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Abstract

Background/Aims: MicroRNAs (miRNAs, miRs) have emerged as important post-
transcriptional regulators in various cancers. miR-543 has been reported to play critical
roles in hepatocellular carcinoma and colorectal cancer, however, the role of miR-543 in the
pathogenesis of prostate cancer has not been fully understood. Methods: Expression of
miR-543 and Raf Kinase Inhibitory Protein (RKIP) in clinical prostate cancer specimens, two
prostate cancer cell lines, namely LNCAP and C4-2B, were determined. The effects of miR-543
on proliferation and metastasis of tumor cells were also investigated with both in vitro and
in vivo studies. Results: miR-543 was found to be negatively correlated with RKIP expression
in clinical tumor samples and was significantly upregulated in metastatic prostate cancer cell
line C4-2B compared with parental LNCAP cells. Further studies identified RKIP as a direct
target of miR-543. Overexpression of miR-543 downregulated RKIP expression and promoted
the proliferation and metastasis of cancer cells, whereas knockdown of miR-543 increased
expression of RKIP and suppressed the proliferation and metastasis of cancer cells in vitro and
in vivo. Conclusion: Our study demonstrates that miR-543 promotes the proliferation and
metastasis of prostate cancer via targeting RKIP.

© 2017 The Author(s)
Published by S. Karger AG, Basel

Introduction

Prostate cancer (PCa) is currently the most common malignancy worldwide and the
second leading cause of cancer-related death in males [1]. Although, thus far, early prostate
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cancer can be radically cured, advanced or metastatic prostate cancer remains difficult to
diagnose early and prevent. It has been reported that hormone therapy only maintains a
median progression-free time of 2 years [2]. Hence, defining the mechanisms occurred in
metastasis is important for us to better understand the progression of prostate cancer and
helpful to identify therapeutic targets.

Raf kinase inhibitor protein (RKIP) is a homolog of the phosphatidylethanolamine
binding protein (PEBP) family [3]. It has been identified as a competitive inhibitor of Raf-
mediated activation of mitogen-activated protein kinase/extracellular signal-regulated
kinase (MAPK/ERK) [4]. RKIP is involved in various cellular activities and is widely expressed
in brain, lung, liver, muscle and prostate [5-8]. Notably, it has been observed that loss of this
protein is closely related to a range of human malignancies, including cancers of breast, lung,
colon and prostate [9-13]. Some of these results have been verified in various in vitro and
in vivo models [14, 15], which indicates that RKIP may function like a tumor suppressor in
many systems.

MicroRNAs (miRNAs) are a class of endogenously expressed non-coding single-strand
RNA molecules with a length of 20-24 nucleotides [16]. They negatively regulate the
expression of target genes by post-transcriptionally binding to 3’-untranslated-region [17,
18]. Their regulatory functions are involved in numerous biological processes, including
differentiation, carcinogenesis and morphogenesis [19-21]. Accumulated evidence has
suggested that miRNAs are tightly associated with proliferation and epithelial-mesenchymal
transition (EMT) in tumor genesis [22-24]. For example, miR-200a is reported to suppress
proliferation and metastasis through downregulation of DEK [25], miR-27a regulates
cisplatin resistance and metastasis of human lung adenocarcinoma by targeting RKIP [10],
and miR-129 increases cell invasion in prostate cancer by repressing CP110 [26]. A recent
research has showed that miR-543 functions as an oncogene in hepatocellular carcinoma
by targeting PAQR3 [27]. In addition, miR-543 has also been found to decrease the tumor
suppressor AIMP3 in human stem cell by targeting AIMP3/p18 [28]. However, the biological
effect of miR-543 in prostate cancer and the correlation between miR-543 and RKIP have not
been elucidated.

In the current study, we found that miR-543 significantly increased in metastatic
prostate cancer tissues. Then, we identified RKIP as a direct downstream target of miR-
543 and demonstrated, for the first time, that miR-543 is a key factor regulating the tumor
growth and metastasis of prostate cancer by targeting RKIP, suggesting that miR-543 is likely
to be used as a novel biomarker for predicting metastasis of prostate cancer.

Materials and Methods

Clinical specimens

The current study was approved by the Institutional Ethics Committee of Ren’'min Hospital of Wuhan
University. All of the prostate cancer specimens and adjacent normal tissues from patients with prostate
cancer were collected from the Department of Urology, Ren'min Hospital of Wuhan University from 2015-
2016. The relevant clinical information was collected from patients with prior informed written consent. All
the specimens were divided into two parts, half were fixed in 4% paraformaldehyde, and the other half were
frozen in liquid nitrogen and then reserved at -80°C.Tumor stage and grade were classified according to the
tumor, node, metastasis(TNM) staging system of the American Joint Committee on Cancer (AJCC), Gleason
score and preoperative PSA level (Table 1).

Cell Lines and Cell Culture

Human prostate cancer cell line LNCAP were obtained from ATCC (American Type Culture Collection,
Manassas, VA) and cultured in RPMI 1640 medium. C4-2B cells were provided by Dr. Dalin He (Department
of Urology, First Affiliated Hospital of Xi’an Jiaotong University, Xi’an) and were maintained in T medium
with 80% DMEM and 20% Ham'’s F12 medium (GIBCO, MA, USA) and supplemented with 5% FBS.
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Plasmid Construction and Transfection Table 1. Relative miR-543 expression and the clini-
The wild-type sequence of the RKIP copathological characteristics of 42 patients with
3’untranslated region (3’'UTR) containing predicted prostate cancer
miR-543 target sites was amplified by PCR from

miR-543 expression

LNCAP cell. The mutant 3’'UTR sequence of RKIP was  Variable Group High Low Total Pvalue
generated using an overlap-extension PCR method. #8¢ =70 13 10 23 0.352
. . . . 270 8 11 19

Then, the sequences including the predicted wild  yotastasis Abience 8 20 28 0.005
and mutant target sites were subcloned into a Presence 12 2 14
psiCHECK-2 vector (Promega Corporation, Madison, ~Clinical stage %/'B ?4 18 f; Q001
WI) to synthesize the wild and mutant RKIP-3'UTR  pregperative psa <4 1 4 5 0.022
vectors. 4-10 3 7 12

MiR-543 mimics and negative control i ':’;O ég ?4 :g G

P : . P . . eason score = X

mimics (NC), miR-543 inhibitors (anti-miR-543) 7 2 i 6
and negative control inhibitors (anti-NC), miR- =7 13 3 16

543 angomir and antagomir, and RKIP siRNAs
(5’- CAGCCACTTTCGCTATTCTTGTGTT-3') were
constructed by Biossci Company (Wuhan, China).
Transfections were performed using Lipofectamine _GENE Primer sequences (5'-3')
. . RKIP F:CAATGACATCAGCAGTGGCACAGTC

.2000 .(Inv1tr0gen, CA, USA), following the R: CACAAGTCATCCCACTCGGCCTGAC
instructions of manufacturer. Cells were harvested miR-543 F: CCAGCTACACTGGGCAGCAGCAATTCATGTTT
after 48 hours for further analyses. R: CTCAACTGGTGTCGTGGA
U6 snRNA  F: CTCGCTTCGGCAGCACATATACT

R: ACGCTTCACGAATTTGCGTGTC

Luciferase Reporter Assays GAPDH  F: TGAAGGTCGGTGTGAACGGATTTGGTC
After being seeded into a 24-well plate, LNCAP R: CATGTAGGCCATGAGGTCCACCAC

cells were co-transfected with miR-543 or control

and RKIP-3’UTR-luciferase plasmids. After 48 h, cells

were collected and lysed. The luciferase activity was assessed by a Dual-Luciferase Reporter Assay System
(Promega Corporation), and results were normalized to Renilla luciferase activity.

Table 2. RT-PCR primer sequences

Quantitative real-time PCR

Total RNA was extracted from clinical specimens and cancer cells using Trizol Reagent (Invitrogen, CA,
USA) according to the manufacturer’s instructions. The RNA purity was examined by spectrophotometry.
Then, cDNA of miRNA was synthesized from 100 ng of total RNA using TagManH MicroRNA Reverse
Transcription (ABI, CA) and cDNA of RNA was synthesized from TagMan 1pg of total RNA using Reverse
Transcription Reagents (ABI, CA). MiRNAs were reverse-transcribed using specific stem-loop RT primers;
mRNAs were also reverse-transcribed by using random hexamers. Real-time quantitative PCR was
performed using SYBRH Select Master Mix for CFX (Invitrogen). Relative quantification of each sample was
obtained by normalization to the expression of GAPDH (for mRNAs) or snRNA U6 (for miRNAs). The relative
amount of miRNA or mRNA was calculated via the 2-22“ method [29]. The primer sequences used are shown
in Table 2.

Western blot analysis

All cells were lysed in RIPA-Buffer supplemented with 10 mM PMSF on ice for 30 minutes, followed
by centrifugation at 16000 g for 10 minutes. A bicinchoninic acid assay (BCA) was performed to quantify
protein concentrations. Briefly, equivalent weights of protein samples (40 pg/lane) were separated on 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequently transferred to
polyvinylidene fluoride (PVDF) membranes. After that, the membrane was blocked with 5% nonfat milk
in Tris-buffered saline and 0.1% Tween 20 buffer, then incubated with primary antibody against RKIP
(#13006, CST, USA), E-cadherin (#14472, CST, USA), vimentin (#5471, CST, USA) and (3-actin (sc-1616, Santa
Cruz, CA) at 4°C overnight. After being extensively washed with TBST buffer, membranes were incubated
with secondary antibodies for 1 hour. All bands were treated with an enhanced chemiluminescence (ECL)
system kit (MultiSciences, Hangzhou, China). Optical densities were detected by Image] software (NIH,
Bethesda, MD, USA).
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Cell Proliferation Assay

Cells were inoculated into 96-well plates at a density of 2 x 10° cells/well directly or 24 hours after
transfection. 48 hours later, cells were stained with 10 pL of MTT dye per well (5 mg/ml, MultiSciences,
Hangzhou, China) for 4 hours. Then, culture medium was removed followed by addition of 150 pL of
dimethyl sulfoxide (DMSO). The absorbance was detected at 490 nm.

Cell Invasion and Migration Assays

Cell invasion and migration assays were performed using Transwell plates (Corning) with 8-um-pore
size membranes with Matrigel (for invasion assay) or without Matrigel (for migration assay). Briefly, 3 x 10*
cells were seeded into the top of the chambers with serum free medium. In the lower chambers, medium
containing 10% fetal bovine serum served as chemoattractant. 24 hours after incubation, cells on the top
of membrane were wiped away. Then, the membrane were drenched in 95% ethanol for 30 minutes and
subsequently stained with 0.2% crystal violet for 30 minutes. The migrating or invading cells were counted
and photographed with an inverted microscope.

Flow Cytometry Analysis

Cell proliferation was additionally examined by cell cycle assay. Briefly, after been fixed in 70% ethanol
at 48 h post-transfection, cells were treated with RNase A (50 pug/ml) and PI (50 pg/ml) (MultiSciences,
China) for 30 min to undergo flow cytometry.

Immunohistochemistry

The expression of RKIP and E-cadherin was examined by immunohistochemical staining. Briefly,
tissues were sliced into 3—pum sections and then deparaffinized. Subsequently, sections were incubated with
rabbit monoclonal anti-RKIP (1:800; 13006; CST, USA) and rabbit monoclonal anti-E-cadherin (1:400; 3195,
CST, USA) antibodies at 4°C overnight. After washing three times with PBS, all sections were incubated with
goat anti-rabbit IgG for 30 min, then were stained with the color reagent 3,3'-diaminobenzadine (DAB).

Animal studies

All animal experiments were performed in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals, and approved by the Animal Care and Use Committee of Wuhan
University. Six-week-old male BALB/c nude mice were purchased from the Animal Center of Ren'min
hospital of Wuhan University. All mice were keptin a special pathogen free facility. For orthotopic metastasis,
LNCAP cells (treated with either the miR-543 angomir or NC) and C4-2B cells (treated with either the miR-
543 antagomir or antagomir-NC) were inoculated into the prostate of nude mice (n = 5 per group, 1 x 10°
cells each). Mice with tumors were sacrificed four weeks later after inoculation. Primary tumor size was
measured by caliper and tumor volume was calculated using the equation: Volume = (length * width?) / 2
(mm?). Transplanted tumors were dissected, half was used to perform hematoxylin & eosin (H&E) staining
and the other was stored in liquid nitrogen for further analysis.

Statistical Analysis

All statistical analyses were carried out using SPSS 19.0 (SPSS, Chicago, IL) and Graphpad Prism 5.0.
All data were expressed as means*SD. Differences were assessed by two-tailed Student’s t test and x? test as
appropriate. P values of 0.05 or less were considered as statistically significant.

Results

High expression of miR-543 in prostate cancer correlates with downregulation of RKIP

As the first step, we analyzed 42 prostate cancer specimens, which were examined
by immunohistochemistry staining and qRT-PCR for the expression of RKIP and miR-
543 respectively (Fig. 1 A,B,C). Comparing to no-metastatic tissues, expression of RKIP
significantly decreased in metastatic prostate cancer samples. However, the PCR results
showed an inverse result, indicating that miR-543 expression dramatically increased
in metastatic tumor tissues (Fig. 1 E,F). A two-tailed Pearson’s correlation analysis was
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Fig. 1. High expression of miR-543 in prostate cancer correlates with downregulation of RKIP in clinical
prostate cancer specimens. (A) Immunohistochemical analysis of RKIP in normal prostate tissue, no-me-
tastasis PCa and metastasis PCa. (B) and (C) qRT-PCR analysis of miR-543 and RKIP mRNA expression in
human PCa tissues from 42 patients with PCa. Data were expressed as 224 fold change and were ranked
from the highest to the lowest. (D) Clinical specimens analysis reveals that the expression of miR-27a is in-
versely correlated with the expression of RKIP. (E) Box plot represents relative miR-543 expression levels in
metastatic PCa tissues and no-metastatic PCa tissues. (F) Relative miR-543 expression levels in PCa tissues
and adjacent normal regions.

performed to further investigate the correlation between miR-543 and RKIP expression
(r=0.82, P<0.01) (Fig. 1 D). We found that miR-543 expression was inversely correlated to
the expression of RKIP.

RKIP expression is reqgulated by miR-543

To further confirm the involvement of miR-543 in the regulation of RKIP expression that
we observed in clinical specimens, we employed a non-metastatic and a derived metastatic
prostate cancer cell line pair (LNCAP vs. C4-2B). Firstly, we measured miR-543 transcript by
gRT-PCR and the expression of RKIP with western blotting (Fig. 2 A,B,C). Our data indicated
C4-2B cells displayed a five to six fold higher expression of miR-543 and lower expression of
RKIP than LNCAP cells. We then transfected LNCAP cells with miR-543 mimics and monitored
RKIP expression by western blot. Interestingly, overexpression of miR-543 resulted in a
significant downregulation of RKIP expression (Fig. 2 D,F). On the other hand, C4-2B cells
transfected with a miR-543 inhibitor, displayed a moderate upregulation of RKIP expression
(Fig. 2 E,G). Collectively, these data suggest that miR-543 promotes the expression of RKIP
in prostate cancer.

miR-543 directly targets RKIP

To further explore the interaction between miR-543 and RKIP, an in silico prediction
was performed using open access software (miRanda, TargetScan and PicTarget). A putative
binding site for miR-543 was identified within the 3’'UTR. To confirm this prediction, we
cloned a fragment sequence in the 3’"UTR of RKIP containing putative miR-543 binding sites
into a luciferase reporter construct. Data from luciferase reporter assay revealed that the
reporter vector activity of RKIP 3’"UTR was significantly decreased in LNCAP cells upon miR-
543 overexpression. However, mutation of the putative miR-543 seed-binding regions in the
3’UTR of RKIP completely blocked this effect (Fig. 3 A,B). Together, these data indicated that
RKIP is a direct target of miR-543.

KARGER

1139


http://dx.doi.org/10.1159%2F000464120

Cellular Phy5|o|ogy Cell Physiol Biochem 2017;41:1135-1146
b)

© 2017 The Author(s). Published by S. Karger AG, Basel

and B|ochem|stry Publli%ry 28, 2017 |www.karger.com/cpb

Du et al.: MiR-543 and RKIP in Prostate Cancer

LNCAP C4-2B

Relative expression of miR-543
Relative RKIP protein expression

NC  miR-543 F G

LNCAP

anti-NC _anti-miR-543
RKIP

B-actin

Relative RKIP protein expression

Relative RKIP protein e xpression

C4-2B

Fig. 2. RKIP expression is regulated by miR-543 in LNCAP and parental C4-2B cells. (A) qRT-PCR suggests
that the expression of miR-543 is much higher in C4-2B cells compared with LNCAP cells. (B), (C) Western
bolt analysis reveals that the expression of RKIP in C4-2B cells is significantly lower than in LNCAP cells. (D,
F) and (E, G) LNCAP cells were transfected with NC or miR-543 mimics, C4-2B cells were transfected with
anti-NC or miR-27a inhibitors respectively. Western blot analysis was performed to examine RKIP expressi-
on in LNCAP cells (D, F) and C4-2B cells (E, G). B-actin was used as an internal control. Data are presented as
means * SD of three separated experiments ("P<0.05).
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Fig. 3. RKIP is a direct target of miR-543. (A) Sequence alignment of predicted miR-543 binding sites within
the RKIP 3'UTR and its mutated sequence for luciferase reporter assay. (B) Luciferase reporter assay was
performed in LNCAP cells that were co-transfected with miR-543 mimics and reporter vectors containing
RKIP 3'UTR or mutated RKIP 3’UTR. Relative luciferase activities are presented. MiR-543 repressed lucifera-
se activities of reporter vectors. Data are shown as means * SD of three separated experiments ("P<0.05).

MiR-543 promotes proliferation of prostate cancer cells via downregulation of RKIP in

vitro

To delineate the role of miR-543 in prostate cancer progression, we compared the
proliferation of LNCAP cells overexpressing miR-543 to that of C4-2B cells expressing
a miR-543 inhibitor. Data from MTT assays suggested that compared with control group,
overexpression of miR-543 in LNCAP cells dramatically increased the proliferation of tumor
cell, while inhibition of miR-543 in C4-2B cells led to an inverse result (Fig. 4 A,B). Cell-cycle
assays revealed that RKIP knockdown caused a significant increase of cell proliferation (Fig.
4 D). Subsequently, we transfected a vector which included the entire coding sequence of
RKIP except the 3’'UTR region into LNCAP cells with stable overexpression of miR-543. This
construct was unable to bind with miR-543 and should therefore abolish the biologic effects
caused by miR-543. As expected, ectopic expression of RKIP partially abolished miR-543-
mediated increase in cellular growth of LNCAP cells overexpressing miR-543 (Fig. 4 E,F).
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Fig. 4. MiR-543 promotes proliferation of prostate cancer cells via downregulation of RKIP in vitro. (A), (B),
MTT assays was performed to analyze the proliferative variation after transfection with miR-543 mimics
into LNCAP cells and transfection with miR-543 inhibitor into C4-2B cells. The absorbance value was detec-
ted at 24, 48, 72 and 96 hours post-transfection. (C), (D), (E), (F), (G), (H) Cell cycle assays were additionally
performed to analyze cell proliferation of LNCAP cells after transfection with siRKIP, miR-543 mimics or
plasmid lacking 3'UTR along with miR-543 mimics. (C), (D), (E), (F) Representative images of cell cycle
assays. (G), (H) Average proportion of cells in GO/G1 phase. Data are presented as means * SD of three sepa-
rated experiments ("P < 0.05, “P < 0.01).

Taken together, these results revealed that miR-543 promotes cell growth of prostate cancer
via downregulation of RKIP.

MiR-543 induces EMT of prostate cancer via downregulation of RKIP in vitro

To investigate the influence of miR-543 in the EMT progression of prostate cancer,
LNCAP cells and C4-2B cells were transfected with miR-543 mimics or miR-543 inhibitor
respectively. Data from Western blotting revealed that overexpressing of miR-543 decreased
E-cadherin expression but increased vimentin protein levels in LNCAP cells (Fig. 5 E,G).
Moreover, Transwell assays indicated that overexpression of miR-543 synergistically
promoted the invasion and migration of LNCAP cells (Fig. 5 A,C). On the other hand,
inhibition of miR-543 in C4-2B cells resulted in a moderate increase in E-cadherin and a
decrease in vimentin levels (Fig. 5 FH) and suppressed cell invasion and migration at the
same time (Fig. 5 B,D). We then examined the role of RKIP in miR-543-induced EMT. First,
we transfected LNCAP cells with si-RKIP and measured the protein levels of E-cadherin and
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Fig. 5. MiR-543 mediates EMT of prostate cancer via downregulation of RKIP in vitro. (A), (B) Transwell
invasion assays with Matrigel-coated membranes was performed to investigate the invasive ability of LNCAP
cells after transfection with miR-543 mimics and C4-2B cells after transfection with miR-543 inhibitors. (C),
(D) Transwell migration assays was performed to show the migratory ability of LNCAP cells transfected
with miR-543 mimics and C4-2B cells transfected with miR-543 inhibitors. (E, G) and (F, H) E-cadherin
and vimentin protein levels of LNCAP cells after transfection with miR-543 mimics and C4-2B cells after
transfection with miR-543 inhibitors were detected by western blot analysis. (I), (K) RKIP, E-cadherin and
vimentin protein levels in LNCAP cells transfected with RKIP siRNAs were examined by western blot analy-
sis. (]), (L) RKIP, E-cadherin and vimentin protein levels in LNCAP cells transfected with NC, miR-543 mimics
or plasmid lacking 3’'UTR along with miR-543 mimics were examined by western blot analysis. $-actin was
used as an internal control. Data are presented as means + SD of three separated experiments ("P < 0.05).

vimentin. Western blot showed that RKIP knockdown significantly decreased E-cadherin
and increased vimentin (Fig. 5 [,K). Then, plasmids expressing the entire sequence of RKIP
without 3’'UTR were transduced into LNCAP cells that overexpressed miR-543, and EMT
was measured. We found that exogenous expression of RKIP partially abolished miR-543-
induced EMT (Fig. 5],L). Collectively, these results demonstrated that miR-543-induced EMT
of prostate cancer cells is mediated by RKIP.

MiR-543 promotes the proliferation and EMT of prostate cancer cells in vivo

To further explore the effect of miR-543 expression on the proliferation and EMT of
prostate cancer cells in vivo, LNCAP cells stably overexpressing miR-543 were orthotopically
inoculated into nude mice for 4 weeks. Then, tumors were excised for analysis. QRT-PCR
confirmed that miR-543 expression significantly increased in miR-543-overexpressing
group compared with the control group. As we observed, mice inoculated with miR-543-
overexpressing cells formed larger tumors than control group (Fig. 6 A, C), and Western
blotting revealed that the overexpressing group had a lower level of E-cadherin and a higher
level of vimentin than control group (Fig.6 D). Next, we injected C4-2B cells with miR-543
antagomir into the prostates of nude mice for 4 weeks as well. As expected, suppression of
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Fig. 6. MiR-543 regulates the proliferation and EMT of prostate cancer cells in vivo. (A) Images of isolated
tumors derived 28 days after orthotropic injection in the prostate of nude mice with LNCAP-Ctrl or LN-
CAP-miR-543 cells (left), tumor volumes have been measured (right). (B) Images of isolated tumors derived
28 days after orthotropic injection in the prostate of nude mice with C4-2B-Ctrl or C4-2B-anti-miR-543
(left), tumor volumes have been measured (right). (C) HE staining of xenograft tumors from mice 28 days
after injection with LNCAP-Ctrl and LNCAP-miR-543 cells. (E) HE staining of xenograft tumors from mice
28 days after injection with C4-2B-Ctrl and C4-2B-anti-miR-543 cells. (D) RKIP, E-cadherin and vimentin
expression of xenograft tumors after injection with LNCAP-Ctrl and LNCAP-miR-543 cells was detected at
protein level by western blot analysis. (E) RKIP, E-cadherin and vimentin expression of xenograft tumors
after injection with C4-2B-Ctrl and C4-2B-anti-miR-543 cells was detected at protein level by western blot
analysis. Data are presented as means * SD of three separated experiments (*P<0.05).

miR-543 mitigated tumor growth and EMT (Fig. 6 B, E, F). In sum, these results demonstrate
that miR-543 promotes tumor growth and EMT of prostate cancer in vivo.

Discussion

Prostate cancer is mostly sensitive to androgen-deprivation therapy at the initial stage.
However, along with disease progresses, the cancer cells gradually become insensitive and
resistant to hormone treatment, and finally turn into castration resistant prostate cancer
(CRPC) [30]. Thus far, the conventional clinical treatment of CRPC includes deferment of this
progression by intermittent hormone therapy or alternative radiotherapy [31]. However,
none of these treatments proved to be efficient for treating CRPC. Hence, it is important
to dissect the molecular pathways that led to the metastasis of advanced prostate cancer
and identification of these molecules may aid in developing more effective therapeutic
approaches. Previous studies have indicated that miRNA can regulate tumor proliferation
and metastasis in cancer cells by targeting to mRNA of specific genes [18]. Based on these
results, we aimed to identify miRNAs that regulate the progression of prostate cancer.

MicroRNA expression is highly correlated with tumor proliferation and metastasis in
various cancers. It has been demonstrated that aberrantly expressed miRNAs can regulate
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RNA networks in tumor progression [7, 32, 33]. The same microRNA may function as a tumor
suppressor or an oncogene in different contexts. MiR-543 is located to chromosome 14 and
is highly conserved from murine to human. It has been reported that miR-543 promotes cell
proliferation and metastasis in hepatocellular carcinoma, while it inhibited EMT through
decreasing TWIST1 signaling in colorectal cancer [27, 34]. Furthermore, a recent study has
also reported that miR-543 suppressed tumor growth and metastasis in colorectal cancer
by targeting KRAS, MAT1 and HMGAZ2 [35]. However, the biological function and clinical
significance of miR-543 in prostate cancer remains unclear. Here in the current study, we
analyzed specimens from 42 patients with prostate cancer. Our data indicated that comparing
to non-metastatic prostate cancer, miR-543 expression was significantly upregulated in
metastatic prostate cancer and the higher expression of miR-543 negatively correlated with
the expression of RKIP. Subsequently, we identified RKIP as a direct downstream target of
miR-543 utilizing in silico prediction and a luciferase reporter assay.

It has been reported that RKIP gene is downregulated in various cancers which
contributes to proliferation and metastasis of cancer cells through multiple pathways [9, 36].
For example, RKIP suppresses invasion and metastasis of prostate cancer by inhibiting MAP
kinase (MAPK) signaling [3]. Besides, RKIP mediates G-protein function and suppresses NF-
kB activation [37]. Moreover, RKIP sensitizes both prostate cancer cells and breast cancer
cells to apoptosis, and decreases radio-resistance of prostate cancer cells [15, 38]. In our
in vitro studies, we employed the no-metastatic prostate cancer cell line (LNCAP) and
metastatic prostate cancer cell line (C4-2B) to simulate the progression of prostate cancer
and further confirmed the inverse correlation between RKIP and miR-543 expression in the
above two cell lines. Then, we established miR-543 stable overexpressing and silencing cell
lines. We found that overexpression of miR-543 suppressed RKIP by direct binding to the
3’'UTR of RKIP. Meanwhile, inhibition of miR-543 caused a significant upregulation in RKIP.
Taken together, these data demonstrated that miR-543 negatively regulates the expression
of RKIP in prostate cancer cells, which is in agreement with the observations from clinical
samples.

Metastasis is the formation of secondary tumor foci at sites different or remote from the
primary site [39]. Epithelial-mesenchymal transition is a major mechanism that contributes
to the escape of metastatic cancer cells from the primary tumor. In our in vitro studies,
we showed that overexpression of miR-543 promoted cell proliferation and EMT, while
inhibition of miR-543 led to an opposite effect. Furthermore, data from the in vivo studies
demonstrated that increased expression of miR-543 resulted in an increased tumor size and
upregulation of genes that promotes EMT. This phenotype was partially rescued by silencing
miR-543. Collectively, these data suggest miR-543-mediated inhibition of RKIP is associated
with cell proliferation and EMT in prostate cancer.

Conclusions

In conclusion, we identified an inverse correlation between miR-543 expression
and human prostate cancer cell lines with different metastatic abilities. Additionally, we
demonstrated that miR-543 induced cell proliferation and epithelial-mesenchymal transition
of prostate cancer by direct targeting RKIP both in vitro and in vivo. These findings suggest
that miR-543 has the potential to be a novel biomarker in the prediction of metastasis in
prostate cancer.
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