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Abstract. – OBJECTIVE: Prostate cancer is 
the most commonly diagnosed cancer, and met-
astatic prostate cancer often leads to poor out-
comes for patients. During the metastasis pro-
cesses, cancer cells acquire a migratory and in-
vasive phenotype. Epithelial to mesenchymal 
transition (EMT) has been implicated in multi-
ple processes of prostate cancer development 
including migration, chemoresistance, and car-
cinogenesis. 

PATIENTS AND METHODS: Expressions of 
miR-181a in prostate tumor samples and cancer 
cells were measured by qRT-PCR. Epithelial or 
mesenchymal markers were detected by West-
ern blot. Nuclear translocation of Smad 2/3 was 
measured by immunostaining of prostate can-
cer cells. 

RESULTS: In this study, we report an onco-
genic role of microRNA-181a in prostate can-
cer cells and patients. MiR-181a is upregulat-
ed in metastatic prostate tumor samples com-
pared with primary prostate tumors. Interest-
ingly, we found that overexpression of miR-181a 
promotes prostate cancer cell migration and in-
vasion. Moreover, we observed that overexpres-
sion of miR-181a contributes to an epithelial to 
mesenchymal transition phenotype in prostate 
cancer cells: the epithelial marker, E-cadher-
in was downregulated, and mesenchymal mark-
ers, N-cadherin, vimentin, and snail were up-
regulated. Consistently, the phosphorylation of 
Smad 2/3 and the nuclear localization of Smad 
2/3 were increased by miR-181a expression. We 
identified that TGIF2 – a repressor of the Smad 
pathway – is a direct target of miR-181a in pros-
tate cancer cells. Importantly, restoration of 
TGIF2 in miR-181a overexpressing prostate can-
cer cells inhibited the Smad pathway and EMT 
processes.

CONCLUSIONS: This research identifies a 
molecular mechanism for microRNA-mediated 
cancer metastasis and improvement novel ther-
apeutic avenue for metastatic prostate cancer 
patient treatments.

Key Words:
MiR-181a, TGIF2, Prostate cancer, Epithelial to mes-

enchymal transition.

Introduction

Prostate cancer is one of the most commonly 
diagnosed male cancers, and metastatic prostate 
cancer often leads to poor outcomes for pa-
tients1,2. The failures of prostate cancer therapies 
are chiefly attributable to the metastatic tumors 
that originate from primary prostate tumors3. At 
present, the therapeutic approaches for limiting 
metastatic prostate cancer are still under inves-
tigation. The process of epithelial to mesenchy-
mal transition (EMT) – which is an essentially 
morphological transition process during cancer 
origination and metastasis – plays a pivotal role in 
the development of metastatic prostate cancers4. 
Moreover, EMT and its reversal, mesenchymal 
to epithelial transition (MET), have also been 
described as important in multiple pathological 
contexts, such as tissue fibrosis and cancer mi-
gration5.

The TGF-β induced factor homeobox 2 (TGIF2) 
protein is a Smad co-repressor, which represses 
the TGF-β/Smad pathways6. Upon TGF-β stim-
ulation, Smad 2 and Smad 3 are phosphorylated 
directly by the TGF receptor, then translocate to 
the nucleus where they bind to specific promot-
ers of target genes and activate transcription7. 
Therefore, as a co-repressor, TGIF2 represses 
Smad-activated transcription8.

MicroRNAs (miRNAs) are a family of small, 
non-coding, single-stranded RNAs that are im-
portant regulators of gene expression through 
direct binding to the 3’-UTR (untranslated re-
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gion) of their target mRNAs9. Thus, miRNAs 
result in translational repression and degradation 
of their target mRNAs10. It is known that miR-
NAs modulate a variety of biological process-
es of prostate cancer, including proliferation, 
migration, invasion, differentiation, metabolism, 
chemoresistance and apoptosis11-13. However, the 
detailed mechanisms of the oncogenic or tumor 
suppressive miRNAs in prostate metastasis are 
still unclear. 

Our previous study14 reported that miR-181 
was upregulated in prostate cancer tissues com-
pared with their adjacent normal tissues, which 
suggested to us an oncogenic role for miR-181a 
in prostate cancers. Here, we investigate the role 
of miR-181a in metastatic prostate cancer tumors 
and cell lines. The direct targets of miR-181a in 
prostate cancer cells will be identified, and the 
miR-181a-Smad-EMT pathway will be assessed. 

Patients and Methods

Tissue Samples and Cell Culture
A total of 40 prostate cancer samples (20 pri-

mary prostate tumors and 20 metastatic prostate 
tumors) were obtained from patients who under-
went surgery at Huashan Hospital Affiliated with 
Fudan University (Shanghai, China). This investi-
gation was approved by our Hospital Institutional 
Review Board and written informed consent was 
obtained from each patient. 

PC-3 and DU145 cells were provided by the 
Institute of Biochemistry and Cell Biology 
of Chinese Academy of Science (Shanghai, 
China). The cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM, Invitrogen 
Life Technologies, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS) 
(Invitrogen Life Technologies, Carlsbad, CA, 
USA), 100 IU/ml penicillin and 100 µg/ml 
streptomycin sulfate. Cells were incubated at 
37°C with 5% CO2.

Reagents and Antibodies
A-E-cadherin, anti-N-cadherin, anti-vimen-

tin anti-snail rabbit monoclonal antibodies were 
from the epithelial-mesenchymal transition 
(EMT) antibody sampler kit #9782 (Cell Signal-
ing, Danvers, MA, USA). Rabbit monoclonal an-
tibody β-actin was purchased from Cell Signaling 
(#4970, Danvers, MA, USA). The phospho-Smad 
2/3 and total Smad 2/3 rabbit monoclonal anti-
body were purchased from Cell Signaling (#8828, 

#8685). Phospho-TGFBR1 rabbit polyclonal an-
tibody was purchased from Invitrogen, #PA5-
40298, Carlsbad, CA, USA) total TGFBR1 mouse 
monoclonal antibody was purchased from Invit-
rogen, #AHO1552, Carlsbad, CA, USA). Mouse 
monoclonal anti-TGIF2 antibody was purchased 
from Santa Cruz Biotechnology, #sc-81989, Santa 
Cruz, CA, USA). DAPI was purchased from Sig-
ma-Aldrich (Shanghai, China).

MiRNA Mimics and Plasmid DNA 
Transfection 

Human miR-181a mimics and negative controls 
(NC) were purchased from Qiagen (Shanghai, 
China). All transfections of PC-3 and DU145 cells 
were performed using Lipofectamine 2000 (Invi-
trogen Life Technologies, Carlsbad, CA, USA), 
according to the manufacturer’s instructions.

Wound Healing Assay
24 h after transfection, PC-3 cells were seed-

ed in 6-well plates and cultured 1-2 days until 
cells reached 90% confluence. The wound was 
created using a 200-µl pipette tip. Cells were 
washed with phosphate buffered saline (PBS) 
for three times, and regular cell culture medium 
was added to the wells. After 4 h incubation, the 
wound was observed, and random fields in each 
well were selected for imaging. The images were 
analyzed by ImageJ software, and the distance 
of wound closure was used to estimate the mi-
gration ability.

qRT-PCR
Quantitative Real-time PCR for the detection 

of miRNAs was performed according to our 
previous publication14. Total RNA containing 
miRNA and mRNA was extracted from tissues 
or cells using TRIzol® reagent (Invitrogen Life 
Technologies, Carlsbad, CA, USA), in accor-
dance with the manufacturer’s instructions. To 
analyze miR-181a expression, specific stem-loop 
reverse transcription primers (Invitrogen Life 
Technologies, Carlsbad, CA, USA) were used. 
qPCR was performed by TaqMan MicroRNA as-
say (Qiagen, Shanghai, China) using the Applied 
Biosystems 7300 system (Applied Biosystems, 
Foster City, CA, USA). The PCR conditions 
included an initial holding period at 95°C for 
5 min, followed by a two-step PCR program 
consisting of 95°C for 5 s and 60°C for 30 s for 
45 cycles. All samples were normalized against 
an internal control (U6 small nuclear RNA) and 
analyzed using the 2-ΔΔCt method.
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Luciferase Assay
Luciferase reporter assays were performed as 

described previously14. cDNA fragments corre-
sponding to the 3’-untranslated regions of TGIF2 
were amplified by RT-PCR from the total RNA 
extracted from PC-3 cells with KpnI and EcoRI 
linkers. The PCR products were cloned down-
stream of the Renilla luciferase open reading 
frame of the pMir-Report (Qiagen, Hilden, 
Germany), which contained a constitutively ex-
pressed firefly luciferase gene that was used to 
normalize the transfections. For the luciferase 
reporter assays, the cells were seeded in 24-well 
plates and harvested 48 h after transfection. The 
wild-type and mutant 3’-untranslated region frag-
ments from the human TGIF2 gene were cloned 
into pMir-Report (Qiagen, Hilden, Germany). 
Mutations were introduced in potential miR-181a 
binding sites using a site-directed mutagenesis 
kit (Qiagen, Hilden, Germany). Luciferase val-
ues were determined using the Dual-Luciferase 
Reporter assay system (Promega Corporation, 
Madison, WI, USA).

Transwell Invasion Assay
Invasion assay of PC-3 cells was performed with 

the ThinCert™ Cell Culture Inserts from Greiner 
Bio-One International as previously described15. 
1x104 cells were seeded in serum-free medium 
in the upper compartment, and DMEM plus 20% 
fetal bovine serum (FBS) was placed in the lower 
compartment of the chamber as a chemo-attrac-
tant. After 24 h of incubation, the non-invading 
cells on the upper side of the chamber were re-
moved, and the membranes were fixed with meth-
anol and stained with DAPI solution. Evaluation 
of invasive capacity was performed by counting 
the invading cells under a light microscope. All 
experiments were conducted in triplicate.

Immunofluorescence 
Cells with or without miR-181a transfection 

were fixed by 4% PFA on cover glass for 30 min 
at 4°C followed by membrane permeabilization 
with 0.25% triton for 20 mins. Cells were incu-
bated with 5% BSA blocking buffer for one hour 
then incubated with primary antibody at 4°C 
overnight. After washing 3 times for 5 min each 
with PBS, cells were incubated with secondary 
antibody at room temperature for 1 h. Cover 
glasses were placed on slides with mounting 
buffer containing 4’,6-diamidino-2-phenylindole 
(DAPI). The images were acquired at room tem-
perature using a LSM 510 laser scanning con-

focal microscope equipped with 405 nm, 488 
nm, 594 nm and 633 nm lasers (Carl Zeiss, Inc., 
Oberkochen, Germany). Images were analyzed 
by ImageJ software.

Western Blot 
Total cell protein extracts were separated by 

10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred onto a polyvi-
nylidene difluoride (PVDF) membrane. After 
blocking with 5% bovine serum albumin (BSA) in 
phosphate-buffered saline, the membranes were 
immunoblotted with antibodies as indicated, fol-
lowed by horseradish peroxidase (HRP)-linked 
secondary antibodies (Cell Signaling Technology, 
Inc., Danvers, MA, USA). The signals were de-
tected using a chemiluminescence detection kit 
(Millipore, Billerica, MA, USA). 

Statistical Analysis
Differences between groups were analyzed 

using a Student’s t-test and expressed as the mean 
± standard deviation from three independent ex-
periments. p < 0.05 was considered to indicate 
a statistically significant difference. Statistical 
analyses were performed using GraphPad Prism 
version 5.0 software (GraphPad Software Inc., La 
Jolla, CA, USA).

Results

miR-181 is Upregulated in Metastatic 
Prostate Cancer and Promotes Prostate 
Cancer Cell Invasion and Migration

Our previous work14 demonstrated that miR-
181a is upregulated in prostate cancer cells and 
human prostate tumor samples. In order to define 
the potential roles of miR-181a in human metastat-
ic prostate cancer, we compared the expression of 
miR-181a in human primary and metastatic pros-
tate tumors. As we expected, the miR-181a was 
significantly upregulated in metastatic prostate 
tumor samples (Figure 1A), suggesting a positive 
role of miR-181a in mediating prostate cancer 
metastasis. To study whether miR-181a promotes 
prostate cancer cells migration, we overexpressed 
miR-181a in the PC-3 prostate cancer cell line 
(Figure 1B). In vitro wound healing and transwell 
assays showed that overexpression of miR-181a 
enhanced PC-3 cell migration (Figure 1C) and 
invasion (Figure 1D), which prompted us to ex-
plore the mechanisms for the miR-181a-promoted 
migration and invasion of prostate cancer cells.
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MiR-181a Activates EMT in 
Prostate Cancer Cells

As described above, epithelial to mesenchymal 
transition is a unique process which plays a crit-
ical role in tumor invasion and metastasis4,5. We, 
therefore, investigated whether miR-181a could 
regulate the EMT process of prostate cancer cells. 
DU145 is an epithelial prostate cancer cell line 
with relative low metastatic capacity. To inves-
tigate whether overexpression of miR-181a could 
induce EMT in DU145 cells, we assessed the ex-
pressions of the EMT-related markers by Western 
blot analysis. We found that the expression of 
E-cadherin, an epithelial marker, was significant-
ly decreased in miR-181a overexpressing cells 
compared with control cells (Figure 2A), whereas 
mesenchymal markers N-cadherin, vimentin, and 
snail were significantly upregulated (Figure 2A). 

To assess mechanisms for the regulation of these 
EMT markers by miR-181a, we further compared 
the mRNA levels in miR-181a overexpressing 
or control DU145 cells. Consistently, our results 
showed the mRNA expressions of E-cadherin 
and ZO-1 were downregulated and N-cadherin, 
vimentin, and snail, were upregulated by miR-
181a (Figure 2B). Given the central role of the 
TGF-β pathway in the induction of cellular EMT 
process, we evaluated TGF-β receptor activation 
by measuring the protein expressions of TGFBR1 
and TGFBR2 as well as the phosphorylation of 
Smad 2/3. Western blotting analysis showed sig-
nificantly increased Smad 2/3 phosphorylation 
and nuclear translocation of Smad 2/3 proteins 
in DU145 miR-181a overexpressing cells as com-
pared with control cells (Figure 2C-D), while the 
expressions of TGF-β receptors did not change 

Figure 1. MiR-181a promotes migration and invasion of prostate cancer cells. (A) Expression of miR-181a was measured 
by Real-time PCR (RT-PCR) in human primary and metastatic prostate tumors. Relative levels were normalized to U6. (B) 
Control microRNAs or a miR-181a mimic were transfected into PC-3 prostate cancer cells. Forty-eight hours post-transfection, 
the expression of miR-181a was measured by RT-PCR. (C) PC-3 cells were transfected with control microRNAs or miR-
181a mimic for 48 h, followed by wound healing assay for 6 h. (D) PC-3 prostate cancer cells were transfected with control 
microRNAs or miR-181a mimic for 48 h, followed by transwell assay for 16 h. Columns represent the mean of three independent 
experiments. *Indicates a p < 0.05 compared to control conditions.
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(Figure 2E). Taken together, these data demon-
strate that miR-181a promotes the EMT process 
of prostate cancer cells through the downstream 
signaling of TGF-β receptors.

miR-181a Direct Targets TGIF2
The above results demonstrated an indirect 

regulation of TGF-β-Smad-EMT pathway. As 
we discussed, after TGF-β stimulation, Smad 
proteins enter the nucleus and form transcrip-
tional activation complexes or interact with 
TGIF-β, which acts as a co-repressor to inhib-
it downstream signaling7. To investigate the 
mechanisms for the miR-181a-mediated EMT of 
prostate cancer cells, we searched the potential 
targets of miR-181a from the public miRNA 
database TargetScan, which predicted that the 
3’-UTR of TGIF2 contains highly conserved 
binding sites for miR-181 family (Figure 3A). 
Moreover, the binding sites on 3’UTR of TGIF2 
are conserved in multiple species (Figure 3B). To 
determine whether miR-181a targets TGIF2 in 
prostate cancer cells, we transiently transfected 
a miR-181a mimic into PC-3 cells. Overexpres-
sion of miR-181a significantly suppressed the 

TGIF2 protein expression (Figure 3C). We next 
sought to verify whether miR-181a could direct-
ly bind the 3’-UTR of TGIF2 mRNA. Luciferase 
reporter assays were performed by co-transfect-
ing a reporter-luciferase vector fused with either 
the wild-type 3’-UTR sequence of TGIF2 or a 
sequence with mutations in the predicted bind-
ing site of miR-181a, and with either miR-181a 
mimic or control mimic. The results in Figure 
3D illustrated that overexpression of miR-181a 
significantly decreased the luciferase activity of 
the reporter containing the wild-type 3’-UTR of 
TGIF2. However, transfection of miR-181a did 
not affect the activity of the luciferase reporter 
fused with the mutated predicted binding site in 
the 3’-UTR (Figure 3D). Taken together, these 
results demonstrate that miR-181a directly tar-
gets TGIF2 in prostate cancer cells.

TGIF2 Inhibits EMT of 
Prostate Cancer Cells

We next assessed whether downregulation 
of TGIF2 by siRNA could inhibit the EMT 
process in prostate cancer cells. Knockdown 
of TGIF2 by siRNA upregulated phosphoryla-

Figure 2. Overexpression of miR-181a inhibits EMT. (A) DU145 cells were transfected by control microRNAs or miR-181a 
mimic for 48 hours, then protein expression of E-cadherin, N-cadherin, Vimentin, and Snail were analyzed by Western blot. 
β-actin was used as a loading control. (B) The mRNA expressions of E-cadherin, ZO-1, N-cadherin, Vimentin, and Snail were 
detected by Real-time PCR in control microRNAs or miR-181a mimic transfected DU145 cells. (C) The phosphorylation of 
Smad 2/3 was detected by Western blot in control microRNAs or miR-181a mimic transfected DU145 cells. (D) DU145 cells 
were transfected by control microRNAs or miR-181a for 48 hours, cells were fixed and stained with Smad 2/3 antibody (left), 
and the translocation of Smad 2/3 into the nucleus was analyzed by confocal microscopy (right). (E) The total protein levels 
of TGFBR1 and TGFBR2 were measured by Western blot in control microRNA or miR-181a mimic transfected DU145 cells. 
Columns represent the mean of three independent experiments. *Indicates p < 0.05; **Indicates p <0.01 as compared to control 
conditions.
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tion of Smad 2/3 (Figure 4A). Consistently, we 
observed the nuclear translocation of Smad 2/3 
was increased by depletion of TGIF2 (Figure 
4B). Further, knockdown of TGIF2 by siRNA 
promoted migration and invasion of PC-3 cells 
(Figure 4C-D).

miR-181a Activates EMT Through 
Inhibition of TGIF2

Because our results demonstrated a correlation 
of the miR-181a-mediated TGIF2 downregulation 
and the EMT process of prostate cancer cells, we 
hypothesized that miR-181a activates EMT by di-
rectly targeting TGIF2. To verify this miR-181a-
TGIF2-Smad 2/3-EMT axis, we rescued TGIF2 
expression in PC-3 cells that overexpressed 
miR-181a (Figure 5A). Subsequently, restoration 
of TGIF2 inhibited the nuclear translocation of 
Smad 2/3 (Figure 5B). Additionally, the migra-
tion and invasion abilities of TGIF2-recovered 
cells were significantly decreased compared with 
miR-181a overexpressing cells (Figure 5C-D). 
Restoration of TGIF2 suppressed migration and 
invasion of miR-181a overexpressing cells, clearly 
demonstrating that miR-181a activates the EMT 
process in prostate cancer cells through inhibition 
of TGIF2.

Discussion

Previously, we reported that miR-181a was up-
regulated in prostate cancer tissues compared with 
adjacent normal tissues14. In this study, we explored 
the molecular mechanisms causing prostate cancer 
cells metastasis through upregulation of miR-181a. 
We demonstrated that upregulation of miR-181a 
is correlated with prostate cancer cells migration 
and invasion. Moreover, miR-181 overexpression 
markedly promoted the proliferation of prostate 
cancer cells. Other labs have also described miR-
181a as playing a role in chemoresistance16 and 
alteration of metabolism in prostate cancer cells17, 
data which are consistent with our conclusions. In 
this work, we continue to explore the oncogenic 
roles of miR-181a and demonstrate that miR-181a is 
highly correlated with metastatic prostate cancer. 
We observed that miR-181a promoted the EMT 
process of cancer cells, resulting from the suppres-
sion of the Smad repressor, TGIF2, which suggests 
that inhibition of miR-181a might contribute to the 
development of anti-metastatic agents for prostate 
cancer treatments.

Epithelial-mesenchymal transition (EMT) is a 
regulatory process in which an epithelial cell un-
dergoes morphological and functional alterations 

Figure 3. Targeting TGIF2 by miR-181a in prostate cancer cells. (A) Target prediction from Targetscan. The position 
470-476 of TGIF2 3’-UTR contains conserved binding sites for miR-181a. (B) The predicted binding sites are conserved in 
multiple species. (C) PC-3 cells were transfected with 100 nM negative control (control miRNA) or a miR-181a mimic for 
48 h. Cell lysates were analyzed by Western blot. β-actin was used as a loading control. (D) PC-3 cells were co-transfected 
with luciferase reporter plasmids containing either wild-type 3’-UTR or mutant 3’-UTR of TGIF2 and miR-181a mimic, or 
control microRNAs using lipofectamine 2000 reagent. Forty-eight hours post-transfection, cells were harvested and lysed 
with passive lysis buffer. Luciferase activity was measured by a dual luciferase reporter assay. Columns represent the mean 
of three independent experiments. ***Indicates p < 0.001 as compared to control conditions.
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Figure 4. Knockdown of TGIF2 activates Smad and promotes migration and invasion of prostate cancer cells. (A) PC-3 cells 
were transfected with 100 nM control siRNA or siTGIF2 for 48 h. Cell lysates were prepared for Western blotting analysis. 
β-actin was used as a loading control. (B) PC-3 cells were transfected with 100 nM control siRNA or siTGIF2 for 48 h. Cells 
were fixed then the nuclear TGIF2 was analyzed by confocal and ImageJ software. (C) PC-3 cells were transfected with 100 
nM control siRNA or siTGIF2 for 48 h. The migration assay and (D) invasion assay were performed. Columns represent the 
mean of three independent experiments. *Indicates p < 0.05; **Indicates p < 0.01 as compared to control conditions. 

Figure 5. Restoration of TGIF2 inhibits migration and invasion of miR-181a overexpressing DU145 cells. (A) PC-3 cells 
were transfected with 100 nM control vector, miR-181a mimics or miR-181a mimics plus TGIF2 overexpressing vector for 
48 h, cells were collected and subjected to Western blot analysis. β-actin is a loading control. (B) PC-3 cells were transfected 
with 100 nM control vector, miR-181a mimics or miR-181a mimics plus TGIF2 overexpressing vector for 48 h, then nuclear 
translocation of Smad 2/3 was analyzed by confocal and ImageJ software. (C) The migration and (D) invasion capacities were 
measured in PC-3 cells transfected with control vector, miR-181a mimics or miR-181a mimics plus a TGIF2 overexpressing 
vector. Columns represent the mean of three independent experiments. *Indicates p < 0.05; **Indicates p < 0.01 as compared 
to control conditions.
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to assume a mesenchymal cell phenotype5. EMT 
has been described to contribute to multiple cel-
lular processes including loss of normal polarity 
and adhesion, enhanced migration and invasion, 
resistance to apoptosis and alteration of meta-
bolic pathways4. Several miRNAs are known as 
important EMT regulators such as miR-143 and 
miR-145, which have been identified as potential 
stimulators of EMT. Both are downregulated in 
bone metastasis arising from prostate cancer, and 
transfection of miR-143 and miR-145 into PC3 
cells has been shown to lead to an epithelial phe-
notype, with increased E-cadherin and reduced 
fibronectin expression18. Our study reports that 
miR-181a promotes EMT in prostate cancer cells, 
revealing an oncogenic function of miR-181a in 
prostate cancer metastasis.

Conclusions

As a co-repressor of Smad, TGIF2 has been 
reported to associate with cancer development 
and metastasis19. We identified TGIF2 as a di-
rect target of miR-181a in prostate cancer cells, 
which suggests that miR-181a might be a ther-
apeutic target in metastatic prostate tumors. 
Moreover, our results showed inhibition of 
TGIF2 by either overexpression of miR-181a or 
siRNA could suppress the Smad pathway. We 
observed that the overexpression of miR-181a 
significantly inhibited the phosphorylation of 
Smad 2/3, resulting in decreased nuclear trans-
location of Smad 2/3. These findings illustrate a 
miR-181a-TGIF2-Smad-EMT axis in metastatic 
prostate cancer cells. However, the detailed cel-
lular events, which regulate upstream signaling 
of miR-181a in these cells, remain unclear. In 
our next research, we will establish in vivo mod-
els and continue to explore the oncogenic roles 
of miR-181a. Our results provide a rationale for 
miRNA-based prostate tumor metastasis thera-
pies and define a direct target of miR-181a for 
the development of novel therapies for advanced 
prostate cancer.
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