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Abstract
Background: The bone is the most common site of distant metastasis in prostate cancer. However,
treatments for the bone metastasis of prostate cancer remain unsatisfactory. MicroRNAs (miRNAs) are
small noncoding RNAs that play a variety of critical roles in tumor development and progression. Studies
have con�rmed that miRNA mimics could regulate the response to therapy in many cancers.

Methods: In this study, a set of forty-four miRNAs were reduced in prostate cancer patients with bone
metastases by high-throughput sequencing analysis. Wound healing, transwell assays and western
blotting analysis were used to explore the role of miRNA mimic in prostate cancer bone metastasis.

Results: Further gene ontology and pathway analysis showed that these miRNAs target genes are mainly
involved in cellular metabolic process, intracellular membrane-bounded organelle, as well as
proteoglycans in cancer and focal adhesion. Therefore, these down-regulated miRNAs may play a key
role for prostate cancer bone metastasis treatment, including hsa-miR-221-3p, hsa-miR-222-3p, hsa-miR-
133a-3p, hsa-miR-222-5p, hsa-miR-204-3p, hsa-miR-145-5p, hsa-miR-3681-5p, hsa-miR-184, hsa-miR-144-
3p, hsa-miR-204-5p, and hsa-miR-221-5p. To further investigate the role of these miRNA mimics on
prostate cancer bone metastasis, miR-145-5p was randomly selected for validation. Bioinformatics
analysis showed that miR-145-5p target genes signi�cantly affected TGF-beta and adherens junction
signaling pathway. Wound healing and transwell assays and western blotting analysis revealed that miR-
145-5p mimic inhibited proliferation, migration and invasion. Importantly, miR-145-5p mimic increased
the expression of E-cadherin and reduced the expression of matrix metalloproteinase 2 and 9. These
results revealed that miR-145-5p mimic mediated epithelial mesenchymal transition. Meanwhile, miR-145-
5p mimic enhanced the level of caspase 9, which is an important promoter of apoptosis.

Conclusions: These results indicate that miR-145-5p mimic could inhibit the progress of prostate cancer
bone metastasis via regulation of epithelial mesenchymal transition. In addition, miR-145-5p mimic could
induce the apoptosis of prostate cancer cells with bone metastases. In summary, the miR-145-5p mimic
is expected to become a novel strategy for the treatment of tumor metastasis. 

Introduction
Seventy percent of patients with metastatic prostate cancer have bone metastasis [1]. The bone is the
most common site of distant metastasis in prostate cancer. Unfortunately, once primary tumor spreads to
bone, it is rarely cured. The mechanism of bone metastasis development is extremely complex. In 1889,
Stephen Page �rst described the complexity of bone and proposed that tumor cells have a tendency
migrating to some organs, where they are "sown" into favorable "soil" and eventually develop into
metastatic lesions. It is now clear that the "soils" of different metastatic sites are unique [2]. For example,
metastases are common in vertebrae, ribs, pelvis bones and the ends of long bones. However, it’s rarely
observed in the bones of the hands or feet [3]. Therefore, it is of great signi�cance for the treatment of
bone metastasis of prostate cancer to identify and verify the genes that mediate bone metastasis.
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Studies have shown that osteonectin, transforming growth factor-β (TGFβ), C-X-C motif chemokine ligand
12 (CXCL12) and vascular endothelial growth factor (VEGF) are involved in the extravasation and
guidance of prostate cancer cells to bone; in addition, cadherin 11 plays an important role in the
interaction between prostate cancer cells and osteoblasts [4]. The N-terminal fragment of urokinase can
be used as an effective stimulator of prostate cancer cell proliferation [5]. FGF, IGF and TGFβ from the
tumor microenvironment play regulatory roles in the survival and proliferation of prostate cancer cells [6].
Prostate transmembrane protein androgen inducible 1 (PMEPA1) has been identi�ed as another regulator
of transforming growth factor-β (TGF-β) signal transduction and inhibits bone metastasis of prostate
cancer. Decreased PMEPA1 expression was found in patients with metastatic prostate cancer, and low
PMEPA1 expression was associated with decreased metastasis-free survival [7]. Studies have found that
prostate-speci�c antigen (PSA) is a kallikrein-type serine protease that can cleave and activate
parathyroid hormone-related peptide (PTHrP), thus accelerating the growth of bone metastases [8]. An
important �nding is that CXCR4 blocking peptides inhibited the bone metastasis of prostate cancer cells,
and this signaling axis is involved in adhesion of prostate cancer cells to bone marrow endothelial cells
[9]. An analysis of prostate adenocarcinoma samples in the cancer genome atlas (TCGA) (360 tumors, 51
normal tissues) showed that in prostate carcinoma, the RNA levels of BSP CX chemokine receptor 4
(CXCR4), prostate transmembrane protein androgen induced 1 (PMEPA1) and bone sialoprotein (BSP)
were differentially expressed in tumor tissues in comparison to their corresponding matching normal
tissues [10]. However, the clinical application of these genes in the treatment of bone metastasis of
prostate cancer requires further study.

MicroRNAs (miRNAs), small noncoding RNAs, play a variety of critical roles in tumor development,
progression and response to therapy by regulating gene expression [11]. miRNAs can be used as
biomarkers and as a novel treatment in many cancers [12]. miRNAs also play a key role in epithelial
mesenchymal transition, osteomimicry and osteoblast and osteoclast function [13, 14]. miRNA
dysregulation is the cause of many cancers. miRNAs play roles as tumor suppressors or oncogenes.
miRNA mimics and miRNA targeting molecules (antimirs) have shown promise in preclinical
development. Some miRNA-targeted therapies have entered the clinical development stage. Tumor
suppressor miRNA miR-34 mimics have reached the �rst stage of clinical trials in the treatment of cancer
[15]. Molecules targeting miRNAs (antimiRs), including those that target miR-122, have reached the
second stage of clinical trials in the treatment of hepatitis [16]. miR-203 was found to act as a suppressor
of bone metastasis. In the mouse model of bone metastasis, ectopic expression of miR-203 in the bone
metastatic prostate cell line PC3 can induce morphological changes from a �broblast-like phenotype to
an epithelial-like phenotype and reduce the metastatic tendency [17]. Therefore, it is of potential
signi�cance to search for downregulated miRNAs in prostate cancer bone metastases, and these miRNAs
could act as potential biomarkers related to the occurrence of bone metastases of prostate cancer.
miRNA mimics may serve as novel treatments of prostate cancer bone metastases.

Methods
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Patients
Patients diagnosed with prostate cancer were enrolled at the University of Hong Kong-Shenzhen Hospital.
These patients (mean age of 65.3 years, age range of 59–70 years) underwent pelvic magnetic
resonance imaging (MRI) and bone scan before prostate tumor biopsy. Immunohistochemical staining
con�rmed the diagnosis of prostate cancer. These patients were divided into two groups, namely, prostate
cancer with bone metastases and prostate cancer without bone metastases, according to bone scan
diagnosis. Informed consents were obtained from patients regarding the use of the prostate cancer tissue
samples for this study. The project was approved by the University of Hong Kong-Shenzhen Hospital
Research Ethics Committee (No. [2019]260). All the work was conducted in accordance with the
Declaration of Helsinki (1964).

Total Rna Extraction And Sequencing
Total RNA extraction and sequencing
Total RNA was isolated from prostate cancer tissues using TRIpure Total RNA Extraction Reagent (ELK
Biotechnology, Wuhan, China) according to the manufacturer’s protocol. RNA pellets were washed in 75%
ethanol, air dried, resuspended in RNase-free water supplemented with RNase inhibitor (Thermo Fisher
Scienti�c, Vienna, Austria) and stored at − 80°C. The RNA yield and purity were measured using an Agilent
2100 Bioanalyzer (Agilent Technologies Inc., California, America). Sequencing libraries were prepared at
the Chi-biotech Corporation (Shenzhen, China) followed by sequencing with Illumina HiSeq2500. The
quality of the microRNA sequencing reads was assessed with FastQC, and the reads were aligned with
the human genome reference (GRCh38, Ensembl release 76) with bowtie. The expression of miRNAs was
quanti�ed using HTSeq version 0.6.1p1 according to miRbase (http://www.mirbase.org/) for human
miRNAs.

Differential Expression Analyses Of Mirnas
DESeq2 (version 1.20.0) was used to analyze the differential expression of miRNAs. The Benjamini-
Hochberg method was used to calculate false discovery rate (FDR)-adjusted p-values, accounting for
multiple testing correction. miRNAs were considered differentially expressed when the FDR adjusted p-
values were less than 0.01 and the fold-change was more than the threshold of 2. The miRTarBase
database was used to predict miRNA target genes. The enrichment analysis used KOBAS annotation,
which includes Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses and Gene
Ontology (GO). Cytoscape software V3.2.1 was used to generate the miRNA-mRNA interaction network,
and the data output was received in Excel spreadsheets.

Quantitative Reverse Transcription Pcr Validation Of Mirna
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To validate the sequencing results, we assessed the miRNAs with differential expression levels in 20
prostate cancer samples (patients with bone metastases, n = 10, and patients without bone metastases,
n = 10) using quantitative reverse transcription PCR (RT-qPCR). cDNA was synthesized from total RNA
using the EntiLink™ 1st Strand cDNA Synthesis Kit (ELK Biotechnology, Wuhan, China). PCR was
performed using EnTurbo™ SYBR Green PCR SuperMix (ELK Biotechnology). All reactions were incubated
in a 96-well plate at 95°C for 3 min, followed by 40 cycles of 95°C for 10 s, 58°C for 30 s, and 72°C for 30
s. U6 was used as the internal control. The stem-loop primers were as follows: U6 (NR_004394.1), forward
primer, CTCGCTTCGGCAGCACAT, and reverse primer, AACGCTTCACGAATTTGCGT; hsa-miR-145-5p
(MIMAT0000437), forward primer, CAGTTTTCCCAGGAATCCCT, and reverse primer,
CTCAACTGGTGTCGTGGAGTC. The quanti�cation of miRNA expression was performed by the double
delta Ct method.

Cell Culture And Mirna Mimic Transfection
The prostate cancer bone metastatic cell line PC-3 was maintained in Dulbecco’s modi�ed Eagle’s
medium (Gibco, California, America), including 10% FBS (Gibco), 100 U/mL penicillin, and 100 µg/mL
streptomycin in a humidi�ed CO2 incubator. Cells (3×105) were plated in 6-well plates and transfected
with a hsa-miR-145-5p mimic (forward: GUCCAGUUUUCCCAGGAAUCCCU, and reverse:
CUGGUCUUUUGGGUCCUUUGGGU) and control mimic (forward: UUUGUACUACACAAAAGUACUG and
reverse: AAACAUGAUGUGUUUUCAUGAC) using Lipofectamine 2000 (Invitrogen, California, America)
according to the manufacturer’s protocol.

Proliferation, Migration And Invasion Assay
The cell migration activity after miRNA mimic treatment was investigated using an in vitro proliferation,
migration and invasion assay. Cells were seeded in a 96-well plate for proliferation assay. CCK8 (Cell
Counting Kit-8, Biosharp) reagent was added to cell culture and absorbance was measured at 450 nm
after 1 h of incubation. For wound healing migration assay, 3× 105 cells/well were grown in a 24-well
microplate for 16–18 h. The cells were then serum-starved overnight. The centers of the cell monolayers
were then scraped in a straight line by pipette tip to create a wound, and then, the cells were washed with
PBS. Medium was added, and the cells were incubated for 24 h. The wound closure was photographed by
an inverted microscope with a digital microscope camera. The symmetry of the median distance between
both borderlines was used to calculate the migration index. Invasion assays were carried out in transwell
chambers separated by a semipermeable membrane with an 8-µm pore size (Corning). After transfection
as described above, the cells were detached from the culture plates and resuspended in serum-free
medium containing 0.1% BSA. The cells were allowed to migrate to the lower chamber for 24 h at 37°C in
5% CO2. The cells were removed from the chamber, the medium was removed by washing with PBS, and
the cells were �xed with paraformaldehyde for 20 min, washed with PBS again, and stained with 0.1%
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crystal violet for 10 min; PBS was used to wash the extra crystal violet from the cells, and the side on
which the cells were not seeded was photographed under the inverted microscope.

Western Blotting Analysis
Protein was extracted from cells with radioimmunoprecipitation assay (RIPA) buffer and analyzed by
western blotting analysis. The proteins were resolved by SDS/PAGE with 10% Bis-Tris (Invitrogen,
America) and transferred to nitrocellulose membranes. The membrane was incubated in a 5% solution of
nonfat milk for 1 h at 4°C. After overnight incubation with the primary antibody (Abcam, America) at 4°C
(Table 1), the blots were washed in Tween-TBS for 20 min and incubated with the secondary antibody.
The blots were washed in T-TBS for 20 min and detected with an electroluminescence kit (ASPEN, Wuhan,
China). GAPDH staining was used as the loading control.

Table 1
The information of the primary antibodies

Name Information ID

MMP9 Abcam ab137867

MMP2 Abcam ab97779

E-cadherin Abcam ab1416

caspase 9 Abcam ab115792

GAPDH Abcam ab8245

Statistical analysis
All experiments were performed in triplicate incubations. Data were analyzed as mean ± SD of three
independent experiments. Data were analyzed by two-tailed unpaired Student's t-test between any two
groups. A value of P < 0.05 was considered statistically signi�cant. Statistical tests were performed using
GraphPad software v. 4.1 (CA, USA).

Results

miRNA analysis in patients diagnosed with prostate cancer
All patients were �nally diagnosed by pelvic magnetic resonance imaging (MRI), whole-body-bone scan
imaging, hematoxylin-eosin (HE) and periodic acid-schiff (PAS) staining of pathological sections (Fig. 1).
Firstly, high-throughput sequencing analysis of microRNAs was performed with �ve prostate cancer
tissues and three prostate cancer bone metastases tissues. A set of 122 microRNAs were previously
identi�ed as modulators of bone metastasis in prostate cancer. The expression of these miRNAs (n = 78)
was upregulated while the expression of 44 miRNAs was decreased in prostate cancer with bone
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metastases compared to prostate cancer without metastasis (Fig. 2A). In addition, to explore the roles of
these differentially expressed miRNAs in prostate cancer with bone metastasis, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analyses were conducted to explore the function of the predicted
mRNA targets (binding site predicted targets from miRTarBase) of these related miRNAs (Fig. 2B). The
results showed that these miRNAs regulate many tumor-related signaling pathways, such as the MAPK
signaling pathway and focal adhesion, the most signi�cant of which are proteoglycans in the cancer
signaling pathway. According to the Gene Ontology (GO) analysis system, three major functional
categories (biological process, cellular component, and molecular function) were used to classify these
predicted mRNA targets (Fig. 2C-E). Genes involved in “nucleobase-containing compound biosynthetic”
and “cellular metabolic process” groups were notably found in the biological process category. Among
the cellular components, “intracellular membrane-bound organelle" and “cytoplasm” were the most
common categories. In the category of molecular function, a signi�cant proportion of clusters were
assigned to “heterocyclic compound binding” and “transcription factor binding”. These �ndings indicate
that these miRNAs whose expression is suppressed potentially play an important role in prostate cancer
with bone metastasis.

miR-145-5p is expressed at low levels in prostate cancer tissues with bone metastasis and the bone
metastatic prostate cancer cell line PC-3.

To verify the results of high-throughput sequencing, hsa-miR-145-5p was randomly selected (Fig. 3A). The
expression level of miR-145-5p in ten prostate cancer patients with bone metastasis and ten prostate
cancer patients without metastasis was detected by RT-qPCR respectively. Compared with those prostate
cancer tissues without metastasis, the expression of miR-145-5p in prostate cancer tissues with bone
metastasis was signi�cantly decreased (Fig. 3B). miR-145-5p was also reduced in bone metastatic
prostate cancer cell line (PC3) compared with that in prostate cancer without metastatic cells (22RV1)
and normal prostate epithelial cells (RWPE-1) (Fig. 3C). Next, to further determine the possible biological
impact of miR-145-5p on the pathogenesis of prostate cancer bone metastasis, the miR-145-5p miRNA
target genes from miRTarBase were used to predict the possible enrichment pathways and related
biological processes using KEGG and GO analysis. In total, 30 KEGG pathways were signi�cantly
enriched, with the numbers of miR-145-5p targets ranging from 3 to 7 molecules per enriched pathway
(Fig. 3D). Among the enriched biological pathways were MAPK signaling (hsa04010), TGF-beta signaling
(hsa04350), adherens junction signaling (hsa04520), proteoglycans in cancer signaling (hsa05205),
cellular senescence (hsa04218), VEGF signaling (hsa04370) and FoxO signaling (hsa04068), which were
previously described as cancer pathogenesis-associated pathways. To obtain deeper insights into the
putative function of miR-145-5p, network diagrams involving the predicted target genes were generated,
and these diagrams showed a greater relationship with miR-145-5p, paxillin (PXN), NEDD9, SMAD3,
SMAD5 and TGFBR2 (Fig. 3E). GO analysis also revealed that tumor metastasis-related processes,
including cell adhesion, cell migration, cell motility and cellular response to endogenous stimulus,
occupied a very prominent place in biological processes (Fig. 3F). Furthermore, the cytoplasm,
intracellular system and nucleoplasm were all regulated in the cellular component category (Fig. 3G).
Especially in the molecular function term, protein-containing complex binding, enzyme binding, kinase
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binding and transcription regulatory region DNA binding all play important roles in cell proliferation
(Fig. 3H). The results suggested that miR-145-5p regulated these target genes, possibly exerting effects of
great signi�cance on the process of prostate cancer bone metastasis.

miR-145-5p inhibits proliferation, migration and invasion via epithelial mesenchymal transition.

To further investigate the biological role of miR-145-5p in bone metastasis of prostate cancer, exogenous
miR-145-5p mimic and normal control miRNA mimic were transfected into bone metastatic prostate
cancer PC-3 cells. The RT-qPCR results showed that the expression of miR-145-5p was increased in in PC-
3 cells treated with the miR-145-5p mimic compared with that in PC-3 cells treated with the control mimic
(Fig. 4A). Cell counting kit-8, scratch and transwell assays were used to assess the proliferation,
migration and invasion of PC-3 cells with miR-145-5p mimic (Fig. 4B-F). The results showed that the
migration and invasion of PC-3 cells were inhibited in the overexpressed miR-145-5p group compared to
the control group. To explore the effect of miR-145-5p on epithelial mesenchymal transition in PC-3 cells,
the levels of MMP-2, MMP-9 and E-cadherin were assessed via western blotting analysis (Fig. 4G-H). The
results revealed that upregulating miR-145-5p expression increased the expression of the epithelial
marker E-cadherin and reduced the expression of matrix metalloproteinase 2 and 9. Moreover, caspase 9
was activated by miR-145-5p, indicating that miR-145-5p promoted apoptosis in PC-3 cells. These results
indicate that the miR-145-5p mimic may be an effective molecule for the treatment of bone metastasis of
prostate cancer and would inhibit the occurrence of bone metastasis of prostate cancer.

Discussion
At present, the treatments for the bone metastasis of prostate cancer include hormonal therapy,
chemotherapy, and radiotherapy. These approaches can reduce pain and complications (such as
fractures), and improve quality of life [18–20]. However, the prognosis of prostate cancer patients with
bone metastasis is poor. More strategies are needed to strengthen the diagnosis and treatment of bone
metastasis of prostate cancer. miRNAs are versatile molecules that have been used to increase the
speci�city and therapeutic e�cacy of various treatments for cancers. In this study, we screened
deregulated miRNAs in prostate cancer bone metastasis and explored the possibility of developing the
miR-145-5p mimic into a novel therapy to treat prostate cancer bone metastases.

In this study, we found that the top 11 signi�cantly changed miRNAs (hsa-miR-221-3p, hsa-miR-222-3p,
hsa-miR-133a-3p, hsa-miR-222-5p, hsa-miR-204-3p, hsa-miR-145-5p, hsa-miR-3681-5p, hsa-miR-184, hsa-
miR-144-3p, hsa-miR-204-5p, and hsa-miR-221-5p) were deregulated in prostate cancer with bone
metastasis malignant transformation. It has been reported that miR-221 may be a potential prognostic
biomarker of hepatocellular carcinoma, lung cancer, and breast cancer and a critical regulator of
therapeutic susceptibility in breast cancer [21–23]. The active cells in bone include osteoblasts,
osteoclasts, hematopoietic cells, adipocytes and various immune cells. Soudeh et al reported that miR-
221 participates in the differentiation of hematopoietic stem cells [24]. In addition, the low expression of
miR-221 and miR-222 increases kit protein synthesis, which leads to the development of early



Page 9/19

erythroblastic cells [25]. These �ndings showed that miR-221 and miR-222 may have a certain effect on
the bone hematopoietic stem cells in prostate cancer bone metastasis. OIP5-AS1, a modulator of
epithelial-mesenchymal transition, acts as a competing endogenous RNA for miR-204-5p and increases in
nearly all kinds of neoplastic tissues [26]. These results suggest that it is possible to cure many cancers
by elevating the expression of miR-204-5p, causing poor expression of OIP5-AS1. Hsa-miR-3681-5p has
been found to act as a superenhancer and as a repressor of VNTR activity in the 3' UTR of SHISA7 [27].
This �nding may be related to the occurrence of prostate bone metastasis with low expression of miR-
3681-5p. miR-133a-3p has a positive impact on the formation of osteoclasts and/or their bone resorption
capacity through p38 MAP-kinase [28]. miR-184 has been found to inhibit tumor invasion, migration and
metastasis in nasopharyngeal carcinoma by targeting notch2 [29]. miR-144-3p was deregulated in
osteosarcoma tissues, and miR-144-3p overexpression inhibited the migration and EMT of osteosarcoma
cells [30]. These miRNAs may also play an important role in bone metastasis of prostate cancer, and their
mimics may be able to cure bone metastasis of prostate cancer.

Ozen M et al found that miR-145-5p may be an important regulator of SOX2 and inhibited the
proliferation of prostate cancer cells. In our study, miR-145-5p was expressed at a low level in prostate
cancer bone metastatic tissues and cell lines. The miR-145-5p mimic also inhibited the migration and
invasion of prostate cancer bone metastatic cells. In addition, miR‐145‐5p may suppress the invasion of
glioblastoma cells and the progression of osteosarcoma [31, 32]. Epithelial to mesenchymal transition is
characterized by the loss of the typical epithelial phenotype and the acquisition of mesenchymal
characteristics, and overactivation of epithelial mesenchymal transition promotes cancer metastasis [33].
Matrix metalloproteinases (MMPs), including MMP-2 and MMP-9, have been proven to favor cancer cell
invasion and metastasis during epithelial mesenchymal transition [34]. E-cadherin is a well-known tumor
suppressor protein, and the loss of its expression occurs frequently during tumor metastasis [35].
Caspase 9 is an important promoter of apoptosis [36]. In our study, miR-145-5p reduced the expression of
MMP-2 and MMP-9 and increased the expression of E-cadherin and caspase 9 in PC-3 cells. This
suggests that miR-145-5p inhibits PC-3 cell metastasis and promotes PC-3 cell apoptosis. Moreover, the
expression of hsa-miR-145-5p is also decreased in tumor transformational apocrine and spindle cells
compared to in situ carcinoma or nonttumor structures [37]. This indicates that miR-145-5p has a
potential regulatory effect on cancer metastasis. Consequently, the miR-145-5p mimic is expected to
become a new approach for the treatment of tumor metastasis.

Conclusion
In this study, we identi�ed differentially expressed miRNA pro�les between prostate cancer with bone
metastasis and prostate cancer without bone metastasis. The mimics of these decreased miRNAs in
prostate cancer with bone metastasis, including hsa-miR-221-3p, hsa-miR-222-3p, hsa-miR-133a-3p, hsa-
miR-222-5p, hsa-miR-204-3p, hsa-miR-145-5p, hsa-miR-3681-5p, hsa-miR-184, hsa-miR-144-3p, hsa-miR-
204-5p, and hsa-miR-221-5p, may play an important role in the treatment of prostate cancer bone
metastasis. Importantly, the results revealed that the miR-145-5p mimic could become a novel strategy
for the treatment of prostate cancer bone metastasis by regulating epithelial mesenchymal transition and
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inducing prostate cancer bone metastatic cells apoptosis (Fig. 5). In a word, miR-145-5p mimic need to be
paid close attention to the treatment of prostate cancer patients with bone metastasis.
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Figure 1

Diagnosis of prostate cancer with bone metastasis. (A) Pelvic magnetic resonance imaging (MRI)
indicated a lesion of prostate cancer without bone metastases in the left lobe of the prostate (red arrow),
as well as a lesion of prostate cancer with bone metastases in the right lobe of the prostate (red arrows).
(B) Whole-body bone scan in the prostate cancer patients without bone metastases and prostate cancer
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patients with bone metastases (red arrows). (E-F) HE and PSA staining tissues morphology of prostate
cancer with bone metastases and without bone metastases at objective 20X.

Figure 2

Gene expression pro�le in prostate cancer bone metastasis and prostate cancer without bone metastasis.
(A) Heat maps showing the expression levels of miRNAs in each clinical tissue. The right column shows
the genes. The red pixels show an increased level of the gene in each sample, whereas the blue pixels
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indicate decreased levels. (B) KEGG pathway in enrichment analysis of target gene of differently
expressed miRNAs. X axis represents the enriched factor and Y axis represents the KEGG pathways. The
color of the dot means the different P-value. The size of the dot indicates the gene number. (C-E) GO
analysis of differently expressed miRNA target genes identi�ed in prostate cancer bone metastasis. The
digitals on the y-axis show the enrichment terms respectively. X axis represents the P-value. The color of
the dot indicates the gene number.

Figure 3

Functional annotation of miR-145-5p in prostate cancer bone metastasis. (A) The expression level of miR-
145-5p is decreased in prostate cancer bone metastasis (at least 2.0-fold changes and FDR<0.01)
detected by next-generation sequencing. (B) The expressions of miR-145-5p in prostate cancer bone
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metastasis tissues detected by RT-qPCR. (n = 10, mean ± SEM, two-tailed unpaired Student's t-test). (C)
The expressions of miR-145-5p in bone metastatic prostate cancer cell line (PC3), prostate cancer without
metastatic cells (22RV1) and normal prostate epithelial cells (RWPE-1). detected by RT-qPCR. (n =3
biological replicates, mean ± SEM, two-tailed unpaired Student's t-test). (D) KEGG pathway in enrichment
analysis of target gene of miR-145-5p. X axis represents the enriched factor and Y axis represents the
KEGG pathways. The color of the dot means the different P-value. The size of the dot indicates the gene
number. (E) miR-145-5p -mRNA negative correlation network. (F-H) GO analysis of miR-145-5p target
genes identi�ed in prostate cancer bone metastasis. The digitals on the Y-axis show the enrichment
terms respectively. X axis represents the P-value. The color of the dot indicates the gene number.

Figure 4
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miR-145-5p inhibits the proliferation, migration and invasion of in bone metastatic prostate cancer cell
via epithelial mesenchymal transition. (A) The expression level of miR-145-5p after transfection mimics in
PC3 cells. (n =3 biological replicates, mean ± SEM, two-tailed unpaired Student's t-test). (B) The
proliferation rate of PC3 after transfection mimics. (n =3 biological replicates, mean ± SEM, two-tailed
unpaired Student's t-test). (C-D) The migration of PC3 cells after transfection mimics detected by scratch
analysis. (n =3 biological replicates, mean ± SEM, two-tailed unpaired Student's t-test). (E-F) The invasion
of PC3 cells after transfection mimics detected by transwell assays. (n =3 biological replicates, mean ±
SEM, two-tailed unpaired Student's t-test). (G-H) The protein levels of MMP-2, MMP-9, E-cadherin and
caspase 9 in PC3 cells after transfection mimics. (n =3 biological replicates, mean ± SEM, two-tailed
unpaired Student's t-test).
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Figure 5

miR-145-5p mimic inhibits the progress of prostate cancer bone metastasis and potentially exerts a
regulatory effect on prostate cancer bone metastasis.


