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Abstract Recent evidence suggests that cancerous inhibitor
of protein phosphatase 2A (CIP2A) is an oncoprotein that acts
as a novel therapeutic target in a variety of tumors. In this
study, we investigated the clinical significance of CIP2A and
its function in our large collection of prostate samples. Be-
tween August 2000 and December 2013, 126 patients with
histologically confirmed PCa and 92 with benign prostate
hyperplasia (BPH) were recruited into the study. Quantitative
RT-PCR, Western blot, and immunohistochemistry analyse
were used to quantify CIP2A expression in PCa clinj
samples and cell lines. The relationships between
expression and clinicopathological features were
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rostate cancer represents the most common cancer and the
leading cause of cancer-related death in men in the USA,
accounting for 30 % of male cancer diagnoses [1, 2]. This
high rate of mortality is primarily due to metastasis of the
primary tumor. Early detection and treatment before the tumor
metastasizes is critical for improving patient survival. Locally
advanced prostate cancer almost always progressed to
castration-resistant prostate cancer (CRPC) which is charac-
terized by insensitivity to androgen deprivation (castrate re-
sistance), increased tumor size, and metastasis [3—5]. The key
mechanistic principles underlying the transition from
androgen-dependent to castrate-resistant cancer remains un-
clear; therefore, it is important to investigate the molecular
mechanisms underlying the progression of PCa.

Cancerous inhibitor of protein phosphatase 2A (CIP2A),
also referred as KIAA1524 or p90 tumor-associated antigen,
is a novel human oncoprotein that is known to suppress PP2A
phosphatase activity via stabilizing the level of c-Myc in
human malignancies [6]. Previous studies have reported that
CIP2A is overexpressed in various human cancers, and its
overexpression is related to poor prognosis [7]. Increasing
evidence showed that CIP2A can promote proliferation and
cell invasion. Downregulation of p90/CIP2A in cancer cells
reduced cell proliferation, and tumor formation in vivo [8, 9].
The knockdown of p90/CIP2A decreased the protective role
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of AKT in drug treatment. Taken together, CIP2A protein
plays an important role in human cancers. However, the
expression pattern of CIP2A in PCa and its involvement in
aggressiveness of PCa has not been studied so far.

Materials and methods
Patients and tissue specimens

This study included 126 patients who had undergone radical
prostatectomy and bilateral lymphadenectomy at the Depart-
ment of Urology, First Affiliated Hospital of Jinan University
between December 2001 and August 2013 and for whom
archival tissues were available. No patient was managed pre-
operatively with either hormonal or radiation therapy, and no
secondary cancers were observed. Ninety-two cases of benign
prostate hyperplasia (BPH) were obtained from men undergo-
ing suprapubic prostatectomy or transurethral plasmakinetic
enucleation of prostate. Twenty-four cases of normal prostate
tissue were obtained from bladder cancer patients who
underwent radical cystoprostatectomy. The stages of cancer
for all patients were determined by the American Joint Com-
mittee on Cancer (AJCC) 2002 system. The specimens were
examined by two staff pathologists who were blinded to the
clinical outcome and follow-up data. The evaluation of the
specimen was performed according to the guidelines of

the Ethics Committee of the First Affili
University. All patients provided informe

Immunohistochemistry
Specimens were fixe

thickness of 3
in xylene, reh

wash and incubation with rabbit polyclonal antibody against
human CIP2A (Novus Biologicals, Littleton, CO, USA, dilu-
tion 1:400) for 12 h at 4 °C, and biotinylated goat anti-rabbit
serum IgG was used as secondary antibody. After a PBS wash,
the sections were developed in diaminobenzidine (DAB) sub-
strate. The sections were then counter-stained in hematoxylin
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for 2 min and then dehydrated in ethanol and xylene before
being mounted. Sections were re-prepared by EnVision im-
munohistochemical staining. The staining results of colon
cancer tissue sections which CIP2A positive had already
known were regarded as positive control, PBS instead of
primary antibodies was as negative control.

Evaluation of immunohistochemical results

Digital images of each tissue microarray weér
scored and displayed according to staining j

Lack of any obvious purple-brown
in the cytoplasm of tumor cel
isual fields were
igh power microscope

> tumor cells), and (>50 % positive
at each intensity of staining were
recorded
yellow) 2

N g, brg%n). The staining index (SI) was calculated as
: SI = staining intensity proportion of positively

ated the expression of CIP2A in PCa by SI (scored as
,1,2,3,4,6,o0r9). The SI score of 6 or above was used to
define as high expression and SI of 4 or less as low expression
of CIP2A. The results were scored by two independent pa-
thologists who were blinded to the subtype of the tumors.

Cell culture

Human prostate normal epithelial cell line RWPE-1 and pros-
tate cancer cell lines LNCaP-Al, LNCaP-AD, DU145, PC3,
and 22RV 1 were obtained directly from the Cell Bank of Type
Culture Collection of Chinese Academy of Sciences (Shang-
hai Institute of Cell Biology, Chinese Academy of Sciences,
China) for fewer than 6 months. LNCaP-AD, PC3, and
DU145 were maintained in Roswell Park Memorial Institute
(RPMI) medium 1640 (GIBCO, Carlsbad, CA, USA) supple-
mented with 10 % fetal bovine serum (FBS), 2 mmol/LL-
glutamine and 25 mmol/L HEPES. LNCaP-AI and 22RV1
cells were maintained in phenol red-free RPMI medium 1640
(GIBCO) supplemented with 10 % charcoal-stripped FBS,
300 mg/LL-glutamine, 2000 mg/L glucose, and 2000 mg/L
NaHCO;. RWPE-1 cells were maintained in Keratinocyte-
SFM (10724, GIBCO), supplemented with 5 mg/mL human
recombinant epidermal growth factor (rEGF) and 0.05 mg/mL
bovine pituitary extract L-glutamine. All cell lines were main-
tained in a humidified incubator at 5 % CO, and 37 °C.
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Total RNA extraction and cDNA synthesis

Upon collection, the prostate tissues were snap frozen in liquid
nitrogen and subsequently kept at —80 °C until required. The
tissues were pulverized and total RNA was extracted using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s instructions. The purity and concentration
of RNA were determined by spectrophotometric methods.
Three micrograms of total RNA were reverse-transcribed into
first-strand complementary DNA (cDNA) using reverse tran-
scription system kit (Promega, Madison, W1, USA) according
to the following protocol with the reaction kit. Briefly, sam-
ples were preincubated at 70 °C for 10 min; cooled on ice then
added to a reaction mixture of 10 mmol/L dNTP mixture,
25 mmol/L MgCl,, 15 U of AMV reverse transcriptase, re-
verse transcription 10x buffer, 0.5 U of RNasin, and 0.5 pg
oligo-(dT)15 primer; and scaled up to a final volume of 20 L.
The reaction mixture was sequentially incubated at 44 °C for
15 min, 99 °C for 5 min and 4 °C for 5 min. The cDNA was
stored at 20 °C before use.

Quantitative real-time polymerase chain reaction

Quantitative RT-PCR was performed using SYBR Master
Mix (Takara) on an ABI Prism 7900 HT (Applied
Biosystems). A human GAPDH gene was used as an endog-
enous control for sample normalization. Results were pres
ed as the fold expression relative to that of GAPD
primers were as follows: for human GAPDH, f

AGCTAGAAGCTTACTTCCAT-3".
Western blot

Western immunoblot an
lysates obtained fro
levels were determs
(Pierce, USA).T,

erformed with protein
ssue samples. Protein
the BCA Protein Assay Kit

nology, Santa Cruz, CA, USA) at 4 °C for 12 h. Membranes
were washed three times for 10 min each with Tris-buffered
saline (50 mM Tris, pH 7.4, 0.9 % NaCl) containing 0.05 %
Tween-20 (TBS-T) and incubated with horseradish
peroxidase-conjugated secondary antibodies (Santa Cruz Bio-
tech. Inc., Santa Cruz, CA, USA). Membranes were then

washed again three times for 10 min each with TBS-T. Target
protein bands were visualized using the enhanced chemilumi-
nescence method. The intensity of the bands was quantified
using the Tanon GIS system (Tanon, Shanghai, China), and
the data were normalized to the ACTIN loading controls. All
Western immunoblot analyses were performed three times.

Small interfering RNA transfection

The PCa cells were seeded onto the six-we
2x10° cells per well before transfecti
cultured for 24 h until cell density
Double-stranded small interfering
(50 nM, Gene Pharma; siCIP2
GUUUGCACUTT-3"; siCIP
small interfering
AGCACGGCTT-3")

then added it
generateweDNA.

overse transcription reaction to

Cell survivay assay

cts of CIP2A on PCa cells survival were determined by
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoliumbro-
assay. Four groups of cells were seeded into 96-well plates
5x10° cells/well) and cultured for 120 h. After treatments, cells
were incubated with MTT (Sigma-Aldrich, St. Louis, MO, USA,
20 uL/well) at 37 °C for 4 h, and then 200 uL. DMSO was added
into each well. Cells were subjected to absorbance reading at
570 nm using a 96-well microplate reader. Percentage of residual
cell viability was determined as [(OD of experiment group—OD
of blank group) / (OD of negative group—OD of blank group)]x
100 %. Assays were performed three times.

Cell migration assay

Motility capabilities in vitro were measured with transwell
chambers (Corning, Corning, NY, USA). Four groups of cells
(5%10°) were seeded on the upper wells with serum-free
medium. Medium with 20 % FBS was plated in the bottom
wells as chemoattractants. After 48-h incubation, cells were
fixed with methanol and stained with 1 % crystal violet for
30 min at 37 °C. Cells staying on the upper side of the
membranes were wiped, while those on the lower side were
counted and photographed with microscope.

Statistical analysis

Data analyses were performed using SPSS statistical package
15.0 (SPSS Inc, USA). Patient characteristics were expressed
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Fig. 1 a High expression of
CIP2A in the PCa (magnification
x40); b low expression of CIP2A
in the PCa (magnification x40)

as the mean+=SD for continuous variables, and as the count  prostatic carcinoma without metagasis. These/data suggest
and percent for discrete variables. Data were analyzed using  that CIP2A expression is closgly r wifh the occurrence
Pearson’s chi-square test and Fisher’s exact test. Statistical  and development of PCa.
significance was taken at the P<0.05 level. Furthermore, the expgfssion o 2A mRNA in prostate
i APDH mRNA was detected by

Results b1 tissues and normal prostate tissue

¢ Yion of CIP2A mRNA exhibited differ-
CIP2A expression is correlated with clinicopathological s in terms of localization depending on
features of PCa icaf category of PCa (Fig. 2b). The results were
ed by Western blot analyses, and we also found the

CIP2A expression was examined by immunohistochemis expression levels of CIP2A in PCa was higher than in

Western blotting, and quantitative real-time PCR in tj

samples from a total of 218 patients, including 92 ong these groups had statistic significance (P<0.01)

prostate intraepithelial neoplasia (PIN), 74 clinical ig. 3).
PCa, and 30 metastatic cases. The results s that thi
positive rate of CIP2A staining was 86.51)2 6) in  High expression of CIP2A in PCa cell lines

cases of BPH, and the difference of CEX2A expjession be-  Quantitative RT-PCR and Western blot analyses were used to
tween PCa and BPH was statistically si (P<0.001).  determine the levels of CIP2A mRNA and protein in five PCa
Representative staining of CIP2A tissue is shown in  cell lines and the prostate normal epithelial cell line RWPE-1.
Fig. 1, and positive staining of CIP. ainly observedin ~ CIP2A was significantly elevated in all five PCa cell lines
the cytoplasm. In additi ining was stronger in ~ when compared to the RWPE-1 cells at both the mRNA and
cells of prostatic carci tastasis than in those of  protein levels (Fig. 4a-b).

>
=

(*P<0.05;**P<0.01)

Relative CIP2A mRNA expression
(Fold)
Relative CIP2A mRNA expression
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CIP2A

Actin
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Fig. 3 Western blots showing expression of CIP2A in PCa tissues, BPH
tissues, and normal prostate tissue

Effects of CIP2A depletion on cell proliferation and MYC
expression in PCa

To explore the effects of CIP2A suppression on the prolifer-
ation of human PCa cells, we specifically knocked down the
CIP2A expression in DU-145 cells using RNA interference.
The DU-145 cell line was chosen because of its high abun-
dance of CIP2A. The efficacy of CIP2A siRNA for knock-
down of CIP2A mRNA and protein was confirmed by quan-
titative real-time polymerase chain reaction (QRT-PCR) and
Western blot analysis, respectively. We observed that CIP2A
mRNA and protein levels were significantly reduced in cells
transfected with specific siRNA for CIP2A compared with
those transfected with control siRNA. Thus, the CIP2A
siRNA could effectively knockdown CIP2A expression at
both transcriptional and translational levels.

We next studied the impact of CIP2A silencing on
proliferation. The results of the MTT assay show
CIP2A siRNA significantly reduced the proliferati
DU-145 cells compared with the negative
(P<0.01) (Fig. 5a). Furthermore, CIP2A
substantial reductions in MYC levels in D4~
significant change in phosphorylated
CIP2A knockdown in DU-145 cells (Fi

t expression after

We used the tran:
deletion on miguit

>

normal ¢ontrol cell line

Relative CIP2A mRNA expression

of DU-145 cells showed that both in invasion assay and
migration assay, the number of DU-145 cells that penetrated
through the membrane in the si-CIP2A-treated group passed
out less cells than the control siRNA-transfected cells group
(P<0.01) (Fig. 6).

Discussion

cause for cancer-related death,
health problem. Recurrent or m

erapies, so andro-
considered first-line

revention and therapy of this disease.

CIP2A is a novel human oncoprotein that can promote
tumor transformation and maintain the malignant phenotype.
Recent studies suggest that CIP2A modulates cell prolifera-
tion and lineage development and is implicated in a number of
tumor types [12—14]. Studies in cell culture and mouse models
of cancer have indicated that CIP2A also could promote
various biological activities; however, the functional role of
CIP2A in PCa progression and metastasis remains elusive.
The aim of our study was to examine the impact on the
oncogenetic process through investigating the expression
and function of CIP2A in PCa.

B

DU-145 LNCaP-AD LNCaP-AI PC3 22RV1 RWPE-1
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Fig. 5 a CIP2A knockdown A
inhibited cell proliferation of DU-
145 cells. Cell number was
measured by MTT assay; b
Western blots showing that
siRNA treatment of CIP2A
markedly decreased CIP2A levels
and MYC levels in DU-145 cells
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—4— siCIP2A 1

~¥- siCIP2A 2

Cell viability
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In this study, we examined the expression of CIP2A in
clinical PCa tissues by immunohistochemistry, Western blot-
ting, and qRT-PCR. The immunohistochemistry analysis
showed that the positive rate of CIP2A staining was
86.51 % (109/126) in 126 cases of prostatic carcinoma and
17.39 % (16/92) in 92 cases of BPH, and the difference of
CIP2A expression between PCa and BPH was statistically
significant (P<0.001). Furthermore, CIP2A staining was
stronger in prostatic carcinoma with metastasis than in pros-
tatic carcinoma without metastasis. The results of qRT-PCR
analysis showed that CIP2A mRNA level in PCa tissues
revealed more than twofold increases compared with that i
the BPH tissues. It suggested that CIP2A might play a rolgs
the tumorigenesis of PCa.

Additionally, qRT-PCR and Western blot
were used to determine the levels of CI
and protein in five PCa cell lines a
normal epithelial cell line RWPE-1.
CIP2A was significantly elevated i
lines when compared to the RWPE-
mRNA and protein levels. To
and investigate its biological

nous CIP2A
in vitro,

inhibit cell migration and invasion in vitro, suggesting
that CIP2A expression can significantly promoted PCa
cell proliferation, migration, and invasion. Collectively,
these data strongly suggest that CIP2A served as a
potential therapeutic target in PCa, and the CIP2A path-
way is a promising target for rational cancer therapy.
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2A expression in PCa cell

Previous studies indicated thdt

ity toward the oncogenic trans Boti

showed that the

line DU-145 in reduced c-MYC protein levels.
CIP2A knoc substantial reductions in c-Myc
levels inRBCa cell , but no significant change in phos-
phorylate ession after CIP2A knockdown in DU-
145 cells.

concl¥sion, our data suggest that both CIP2A

and protein were obviously expressed in a

degree in PCa tissues and cell lines. CIP2A

ki Ckdown inhibited PCa cells proliferation, invasion,

nd migration in a time- and dose-dependent manner.

Our research indicate that CIP2A may play a significant

role in the regulation of aggressiveness in human PCa,

and the CIP2A inhibition treatment may provide a

promising strategy for the anti-tumor therapy of PCa.

Though this mechanism is not completely clear, our
study tries to reveal it in our further research.
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Fig. 6 Inhibition of invasion and migration of DU-145 cells by siRNA
treatment of CIP2A
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