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PLK1 downregulation by RO3280 prevents cell 
proliferation, migration, and invasion via the  
Wnt/β-catenin pathway in prostate cancer

Yongxue Ding1, Zhe Zhang2, Min Ju2

A b s t r a c t

Introduction: Higher expression levels of serine/threonine-protein kinase 1  
(PLK1) are significantly associated with tumorigenesis and poor clinical 
prognoses. Consequently, PLK1 is considered a latent target in cancer treat-
ment. We aimed to determine the cytotoxic effects of RO3280 on prostate 
cancer cells. 
Material and methods: PLK1 expression was investigated using real-time 
PCR and western blotting in prostate cancer tissues and paired normal tis-
sues. Real-time cell analysis, Cell Counting Kit-8 assays, and 5-ethynyl-2′-de-
oxyuridine cell proliferation assays were applied for the examination of cell 
proliferation ability. Wound healing assays and transwell assays were used 
to assess the migratory and invasive abilities of the prostate cancer cell 
lines with or without RO3280 treatment. Moreover, the target genes and 
pathways were detected by transcriptomics RNA sequencing in the cells cul-
tured in RO3280 and through a series of bioinformatic analyses. Finally, the 
Wnt/β-catenin pathway was screened out and verified by western blotting. 
Results: We observed the mRNA and protein overexpression of PLK1 in the 
prostate cancer cells and tissues. The inhibition of PLK1 by RO3280 signifi-
cantly reduced the migratory, invasive, and proliferative properties of the 
RO3280-treated cancer cell lines compared with their controls. RO3280 me-
diated the inactivation of the Wnt/β-catenin pathway, and reduced the rates 
of cell proliferation, migration, and invasion in prostate cancer cells.
Conclusions: This study’s findings are significant owing to the identification 
of the specific anticancer mechanism of RO3280, which may have therapeu-
tic effects. This trial provides clarity on the feasibility of the use of RO3280 
as a cancer therapeutic agent for prostate cancer.

Key words: prostate cancer, PLK1 RO3280, proliferation, migration, 
invasion.

Introduction

Prostate cancer is among the most pernicious tumors of the geni-
tourinary system and is the second most commonly observed cause of 
cancer-related death among men in Western countries [1]. The diverse 
clinical behaviors of prostate cancer include a  sloth-like characteristic 
with little or no clinical value, invasive metastasis, and lethality [2, 3]. 
Nevertheless, there are no critical clinical signals that are credible for use 
in the anticipation of the response to prostate cancer therapy, owing to 
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the disparate actions of prostate cancer. In conse-
quence, it is meaningful to explore the etiopatho-
genesis of prostate cancer for the development of 
specific biomarkers and treatment.

Serine/threonine-protein kinase 1 (PLK1) is the 
most comprehensively investigated of the five 
subtypes of the polo-like family of serine/thre-
onine kinases [4]. PLK1 is abnormally expressed in 
solid tumors and higher expression is associated 
with poor prognosis [5]. While the activity of PLK1 
is downregulated or inhibited in a majority of can-
cer cell types in vivo and in vitro, it could guide 
cell cycle arrest and apoptosis. A  large number 
of small molecule inhibitors for PLK1 have been 
identified so far, and the potential of PLK1 inhibi-
tors in cancer treatment has been inspected pro-
verbially [6–9]. Of these inhibitors, RO3280 has 
shown latent antiproliferative activity in several 
cancer cell lines, and exhibited stable antineoplas-
tic activity in bladder cancer [10]. While PLK1 is 
among the targets of RO3280, the inhibitor has 
almost no action towards PLK2 and PLK3. RO3280 
suppresses the rate of cell proliferation in leuke-
mia in a dose-dependent pattern and brings about 
apoptosis [11]. 

In the carcinogenesis of tumors, the Wnt/β-cat-
enin signaling pathway has a role in proliferation 
and apoptosis [12–14]. A previous study showed 
that the Wnt/β-catenin pathway is closely asso-
ciated with tumor progression [15]. The translo-
cation of the transcription factor β-catenin from 
the cytoplasm to the nucleus can have on effect 
on its target genes – MMP7 and c-Myc – which 
have significant roles in metastasis and disease 
progression [16, 17]. 

Previous studies have demonstrated that 
RO3280 can decrease the rates of cell prolifera-
tion, invasion and metastasis in diverse cancers; 
however, the definite mechanism through which 
it inhibits the degree of epithelial mesenchy-
mal transition (EMT) and metastasis in prostate 
cancer remains poorly understood. Moreover, 
there is a  lack of clarity on the possible role of 
the Wnt/β-catenin signaling pathway in the an-
titumor effect of RO3280 on prostate cancer 
cells. Therefore, in the present study, we sought 
to evaluate the antitumor effect of RO3280 on 
prostate cancer cells, as well as the role of the 
Wnt/β-catenin pathway in the promotion of tu-
mor progression.

Material and methods

Patients and prostate cancer samples

A total of 60 prostate cancer tissues and paired 
adjacent normal tissues were acquired through 
biopsy or surgical resection from the Department 
of Urology in the First Hospital of China Medical 

University between January 2018 and August 
2020. Tissues were stored at –80°C. The 60 en-
rolled prostate cancer patients were aged 53–71 
years (average: 60.2 years). The inclusion criteria 
for enrollment were: 1) prostate cancer diagnosed 
before surgery, consistent with the biopsy patho-
logical diagnosis; 2) absence of other pernicious 
diseases or a  second primary tumor; 3) absence 
of chemotherapy or radiotherapy before surgery; 
and 4) provision of informed consent for the col-
lection of specimens. All the experiments were ap-
proved by the Ethics Committee of the First Hos-
pital of China Medical University. 

Cell culture and transfection

Prostate cell lines were purchased from the 
company BNBIO (China). Cells were maintained in 
RPMI-1640 medium containing 10% fetal bovine 
serum (FBS, Invitrogen, MO, USA) in an incubator 
at 37°C with 5% CO

2. 
Lentivirus carrying PLK1-wt was produced by 

the company Genechem (Shanghai, China), and 
the viruses were transduced into the prostate 
cancer cells. Cells with PLK1 overexpression were 
screened with puromycin (Invitrogen, NY, USA) 
and evaluated by western blotting. 

Real-time quantitative polymerase chain 
reaction 

We extracted total RNA using RNAiso Plus  
(TAKARA BIO INC., Shiga, Japan), and cDNA synthe-
sis was performed with a cDNA Synthesis Kit (TA-
KARA Company Takara Bio, Shiga, Japan). Quanti-
tative real-time polymerase chain reaction (PCR) 
assays were performed with SYBR Green, follow-
ing the manufacturer’s protocol (TAKARA Com-
pany, Shiga, Japan). The PLK1 primer sequences 
were 5′-CAAGAAGAATGAATACAGTA-3′ and 5′-GGA-
TATAGCCAGAAGTAA-3′. The primers sequences of 
β-actin are 5′-CAAGCCGTAGGACCCAGTTT-3′ and 
5′-CACAATGACGTGTTGCTGGG-3′. We normalized 
the levels of expression of PLK1 relative to β-actin, 
and 2–ΔΔCt indicated the quantification of gene ex-
pression. 

Western blot analysis

Cells were collected in phosphate-buffered 
saline and lysed in RIPA lysis buffer including 
proteinase inhibitors (KeyGEN BioTECH, Nanjing, 
China) following the manufacturer’s protocols. 
Bicinchoninic acid assays (KeyGEN BioTECH, 
Nanjing, China) were performed for the examina-
tion of protein concentrations. A total of 50 μg 
of protein was transferred onto sodium dodecyl 
sulfate-polyacrylamide electrophoresis gels and 
then onto polyvinylidene difluoride membranes 
(Millipore, MA, USA). Tris/saline solution co′n-
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taining 5% non-fat milk and 0.1% Tween-20 was 
used to block all the membranes for 1 h. The 
membranes were probed with specific primary 
antibody: mouse monoclonal anti-PLK1 anti-
body (ab17056, 1 : 2000, Abcam, Cambridge, 
MA), rabbit monoclonal anti-GAPDH antibody 
(ab181602, 1 : 5000, Abcam, Cambridge, MA), 
rabbit monoclonal anti-Wnt3a antibody (#2721, 
1 : 2000, Cell Signaling Technology, USA), rab-
bit monoclonal anti-GSK-3β antibody (#12456, 
1 : 2000, Cell Signaling Technology, USA), rab-
bit monoclonal anti-β-Catenin antibody (#8480,  
1 : 2000, Cell Signaling Technology, USA), rab-
bit monoclonal anti-c-Myc antibody (#18583,  
1 : 2000, Cell Signaling Technology, USA), and 
rabbit monoclonal anti-Cyclin D1 antibody 
(#55506, 1 : 2000, Cell Signaling Technolo-
gy, USA). After massive washing, horseradish 
peroxidase-conjugated secondary antibodies  
(1 : 10,000; Cell Signaling Technology, USA) were 
applied for incubation with the membranes for  
1 h at room temperature. The target protein 
bands were explored using an enhanced chemi-
luminescence kit (Thermo; Rockford, IL).

Real-time xCELLigence cell proliferation 
assay

The Real-Time xCELLigence system (ACEA Bio-
sciences, San Diego, CA, USA) was used to observe 
the degree of cytotoxicity employing electronic 
sensor array technology. The cells were planted 
into an E-plate 16 (each well with 100 µl of me-
dium) at a  thickness of 2 × 104 cells/well. When 
the cells entered the log phase, RO3280 treatment 
(0–100 ng/ml) was performed in three indepen-
dent experiments (n = 3). The concentration of 
dimethylsulfoxide (DMSO) in every group did not 
exceed 5% (v/v). Cells were treated with RO3280 
for 24 h at 37°C in 5% CO2. The cell index and 
half maximal inhibitory concentration (IC50) values 
were obtained based on the cell-electrode imped-
ance value, which is directly related to cell survival 
capability and quantity. 

Cell Counting Kit-8 assays

Cell Counting Kit (CCK)-8 was used for the 
evaluation of cell viability. In short, 5,000 cells per 
well were planted into 96-well plates for 24 h. Af-
ter treatment with the IC50 of RO3280 for about 
48 h, 10 μl of CCK-8 solution was added to each 
well. The cells were maintained for an extra 2 h 
at 37°C. The absorbance at 450 nm was detect-
ed with a microplate reader (Bio Rad, CA, USA) in 
the plate. Cell proliferation ability was measured 
as the ratio of the absorbance at 48 h to that at  
0 h and was determined by three independent ex-
periments.

5-ethynyl-2′-deoxyuridine proliferation 
assay

We utilized 5-ethynyl-2′-deoxyuridine (EdU) pro-
liferation assays for the evaluation of cell prolifera-
tion capacity as per the protocol. After the RO3280 
culture cycle, the prostate cancer cells were treated 
for 2 h using EdU (RiboBio, Nanjing, China). Follow-
ing Apollo staining and 4′,6-diamidino-2-phenylin-
dole staining (Thermo Fisher Scientific), fluores-
cence microscopy (Olympus, Tokyo, Japan) was 
applied for the assessment of EdU-positive cells. 

Wound healing assay

After treatment with RO3280 for 48 h, a  cell 
monolayer was scraped with a 200-μl pipette tip. 
The medium was refreshed with a serum-free me-
dium. At 0 h and 24 h, every scratch wound was 
observed using a microscope at the same position. 
All experiments were performed in triplicate. 

Transwell assay

The prostate cancer cells were seeded into 
the upper chamber of Corning transwell inserts 
(Sigma-Aldrich, MO, USA) enclosed with or with-
out Matrigel for the invasion or migration experi-
ments, respectively. Absolute medium was added 
to the lower chamber. After incubation for 24 h, 
the cells showing infiltration to the bottom were 
dyed with crystal violet solution. The cells show-
ing invasion or migration through the membrane 
were examined in five stochastically chosen fields 
by a microscope (Olympus, Tokyo, Japan) at a mag-
nification of 100×.

RNA extraction, library preparation and 
RNA sequencing

After total RNA extraction, mRNA was replenished 
using Oligo(dT) beads. Then rRNA was removed and 
prokaryotic mRNA enriched by the Ribo-Zero Mag-
netic Kit (Epicentre) was made. The concentrated 
mRNA was shattered into short pieces using a frag-
mentation buffer and reverse transcribed into cDNA 
with random primers. Second-strand cDNA com-
position was performed using DNA polymerase I,  
RNase H, dNTP, and buffer. The cDNA fragments 
were also refined with the QIAquick PCR extraction 
kit, and underwent end repair, poly(A) addition, and 
ligation to Illumina sequencing adapters. The liga-
tion products were chosen by agarose gel electro-
phoresis, amplified using PCR, and sequenced using 
the Illumina HiSeq 2500 by Gene Denovo Biotech-
nology Co. (Guangzhou, China).

Differentially expressed gene analysis

The edgeR package (http://www.rproject.org/) 
was applied for the identification of differentially 
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expressed genes (DEGs). The genes were identi-
fied with a fold change ≥ 2 and a false discovery 
rate < 0.05 in contrast with the values for mean-
ingful DEGs. The DEGs were then subjected to 
gene ontology (GO) function and KEGG pathway 
enrichment analyses.

GO and KEGG pathway analyses of DEGs

GO analysis is a  method used for the defini-
tion of genes and gene outcomes considering 
their characteristic biological functions, based on 
high-throughput genome or transcriptome data. 
KEGG is a  set of databases with information on 
genomes and biological pathways. The Database 
for Annotation Visualization and Integrated Dis-
covery (DAVID: http://david.ncifcrf.gov) (version 
6.8) comprising information on the biological func-
tions of genes and analytical tools was applied for 
the classification of the GO and KEGG pathways 
of the identified co-expressed DEGs. The false dis-
covery rate threshold was set at p < 0.05. 

Ethics approval and consent to participate

The study protocols were approved by the 
Ethics Committee of the First Hospital of China 
Medical University (permit number: 2018-190-2), 
China. 

No animals were used for studies that are the 
basis of this research.

Statistical analysis

GraphPad Prism 6.0 statistical software (Graph-
Pad Software, Inc., CA, USA) and SPSS 20.0 (IBM 
Corp., NY, USA) were utilized for data analyses. The 
DAVID tool was employed in the pathway enrich-
ment analysis. A  two-tailed paired Student’s t-test 
was used for the analysis of between-group compar-
isons. One-way analysis of variance and a Bonferroni 
post hoc test were applied for the assessment of dif-
ferences across multiple groups. For categorical vari-
ables, we used the χ2 or Fisher’s exact test. P < 0.05 
was indicative of statistical significance.

Results

PLK1 is overexpressed in clinical prostate 
cancer samples

To evaluate the level of PLK1 expression in 
prostate cancer, we first used quantitative re-
al-time PCR analysis for examination of the clinical 
prostate cancer tissues. PLK1 showed significant-
ly higher expression levels in the prostate cancer 
tissues than the adjacent normal prostate tissues 
(Figure 1 A). To further confirm the expression lev-
el of PLK1 in the prostate cancer samples, west-
ern blotting was performed in the prostate cancer 
samples obtained from patients who underwent 

surgery. The results demonstrated that the level 
of PLK1 was reasonably upregulated in the pros-
tate cancer tissues compared with that in the 
normal prostate tissues (Figures 1 B, C). We also 
measured the level of PLK1 mRNA and protein ex-
pression in the prostate cancer cell lines – LNCaP, 
22RV1, DU145, and PC3 – and the normal pros-
tate epithelial cell line – RWPE-1. All four prostate 
cancer cell lines exhibited higher PLK1 mRNA and 
protein expression levels than the RWPE-1 cell line 
(Figures 1 D–F). These findings indicate that PLK1 
overexpression was present at the mRNA and pro-
tein levels in the prostate cancer cells and tissues.

RO3280 inhibits cell proliferation  
of prostate cancer

A  previously published study reported that 
RO3280 exerts antitumor effects, facilitated pre-
dominantly by DNA damage, cell cycle arrest, and 
apoptosis in breast cancer cells [2]. In our previ-
ous study too, we found that RO3280 repressed 
bladder carcinoma growth through G2/M arrest 
and mitotic arrest [6]. The in vitro proliferative 
activity doses of RO3280 in the 22RV1 and PC3 
cell lines were measured using the xCELLigence 
real-time cell analysis instrument. After 48 h of 
incubation with RO3280, the IC50 value was found 
to be 29.1 nM for the 22RV1 cell line and 32.3 nM 
for the PC3 cell line (Figures 2 A, B). The effect of 
RO3280 on prostate cancer cell proliferation was 
also appraised utilizing CCK-8 proliferation assays. 
We found that the degree of cell proliferation was 
remarkably decreased with RO3280 treatment 
over 48 h (IC50 value, Figures 2 C, D). Meanwhile, 
the EdU proliferation assay showed that the num-
ber of prostate cancer cells in the RO3280 group 
was obviously lower than that in the DMSO group 
(Figures 2 E, F), indicating that RO3280 exerted an 
obvious inhibitory effect on these prostate cancer 
cell lines. 

RO3280 attenuated the invasive and 
migratory ability of 22RV1 and PC3 cells

As cell migration and invasion are characteris-
tic features of prostate cancer metastasis, we in-
vestigated the antimetastatic potential of RO3280 
using wound healing and transwell assays. In the 
wound healing assay, the level of cell migration 
was examined every 12 h for 2 days, and images 
were visualized using a microscope at 10× mag-
nification. The wound healing rates of the 22RV1 
and PC3 cells in the RO3280 group were obvious-
ly lower than those in the DMSO group at every 
measurement point (Figures 3 A, B). Moreover, 
transwell assays that were performed for the in-
vestigation of cell migration and invasion showed 
that the invasive and migratory abilities of 22RV1 
and PC3 were obviously lower in the RO3280 
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Figure 1. mRNA and protein expression of PLK1 in prostate cancer tissues and prostate cancer cell lines. A, B – 
The mRNA (p < 0.0001) and protein expression levels of PLK1 in prostate cancer tissues (n = 60) and the adjacent 
non-tumor tissues (n = 60) were measured by RT-qPCR and western blot analysis. C – The ratio of the optical den-
sity of PLK1 and β-actin of the same sample using western blot analysis was calculated and expressed graphically  
(p < 0.0001). D, E – The mRNA and protein expression levels of PLK1 in the normal prostate epithelial cell line 
RWPE-1 and prostate cancer cell lines LNCaP, 22RV1, DU145, PC3 were measured by RT-qPCR (*RWPE-1 group vs. 
other cell groups, p < 0.0001; #22RV1 vs. LNCap, p = 0.0009; #PC3 vs. DU145, p < 0.0001;) and western blot analysis. 
F – The ratio of the optical density of PLK1 and β-actin of the same cells using western blot analysis was calculated 
and expressed graphically (*RWPE-1 group vs. other cell groups, p < 0.0001; #22RV1 vs. LNCap, p = 0.0038; #PC3 
vs. DU145, p < 0.0001)

N1, N2, N3 – normal prostate tissues, P1, P2, P3 – prostate cancer tissues, RW – RWPE-1, 22 – 22RV1, LN – LNCaP, PC – PC3, DU 
– DU145. PLK1 – serine/threonine-protein kinase 1, RT-qPCR – real-time quantitative polymerase chain reaction.

Re
la

ti
ve

 P
LK

I m
RN

A
 e

xp
re

ss
io

n

Re
la

ti
ve

 P
LK

I m
RN

A
 e

xp
re

ss
io

n

Re
la

ti
ve

 P
LK

I p
ro

te
in

 e
xp

re
ss

io
n

Re
la

ti
ve

 P
LK

I p
ro

te
in

 e
xp

re
ss

io
n

6

5

4

3

2

1

0

8

6

4

2

0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

*

*

#

#

#

*

#

*

A

DC

F

B

E

	 Normal tissues	 Pca tissues

	 RWPE-1	 22RV1	 LNCaP	 PC3	 DU145	 Normal tissues	 Pca tissues

	 RWPE-1	 22RV1	 LNCaP	 PC3	 DU145

	 N1	 P1	 N2	 P2	 N3	 P3

	 RW	 22	 LN	 PC	 DU

PLK1

β-actin

PLK1

β-actin

group than in the DMSO group (Figures 3 C–F). 
These data demonstrate that RO3280 may have 
the potential to impair the invasive and migratory 
capacity of prostate cancer cells.

Identification of RO3280-related factors 
using transcriptomic analysis

While the real-time analysis of cell prolifera-
tion demonstrated that 48-hour treatment with 

RO3280 (IC50 value) was sufficient for the remark-
able inflection of the 22RV1 and PC3 cell prolifer-
ation and regulation of proliferation and metas-
tasis-related transcriptional signals, we confirmed 
the presence of genome-wide transcriptomic 
variations via RNAseq in PC3 on RO3280 treat-
ment. The results demonstrated that the number 
of differentially expressed genes was 313 in the 
RO3280 group (Figures 4 A). Using the DAVID tool, 
we performed GO and KEGG pathway enrichment 
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Figure 2. RO3280 inhibits cell proliferation in prostate cancer. A, B – Cell proliferation rates of the 22RV1 and PC3 
cell lines cultured with 0, 10, 20, 50 and 100 nM RO3280 were measured using the xCELLigence real-time cell 
analysis instrument. C, D – Viabilities of the 22RV1 and PC3 cells cultured with the IC50 of RO3280 for 48 h were 
assessed by CCK-8 assay

*p < 0.05. IC
50

 – half maximal inhibitory concentration, CCK – Cell Counting Kit, EdU – 5-ethynyl-2′-deoxyuridine.
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analyses of the identified DEGs, and found that 
the DEGs were predominantly involved in DNA rep-
lication, cell division, and cell migration (Figures  
4 B–E). The Wnt/β-catenin pathway was signifi-
cantly enriched, and the q-value of this pathway 
was close to zero. 

RO3280 shows anticancer potential 
through suppression of the Wnt/β-catenin 
signaling pathway

The outcomes of the RNAseq-based approach 
indicate that RO3280 exerted cytotoxic effects 
on the biological behaviors of the prostate can-
cer cells through regulation of the Wnt/β-cat-
enin signaling pathway. Then, we evaluated 
the expression levels of the Wnt/β-catenin re-
lated genes using western blotting. RO3280 
hindered the protein expression levels of Wnt 
target genes, including Wnt3, GSK3β, β-caten-
in, c-Myc and cyclin D1 in the 22RV1 and PC3 
cells, suggesting inactivation of the Wnt signal-
ing pathway (Figures 5 A–D). Interestingly, in the 
prostate cancer cells treated with RO3280, the 
simultaneous overexpression of PLK1 (specific 
RO3280-targeted gene) resulted in an increase 
in the protein expression levels. This provides 
evidence that one possible mechanism by which 
RO3280 triggers inactivation of the Wnt path-
way is through PLK1 mediation.

Discussion

In the present study, we found that RO3280 
mediated the inactivation of Wnt/β-catenin sig-
naling in prostate cancer cells, as well as reducing 
the rates of cell proliferation, migration and inva-
sion. Mounting evidence indicates that PLK1 has 
therapeutic potential in several cancers, including 
prostate cancer [18–20]. In our previous study, we 
observed high PLK1 expression levels in prostate 
cancer tissues and prostate cancer cell lines, sim-
ilar to the findings of previous studies. Treatment 
with PLK1 inhibitors was found to lead to marked 
improvements in the therapeutic susceptibility of 
paclitaxel-resistant prostate cancer in one study 
[21], while another group identified the novel 
non-canonical role of PLK1 as a critical regulator 
of EMT and cell movement in normal prostate 
tissues and prostate cancer [22]. Taken together, 
the aforementioned results as well as our findings 
demonstrate that PLK1 might participate in the 
development of prostate cancer and play an im-
portant role in the cell proliferation, invasion and 
metastasis of prostate cancer. 

In recent decades, various biologically active 
derivatives obtained from medicinal plants have 
attracted extensive attention in cancer therapy 
owing to their promising efficacy and the pre-
sentation of fewer side effects. RO3280 has been 
recognized as having antitumor potential in sever-

Figure 2. Cont. E, F – Cell proliferation abilities of the 22RV1 and PC3 cells cultured with the IC50 of RO3280 for  
48 h were assessed by EdU proliferation assay

*p < 0.05. IC
50

 – half maximal inhibitory concentration, CCK – Cell Counting Kit, EdU – 5-ethynyl-2′-deoxyuridine.
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al types of cancer, including breast cancer, acute 
myeloid leukemia and bladder cancer [6, 10, 23]. 
However, the antitumor effect of RO3280 on pros-
tate cancer cells remains poorly understood. In the 
current study, the inhibition of PLK1 by RO3280 
led to significant reductions in the strength of the 
migratory, invasive, and proliferative properties of 
RO3280-treated cancer cell lines compared with 
the values in the respective DMSO controls. These 
findings indicate that RO3280 treatment may pro-
vide a new approach for prostate cancer manage-
ment.

Our transcriptome analysis results indicate 
that the most highly enriched GO terms and KEGG 
pathways of the DEGs included the response to 
RO3280. The number of DEGs associated with 
RO3280 treatment was 313. Furthermore, the DEGs 
were chiefly involved in DNA replication, cell divi-
sion, and cell migration. Among them, Wnt/β-cat-
enin signaling was significantly enriched, and the 
q-value of this pathway was close to zero. 

Apart from the involvement of the aforemen-
tioned mechanism in RO3280-induced antitumor 
activity, the abnormal activation of Wnt/β-catenin 
signaling is implicated in both the pathogenesis 
of prostate cancer and development of resistance 
to anticancer therapies [24], suggesting that the 
targeted inhibition of individual components in 
this manner may have potential in cancer therapy. 
The role of the Wnt/β-catenin pathway is critical 
in cellular biological processes such as cell growth 
and differentiation [25, 26]. In the process of ex-
erting its effects on the Wnt/β-catenin pathway, 
the level of β-catenin is augmented in the cyto-
plasm and the factor is transferred to the nucle-
us. The transcription of target genes principally 
containing cyclin D1 and c-Myc was found to be 
activated by β-catenin [27]. Abnormal activation 
of the Wnt/β-catenin pathway has been repeated-
ly observed in a large number of cancers [28–30]. 
Therefore, we examined whether RO3280 inhibits 
the activation of this pathway in 22RV1 and PC3 
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Figure 5. RO3280 exerts anticancer effects through suppression of the Wnt/β-catenin signaling pathway. Western 
blot analysis was used to detect the protein expression levels of Wnt3, GSK3β, β-catenin, c-Myc and cyclin D1 in 
the 22RV1 cells (A) and PC3 cells (C). B, D – Column graphs were used to present the statistical results of multiple 
A and C experiments

Vector – pCDNA3.1, PLK1 – pCDNA3.1-PLK1-wild type plasmid, *DMSO vs. RO3280, #RO3280 + Vector vs. RO3280 + PLK1.  
*,#p < 0.05. PLK1 – serine/threonine-protein kinase 1, DMSO – dimethyl sulfoxide.
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cancer cells. RO3280 reduced the expression lev-
els of Wnt3, GSK3β, β-catenin, c-Myc and cyclin 
D1 of the Wnt/β-catenin pathway, suggesting that 
the effects of RO3280 on the tumorigenesis of 
prostate cancer may be partly attributed to inacti-
vation of the Wnt/β-catenin pathway. 

In conclusion, the findings of this study may 
be of significance owing to the identification of 
the specific anticancer mechanism of RO3280, 
and may have therapeutic potential. To the best 
of our knowledge, our study is the first to demon-
strate that RO3280 mediates the inactivation of 
Wnt/β-catenin signaling in prostate cancer cells, 
as well as reducing the rates of cell proliferation, 
migration and invasion. The results of this tri-
al provide clarity on the feasibility of the use of 
RO3280 in cancer therapeutics for prostate cancer. 
However, the anticancer mechanism of RO3280 
should be further investigated in animal models 
of prostate cancer. 
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