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Abstract: Bladder cancer is the second most common malignant tumor of the urinary tract worldwide and is as-
sociated with significant morbidity and mortality. EZH2, the enzymatic subunit of Polycomb repressive complex 2
(PRC2), is frequently overexpressed in multiple tumor types including Bladder cancer and plays multiple roles in
tumor cell proliferation and apoptosis. Previous study showed that miR-26a has different roles in different tumors
and the expression of EZH2 is identified as a potential target of miR-26a which miR-26a has been found to de-
crease in bladder cancer. But the mechanism between EZH2 and miR-26a is not completely clear in bladder cancer.
Western blot and Real-time PCR were involved to detect both expression of mRNA and protein of EZH2. And we
used mimics-miR26a to elaborate the relationship between EZH2 and miR-26a in cell proliferation and apoptosis
process through lots of specific assays. The results showed that EZH2 express mainly in bladder tumor tissues than
para-carcinoma tissues. Meanwhile, miR26a can down-regulate the expression of EZH2 through suppressing EZH2
activity. Both miR26a and downregulated EZH2 can induce bladder cancer cell apoptosis and increase cell at G1
stage as well as suppress cell proliferation. The further assays reveal that miR-26a can suppress cell proliferation
and enhance cell apoptosis through EZH2. In this study, we found that EZH2 was overexpressed in bladder tumor
tissue and miR-26a could downregulate the expression of EZH2 to inhibit proliferation and enhance apoptosis in
bladder cancer.
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Introduction EZH2, Enhancer of Zeste Homologue 2, is the
catalytic subunit of polycomb repressive com-
plex2 (PRC2) and catalyzes the trimethylation
of K27 of H3 (H3K27me3) [4]. PRC2 is mainly
composed by four different proteins in mam-
mals (EED, SUZ12, EZH2 and RBBP7/4) [5]. The
EZH2 contains different domains: H1 and H2
domains conformed as binding regions for
PHF1 and SUZ12, respectively, cysteine rich
domain and SET domain [6]. The EZH2 catalytic

Bladder cancer (BC) is the fifth most common
cancer and is one of the leading causes of can-
cer-related death in the word [1]. BC can be cat-
egorized into 2 groups: muscle invasive BC and
nonmuscle invasive BC. Almost 75% of BC
patients are diagnosed with nonmuscle inva-
sive bladder cancer which are managed by
local therapies, but often still have a high risk

of recurrence and a variable risk of progression
[2]. In recent years, although many targeted-
therapies and immunotherapy such as PD-1/
PD-L1 inhibitors have excelled in clinical trials,
there is still no efficient therapeutic reagent for
bladder cancer [3]. Hence, elucidation of novel
molecular of BC and developing a more effi-
cient therapeutic target that prevent recur-
rence or progression are urgently needed.

activity mainly depends on its SET domain
besides EED and SUZ12 of the PRC2 complex
[7]. As demonstrated by various studies before,
EZH2 not only acts as epigenetic silencer, but
also it can act as a gene activator which repre-
sents an oncogenic signal in several cancers
including prostate, liver, colon, lung and BC.
Meanwhile, EZH2 expression can be directly
regulated post-transcriptionally through the
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interaction with miRNA, such as miR-101, miR-
26a, miR-217 [8]. MicroRNAs (miRNAs) are a
class of endogenously small non-coding RNAs
present extensively in eukaryotes [9]. The func-
tion of miRNAs is based on the imperfect com-
plement binding between the seed region of
miRNA and 3'-UTR of target mRNA to alter the
expression of target genes at transcriptional
and post-transcriptional levels [10]. Previous
studies have shown that miRNAs act as tumor-
suppressive or oncogenic genes in different
tumor types [11]. Wang et al. found that the
expression of miR-26 is down-regulated in
groups T1 and T2 (differentiated grade 1-3)
bladder cancer and can be a significant marker
in BC [12]. MiR-26 contains miR-26a and miR-
26b subtypes [13]. Recent studies reveal that
EZH2 can be up-regulated with miR-26a-de-
pendent regulation in rhabdomyosarcoma and
neurogliocytoma [14]. Sander et al. also found
that overexpression of miR-26a in Burkitt lym-
phoma cell lines can down-regulate EZH2
through an axis of MYC-miR-26a-EZH2-target to
affect cell cycle progression [15]. But whether
the same mechanism that miR-26a can also
affect the expression of EZH2 in bladder can-
cer is still unknown. In our study, we found that
EZH2 overexpressed in bladder tumor tissues
compare with paracarcinoma tissues. MiR-26a
can directly down-regulates EZH2 promoter
activity to suppress the expression of EZH2 in
BC and suppress cell proliferation and enhance
cell apoptosis through EZH2.

Methods and materials

Cell culture, transfection and bladder tissue
samples

Human bladder cancer cell line (EJ cell) was
purchased from ATCC and cultured in DMEM
supplemented with 10% fetal bovine serum
and 1% penicillin-streptomycin at 37°C with 5%
CO,. Lipofectamine 2000 was used for trans-
fect cells according to the manufacturer’s pro-
tocol. DNA plasmids, MiRNA mimics or EZH2
siRNA were mixed with Opti-MEM medium and
lipofectamine 2000 reagents Before transfec-
tion. After adding it to the cells, the medium
was replaced 6 h later. The BC tissues and
adjacent normal bladder tissues were obtained
from Affiliated Hospital of Guilin Medical Uni-
versity. All patients were aware that their tissue
sample would be used for scientific research
before study and signed a document informed
consent for the sample to be used. Our study
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was approved by the institutional research eth-
ics committee of Affiliated Hospital of Guilin
Medical University.

Expression vectors, mimic-miR-26a and anti-
bodies

cDNAs encoding homo sapien EZH2 gene were
synthesized and inserted into pcDNA3.0 (Invi-
trogen) vector. The EZH2 primer sequences:
sense primer-5-GGGGTAGGACGAAGAATAATCA-
TGG-3’; antisense primer-5" ATAAGAATGAGGT-
AGCAGATGTCAAGGG-3'. Mimic-mi26a and si-
RNA was purchased in GenePharma Inc. The
antibody of EZH2 protein used in western blot
and immunohistochemistry experiments is
Rabbit-anti-EZH2 (abcam).

Quantitative real time PCR (qRT-PCR)

Total RNA was extracted using Trizol (TAKARA)
and cDNA synthesis using Superscript Il reverse
transcriptase (DBI) was primed with random
hexamer primers following the manufacturer’s
protocols [16]. Real-time PCR for mRNA detec-
tion were performed using Stratagene Mx-
3000P Real time PCR (Agilent). The sequences
of the primers used were as follows: EZH2
MRNA (sense): 5-AATCAGAGTACATGCGACTGA-
GA-3’, EZH2 mRNA (antisense): 5-GCTGTATCC-
TTCGCTGTTTCC-3’, GAPDH mRNA (sense): 5™-
TGTTCGTCATGGGTGTGAAC-3’, GAPDH mRNA
(antisense): 5’-ATGGCATGGACTGTGGTCAT-3".

Western blotting

After transfected with the designated plasmids
or siRNA, cells were harvested into universal
protein extraction lysis buffer (Beyotime) con-
taining protease inhibitor cocktail (Roche). We
next measured protein concentrations and
equal amounts of protein were prepared for
SDS-PAGE, transferred to PVDF (Millipore) and
detected with primary antibody of EZH2 and
GAPDH (KangCheng) and horseradish peroxi-
dase-conjugated secondary antibodies. Spe-
cific proteins were visualized using an enhanced
chemiluminescence (ECL) western blot detec-
tion system [17].

Luciferase reporter assay

In the 3’UTR of the Luciferase-containing TK-
pGL3 reporter construct (Promega), we includ-
ed the 3-UTR of human EZH2 or a 3’-UTR ver-
sion with mutated miR-26a binding site. For
the reporter assays, EJ cells were cultured in
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Figure 1. The expression of EZH2 in bladder cancer tissue and para-carcinoma tissue. In immunohistochemistry
(IHC) stain, EZH2 protein strongly expressed in bladder tumor tissues and almost no signal detected in para-carci-
noma tissues (A-D). Western blot assays showed higher expression levels of EZH2 in human BC compare matched
adjacent tissue (E). PCR data showed miR-26a level in bladder cancer tissue was increased significantly compared

to that in para-carcinoma tissue (F).

24-well plates and transfected with TK-pGL3-
EZH2 wt or mutated plasmid mixed with nega-
tive control-mimics or siR26a-mimics using
Lipofectamine 2000 (Invitrogen). Luciferase
activity was measured 24 hours after transfec-
tion with the Dual-luciferase reporter assay sys-
tem (promega).

Cell cycle and apoptosis analysis by flow cy-
tometry

The DJ cells were transfected with specific plas-
mid, siRNA or miR-26a-mimics for 72 hours
before analysis. For cell cycle analysis, cells
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were harvested and washed with ice-cold PBS
before being fixed with 70% ice-cold ehanol.
Then, cells were collected by centrifugation and
resuspended in PBS containing RNase and
Propidium lodide (Pl) and incubated at 37°C for
30 minutes. Finally, the cell cycle was analyzed
by FACs scan flow cytometer and the relative
ratios of G1, S and G2 phases were analyzed by
FlowJo 2.7 software. For apoptosis analysis,
cells were suspended in PBS at a density of
106 cells/mL and incubation with reagent con-
taining Annexin V-FITC and PI for 30 minutes at
room temperature and analyzed by flow cytom-
eter [18].
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Figure 2. MiR-26a suppresses bladder cancer cell proliferation and promotes apoptosis. As results, the expression
level of miR-26a-EZH2 in bladder tumor tissues were lower compare with para-carcinoma tissues with transfection
of mimics-miR26a (A, B). Meanwhile, transfected miR-26a-mimics in EJ cell was detected function of miR-26a at cell
proliferation, apoptosis and cell cycle in vitro assay. Using CCK8 assay and colony formation assay, miR26a inhibited
cell proliferation and cell colony formation (C, D and F). Meanwhile, miR26a promoted EJ cell apoptosis and over-
expression of miR-26a in vitro decrease in cells of S stage as well as induced an increase in cells of G1 stage (E).

CCK-8 assays

The cell proliferation ability was analyzed using
CCK-8 assay. After cells were transfected with
specific plasmids, siRNA or mimics for 48 h.
The collected cells were counted at final 4 x
103 cells placed in 96-well plates. Every 24 h,
10 pL CCK-8 were added in each well and then
incubated at 37°C for 30 min. The absorbance
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was measured at 450 nm to assess the num-
ber of viable cells. All experiments were repeat-
ed at least three times [19].

Colony formation assay
Colony formation assay was used to determine
the cell proliferation ability. After EJ cells were

transfected with specific vector, siRNA or siR-
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26a-mimics for 48 h and collected and placed
in six-well plates with final 3 x 10° cells/well for
14 days with complete medium. The colonies
were fixed with 10% formaldehyde and stained
with 0.5% crystal violet. The colonies were
detected under microscope. All experiments
were repeated at least three times.

Statistical analysis

Experiments were repeated three times. Statis-
tical analyses were performed using SPSS ver-
sion 17.0. Differences between experimental
groups were determined using Student’ t test.
Values of P < 0.05 were considered as signifi-
cant and indicated by asterisks in the figures.

Results and discussion

The expression of EZH2 in bladder cancer tis-
sue and para-carcinoma tissue

Recent studies show that EZH2 is overexpres-
sed in multiple tumor types, and plays different
roles besides epigenetic silencer and gene acti-
vator [20]. In order to detect the function of
EZH2 in BC, we collected many bladder tumor
tissues and para-carcinoma tissues to detect
protein expression of EZH2 in BC. We found
that EZH2 protein strongly expressed in Bladder
tumor tissues and almost no signal detected in
para-carcinoma tissues (Figure 1A-D) via im-
munohistochemistry (IHC). Western blot assays
also showed higher expression levels of EZH2
in human BC compare matched adjacent tissue
(Figure 1E). Together, the results showed that
EZH2 express mainly in bladder tumor tissues
than para-carcinoma tissues.

MiR-26a suppresses bladder cancer cell prolif-
eration and promotes apoptosis

Previous studies clearly elaborated that miR-
26a may participate in various biological pro-
cesses through binding 3’UTR of target mRNA
to repress protein expression in different tu-
mors [9]. In our study, we found that the expres-
sion level of miR-26a in bladder tumor tissues
were lower compare with para-carcinoma tis-
sues (Figure 2A). Meanwhile, we also transfect-
ed with miR-26a-mimics in EJ cell to detected
function of miR-26a at cell proliferation, apop-
tosis and cell cycle in vitro assay. Using CCK8
assay and colony formation assay, we found
that mimics-miR26a can restrain cell prolifera-
tion and cell colony formation (Figure 2B and
2F). Meanwhile, we also detected that mimics-
miR26a can promote EJ cell apoptosis and
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overexpression of miR-26a in vitro decrease in
cells of S stage as well as induced an increase
in cells of G1 stage (Figure 2E), indicating that
miR-26a induced a G1 arrest. These results
suggest that miR26a induce bladder cancer
cell apoptosis and increase cell at G1 stage as
well as suppress cell proliferation.

MiR26a down-regulates expression of EZH2

Various studies showed that EZH2 is potential
downstream target genes of miR-26 and down-
regulated through MYC-miR-26a-EZH2 pathway
in Burkitt lymphoma cell lines [5]. However, the
molecular mechanisms of miR-26a and the
target genes EZH2 in bladder cancer remain
unclear. Our study detected the relationship
between miR26a and EZH2 and found that
miR-26a can down-regulated the protein
expression of EZH2 with transfected mimics-
miR26a in vitro, To determine whether EZH2
might be directly regulated by miR-26a, the full-
length 3'UTR of human EZH2 containing the
wild or mutant miR-26a responsive element
were cloned into the 3’UTR region of the
TK-pGL3 vector. The relative luciferase activity
was significantly decreased with transfection of
mimics-miR26a (Figure 3B) in wild EZH2 bind-
ing sequence compared with mutant EZH2
binding sequence. Collectively, these finding
suggest that miR26a can down-regulate the
expression of EZH2 through suppressing EZH2
promoter activity.

Down-regulation of EZH2 promote bladder
cancer cell apoptosis and induce cell cycle ar-
rest as well as proliferation suppressed

The implication of EZH2 in tumorigenesis has
been extensively documented in various types
of tumors such as prostate and breast cancer
[21]. We surmise whether EZH2 regulates
tumor cell proliferation and apoptosis in blad-
der cancer. Small interfering RNA (siRNA) for
human EZH2 was transfected into EJ cells. A
real-time quantitative PCR (RT-gPCR) (Figure
3C) and Western blot (WB) (Figure 3D) analysis
revealed that both EZH2 mRNA and protein
expression were decreased following EZH2-
siRNA transfected compared with negative con-
trol-siRNA transfected. Using the flow cytome-
try to observe the cell apoptosis and cell cycle
in EJ cells, we found that downregulated EZH2
enhanced cell apoptosis (Figure 3E) and de-
creased cells in S stage as well as induced an
increase in cells of G1 stage by transfected
with effective siRNA (Figure 3F). Meanwhile,
our studies also detected that siRNA-EZH2

Int J Clin Exp Pathol 2017;10(11):11234-11241



MiR-26a induces apoptosis bladder cancer by activating EZH2 activity

A e 10 B
o
n s
a 8
o SiRNA1  NC  siRNA2 NG
g
o 4
g AT —— — —
E 21 % *
[7]
14 o
siRNA-1  NC-1  siRNA-2 NC-2
C siRNA-1 NC-2
- in (P1.in all) ~ _Gate: (P4in (P1 in all)
% 382 - % i
0.1
%
5 <
a F L
Qi.J..‘ o b -4 % o
Annexin V FITC-A Annexin V FITC-A Annexin VFITC-A Annexin V FITC-A
k LE . LRI _ L gad
: Dip G1: 54.69 % Dip G1: 69.91 % Dip G1: 56.16 % Dip G1: 67.57 %
5. Dip G2: 18.23% 9 Dip G2: 14.65 % Dip G2: 16.12 % Dip G2: 14.19 %
£ M Dip $:27.08 % % DipS:15.44% 1 Dip §: 27.71% Dip S: 18.23 %
2| o &
=
& i 8 o
[ RESES SARAD Ay Ranas Rpnei) REGRY RASAN GAALN SEEEN RARLR Il REESY LIRS SEART RELaN tanas P SRR G
Channels P1A) Chanaals P1A) Channels (PI-A) Channels P1A}

Channels (PI-A)

Figure 3. MiR26a down-regulates expression of EZH2. MiR-26a down-regulated the mRNA and protein expression
of EZH2 with transfected mimics-miR26a in vitro (A, B). To determine whether EZH2 might be directly regulated by
miR-26a, the full-length 3'UTR of human EZH2 containing the wild or mutant miR-26a responsive element were
cloned into the 3’'UTR region of the TK-pGL3 vector. The relative luciferase activity was significantly decreased with
transfection of mimics-miR26a in wild EZH2 binding sequence compared with mutant EZH2 binding sequence (C-E).

can suppress EJ cell colony formation in vitro
(Figure 3G). Together, these results indicate
that downregulated EZH2 can increase cell
apoptosis and arrest cell in G1 stage as well as
decrease cell proliferation.

EZH2 medicates MiR-26a-regulated tumor cell
proliferation and apoptosis

Above results revealed that miR-26a can direct-
ly down-regulate expression of EZH2. Surpri-
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singly, we also found that both mi-26a and
EZH2 played the similar roles in cell apoptosis,
cell cycle arrested and cell proliferation. Toge-
ther analysis of these results, we were inter-
ested in and surmised whether miR26a regu-
lated tumor cell proliferation and apoptosis via
EZH2. The RT-PCR and WB assays were involv-
ed and detected that transfected EZH2 plas-
mids can recover EZH2 regulation by miR-26a
in MRNA level and protein expression (Figure
4A, 4B). We next detected the relationship

Int J Clin Exp Pathol 2017;10(11):11234-11241
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Figure 4. EZH2 medicates MiR-26a-regulated tumor cell proliferation and apoptosis. The RT-PCR and WB assays
were involved and detected that transfected EZH2 plasmids induced EZH2 regulation by miR-26a in mRNA level
and protein expression (A, B). Results from kit-8 assays and colony formation assays showed that mimics-miR26a
markedly suppress cell proliferation and colony formation, which was recovered by overexpression of EZH2 (C-F).

between miR-26a and EZH2 in tumor cell prolif-
eration by performing cell counting kit-8 assays
and colony formation assays. Results showed
that mimics-miR26a markedly suppress cell
proliferation and colony formation, which can
be recovered by overexpression of EZH2 (Fi-
gure 4C and 4F). We found that overexpression
of mimic-miR-26a enhanced cell apoptosis
(Figure 4E) and G1 cell stage arrest (Figure 4D)
through using flow cytometry analysis, which
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can be recovered by overexpression of EZH2.
These results suggested that miR-26a can sup-
press cell proliferation and enhance cell apop-
tosis through EZH2.
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