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Abstract. - OBJECTIVE: Glycogen syn-
thase kinase-3B8 (GSK-3B) can negatively reg-
ulate Wnt/B-catenin signaling pathway via de-
grading B-catenin protein, and plays suppress-
ing roles in various tumors. Its role in bladder
cancer pathogenesis is still unclear. In bladder
cancer tissues, expression of microRNA-9 (miR-
9) is significantly elevated. This study investi-
gated the effect of miR-9 in modulating GSK-
3B expression, Wnt/B-catenin pathway activity,
and proliferation or apoptosis of bladder can-
cer cells.

PATIENTS AND METHODS: Dual lud
reporter gene assay confirmed targeted r&
tion between miR-9 and GSK-3B. Bladder cz
tissues were collected to measure express
of miR-9, GSK-3p mRNA using adlacent tiss

was also measured in HBE
cells. Cultured RT4 and
transfected with miR-9 i
3B. The expression of
enin was compared,
tometry assay for c

mRNA. Bi

miR-9 and 3’-
, indi targeted reg-
-9 and GSK-3p. Comparing

enhanced prolifera-
-9 inhibitor or pSicoR-
levated GSK-3B expres-
B-catenin expression, pro-
ell apoptosis and inhibited proliferation.

AIS: MiR-9 up-regulation plays a
sing GSK-3B expression and fa-
ating bladder cancer pathogenesis. Inhibi-
g of miR-9 could potentiate GSK-3p expres-

enin, Prostate cancer, Pro-

C) is a commonly occurred
in urinary-reproductive sys-
tem. It of the ten most popular cancers
dwide and locates on the ninth incidence
malignant tumors'. BC has typical
alignant features including predisposition to-
wards invasion and metastasis, and has higher
post-operation recurrent rate (60-70%), leading
to higher treatment difficulty, and worse progno-
sis. Therefore, BC has become a major challenge
in urinary-reproductive tumors?. Therefore, the
investigation of pathogenesis mechanism of BC
is of critical importance for unrevealing BC
pathogenesis, and for improving treatment ef-
ficiency, decreasing recurrent or mortality rate.
As a critical protein in canonical Wnt/B-catenin
signal pathway, -catenin is closely related with
activation of this pathway. The Wnt/B-catenin
abnormally potentiates the expression of vari-
ous down-stream target genes, therefore, closely
related with occurrence, progression and metas-
tasis of multiple genes**. Glycogen synthase ki-
nase-3p (GSK-3p) is a critical negative regulator
in Wnt/B-catenin signaling pathway. It can phos-
phorylate B-catenin protein for its further deg-
radation, suppressing its cytoplasmic expression
and impeding the activation of Wnt/B-catenin
pathway. Therefore, the GSK-3f3 plays important
tumor suppressing functions in occurrence and
progression of multiple tumors®’. The previous
researches showed that GSK-3f down-regula-
tion or dysfunction was closely correlated with
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occurrence, progression, metastasis and drug re-
sistance of various tumors including colon can-
cer® and breast cancer’. However, little has been
known about its correlation with BC pathogene-
sis. MicroRNA (miR) is a group of endogenous
non-coding small single stranded RNA with
about 22-25 nucleotides length. As an important
epigenetic regulator, miR can bind with 3’-un-
tranlsated region (3’-UTR) of target gene mRNA
to degrade mRNA or suppress its translation.
Therefore, miR is correlated with modulation of
various biological effects of cell proliferation,
differentiation, cell cycle and apoptosis'®. MiR-
9 is a widely studied miR molecule, and plays
oncogene-like or tumor suppressor gene role in
tumor pathogenesis or progression due to vari-
ation of target genes!!"'*. Multiple researches!*¢
showed significantly elevated miR-9 expression
in BC tumor tissues, indicating its potential
tumor-facilitating role. Therefore, this study
investigated the role of miR-9 in modulating
GSK-3B expression, activity of Wnt/B-catenin
signal pathway, and proliferation or apoptosis
of BC cells.

Patients and Methods

Patients
A total of 38 BC patients (20 males and
females, aging between 51 ag 3

mission. Tumor 14
during surger

ve criteriaZ 1- patients with severe liver/
ction; 2- complicated with other
mors or malignant blood disease; 3 non-pri-
ary diagnosis, or received radio-, chemo-,
une-therapy or Chinese medicine before-

Major Reagents and Materials
Human bladder epithelial cells (HBE
BC cell line RT4 and TCCSUP wg

burchased

Dulbecco’s modified eagle
optional minimal essential medi(™
fetal bovine serum (FBS)
cillin culture medium w

EasyPure RNA Kit,
kit TransScript Gre
Mix were purchalsd
Ltd. (Beijing,
fectamine 2

was purchased from Abcam
, MA, USA). Rabbit anti-hu-
-actin were purchased from
nology Inc. (Danvers, MA,
-peroxidase (HRP) conjugated
ody was purchased from Sango
h. (Shanghai, China). pGRE-luc luciferase
smid was purchased from Biovector
ience Lab., Inc., (Beijing, China). Dual-Lucif-
erase reporter assay system was purchased from
Promega (Madison, WI, USA). Over-expression
plasmid pSicoR was purchased from Youbao
Bio (Shanghai, China). Radioimmunoprecipita-
tion assay (RIPA) lysis buffer, bicinchoninic acid
(BCA) protein quantification kit and fluorescein
isothiocyanate (FITC)-Annexin V/propidium io-
dide (PI) cell apoptosis kit were purchased from
Beyotime Biotech. (Shanghai, China).

Cell Culture

HBEC, RT4 and TCCSUP cells were all incu-
bated in DMEM medium containing 10% FBS
and 1% streptomycin-penicillin, and were cul-
tured in a 37°C chamber with 5% CO,. Cells were
passed at 1:4 ratio, and those cells at log-growth
phase with satisfactory status were used for fur-
ther experiments.

Dual Luciferase Reporter Gene Assay
HEK?293 cells were inoculated into 24-well
plate. After 24 h attaching growth, 100 ng pGRE-
GSK-3B-wt-3-UTR (or pGRE-GSK-33-mut-3’-
UTR), 50 pmol miR-9 mimic (miR-NC or miR-9
inhibitor), 10 ng pRL-TK were co-transfected in-
to HEK?293 cells using Lipo 2000 reagent. After
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6 h, Opti-MEM was switched to DMEM medium
containing 10% FBS for 48 h further incubation.
In dual luciferase activity assay, the culture me-
dium was discarded, and cells were rinsed twice
in PBS. Each well was added with 100 pl Passive
Lysis Buffer for 15 min incubation, followed by
1000 r/min centrifugation for 5 min. A total of 50
pl supernatant of lysate were incubated with 50
ul luciferase substrate, and the luciferase activity
was immediately quantified. The reaction was
quenched by 50 ul Stop & Glo buffer, and Renilla
luciferase activity was immediately measured.
The ratio between luciferase activity and Renilla
luciferase activity was calculated to reflect rela-
tive luciferase activity.

Construction of GSK-3f
CDS fragment of GSK-33 gene was amplified,
and the target fragment length was determined by
gel electrophoresis. Via dual enzymatic digestion,
the fragment was ligated into pSicoR over-ex-
pression plasmid. After transforming competent
bacteria, positive clones were selected for am-
plification and further extraction of recombinant
plasmid containing targeted fragment. Segaue
ing was performed to confirm correct i
of GSK-3p gene fragment, and the plasm¥
named as pSicoR-GSK-3f. Empty plasmid
coR-blank was used as the control.

Cell Transfection and Gro

ed into four groups: mi
(50 pmol), miR-9 inhibitd{ges
pmol), pSicoR-blank ¢
pSicoR-GSK-3p gro

tion, assays were

pl Opti-MEM,

were gently in room temperature.
When cell 60%, original cul-

ture med

s discarded after 6 h. DMEM
BS and 1% penicil-

TGGTT ATCTA
GGGTC CGAGG

d were collected. The lysate
ged at 300 xg for 5 min and
collected. 100 pl RIPA lysis
into each 5x10° cells. After 20
ation, the supernatant was trans-
ed into new pre-cold Eppendorf (EP) tubes.
tifying protein quality and concen-

40 ng proteins were separated in 10% sodi-
um dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). After transferring to the
membrane, blocking was performed using Phos-
phate-buffered solution and Tween-20 (PBST-20)
containing 5% defatted milk powder. Primary
antibody (GSK-3f at 1:2000, B-catenin at 1: 2000,
B-actin at 1:8000) was added for 4°C overnight
incubation. After three times of PBST rinsing,
HRP conjugated secondary antibody (1:20000)
was added for 60 min room temperature incuba-
tion. With three times of PBST rinsing, enhanced
chemiluminescence (ECL) chromogenic sub-
strate was added for 2-3 min room temperature
incubation. The membrane was exposed in dark
room for development and imaging. The film was
scanned for collecting data.

Flow Cytometry for Cell Apoptosis

Following the manual instruction, cells were
re-suspended in 100 pl Annexin V Binding Buf-
fer. 5 pul FITC Annexin V were added, followed
by 10 pl PI solution. After 15 min room tempera-
ture incubation, 400 pl Annexin V Binding Buf-
fer were added, and cell apoptosis was measured
on EPICS XL-MCL flow cytometry.
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Flow Cytometry for Cell Proliferation

EdU Flow Cytometry Kit was used for testing
cell proliferation. In brief, cells were placed in
culture medium containing 10 uM EdU culture
medium at 37°C for 2 h incubation, and were
inoculated into 60 mm culture dish. After 72 h
incubation, cells were digested by trypsin and
were collected. After fixation in paraformal-
dehyde and permeabilization in saponin, 500
pl testing buffer were added for 30 min of
dark incubation at room temperature, and 300xg
centrifugation was performed. Cells were then
re-suspended in 500 ul wash reagent, and loaded
onto FC500 MCL flow cytometry for measuring
cell proliferation.

Statistical Analysis

SPSS 18.0 was used for statistical analysis
(SPSS Inc., Chicago, IL, USA). Measurement
data were presented as mean + standard devia-
tion (SD), and comparison between groups was
performed by Student #-test or Mann-Whitney U
test. A statistical significance was defined when
p <0.05.

Results

AbnormalExpression of miR-9
and GSK-3f

qRT-PCR assay showed
tumor adjacent tissues,
significantly elevated
(Mann-Whitney U =

1A). Comparing to tumor adjacent tissueg, BC
tissues showed remarkably decreasg

< 0.001, Figure 1B).

Up-regulation of miR-9 and
Down-Regulation of

Flow cytometry resu
higher EdU positive
cells comparing to
potent proliferatio
than HBEC cel

P cells than HBEC Tells, whilst B-caten-
rotein expressjon level was remarkably high-
(Figure 2C). Online gene
RNA.org showed the exis-
omplementary binding sites
d 3>-UTR of GSK-3 mRNA
®Pual luciferase reporter gene assay
d that transfection of miR-9 mimic sig-
ecreased relative luciferase activity
K293 cells transfected with pGRE-
GSK-3B-wt-3’UTR, whilst miR-9 inhibitor sig-
nificantly elevated relative luciferase activity
of HEK293 cells transfected with pGRE-GSK-
3B-wt-3’UTR (Figure 2E). The transfection of
miR-9 mimic or miR-9 inhibitor, however, had
no significant effect on relative luciferase ac-

sion level of miR-9
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re 1. Abnormal expression pattern of miR-9 and GSK-3f. (4) qRT-PCR for miR-9 expression in BC tissues and tumor
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tivity of HEK293 cells transfected with pGRE-
GSK-3p-mut-3’-UTR (Figure 2E), confirming
targeted regulation between miR-9 and 3’-UTR
of GSK-3 mRNA.

MiR-9 Inhibition Up-Regulated
GSK-3f Expression, Suppressed RT4
or TCCSUP Cell Proliferation and
Induced Cell Apoptosis

Transfection of miR-9 inhibitor or pSicoR-
GSK-3p significantly up-regulated GSK-33 ex-
pression in RT4 (Figure 3A) and TCCSUP cells
(Figure 3B), significantly suppressing p-cat-
enin expression level in RT4 and TCCSUP
cells. Flow cytometry results showed that, after
transfecting miR-9 inhibitor or pSicoR-GSK-
3B, proliferation potency of RT4 and TCCSUP
cells was significantly compromised (Figure
3C), and cell apoptosis was significantly poten-
tiated (Figure 3D).

Discussion

Wnt/B-catenin is a widely signaling pajgas
inside mammalian cells, and it is invo
embryonic development!”!® tissue/orga
phogenesis'®?, and process of cell prolifera
apoptosis, migration and invasion®??, Simil$
to B-catenin, GSK-3f is an important compond
of Wnt/B-catenin signal path b contras
with positive regulator B-c

pathway, GSK-3 can ¢
sine residue at N-terngi
and forms a comple

tudied microRNA. Previous
oncogege role in occurrence
arian cancer'®, whilst
S a tumor suppressor
+1¢ showed significantly
C tumor tissues, indicat-

results suggested that abn
miR-9 may be an imp
suppressing GSK-3[3
BC pathogenesis. |

ssion presented significantly
e survival (RFS) or overall
esting that miR-9 up-regu-
orable factor for prognosis.

bladder al tissues, BC tumor tissues had
anificantly elevated miR-9 expression. Xie et
ghowed abnormally elevated miR-9

normal bladder epithelium. Moreover, miR-9
expression in infiltrative BC tissues also showed
higher miR-9 expression than superficial BC
tissues. All these studies indicated that abnor-
mally elevated miR-9 expression might form on
oncogenic factor of BC, similarly with abnormal
miR-9 expression pattern observed in BC tissues
and cell lines from this study. Our further assays
showed that transfection of miR-9 inhibitor and/
or pSico-GSK-3p significantly elevated GSK-3[3
expression in T24 and 5637 cells, decreased
B-catenin expression, remarkably elevated cell
apoptosis, and inhibited proliferation. Wang et
al”® transfected BC cell lines T24 and 5637 cells
with miR-9 mimic to up-regulate its expression,
and found that over-expression of miR-9 could
increase the expression of cyclin D1, MMP9,
Bcl-2 and survivin in T24 and 5637 cells. Mean-
while, over-expression of miR-9 also decreased
E-cadherin expression, therefore, facilitating
cell proliferation, cycle progression, invasion
and chemotherapy drug resistance. Moreover,
suppression of miR-9 expression weakened ma-
lignant biological properties of BC cells via
inhibiting target gene LASS2 expression'®. Xie
et al'® found that transfection of pre-miR-9 in
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re 3. Inhibition of miR-9 up-regulated GSK-3f expression, suppressed proliferation and induced apoptosis of RT4 and
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