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Abstract
Our recent determination of a microRNA (miRNA) expression signature in prostate cancer (PCa) revealed that miR-205-5p
was significantly reduced in PCa tissues and that it acted as an antitumor miRNA. The aim of this study was to identify
oncogenic genes and pathways in PCa cells that were regulated by antitumor miR-205-5p. Genome-wide gene expression
analyses and in silico miRNA database searches showed that 37 genes were putative targets of miR-205-5p regulation.
Among those genes, elevated expression levels of seven in particular (HMGB3, SPARC, MKI67, CENPF, CDK1, RHOU,
and POLR2D) were associated with a shorter disease-free survival in a large number of patients in the The Cancer Genome
Atlas (TCGA) database. We focused on high-mobility group box 3 (HMGB3) because it was the most downregulated by
ectopic expression of miR-205-5p in PC3 cells and its expression was involved in PCa pathogenesis. Luciferase reporter
assays showed that HMGB3 was directly regulated by miR-205-5p in PCa cells. Knockdown studies using si-HMGB3
showed that expression of HMGB3 enhanced PCa cell aggressiveness. Overexpression of HMGB3/HMGB3 was confirmed
in naive PCa and castration-resistant PCa (CRPC) clinical specimens. Novel approaches to analysis of antitumor miRNA-
regulated RNA networks in PCa cells may provide new insights into the pathogenic mechanisms of the disease.

Introduction

Prostate cancer (PCa) is the most frequently diagnosed
cancer in developed countries [1]. Most patients with
naive PCa initially respond to androgen deprivation
therapy; however, most patients eventually progress to

treatment resistance, and distant metastasis, a state termed
“castration-resistant prostate cancer” (CRPC) [2]. Currently
approved androgen receptor (AR)-targeted agents
have resulted in survival benefits in patients with CRPC;
however, CRPC is not considered curative [3, 4]. One of
the main challenges of CRPC treatment is controlling
distant metastases [5, 6]. Therefore, for the control of
CRPC, it is indispensable to elucidate the molecular
mechanisms of PCa cell metastasis, preferably using
genomic approaches.

MicroRNAs (miRNAs) consist of small-sized (19 to 22
nucleotides) noncoding RNAs. They act to fine-tune the
expression of protein coding RNAs and noncoding RNAs
by repressing translation or cleaving RNA transcripts in a
sequence-dependent manner [7]. A large body of evidence
indicates that aberrantly expressed miRNAs induce the
breakdown of RNA networks in cells, leading to human
diseases, including various cancers [8]. In cancer cells,
overexpressed miRNAs can promote cancer through their
targeting of tumor-suppressive genes. In contrast, down-
regulated antitumor miRNAs can lead to overexpression or
activation of oncogenes. Discovery of microRNA
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(miRNA)-regulated genes improves our understanding
RNA networks in cancer cells [9–15].

We have undertaken the identification of antitumor
miRNAs, with the goal of determining how these miRNAs
mediate gene expression networks in PCa cells [16–18].
The starting point of our strategy of miRNA studies is to
identify aberrantly expressed miRNAs based on miRNA
expression signatures [17–21]. Analyses of our miRNA
signatures of PCa and CRPC have revealed that miR-205-5p
is downregulated in cancer tissues [16–18, 22]. Our past
study showed that ectopic expression of miR-205-5p sig-
nificantly suppressed cancer cell migration and invasion in
PCa cells [22]. We hypothesized that re-analysis of the
target genes regulated by antitumor miR-205-5p might
reveal more about PCa pathogenesis. In this study, we
aimed to identify therapeutic targets of PCa through deter-
mining the gene targets of miR-205-5p regulation. Our
present data showed that a total of seven genes (HMGB3,
SPARC, MKI67, CENPF, CDK1, RHOU, and POLR2D)
were involved in PCa pathogenesis based on TCGA data-
base analyses. Moreover, we focused on the high-mobility
group box 3 (HMGB3) gene and investigated its functional
significance in PCa and CRPC.

Materials and methods

Clinical prostate specimens, cell lines, and cell culture

In this study, expression analyses of miR-205-5p and
HMGB3 were performed using a total of 27 needle biopsy
specimens and metastatic CRPC specimens (17 cancer
samples and 10 non-cancer tissues). Immunochemical
staining of HMGB3 was performed using a total of six
specimens (three radical prostatectomy specimens and three
metastatic CRPC specimens). These specimens were
obtained from patients admitted to Chiba University Hos-
pital and Teikyo University Chiba Medical Center Hospital
from 2008 to 2013. Clinical features of patients are sum-
marized in Supplemental Table 1. All patients in this study
provided informed consent, and the study protocol was
approved by the Institutional Review Board of Chiba Uni-
versity and Teikyo University Chiba Medical Center.

We also used human prostate cancer cells PC3 and
DU145 obtained from the American Type Culture Collec-
tion (Manassas, VA, USA), as described previously [19–23].

Mature miRNA and small-interfering RNA (siRNA)
transfection into PCa cell

We used the following RNA species in this study: mature
miRNAs, Pre-miR miRNA Precursors (hsa-miR-205-5p,
Product ID: PM11015; Applied Biosystems, Foster City,

CA, USA), negative control miRNA (assay ID: AM17111;
Applied Biosystems), and siRNA (SR302142; OriGene,
Rockville, USA). The transfection procedures were descri-
bed previously [19–23].

Cell proliferation, migration, and invasion assays

Cell proliferation, migration, and invasion assays were
described previously [19–23].

Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR)

The procedure for PCR quantification was described pre-
viously [19–23]. TaqMan probes and primers for HMGB3
((P/N: Hs00801334_m1; Applied Biosystems) were assay-
on-demand gene expression products. Stem-loop RT-PCR
for miR-205-5p ((Assay ID: 000509; Applied Biosystems)
was used to quantify the expression levels of miRNAs
according to the manufacturer’s protocol. To normalize the
data for quantification of mRNA and miRNAs, we used
human GUSB (P/N: Hs99999908_m1; Applied Biosys-
tems), GAPDH (P/N: Hs02758991_m1; Applied Biosys-
tems) and RNU48 (assay ID: 001006; Applied Biosystems).

Western blot analysis

Immunoblotting was performed with monoclonal anti-
HMGB3 antibodies (1:250 dilution; HPA062583; Sigma-
Aldrich, St. Louis, MO, USA). Anti-glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) antibodies (1:10,000
dilution; ab8245; Abcam, Cambridge, UK) were used as an
internal control. The procedures were described in our
previous studies [19–23].

Genome-wide gene expression and in silico analysis for
the identification of genes regulated by miR-205-5p

We searched putative genes regulated by miR-205-5p by a
combination of in silico and genome-wide gene expression
analyses. Genes regulated by miR-205-5p were listed using
the TargetScan database (release 7.0). Oligo microarrays
(Human GE 60 K; Agilent Technologies) were used for
gene expression analyses. The microarray data were
deposited into GEO (http://www.ncbi.nlm.nih.gov/geo/),
with accession number GSE66498. Upregulated genes in
PCa were obtained from publicly available data sets in GEO
(accession number: GSE29079).

TCGA-PCa data analysis

To explore the clinical significance of miR-205-5p target
genes and HMGB3-mediated genes, we used OncoLnc
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Table 1 Candidate target genes regulated by miR-205-5p in PCa cells

Gene
symbol

Gene name Expression in miR-205
transfectant (Log2
ratio)

Conserved
sites

Poorly
conserved
sites

GEO expression data
Fold Change (tumor/
normal)

TCGA
data
DFS

HMGB3 High-mobility group box 3 −2.85 0 2 1.19 0.0244
SPARC Secreted protein, acidic, cysteine-rich

(osteonectin)
−2.57 0 1 1.36 0.0239

MKI67 Antigen identified by monoclonal
antibody Ki-67

−2.54 0 1 1.43 0.001

CNKSR3 CNKSR family member 3 −2.49 0 2 1.43 0.388
MAGI1 Membrane-associated guanylate

kinase, WW and PDZ domain
containing 1

−2.48 1 0 1.11 0.787

MBP Myelin basic protein −2.36 0 1 1.24 0.628
ZNF507 Zinc finger protein 507 −2.2 0 1 1.37 0.196
CENPF Centromere protein F, 350/400 kDa −2.14 1 0 1.32 0.0011
CDK19 Cyclin-dependent kinase 19 −2.05 2 3 1.66 0.719
CDK1 Cyclin-dependent kinase 1 −2.02 0 1 1.3 0.0006
LIN7A Lin-7 homolog A (C. elegans) −2.01 0 1 1.23 0.198
SHISA6 Shisa family member 6 −2 0 2 1.39 0.0564
HERC3 HECT and RLD domain containing

E3 ubiquitin protein ligase 3
−2 1 0 1.32 0.255

PAN3 PAN3 poly(A) specific ribonuclease
subunit homolog (S. cerevisiae)

−1.97 0 1 1.2 0.112

FAR2 Fatty acyl CoA reductase 2 −1.97 0 1 1.09 0.279
E2F5 E2F transcription factor 5, p130-

binding
−1.94 0 1 1.41 0.309

TMEM45B Transmembrane protein 45B −1.89 0 1 2.18 0.347
RHOU Ras homolog family member U −1.87 0 1 1.4 0.0273
ABHD2 Abhydrolase domain containing 2 −1.81 0 4 1.8 0.224
GIGYF2 GRB10 interacting GYF protein 2 −1.77 0 2 1.39 0.361
POLR2D Polymerase (RNA) II (DNA directed)

polypeptide D
−1.74 0 1 1.13 0.0258

ZFP64 ZFP64 zinc finger protein −1.72 0 1 1.22 0.83
RGS5 Regulator of G-protein signaling 5 −1.71 0 1 1.5 0.108
NCALD Neurocalcin delta −1.67 0 1 1.71 0.589
CDH11 Cadherin 11, type 2, OB-cadherin

(osteoblast)
−1.66 4 2 1.38 0.124

ACER3 Alkaline ceramidase 3 −1.65 0 1 1.38 0.229
TTC19 Tetratricopeptide repeat domain 19 −1.65 1 1 1.14 0.559
RBM47 RNA-binding motif protein 47 −1.62 2 1 1.31 0.0023a

RPS6KA2 Ribosomal protein S6 kinase, 90 kDa,
polypeptide 2

−1.61 0 1 1.35 0.707

FAM168A Family with sequence similarity 168,
member A

−1.59 2 0 1.06 0.411

IWS1 IWS1 homolog (S. cerevisiae) −1.54 0 1 1.15 0.404
FRY Furry homolog (Drosophila) −1.52 0 1 1.19 0.473
MED1 Mediator complex subunit 1 −1.52 3 1 1.6 0.72
HSD17B11 Hydroxysteroid (17-beta)

dehydrogenase 11
−1.51 1 0 1.43 0.304

INTS6 Integrator complex subunit 6 −1.51 0 1 1.21 0.0095a

TPR Translocated promoter region,
nuclear basket protein

−1.51 0 2 1.26 0.104

BICD1 Bicaudal D homolog 1 (Drosophila) −1.5 0 1 1.27 0.484

GEO gene expression omnibus, TCGA The Cancer Genome Atlas, DFS disease-free survival
aPoor prognosis with low expression
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database (http://www.oncolnc.org/) and the RNA sequen-
cing database in TCGA (The Cancer Genome Atlas: https://
tcga-data.nci.nih.gov/tcga/) [24]. Gene expression and
clinical data were retrieved from cBioportal (http://www.
cbioportal.org/, the provisional data downloaded on 27
August 2017) [25, 26].

Regulation of targets downstream of HMGB3 in PCa

We investigated pathways regulated by HMGB3 in PCa
cells. We analyzed gene expression using si-HMGB3-
transfected PC3 cells. Microarray were used for expression
profiling of si-HMGB3 transfectants. The microarray data
were deposited into GEO (accession number: GSE66498).
To identify signaling pathways regulated in silico, gene
expression data were analyzed using the KEGG pathway
categories with the GeneCodis program.

Plasmid construction and dual-luciferase reporter assay

The partial wild-type sequences of the HMGB3 3'-untranslated
region (UTR) or those with deleted miR-205-5p target sites
(position 922-999 or position 1747-1754) were inserted in the
3′-UTR of the hRluc gene in the psiCHECK-2 vector (C8021;
Promega, Madison, WI, USA). The procedure for dual-
luciferase reporter assay was described previously [19–23].

Immunohistochemistry

Formalin-fixed, paraffin-embedded (FFPE) tissues were
used. Tissue sections were incubated overnight at 4 °C with
anti-HMGB3 antibodies diluted 1:1000 (HPA062583;
Sigma-Aldrich). The procedure for immunohistochemistry
was described previously [19–23].

Statistical analysis

Relationships between two or three variables and numerical
values were analyzed using Mann–Whitney U-tests or
Bonferroni-adjusted Mann–Whitney U-tests. Spearman’s
rank tests were used to evaluate the correlations between the
expression of miR-205-5p and target genes. Expert Stat-
View software (version 5.0, SAS Institute Inc., Cary, NC,
USA) was used for these analyses.

Results

Identification of putative targets of miR-205-5p
regulation in PCa cells

Our previous study showed that miR-205-5p was
significantly downregulated in naive PCa clinical specimens

and ectopic expression of the miRNA inhibited
cancer cell migration and invasion [22]. This finding indi-
cated that miR-205-5p acted as an antitumor miRNA in PCa
cells.

Extending that study, we performed in silico and gene
expression analyses to identify those genes that were tar-
geted by miR-205-5p for regulation. Our strategy is shown
in Supplemental Fig. 1. First, we selected putative miR-205-
5p target genes using the TargetScan database and identified
4413 genes (release 7.0). Next, we performed comprehen-
sive gene expression analysis using miR-205-5p transfec-
tants of PC3 cells, with negative control miRNA
transfectants serving as controls (GEO accession number:
GSE66498). A total of 178 genes were downregulated
(Log2 ratio <−1.5) in miR-205-5p transfectants. The gene
set was then analyzed with a publicly available gene
expression data set in GEO (accession number: GSE29079),
and genes upregulated in PCa clinical specimens were
chosen (fold change > 1.0).

A total of 37 genes were identified as candidate targets of
miR-205-5p regulation. We investigated the expression
status of these genes and PCa clinicopathological features
by using TCGA database (Table 1). Among 37 putative
targets, high expression of HMGB3, SPARC, MKI67,
CENPF, CDK1, RHOU, and POLR2D was significantly
associated with patients’ shorter disease-free survival com-
pared to those with low expression (Fig. 1).

In this study, we focused on HMGB3 because this gene
was the most downregulated gene in miR-205-5p transfec-
tants and was associated with a significant difference in
disease-free survival. We investigated the functional sig-
nificance of the gene in PCa cells.

Expression levels of miR-205-5p and HMGB3 in PCa
clinical specimens and cell lines

We validated the expression levels of miR-205-5p in PCa
clinical specimens and cell lines. Figure 2a shows that the
expression levels of miR-205-5p were significantly reduced
in cancer tissues compared with noncancerous epithelium
(P= 0.0068). Next, we used qRT-PCR to investigate the
mRNA expression levels of HMGB3 in 27 clinical speci-
mens. HMGB3 was significantly upregulated in PCa tissues
compared to non-PCa tissues (Fig. 2b, P= 0.0031).
Spearman’s rank test showed a negative correlation between
the expression of HMGB3 and miR-205-5p (P= 0.0043,
R=−0.56, Fig. 2c).

We also examined the expression levels of HMGB3 in
naive PCa and metastatic castration-resistant prostate cancer
(mCRPC) clinical specimens by immunostaining. HMGB3
was strongly expressed in cancer lesions of PCa and
mCRPC (Fig. 2d, e; the patients’ backgrounds are sum-
marized in Supplemental Table 2).
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Direct regulation of HMGB3 by miR-205-5p in PCa cells

Next, we investigated whether the expression of HMGB3
decreased in miR-205-5p-transfected PCa cells. Figure 3a
shows that HMGB3 mRNA levels were significantly
reduced by miR-205-5p transfection compared with the
mock or miR-control transfectants in both PC3 and DU145
cells. Furthermore, HMGB3 protein levels were also
reduced by miR-205-5p transfection compared with mock
or miR-control transfectants (Fig. 3b).

We then carried out luciferase reporter assays with a
vector that included the 3′-UTR of HMGB3 to confirm that
miR-205-5p directly regulated HMGB3 in a sequence-
dependent manner. The TargetScan Human database pre-
dicted that there were two binding sites for miR-205-5p in
the 3′-UTR of HMGB3 (positions 992–999 and
1747–1754). Cotransfection with miR-205-5p and vectors
significantly reduced luciferase activity in comparison with
those in mock and miR-control transfectants (Fig. 3c).

Effects of silencing HMGB3 on cell proliferation,
migration, and invasion in PCa cell lines

A loss-of-function assay using siRNA was performed to
examine the function of HMGB3 in 2 PCa cell lines. The
HMGB3 expression levels of mRNA and protein were
significantly suppressed by si-HMGB3 in PCa cell lines
(Fig. 4a, b).

Furthermore, we investigated the effects of HMGB3
knockdown on cell proliferation, migration, and invasion in
PCa cell lines. Cancer cell proliferation was significantly
reduced in si-HMGB3 transfectants in comparison with that
in mock- or miR control-transfected cell lines (Fig. 4c).
Next, migration activities were significantly suppressed in
si-HMGB3 transfectants in comparison with that in mock-
or miR control-transfected cell lines (Fig. 4d). Furthermore,
invasion activity was also significantly inhibited in si-
HMGB3 transfectants in comparison with that in mock- or
miR control-transfected cell lines (Fig. 4e).
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Fig. 1 TCGA survival analysis and putative targets of miR-205-5p in
PCa. The Kaplan–Meier curves show seven genes whose expression

was associated with significant differences in disease-free survival rates
in TCGA data analysis
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TCGA-PCa data analysis

We examined the relationship between stage and pathological
diagnosis and expression level of HMGB3 in PCa using the
TCGA database. As shown in Supplemental Fig. 2, high
expression of HMGB3 was significantly associated with high T
stage, positive lymph node metastasis and high Gleason score.

Downstream genes affected by silencing of HMGB3 in
PC3 cells

Finally, we performed genome-wide gene expression ana-
lysis using si-HMGB3 in PC3 cells to investigate which
genes were modulated by HMGB3 signaling. We submitted
the raw data to the GEO database (accession number:
GSE66498). In this study, we focused on genes that were
significantly downregulated by both si-HMGB3-1 and si-
HMGB3-2 transfection (Log2 [si-HMGB3/mock]<−0.5).
HMGB3 was the most significantly downregulated gene,
indicating that the array data were worthy of evaluation.
Genes significantly downregulated by silencing of HMGB3
are listed in Table 2. We also listed the upregulated genes
by si-HMGB3 in PC3 cells (Supplemental Table 3). These
genes are candidate of tumor suppressors in PCa cells and
future functional analysis is necessary.

Discussion

An effective strategy for the discovery of novel regulatory
pathways in cancer is to analyze antitumor miRNAs and the
genes they modulate. Based on this strategy, we have
addressed antitumor miRNAs and associated cancer path-
ways in naive PCa and CRPC cells [16, 17]. For example,
miR-26a, miR-26b, miR-218, the miR-29-family, and miR-
223 were downregulated in naive PCa tissues and these
miRNAs inhibited cancer cell migration and invasion
through targeting of genes involved in the extracellular
matrix [27–30]. More recently, we showed that passenger
strands of miRNAs, e.g., miR-150-3p and miR-145-3p acted
as antitumor miRNAs in naive PCa and CRPC [18, 31].
Interestingly, genes targeted by these miRNA passenger
strands (SPOCK1, MELK, NCAPG, BUB1, and CDK1)
were overexpressed in naive PCa and CRPC specimens and
high expression of these genes predicted poor survival in
patients with PCa [18].

Analyses of our signatures revealed that miR-205-5p was
significantly downregulated in naive PCa and CRPC spe-
cimens [16, 17]. Our previous study showed that restoration
of miR-205-5p inhibited cancer cell aggressiveness through
its targeting of centromere protein F (CENPF). Over-
expression of CENPF was observed in naive PCa
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Fig. 2 Expression of HMGB3 in naive PCa and CRPC clinical spe-
cimens. a Expression of miR-205-5p in naive PCa and CRPC clinical
specimens. RNU48 was used as an internal control. b Expression
levels of mRNA of HMGB3 in PCa clinical specimens. GUSB was
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correlation between HMGB3 expression and miR-205-5p (R=−0.56
and P= 0.0043). d, e Immunostaining showed that HMGB3 was
strongly expressed in PCa and metastatic castration-resistant prostate
cancer (mCRPC) lesions (100× and 400×magnification field)
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specimens and expression of CENPF acted as an oncogenic
gene in PCa cells [22]. Initially, overexpression of miR-205-
5p was observed in endoderm and ectoderm in embryonic
germ cells and its function was involved in the differ-
entiation and maintenance of epithelium [32]. Expression of
miR-205-5p might play a pivotal role in the prevention of
the epithelial-mesenchymal transition (EMT) process in
epithelial cells. There is accumulating evidence that
downregulation of miR-205-5p occurs in several cancers,
e.g., breast, lung, esophageal and prostate cancers, and that
it acts as an antitumor miRNA [33].

Downregulation of miR-205-5p in PCa tissues and its
antitumor roles in PCa cells have been observed in past
studies, including data from our laboratory [22, 34].
Androgen signaling through AR is an essential pathway in
PCa progression and aggressiveness [35]. AR was directly
regulated by miR-205-5p and overexpression of miR-205-5p
was inversely correlated with the occurrence of metastases

and shortened overall survival of patients [36]. These
findings indicate that downregulation of miR-205-5p is
significantly involved in naive PCa and CRPC pathogen-
esis. Discovering novel molecular pathways mediated by
miR-205-5p should provide new approaches to treating
naive PCa and CRPC.

In our present study, a total of 37 putative miR-205-5p
targets were identified. Moreover, analysis of a large
number of patients in the TCGA database demonstrated that
patients with high expression of HMGB3, SPARC, MKI67,
CENPF, CDK1, RHOU, and POLR2D had significantly
shorter disease-free survival than did those with low
expression. These genes are deeply involved in naive PCa
and CRPC pathogenesis and are strong candidates for
therapeutic targets of the disease.

In this study, we focused on HMGB3 and investigated its
functional significance in PCa cells. HMGB3 is a member of
the high-mobility group box family that currently includes

Fig. 3 Regulation of HMGB3 expression by miR-205-5p in PCa cells.
a Expression levels of HMGB3 mRNA 48 h after transfection with
10 nM miR-205-5p into PCa cell lines. GUSB was used as an internal
control. *P< 0.0001. b Protein expression of HMGB3 72 h after
transfection with miR-205-5p. GAPDH was used as a loading control.
c Diagrammatic presentation of two putative miR-205-5p-binding sites

in the 3′-UTR of HMGB3 mRNA. Dual-luciferase reporter assays
using vectors encoding putative miR-205-5p target sites (positions
992–999 or 1747–1754) in the HMGB3 3′-UTR for both wild-type and
deleted regions. Normalized data were calculated as the ratio of
Renilla/firefly luciferase activities. *P< 0.001
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four members (HMGB1-HMGB4) [37]. Overexpression of
HMGB3 was reported in several cancers, e.g., breast cancer,
gastric adenocarcinoma, bladder cancer, and esophageal
cancer, and its high expression was associated with poor
prognosis of the patients [38–41]. Our present data showed
that overexpression of HMGB3 was observed in naive PCa
and CRPC specimens and its high expression was sig-
nificantly associated with shorter disease-free survival, high
T stage, positive lymph node status and high Gleason score.
HMGB3 could be a useful prognostic marker in PCa
pathogenesis and other cancers. Our present analyses and
previous studies showed that aberrantly expressed HMGB3
acted as an oncogene in human cancers [42].

Our efforts focused on the identification of molecular
targets and pathways controlled by HMGB3 in PCa cells.
Towards that end, we used gene expression analysis of si-
HMGB3 transfectants to investigate how HMGB3 affected
other genes. The expression levels of eight genes were

suppressed by the knockdown of HMGB3 in PCa cells.
Interestingly, three genes, MCM5, MCM7, and MCM4,
members of the minichromosome maintenance protein
(MCM) family were downregulated by HMGB3 knock-
down. The MCM family consists of six homologs (MCM2-
MCM7), and these members act as eukaryotic DNA repli-
cative helicases [43]. Overexpression of MCM members
was reported in several cancers and aberrantly expressed
MCMs have been shown to be reliable markers of malig-
nancy [43, 44]. Previous studies reported that amplification
and overexpression of MCM7 was associated with PCa
clinicopathological features, such as relapse, local invasion,
and tumor grade [45]. Furthermore, constitutive expression
of MCM7 in a PCa cell line markedly increased DNA
synthesis and cell proliferation [46]. A large cohort study in
the TCGA database showed that high expression of MCM7
was significantly associated with disease-free survival of
patients with PCa (Supplemental Fig. 3). Our present data

Fig. 4 Effects of si-HMGB3 transfection on PCa cell lines. a HMGB3
mRNA expression 72 h after transfection with 10 nM si-HMGB3 into
PCa cell lines. GUSB was used as an internal control. b HMGB3
protein expression 72 h after transfection with si-HMGB3. GAPDH
was used as a loading control. c Cell proliferation was determined with

XTT assays 72 h after transfection with 10 nM si-HMGB3-1 or si-
HMGB3-2. d Cell migration activity was determined by migration
assays. e Cell invasion activity was determined using Matrigel inva-
sion assays. *P< 0.001; **P< 0.0001
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indicated that HMGB3 and its modulated genes might
promote PCa malignancies.

In conclusion, antitumor miR-205-5p directly targets
oncogenic HMGB3 in naive PCa and CRPC cells.
High expression of HMBG3 was significantly associated
with shorter disease-free survival of PCa patients. HMGB3-
controlled genes were deeply involved in PCa pathogenesis.
Our strategy for identification of genes regulated by anti-
tumor miRNAs is effective and this novel approach
may contribute to the development of new therapeutic
strategies.
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