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Abstract

Background
Bone metastases are high prevalence in advanced prostate cancer and breast cancer patients, which
have a serious impact on the quality of life and survival time of patients. Abnormal expression of
microRNAs (miRNAs) has been reported in different types of cancer and metastasis. However, the
underlying miRNAs associated with prostate and breast cancer bone metastasis remains unknown.

Methods
We performed bioinformatics analysis for TCGA cohort to identify differentially expressed miRNAs (DE-
miRNAs) and their targets in the metastatic process.

Results
QPCR con�rmed that miR-524-5p expression was down-regulated in prostate and breast cancer cell. And
miR-524-5p over-expression restrained cell proliferation, invasion and metastasis ability in prostate and
breast cancer. Meanwhile, miR-524-5p speci�cally targeting MEF2C was veri�ed by luciferase assay.

Conclusions
In conclusion, our data strongly suggests down-regulation of miR-524-5p appears as a precocious event
in prostate and breast cancer, and MEF2C emerges as a new player in prostate and breast cancer bone
metastasis.

Background
Prostate cancer and breast cancer are the two most common invasive cancers in women and men,
respectively. In terms of anatomy and physiological function, these cancers arise from different organs.
However, both prostate and breast require gonadal steroids for their development, and tumors that arise
from them are typically hormone-dependent and have remarkable underlying biological similarities[1]. As
metastatic disease, the hormone therapy has become a standard of care in receptor-positive breast and
prostate cancer. However, although hormone therapy has an effect on the inhibition of breast and
prostate tumors initially, 70% of metastatic prostate and breast cancer patients harboring bone
metastasis[2], showing a poor prognosis. In addition, prostate cancer and breast cancer is malignancy
that are destined to become metastatic if screening has been unable to identify at an earlier stage before
symptoms appear[3], causing serious threat to patients’ life.
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Bone is the most preferential metastatic site in prostate cancer[4] and breast cancer[5]. Once cancer has
metastasized to the bones, it leads to numerous skeletal-related events (SREs) including intractable pain,
fracture, bone marrow aplasia, spinal cord compression or nerve compression syndrome[6], which can
rarely be cured and result in signi�cant morbidity in patients of prostate cancer and breast cancer[7].
Despite its morbidity, the biology of bone metastasis is one of the most intriguing and complex of all
oncogenic processes, which process can be separated into three key steps: seeding, dormancy, and
outgrowth[8]. Therefore, all process in the metastatic process and the interaction with host cells can be
served as valid therapeutic targets for the treatment of bone metastasis and tumor progression of
prostate cancer and breast cancer.

MicroRNAs (miRNA or miR-) are single-stranded non-coding RNAs about 21-25 nucleotides long that are
evolutionarily conserved and endogenously produced. MiRNAs play important gene-regulatory roles by
targeting the 3’untranslated region (3’UTR) of mRNAs to mainly repress their expression[9]. Over the past
several years, amounts of miRNA has been found and characterized in pathogenesis of many human
malignancies, including various cancer metastasis and critical chemokines or cytokines in the bone
microenvironment[10, 11]. For example, Wei-Luo et al found that miR-124 inhibits bone metastasis of
breast cancer by repressing Interleukin-11[12]. MiR-133a-3p inhibits bone metastasis of prostate
cancer[13]. In addition, evidence showed that abnormal expressions of miRNAs are highly associated
with the occurrence and development of many cancer types, including, colon cancer[14], melanoma[15],
gastric cancer[16], osteosarcoma[17], ameloblastoma in[18] and particular, breast cancer[19]. Once, Jin’s
studies have identi�ed miR-524-5p as a tumor suppressor. Furthermore, miR-524-5p could inhibit
migration, invasion, and epithelial-mesenchymal transition and progression in breast cancer cells[19].
However, little is known about its function on bone metastases from prostate and breast cancer.

Here for the �rst time, we clari�ed the role of cancer cell-derived miR-524-5p in bone metastases from
prostate cancer and breast cancer and identi�ed that perturbation of the miR-524-5p/MEF2C regulatory
axis contributes to the bone metastasis observed in prostate cancer and breast cancer. These �ndings
might provide novel therapeutic and diagnostic targets for bone metastases from breast cancer and
prostate cancer.

Methods
mRNA and miRNA expression pro�les download

We compared genes and miRNAs expression between patients with primary prostate and breast cancer
with bone metastatic prostate and breast cancer. The gene expression pro�les and the miRNA expression
pro�le were obtained from Gene Expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/geo/). One dataset, with GEO accession number GSE32269, was
deposited by Cai C et al[20], which contains 22 primary prostate cancer (hormone-dependent) versus 29
metastatic prostate cancer. Another dataset named GSE137842 was submitted by Le�ey D[21] which
contains 3 primary breast cancer and 3 metastasized to bone breast cancer. The two datasets were
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obtained from Affymetrix Human Genome U133 Plus 2.0 Array. The miRNA microarray dataset,
GSE26964[22], was composed entirely of 6 primary prostate cancer samples and 7 bone metastatic
prostate cancer samples (platform: Capitalbio mammal microRNA V3.0). 

Identi�cation of differentially expressed miRNAs and differentially expressed gene

Herein, the gene and miRNA expression pro�le data preprocessing included background correction,
quantile normalization, and probe summarization[23]. Then, R software and limma package in
Bioconductor were used to extract differentially expressed miRNAs (DE-miRNAs) and differentially
expressed genes (DEGs)[24] following criterion P-value < 0.05, |log2fold change| > 1.

GO and KEGG pathway annotation

The identi�ed common DEGs and DE-miRNAs were further subject to Gene Ontology consortium (GO,
http://www.geneontology.org/) and Kyoto Encyclopedia of Genes and Genomes
(KEGG, http://www.genome.jp/kegg/) functional enrichment using online tool of DAVID (Database for
Annotation, Visualization and Integrated Discovery)[25]. GO analysis was performed for the cellular
component (CC), biological process (BP), and molecular function (MF) categories[26] and KEGG pathway
enrichment analysis for the selected genes (hypomethylated genes with high expression and
hypermethylated genes with low expression)[27]. All parameters were set as default, p value < 0.01 was
considered statistically signi�cant.

mRNA-miRNA regulation network construction

Four databases including miRDB, TargetScan, miRanda, miTarbase, mirwalk was used to identify the
number of miRNA-regulated target gene pairs. The threshold of correlation coe�cient was set as -0.3 and
signi�cance P value was set as 0.05. The pairs supported by two or more databases were further
processed and retained. Regulatory network visualization for the regulatory relationship between miRNA-
mRNA was conducted using Cytoscape[28].

PPI network and hub genes analysis

The Search Tool for the Retrieval of Interacting Genes (STRING) database was used to detect the
interactions of the DEGs, with con�dence scores >0.7 were considered signi�cant. PPI network further
was visualized by Cytoscape. The cytoHubba plug-in and Molecular Complex Detection (MCODE) plug-in
were used to identify hub genes and screen modules of the PPI network. All of the parameters of plug-in
were left as the defaults. The genes in modules and hub genes were also analyzed by Metascape.

Prognostic analysis of hub genes

The survival data were extracted from each sample that was acquired from the clinical information of the
above samples downloading from the TCGA, and combined with the previously obtained expression

http://www.genome.jp/kegg/
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pro�ling data, which were applied to the K-M survival curve drawing for each node by using R survival40,
and the prognostic differences of the hub gene-MEF2C genes were analyzed.

Cell culture

The human prostate cancer cell lines DU145, LNCAP and breast cancer cell line MCF7 were obtained from
COWELDGEN SCIENTIFIC (Coweldgen scienti�c Co.,LTD, Shanghai, China). DU145 and MCF-7 cells were
grown in Minimum Essential medium (MEM, Life Technologies, USA) supplemented with 10% fetal
bovine serum (FBS, Life Technologies, USA). LNCAP were cultured in RPMI 1640 medium (Life
Technologies, USA) containing 10% FBS. All medium used in the study were supplemented with penicillin
(100 U/ml) and streptomycin(100 mg/ml) (Biosharp, China). All cell lines were grown under a humidi�ed
atmosphere of 5% CO2 at 37 °C.

Cell transfection

Cells were seeded on 6-well plate, transfection was performed until cell density reached 70-80% at room
temperature. MiR-524-5p mimics and normal control (NC) were designed through the reference of
miRbase Database (www.miRbase.org and ) and synthesized in GenePharma (Shanghai, China). Cells
were transfected with 50nM miR-524-5p mimics or negative control using Lipofectamine 3000
(Invitrogen, USA) according to the manufacturer’s instructions. 

RNA extraction and RT-PCR analyses

Total RNA was extracted from cell lines with Trizol reagent (Invitrogen, USA) according to the
manufacturer’s instructions. 2.0 μg total RNA was reverse transcribed in a �nal volume of 20 μL using the
PrimeScriptTM RT reagent Kit (Takara, Japan) according to the manufacturer’s protocol. 0.5 μL
complementary DNA (cDNA) was ampli�ed and quanti�ed on the LightCycler® 96 system (Roche,
Switzerland) using SYBR® Premix Ex Taq™ II (Tli RNaseH Plus)(Takara, Japan). miRcute Plus miRNA
First-Strand cDNA Kit (TianGen Biotech, Beijing, China) and SYBR Green (TianGen Biotech, Beijing, China)
were used to quantify mature miRNA levels. U6 or beta-actin was used as the internal controls. Relative
fold expressions were calculated with the comparative threshold cycle (2-ΔΔCt) method. The primers
used are provided in supplementary Table 1. 

Western blot

Total protein was extracted using the cell lysate for determining protein expression. Protein sample was
quanti�ed by bicinchoninic acid (BCA), separated by SDS-PAGE gel electrophoresis, and blocked with 5%
skim milk. Membranes were then incubated with the primary antibody (Proteintech Group, Inc., Wuhan,
China) and the corresponding secondary antibody (Beyotime Biotechnology, Shanghai, China). Band
exposure was developed by chemiluminescence. 

Dual-luciferase reporter gene assay

http://www.mirbase.org/
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The MEF2C 3' UTR sequence containing wild-type and mutant binding sites was cloned into the pmirGLO
luciferase vector. After the MEF2C 3'UTR WT (or MUT) were co-transfected with miR-524-5p mimic or
negative control by Lipofectamine 3000 respectively. After 72 h, the cells were lysed and centrifuged at
12,000 rpm for 5 min to perform Dual-Lumi Luciferase Assay (Beyotime Biotechnology, Shanghai, China).
The luciferase activity of the cells was determined by EnVision Multifunctional Microplate Reader
(PerkinElmer, Germany). pmirGLO vector transfected into cells served as internal control.

Cell Counting Kit-8 (CCK-8) assay

100 μL of cell suspension containing 1×104 cells was added in each well of the 96-well plate. At 6 hrs, 24
hrs, 48 hrs, 72 hrs, and 96 hrs, 10 μL of CCK-8 reagent (Beyotime Biotechnology, Shanghai, China) was
supplied, respectively. After cell culture for 2 hrs, the absorbance value of each well at 450 nm wavelength
was measured by a microplate reader for plotting a growth curve.

Transwell assay

Cell suspension with 1×105 cells/mL was prepared with serum-free medium. 100 μL of the suspension
was supplied into the chamber and 600 μL of complete medium was added in the basolateral chamber.
At the other day, un-penetrating cells above the chamber were wiped off. Subsequently, the chamber was
�xed in 4% paraformaldehyde for 30 mins and dyed with 1% crystal violet for another 10~15 mins. Five
randomly selected �elds in each sample were captured using an inverted microscope (magni�cation
100×).

In intro 3D model of prostate and breast cancer metastasis

All mouse experiments were approved by The Institutional Animal Care and Use Committee of ShangHai
Sixth People’s Hospital. To simulate in vivo bone metastasis microenvironment, one-day-old neonatal CD-
1 mice were used to build an in vitro 3D model. In details, after CD-1 mice were sacri�ced, their calvaria
bone were separated under sterile condition and cut in the occipital lobe to produce an arch structure[29].
Then the calvarial bones were washed with PBS (pH 7.4) and were co-cultured with DU145 cells or MCF7
cells and DU145 cells or MCF7 cells transfected with miR-524-5p mimic in the 48-well plate at a density
of 5 × 105 cells per well. The cranium bones without culturing with cells was set as negative control. After
incubated at 37 °C for 4 days, the crystal violet staining experiment was performed: the bone fragments
were taken out, �xed with 95% alcohol for 10 minutes, washed with PBS 3 times, and stained with 5
mg/mL crystal violet for 15 minutes. Wash the stained bone slices with PBS 3 times and observe under
an inverted microscope. Each bone slice is randomly taken from 3 different �elds to count the adhered
cells (magni�cation 400×)[30, 31].

Statistical processing

SPSS 22.0 software (SPSS lnc., Chicago, IL, US) was utilized for statistical analysis. The quantitative
data were represented as mean ± SD (x¯± s). The independent t-test was used for analyzing the
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measurement data. Chi-square test was applied for analyzing the categorical data. P<0.05 was
considered statistically signi�cant.

Results
Identi�cation of DE-miRNAs and DEGs

A total of 870 DEGs from prostate cancer gene expression pro�les were obtained, of which 387 were up-
regulated and 483 were down-regulated (Figure 1A, B). And a total of 1790 DEGs from breast cancer gene
expression pro�les were obtained, of which 899 were up-regulated and 891 were down-regulated (Figure
1C, D). A total of 77 DE-miRNAs were obtained from breast cancer miRNA expression pro�les, of which 37
were upregulated and 40 were downregulated (Figure 1E, F). We overlapped the DEGs (mRNA) screened in
the prostate cancer bone metastasis dataset and breast cancer bone metastasis, and identi�ed 22
upregulated and 27 down-regulated DEGs (Figure 1G, H).

Pathway and process enrichment analysis of DEGs 

For the selected common DEGs, pathway and process enrichment analysis were performed through GO
processes and KEGG pathways. The top 15 clusters from 3 categories with their representative enriched
terms were shown in Figure 2A. The terms enriched in the biological process (BP) category included the
cardiac tissue and animal organ development, cardiac muscle cell differentiation, embryonic organ
morphogenesis, bone development, bone morphogenesis. The molecular function category showed
enrichment for factors involved in the extracellular exosome, collagen-containing extracellular matrix, cell-
subtrate adherens junction, focal adheren. In addition, the GO cell component category revealed
enrichment in the cadherin binding, ribonuclease activity, retinoid binding, DNA binding, enhancer binding,
aminopeptidase activity.

The results of the KEGG pathway enrichment analysis implied that common DEGs were signi�cantly
enriched in transcriptional mis-regulation in cancer, parethyroid hormone synthesis secretion and action,
regulating pluripotency of stem cells, MAPK signaling, Ras signaling pathways, EGFR tyrosine kinase
inhibitor resistance, endocrine resistance, prostate cancer, viral protein interaction with cytokine and
cytokine receptor, FoxO adhesion molecules, gastric cancer , proteoglycans in cancer, endocytosis (Figure
2B, C). 

mRNA –miRNA regulation network and PPI network construction

We used four target prediction databases to identify the target genes of selected DE-miRNAs and DEGs.
In total, 49 genes which had different expression between patients with primary prostate and breast
cancer and patients with bone metastatic prostate and breast cancer, were identi�ed for 77 DE-miRNAs.
In addition, nineteen of the target genes (NAV3, MEF2C, GART, HOXB7, STC2, CADM3, RAPGEF5, MMP16,
NCAM1, ZC3H7B, ASPN, CD163, MXRA5, RNASE6, ARID1A, CYP26A1, MAFB, DCN, MS4A6A) were up-
regulated and twenty seven of which were down-regulated. The pairs supported by two or more
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databases were further processed and retained. The miRNA–mRNA regulatory network includes: DE-
miRNAs (n =31), and target genes (n = 46), as shown in Figure 3A. Among of those DEGs, MEF2C showed
extremely high expressed in patients with bone metastatic prostate and breast cancer (Figure 3B), and
MEF2C was one of the targets for miR-524-5p.

For the DEGs in bone metastasis, a PPI network were constructed through the string database from 20
proteins (con�dence level of 0.4) consists of 34 nodes, 17 edges. The PPI network analysis showed that
MEF2C, FGF2, NCAM1, TCF3 and MS4A6A were hub genes (Figure 3C). 

Prognosis related molecules as potential markers

Kaplan-Meier analysis revealed that low expression of MEF2C was strongly and positively correlated with
shorter survival compared to the control group, and low expression of MEF2C was strongly and positively
correlated with longer survival compared to the control group (Figure 4A). Receiver operating curve (ROC)
analyses were performed to evaluate the ability of MEF2C expression to discriminate between normal
and tumor tissues. An area under the ROC curve (AUC) of 0.964 of 0.5 years, 0.523 of 2.5 years and 0.604
of 4.5 years was obtained suggesting that MEF2C expression can discriminate between malignant and
non-malignant tissues and can be used as a diagnostic marker for prostate cancer. An area under the
ROC curve (AUC) of 0.747 of 0.5 years, 0.6 of 2.5 years and 0.547 of 4.5 years was obtained suggesting
that MEF2C expression can discriminate between malignant and non-malignant tissues and can be used
as a diagnostic marker for breast cancer (Figure 4B). Univariate Cox regression analyses indicated that
pathological M stage were related to overall survival (P<0.001). Univariate Cox regression analyses
indicated that pathological disease stage, pathological TNM stage and lymph node were related to
overall survival (P<0.05) (Figure 4C).

miR-524-5p over-expression restrained cell proliferation and invasion ability in prostate and breast cancer

We analyzed the DE-miRNAs and found miR-524-5p as one of most signi�cantly down-regulated miRNAs
in prostate and breast cancer with bone metastasis (Figure3A B). To verify this result, we detected the
miR-524-5p expression in the human prostate cancer cell lines DU145, LNCAP, and breast cancer cell line
MCF7. RT-qPCR showed that miR-524-5p was lower in MCF7 and DU145 cell lines (Figure 5A).

To explore the biological role of miR-524-5p, we transfected miR-524-5p mimic into DU145 and MCF7 cell
line. Transfection of miR-524-5p mimic signi�cantly increased miR-524-5p expression in DU145 and
MCF7 cells (Figure 5B). In the CCK-8 assay, miR-524-5p mimic repressed cell proliferation ability
of DU145 and MCF7 (Figure 5C). In the transwell assay, miR-1224-5p mimic repressed DU145 and
MCF7 cells invaded into the lower chamber (Figure 5D), indicating that the invasion ability of prostate
and breast cancer is increased.

miR-524-5p speci�cally targets MEF2C

MEF2C, a member of the family of transcription factors, has been proposed as a new player in breast
cancer brain metastasis development [32]. In contrast to miR-1224-5p, the MEF2C was upregulated in
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prostate and breast cancer with bone metastasis, and MEF2C gene was predicted as a target for miR-631,
miR-524-5p, miR-330-3p, miR-346 (Figure 3A). Thus, we transfected miR-524-5p mimic, qPCR result
showed that MEF2C mRNA signi�cantly decreased compared with control (Figure 6A), and Western blot
demonstrated that MEF2C protein dramatically decreased while transfecting miR-524-5p mimic (Figure
6B). These data indicated that MEF2C is most likely the target of miR-524-5p.

TargetsScan predicted that the MEF2C 3’UTR sequence at 130-136 base (site-1) and 904-910 base (site-
2) is possible targeted for miR-524-5p (Figure 6C). To further con�rm the position that miR-1224-5p
targeted MEF2C, we conducted luciferase reporter assays. For site-1, luciferase activities decreased in the
cells cotransfected with wild-type MEF2C and miR-524-5p mimic compared with NC group. However, after
co-transfection with MEF2C mutation (mut) and miR-524-5p mimic, no differences in the luciferase
activities compared with their control group. For site-2, while cells co-transfected with wild-type MEF2C
and miR-524-5p mimic, there is less change in the luciferase activities compared with their control group
(Figure 6D). Therefore, MEF2C is mainly targeted by miR-524-5p at 130-136 site.

Effect of miR-524-5p on in vitro 3D model of prostate or breast cancer bone metastasis

In the control group not cultured with tumor cells, the calvaria bone tissue was smooth and �at. In the
model group cultured with DU145 or MCF7 cells, many DU145 or MCF7 cells grow on the surface of
calvaria bones. We measured the number of DU145 or MCF7 cells on the calvaria bone through crystal
violet staining. There is a small amount of residual bone cells on the surface. However, there are a large
number of tumor cells on the surface of the calvaria bones in the model group cultured with DU145 or
MCF7 cells, and less in the model group cultured with DU145 or MCF7 cells co-transfected with miR-524-
5p mimic(Figure 7A,7B), which proves that the normal calvaria bones has strong adhesion to tumor cells,
the adhered tumor cells cause damage to the calvaria bone in the co-culture group. However, miR-524-5p
over-expression repressed adhesion and metastasis to bone tissue.

Discussion
As we described previously, bone is the most common metastasis site for prostate and breast cancer.
Prostate and breast cancer bone metastasis is a multistep process including tumor cells dissemination
into circulation, homing to bone, and proliferation in bone tissue. A complicated network of molecular
events play a crucial role in the development of metastasis to bone. However, the underlying mechanism
was not fully understood. In this study, we identi�ed a microarray gene expression pro�le and established
a comprehensive genetic interaction network to reveal the critical role of several miRNAs, and particularly
miR-524-5p, and their common target MEF2C upregulated in the bone metastasis development. These
�ndings provide new insights for considering the altered miRNAs as potential biomarkers and MEF2C as
a possible target for preventing or breaking prostate and breast cancer metastasis.

Several lines of literature reported that miRNAs play a key role in cancer progression and metastatic. We
found that 40 miRNA was downregulated such as miR-63, miR-524-5p, miR-330-3p, miR-346 and 37
miRNA was upregulated such as miR-564, miR-602, miR-129-5p when searching for miRNAs with an
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aberrant expression in prostate and breast cancer metastasis. Over-expressed miRNAs in various tumors
have been found in cancer models to function as oncogenic miRNAs[33–36]. Other decreased expression
miRNAs are suspected as tumor suppressors[37–39]. Among those miRNAs as revealed by
bioinformatical target prediction, miR-524-5p emerged as the most promising and reported to be involved
in various cancer through different mechanism. MiR-204‐5p has been predicted as a tumor suppressor
molecule in multiple types of cancers. Several studies have reported that the miR‐204‐5p was down‐
regulated in many kinds of tumors and acted as a potent tumor suppressor inhibiting tumor proliferation
and metastasis, including glioma[40], colon cancer cells[41], papillary thyroid carcinoma[42], gastric
cancer[16]. In breast cancer, Jin et al have found that miR-524-5p inhibited the progression of migration,
invasion and epithelial-mesenchymal transition in breast cancer cells through targeting FSTL1[19]. Wen
et al found that miR-204-5p inhibited breast cancer cells reproduction and enhanced cell apoptosis[43].
However, Yang et al recently reported that miR-194-5p increased cell proliferation, migration and invasion
in different breast cancer cell lines by regulating Wnt/β-catenin signaling pathway[44]. Consistent with
Yang’s result, our study con�rmed that miR-204-5p was downregulated and promoted cell proliferation
and invasion ability in prostate or breast cancer. As for the reason of contradicting reports, on the one
hand, heterogeneity of miR-204-5p may play an essential role according the cell line we use is the same
as Yang et al. On the other hand, it may be a consequence that one single miRNA can regulate various
genes and functions or in�uence the multiple factors expression in different cellular contexts[45].

Myocyte enhancer factor 2 (MEF2) protein family of transcription factors includes MEF2A, MEF2B,
MEF2C, and MEF2D. It was reported that MEF2C widely expressed such as expressed in muscle, neuronal,
chondroid, immune, and endothelial cells[46]. In addition, MEF2C have close connections with cancer cell
uncontrolled proliferation and enhancement of invasion[47]. As far as cancer metastasis is concerned, a
recent study reported that MEF2C was consistently expressed in breast cancer brain metastases and that
its nuclear translocation was related to brain metastatic disease severity via VEGFR-2 and β-catenin
signaling[48]. MEF2C was predicted to be regulated by miR-802‐5p and miR‐194‐5p in breast cancer brain
metastases. This indicates that MEF2C presents a role in tumor metastasis. Using miRDB, TargetScan,
miRanda, miTarbase, MEF2C was identi�ed as a target for miR-63, miR-524-5p, miR-330-3p, miR-346, and
its expression was increased. We con�rmed that MEF2C is speci�cally targeted by miR-524-5p and down-
regulated in prostate and breast cancer cell. It was reported that MEF2C is involved in breast cancer brain
metastases. However, whether miR-524-5p function its roles in prostate and breast cancer metastasis via
MEF2C, and what the speci�c downstream mechanism is still needed to further investigation. Collectively,
down-regulation of miR-524-5p appears as a precocious event in prostate and breast cancer, and MEF2C
emerges as a new player in prostate and cancer bone metastasis development.
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Identi�cation of DE-miRNAs and DEGs related cancer bone metastasis A. Clustered heat map of the top
50 DEGs in GSE32269. Red: upregulated genes and blue: downregulated genes. B. Differentially
expressed volcano plots in GSE32269. Green dots: signi�cantly downregulated, red dots: signi�cantly
upregulated and black dots: no signi�cant differences. C. Clustered heat map of the top 50 DEGs in
GSE29079. Red: upregulated genes; blue: downregulated genes. D. Differentially expressed volcano plots
in GSE29079. Green dots: signi�cantly downregulated, red dots: signi�cantly upregulated and black dots:
no signi�cant differences. E. Clustered heat map of the top 50 DE-miRNAs in GSE26964. Red:
upregulated genes; blue: downregulated genes. F. Differentially expressed volcano plots in GSE26964.
Green dots: signi�cantly downregulated, red dots: signi�cantly upregulated and black dots: no signi�cant
differences. G. The common DEGs from GSE32269 and GSE29079 involving in the prostate cancer bone
metastasis and breast cancer bone metastasis by Venny 2.1.0.
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Figure 2

Visualizations of Pathway and process enrichment analysis results of DEGs. A. GO processes analysis of
DEGs. The vertical axis represents the enrichment score value enriched on the GO term item, and the
horizontal axis represents the name of the corresponding GO term item in the GO database. The �gure
only shows the top 15 of the three categories. BP: Biological Process MF: Molecular Function CC: Cellular
Component. B. KEGG analysis of DEGs. The top 15 clusters with their representative KEGG pathways. The
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color changes gradually from blue to red, which represents the signi�cance level of enrichment to the
pathway, and the redder in color, the more signi�cant. The horizontal axis represents the enrichment score
of the pathway, the vertical axis represents the corresponding pathway name in KEGG database, the size
of the circle represents the number of genes enriched in the pathway. C. KEGG Pathway Enrichment
Analysis of the DEGs.

Figure 3



Page 19/22

The landscape of mRNA-miRNA interaction and PPI networks. A. mRNA-miRNA interaction and PPI
networks. Its graphic visualization uses different shapes representing different gene types, oval
represents mRNA, square represents miRNA, and different colors represent different gene expression, red
represents up-regulated genes, and blue represents down-regulated genes. B. Protein–protein interaction
(PPI) network of the DEGs. The globules represent proteins, and the line between the globules represents
the interaction between the two proteins.

Figure 4
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Prognosis Analysis of hub gene A. Kaplan-Meier analysis of overall survival curves of the prostate or
breast cancer patients strati�ed by MEF2C expression. B. ROC curve analysis showing performance of
MEF2C expression to discriminate in prostate or breast cancer patients. C. Univariate Cox regression
analyses of overall survival.

Figure 5
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miR-524-5p repressed cell proliferation and invasion of DU145 or MCF7 cells. A. MiR-524-5p expression in
RNA level was tested by qPCR method in MCF7, DU145, LNCAP cells. B. Transfection of miR-524-5p
mimic increased miR-524-5p expression in DU145 or MCF7 cells. C. Overexpression of miR-1224-5p
repressed proliferation of DU145 or MCF7 cells in a CCK-8 assay. D. Overexpression of miR-524-5p
repressed cell invasion of DU145 or MCF7 cells in a Transwell assay.

Figure 6
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miR-524-5p speci�cally targets MEF2C A. qPCR resulted that the level of MEF2 was down-regulated after
treatment with miR-524-5p mimic in DU145 and MCF-7 cells. B. Western blot analysis the expression of
MEF2C protein in DU145 and MCF-7cells.C. Luciferase assay veri�ed the relationship between miR-1224-
5p and MEF2C.

Figure 7

miR-524-5p promoted metastasis of DU145 or MCF7 cells in vitro 3D model A. Co-cultured bone tissue
with MCF7 or DU145 cells with or without miR-524-5p mimic. B. Count and analyze the cells adhering to
calvaria bone tissue


