 
differed between LNCaP and 22RV1 cells. In addition, 

Table I. The information of knockdown, amplification PCR and qPCR primers used in this study.

Name	 Sequence (5'‑3')

shMALAT1 S	 GATCCCCGGAAGATAGAAACAAGATATTCAAGAGATATCTTGTTTCTATCTTCCT
	 TTTT
shMALAT1 AS	A GCTAAAAAGGAAGATAGAAACAAGATATCTCTTGAATATCTTGTTTCTATCTTC
	C GGG
shRNA NC S	 GATCCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGA
	A TTTTT
shRNA NC AS	A GCTAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGA
	 GAAGGG
CORO1C CDS F	CAA GGATCCATGAGGCGAGTGGTACGACAG
CORO1C CDS R	C GCCTCGAGTCAGGCTGCTATCTTTGCCAT
MALAT1 amplification PCR F	 CACGGATCCGATAAAGGCTGAGTGTTGAG
MALAT1 amplification PCR F	 CAACTCGAGCTTCGCATACGTGTGTCTGC
MALAT1 qPCR F	 GACTTCAGGTCTGTCTGTTCT
MALAT1 qPCR R	CAACAA TCACTACTCCAAGC
GAPDH qPCR F	 GAAGGTCGGAGTCAACGGAT
GAPDH qPCR R	CC TGGAAGATGGTGATGGGAT
miR‑1‑3p RT	 GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACATACAT
miR‑1‑3p qPCR F	 GCGGGCTGGAATGTAAAG
U6 RT	 GTTGGCTCTG GTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAAAATATGG
U6 qPCR F	 GCTTCGGCAGCACATATACT
qPCR Reverse	 GTGCAGGGTCCGAGGTATTC

MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; RT, reverse transcription; S, sense; AS, NC, negative control; antisense; 
F, forward; R, reverse; qPCR, quantitative polymerase chain reaction; miR, microRNA; sh, short hairpin; the coding sequence.
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LNCaP cells are androgen‑dependent, whereas 22RV1 cells 
are androgen‑independent (18). MALAT1 was significantly 
silenced in LNCaP and 22RV1 cells, and its effectiveness was 
verified by RT‑qPCR (P<0.001; Fig. 1C). The expression level 
of miR‑1‑3p was significantly increased following MALAT1 
knockdown (P<0.001; Fig. 1D). At the same time, CORO1C 
was decreased in MALAT1‑silenced cells (Fig. 1E and F), 
suggesting that MALAT1 served a regulatory role in miR‑1‑3p 
and CORO1C expression levels.

MALAT1 knockdown inhibits migration, invasion and 
epithelial‑mesenchymal transition (EMT) in prostate cancer 
cells. Phenotypic experiments were performed to detect the 
effect of MALAT1 on prostate cancer cell malignancy. As 
indicated in Fig. 2, the knockdown of MALAT1 significantly 
decreased the migratory ability of prostate cancer cells 
(P<0.01; Fig.  2A‑C). In addition, the MALAT1‑silenced 
LNCaP and 22RV1 cells indicated a significant decrease 
in invasive ability (P<0.01; Fig.  2D and E ). Taking into 
consideration the important role of EMT on cell migration 
and invasion in cancer cells, a number of EMT‑associated 
proteins were detected. The results on the expression levels 
of E‑cadherin indicated a >3‑fold increase and the expression 
levels of N‑cadherin, vimentin, Slug and Snail were decreased 
by ≥50% in MALAT1‑silenced prostate cancer cells compared 
with NC (Fig. 2F and H).

MALAT1is bound to miR‑1‑3p and regulates CORO1C 
expression. Bioinformatics analysis was conducted using 
starBase v2.0 (http://starbase.sysu.edu.cn/) to predict the 
candidate miRNAs of MALAT1 and miR‑1‑3p was iden-
tified  (Fig.  3A). TargetScan 7.2 (http://www.targetscan.
org/vert_72/) was subsequently used and it was indicated that 

miR‑1‑3p seed sequence directly binds to 3'UTR of CORO1C 
mRNA (Fig. 3B). Following confirmation of the efficacy of 
the miR‑1‑3p mimic and inhibitor (Fig. 3C), a dual‑luciferase 
reporter assay results demonstrated that the firefly/Renilla 
value of the wild type MALAT1 was decreased by 51% by 
the miR‑1‑3p mimic, and the firefly/Renilla value of CORO1C 
3'UTR was decreased by 43% by the miR‑1‑3p mimic in 293T 
cells (Fig. 3D and F), demonstrating the binding of miR‑1‑3p 
to MALAT1 and 3'UTR of the CORO1C mRNA. As indicated 
in Fig. 3E, the expression levels of MALAT1 were decreased 
following transfection of with the miR‑1‑3p mimic, while 
they decreased following miR‑1‑3p inhibition, suggesting 
that MALAT1 may be a degradable sponge. The CORO1C 
expression level decreased following miR‑1‑3p overexpression 
and increased following miR‑1‑3p inhibition (Fig. 3G and H), 
in addition, the MALAT1 silencing‑induced decrease of 
the CORO1C expression level was rescued by the inhibition 
of miR‑1‑3p (Fig. 3I and J). In addition, the dual‑luciferase 
reporter assay demonstrated that MALAT1 attenuated the 
binding of miR‑1‑3p to the CORO1C 3'UTR (the luciferase 
activity of CORO1C 3'UTR + miR‑1‑3p mimics + MALAT1 
group was compared with that of CORO1C 3'UTR + miR‑1‑3p 
mimics + pcDNA3.1 group; Fig. 3K), suggesting that MALAT1 
additionally competes with CORO1C for the binding sites of 
miR‑1‑3p.

The MALAT1 knockdown‑induced malignancy changes are 
recovered by miR‑1‑3p inhibition. To confirm the underlying 
mechanism of action of MALAT1, phenotypic experiments 
were performed in MALAT1‑silenced cells following 
miR‑1‑3p inhibition. The wound healing assay results revealed 
that the suppression of the migratory ability of MALAT1 
knockdown‑induced cells was significantly recovered by 

Figure 1. MALAT1 is increased in prostate cancer cells and inhibits miR‑1‑3p expression. The relative expression levels of (A) MALAT1 and (B) miR‑1‑3p 
in human normal prostatic epithelial cell line, RWPE2, and prostate cancer cell lines PC‑3, DU145, LNCaP and 22RV1 were detected by quantitative 
polymerase chain reaction. The relative levels of (C) MALAT1 and (D) miR‑1‑3p in prostate cancer cells following MALAT1 knockdown. (E) Western 
blotting and (F) quantitative analysis of the protein level of CORO1C in MALAT1‑silenced prostate cancer cells was detected with GAPDH as the internal 
control. ***P<0.001. MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; CORO1C, coronin 1C; miR, microRNA; NC, negative control; sh, 
short hairpin.
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miR‑1‑3p in prostate cancer cells (P<0.01; Fig.  4A‑C). 
Similar results were observed in the Transwell assay (Fig. 4D 
and E). Additionally, the expression level of E‑cadherin was 
decreased by ≥70% and the expression levels of N‑cadherin, 
vimentin, Slug and Snail indicated a 2‑fold increase following 
transfection with the miR‑1‑3p inhibitor (Fig.  4F and  H), 
suggesting enhanced EMT.

The phenotypic alterations induced by silencing MALAT1 are 
abolished by forced expression of CORO1C. In order to confirm 

the competitive association between MALAT1 and CORO1C, 
CORO1C was overexpressed in MALAT1‑silenced cells. 
CORO1C expression was significantly increased following 
transfection with a CORO1C overexpression plasmid (Fig. 5A 
and B), which proved the effectiveness of the CORO1C ectopic 
expression plasmid. The wound healing assay revealed that 
the shMALAT1‑induced decline in migratory ability was 
rescued by forced expression of CORO1C (Fig. 5C‑E). The 
Transwell assay demonstrated similar results for the inva-
sion of prostate cancer cells (Fig. 5F and G). As presented 

Figure 2. MALAT1 knockdown inhibited migration, invasion and EMT in prostate cancer cells. A wound healing assay was performed to measure the 
migratory ability of (A) LNCaP and (B) 22RV1 cells following MALAT1 knockdown (Scale bar, 200 µm). (C) The migration rate in A and B was quantified. 
A Transwell assay with Matrigel was performed to detect the invasive ability of MALAT1‑silenced (D) LNCaP and (E) 22RV1 cells (Scale bar, 100 µm). 
(F) The expression levels of several EMT‑associated proteins, E‑cadherin, N‑cadherin, vimentin, Slug and Snail in (G) LNCaP and (H) 22RV1 cells. **P<0.01 
and ***P<0.001. MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; EMT, epithelial‑mesenchymal transition; NC, negative control; n, neural; 
E, epithelial; sh, short hairpin.



DAI et al:  SILENCING MALAT1 INHIBITS EMT BY SPONGING miR-1-3p IN PROSTATE CANCER3504

in Fig. 5H‑J, E‑cadherin expression level was significantly 
decreased (P<0.01) and N‑cadherin, vimentin, Slug and Snail 
was significantly increased following CORO1C overexpres-
sion, compared with the MALAT1‑silenced cells (P<0.001), 
suggesting that shMALAT1‑induced EMT inhibition was 
ceased by forced expression of CORO1C.

Discussion

MALAT1 is located at the nuclear speckles that are enriched 
with pre‑mRNA splicing factors (7,19). MALAT1 has been 
demonstrated to interact with a set of serine/arginine‑rich (SR) 
family splicing regulators (SRSF1), including SRSF1/2/3 (20,21). 
The depletion of MALAT1 alters the phosphorylation status 

of SR proteins and causes mislocalization of splicing factors 
in nuclear speckles. The repression of MALAT1 in HeLa 
cells alters the pattern of alternative splicing of particular 
pre‑mRNAs  (20). These results suggest that MALAT1 
indirectly controls alternative splicing by changing the 
distribution of splicing regulators in the nuclear speckles. 
However, the Malat1 knockout mouse does not exhibit similar 
phenotypes. In the embryo fibroblasts isolated from the 
Malat1 knockout mouse, the formation/structure of nuclear 
speckles and the phosphorylation status/localization of SR 
proteins are presented correctly (22). The discrepancy between 
MALAT1 function in vitro and in vivo could be explained as 
follows: MALAT1 only serves certain roles under specific 
conditions (23).

Figure 3. MALAT1 binds to miR‑1‑3p and regulates CORO1C expression. (A) The seed sequence of miR‑1‑3p bound to MALAT1. (B) The seed sequence of 
miR‑1‑3p bound to the 3'UTR of CORO1C mRNA. (C) The expression levels of miR‑1‑3p in LNCaP and 22RV1 cells were detected following overexpression 
or inhibition of miR‑1‑3p. (D) Dual‑luciferase reporter assay was performed in 293T cells to confirm the direct binding between miR‑1‑3p and MALAT1. 
(E) Reverse transcription‑quantitative polymerase chain reaction was used for detection of MALAT1 expression levels following transfection with miR‑1‑3p 
mimics or inhibitor in LNCaP and 22RV1 cells. (F) The binding of miR‑1‑3p to CORO1C 3'UTR was confirmed by dual‑luciferase reporter assay. (G) Western 
blotting and (H) quantitative analysis of the CORO1C expression levels in LNCaP and 22RV1 cells following transfection with the miR‑1‑3p mimic or inhibitor 
were examined. (I) Western blotting and (J) quantitative analysis of the protein levels of CORO1C in prostate cancer cells were determined following interfer-
ence of MALAT1 and miR‑1‑3p. (K) The firefly/Renilla value of CORO1C 3'UTR was determined following overexpression of miR‑1‑3p and MALAT1 in 
293T cells. *P<0.05, **P<0.01 and ***P<0.001. MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; CORO1C, coronin 1C; 3'UTR, 3' untranslated 
region; NS, no significance; microRNA, miR.
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MALAT1 also can post‑transcriptionally control gene 
expression through sponging miRNAs as a ceRNA  (24). 
Through this mechanism, MALAT1 sequesters miRNAs 
through miRNA responsive elements located in its sequence, 
therefore, relieving the inhibitory effects of tumor suppressor 
miRNAs on oncogenic targets and leading to phenotypic 

alterations, including proliferation and invasion (7). In the 
present study, it was demonstrated that MALAT1 served as 
a miRNA sponge, bound to the seed sequence of miR‑1‑3p 
and attenuated the binding of miR‑1‑3p to CORO1C 3'UTR. 
Additionally, MALAT1 expression levels were affected by the 
miR‑1‑3p mimic or inhibitor, suggesting that MALAT1 may be 

Figure 4. MALAT1‑knockdown‑induced malignancy changes are recovered by inhibition of miR‑1‑3p. A wound healing assay was performed to measure the 
migratory ability of (A) LNCaP and (B) 22RV1 cells following inhibition of MALAT1 and miR‑1‑3p (Scale bar, 200 µm). (C) The migration rate in LNCaP and 
22RV1 cells was quantified. (D) A Transwell assay with Matrigel and (E) quantitative analysis to detect the invasive ability of prostate cancer cells following 
silencing of MALAT1 and miR‑1‑3p (Scale bar, 100 µm). (F) Western blotting of the expression levels of EMT‑associated proteins, E‑cadherin, N‑cadherin, 
vimentin, Slug and Snail in (G) LNCaP and (H) 22RV1. **P<0.01 and ***P<0.001. MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; 
EMT, epithelial‑mesenchymal transition; N, neural; e, epithelial; sh, short hairpin; NC, negative control; miR, microRNA.
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a degradable sponge. Nevertheless, the effect of MALAT1 on 
miR‑1‑3p and CORO1C in vivo has not been investigated. The 
authors plan to next establish a Malat1 knockout rodent model 
and detect the expression levels of miR‑1‑3p and CORO1C, to 
confirm whether the effect of MALAT1 in vivo and in vitro is 
consistent.

CORO1C is an actin‑binding protein that serves a key role 
in cell motility (25). Directional cell migration is essential for 

multiple physiological processes. For instance, the migration 
of leukocytes into damaged or infected tissues is crucial for 
an effective immune response and the migration of kera-
tinocytes and dermal fibroblasts is a key aspect of wound 
healing (26). Additionally, migration is of significance for 
metastasis of malignant tumors and multiple reports have 
demonstrated the function of CORO1C in cancer (27‑29). For 
instance, CORO1C is highly expressed in diffuse gliomas 

Figure 5. Phenotypic alterations induced by silencing of MALAT1 is abolished by forced expression of CORO1C. (A) Western blotting and (B) quantitative 
analysis of the CORO1C expression levels were detected following CORO1C overexpression. Wound healing assay was performed to measure the migratory 
rate in (C) LNCaP and (D) 22RV1 cells following MALAT1 knockdown or/and CORO1C overexpression (Scale bar, 200 µm) and (E) quantitative analysis. 
(F) Transwell assay and (G) quantitative analysis to investigate the invasive ability of LNCaP and 22RV1 cells (Scale bar, 100 µm). (H) Western blotting of 
the expression levels of EMT‑associated proteins, E‑cadherin, N‑cadherin, vimentin, Slug and Snail in (I) LNCaP and (J) 22RV1. ***P<0.001. MALAT1, 
metastasis‑associated lung adenocarcinoma transcript 1; EMT, epithelial‑mesenchymal transition; CORO1C, coronin 1C; N, neural; e, epithelial; sh, short 
hairpin; NC, negative control; miR, microRNA.
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and CORO1C knockdown inhibits proliferation, motility and 
invasion in glioblastoma cells (29). The role of CORO1C in 
prostate cancer, to the best of our knowledge, has yet to be 
reported. The inhibition of miR‑1‑3p led to increased expres-
sion of CORO1C, accompanied by an increased migration, 
invasion and EMT rate in prostate cancer, which suggested 
the metastatic promoting role of CORO1C. The tumor 
suppressing role of miR‑1‑3p has been reported in multiple 
tumors (30,31), including prostate cancer (16). In the present 
study, it was demonstrated that silencing MALAT1 inhib-
ited the expression of CORO1C by relieving the binding to 
miR‑1‑3p. The shMALAT1‑induced phenotypic changes may 
be reversed by the miR‑1‑3p inhibitor or the CORO1C over-
expression plasmid. Recently, another team reported similar 
results (32). They indicated that MALAT1 served as a sponge 
to bind to miR‑1‑3p and sequestered miR‑1‑3p away from its 
target KRAS, and the knockdown of MALAT1 accelerated 
KRAS‑induced apoptosis in prostate cancer (32).

Prostate cancer is an androgen‑dependent tumor, 
although it always develops to CRPC. In the present study, 
LNCaP and 22RV1 cells were selected to perform experi-
ments. LNCaP cells were androgen‑dependent, while 22RV1 
cells were androgen‑independent (18). However, the results 
of LNCaP and 22RV1 cells were similar, suggesting that the 
effect of MALAT1 on phenotypes of prostate cancer cells 
and expression of miR‑1‑3p and CORO1C, may be indepen-
dent of androgens. The present study also demonstrated that 
the expression of MALAT1 was increased in several prostate 
cancer cell lines, including LNCaP and 22RV1, compared 
with normal prostatic epithelial cells, and the expression 
of miR‑1‑3p was decreased. It is well known that androgen 
and androgen receptor (AR) signaling are essential for the 
progression of prostate cancer, so the results suggested that 
the functions of MALAT1 may be associated with androgen 
and AR signaling. Therefore, further experiments with 
androgens are essential to deeply expound the mechanism of 
MALAT1 in prostate cancer.

In conclusion, the present study demonstrated that the 
silencing of MALAT1 inhibited migration, invasion and EMT 
by serving as a miRNA sponge and impairing the binding of 
miR‑1‑3p to CORO1C in prostate cancer cells. The present 
study identified the role of CORO1C in prostate cancer cells 
and demonstrated that MALAT1 regulated the CORO1C 
expression by competing with CORO1C for the binding sites 
of miR‑1‑3p. These findings may provide novel insight for 
clinical therapies for prostate cancer.
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