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Abstract. - OBJECTIVE: Bladder cancer is
one of the most common malignant tumors of
the urinary system characterized by a high re-
currence rate after treatment. Paclitaxel is a new
type of anti-neoplastic agent used for treatment
by inhibiting the proliferation of bladder cancer
cells. This study aimed to explore the mecha-
nism of paclitaxel on the inhibition of bladder
cancer cell proliferation by applying paclitaxel
combined with miR-448 on bladder cancer cells.

MATERIALS AND METHODS: Bladder cancer
EJ cells were divided into 5 groups, including
control group, paclitaxel group, negative con-
trol (NC) group, microRNA-448 (miR-448) mimic
group, and paclitaxel combined with miR-448
mimic group. Cell apoptosis was tested by flow
cytometry. Cell proliferation was determined by
cell counting kit 8 (CCK8) assay. The regulation
of miR-448 on B cell lymphoma 2 (Bcl-2) gene
was assessed by dual luciferase reporter as-
say. Bcl-2 protein expression was detected by
Western blot.

RESULTS: The apoptotic rate of cells was sig-
nificantly increased, while the cell proliferation
ability was significantly reduced in paclitaxel
group and miR-448 mimic group compared with
control (p<0.05). Cell apoptotic rate in pacli-
taxel combined with miR-448 mimic group was
markedly higher than that of paclitaxel group
(p<0.05). MiR-448 can bind to the 3’UTR region
of Bcl-2 mRNA and regulate the expression of
Bcl-2. The expression of Bcl-2 protein in pa-
clitaxel group and miR-448 mimic group was
significantly lower than that in control group and
higher than paclitaxel combined with miR-448
mimic group (p<0.05).

CONCLUSIONS: Paclitaxel combined with
miR-448 promoted EJ cell apoptosis and inhib-
ited cell proliferation by suppressing Bcl-2 gene
expression.
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Introduction

Bladder cancer (BC) is a common malignant
tumor in the urinary system that mostly occurred
in male'. The incidence of BC ranks the ninth
among all types of malignancies globally, of
which the seventh in male and seventeenth in
female®*. Tts incidence ranks eighth in all types
of tumors and first in urinary tract tumors in
China’®. Its incidence in recent years showed a
rising trend. BC is a multi-factorial disease wi-
th complex pathological changes. Among them,
smoking and occupational exposure are the main
risk factors®. Surgical resection is the preferred
treatment for BC, whereas the recurrence rate
is still high, which brings great difficulties for
clinical treatment. Paclitaxel is a diterpene alka-
loid compound with anticancer activity extracted
from cedar, which is used in the treatment of
many tumors, such as breast cancer, esophageal
cancer, lung cancer, and BC’. It was found that
paclitaxel acts on the cell spindle, blocks eu-
karyotic cells in the G2/M phase, and induces
apoptosis, while its mechanism has not been fully
elucidated®. It was showed that tumor growth is
often accompanied by an abnormal expression of
microRNAs in tumor tissues’. MicroRNAs are a
class of conserved small non-coding RNAs that
are approximately 18-24 bases in length. Mature
miRNAs regulate target gene expression by in-
completely pairing with the 3’UTR region of the
target gene mRNA. It was reported that miRNAs
mainly regulate the expression of target genes in
cells by directly inducing mRNA degradation
or inhibiting the translation of target mRNAs,
which are involved in the process of cell growth,
proliferation, differentiation, metabolism, and
apoptosis, so as to affect tumor formation and
activity'”'2. This study aimed to explore the me-
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chanism of paclitaxel on the inhibition of bladder
cancer cell proliferation by applying paclitaxel
combined with miR-448 on bladder cancer cells.

Materials and Methods

Main Reagents and Instruments

Roswell Park Memorial Institute-1640 (RP-
MI 1640) medium, fetal bovine serum (FBS),
and Trypsin were purchased from Gibco (Grand
Island, New York, USA). Paclitaxel was purcha-
sed from Sigma-Aldrich (St. Louis, MO, USA).
Cell counting kit 8 (CCK8) was purchased from
Dojindo Molecular Technologies (Rockville, MD,
USA). Reverse transcription kit and SYBR gre-
en fluorescent dye were purchased from Toyobo
Life Science (Osaka, Japan). Annexin V-FITC/
PI cell apoptosis detection kit was purchased
from Yeasen Biotechnology Co., Ltd. (Shanghai,
China). B-actin and B cell lymphoma 2 (Bcl-2)
primary antibodies were purchased from Ab-
cam Biotechnology (Cambridge, MA, USA). The
secondary antibody was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).
The CO, incubator was purchased from Pierce
(Rockford, IL, USA). Real-time PCR amplifier
(Mode: VIIA7, ABI, Foster City, CA, USA). Flow
cytometry was purchased from (BD Biosciences,
San Jose, CA, USA).

Cell Line and Tumor Tissue

Human BC cell line EJ was purchased from
Shanghai Wuli Biological Co., Ltd. (Shanghai,
China). The cells were cultured in RPMI-1640
medium containing 10% FBS and maintained at
37°C and 5% CO,.

Cell Grouping and Treatment

EJ cells were divided into 5 groups, inclu-
ding control group, paclitaxel group (100 nmol/l),
negative control (NC) group, miR-448 mimic
group, and paclitaxel combined with miR-448
mimic group. MiR-448 mimic or negative con-
trol was transfected to the cells using lipo-2000

Table I. Primer sequences.

according to the manual. The cells in paclitaxel
group and paclitaxel combined with miR-448 mi-
mic group were treated by 100 nmol/l paclitaxel
for 48 h.

Dual Luciferase Reporter Gene Assay

The wild-type and mute-type of 3’UTR region
of Bcl-2 mRNA were amplified by the primers.
The mute base was located in the target region
of miR-448. After digestion and connection, the
segment was inserted into pMIR plasmid to con-
struct Bcl-2 luciferase reporter gene plasmid.
Next, the above-mentioned plasmid, PTK loading
plasmid, and miR-448 mimic were transfected
to EJ cells. After 48 h, the cells were tested on
dual luciferase reporter gene system (Promega,
Madison, WI, USA).

Real-Time PCR

Total RNA was extracted by the TRIzol
method from the cells and reverse transcribed
to cDNA. The PCR reaction system contained 1
ul cDNA, 1 p PCR primers, 10 pl SYBR® qPCR
Mix, and 8 pl water. The PCR reaction was per-
formed at 95°C pre-degeneration for 5 min, fol-
lowed by 40 cycles of 95°C degeneration for 15 s,
60°C annealing for 15 s, and 72°C elongation for
45 s. The results were calculated using the 2-44¢
method. The primers used were listed in Table I.
The details of the RT-PCR processes were con-
ducted according to the previous study'>!*.

Western Blot

EJ cells were collected and added with ra-
dioimmunoprecipitation assay (RIPA) containing
cocktail. Total protein was extracted and quanti-
fied using bicinchoninic acid (BCA) method. The
protein was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to nitrocellulose membrane (NC)
membrane. After blocked in 5% skim milk, the
membrane was incubated in primary antibody
(1:1000) at 4°C overnight. Then, the membrane
was incubated in secondary antibody (1:10000) at
room temperature for 1 h. At last, the membrane

Gene Forward Reverse

B-actin GAGGGAAATCGTGCGTGAC CTGGAAGGTGGACAGTGAG

Bcl-2 CCTCTCGAGAAGGATGGCGCACGCTGG CCGGATTGGGATTCCATCAGGCTTGACT
U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT
miR-448 TTATTGCGATGTGTTCCTTATG ATGCATGCCACGGGCATATACACT
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was analyzed on BOX Chemi XR 5 gel imaging
system (Syngene, Cambridge, UK) to calculate
the protein expression intensity. The details of the
Western blot processes were conducted according
to the previous study".

Flow Cytometry

The cells were collected and centrifuged at
1000 r/min for 5 min. Then, the cells were added
with 100 pl blocking buffer at room temperature
for 10 min and centrifuged at 1000 r/min for
5 min. Next, the cells were added with 500 pl
Ca?" buffer and centrifuged. Then, the cells were
added with 100 pl Annexin V labeling fluid and
propidium iodide (PI) dye for 10 min. At last, the
cells were analyzed by flow cytometry.

CCK8 Assay

EJ cells were seeded in 96-well plate at 0.5x10*
cells/well. Cell proliferation ability was tested by
CCKS kit at 12 h, 24 h, 36 h, 48 h, 60 h, 72 h,
84 h, and 96 h. At last, the cells were tested on
a micro-plate reader at 450 nm to obtain the ab-
sorbance value as the previous study described'®.

Statistical Analysis

All data were presented as mean + SEM and
analyzed on SPSS 19.0 software (IBM Corp.,
IBM SPSS Statistics for Windows, Armonk, NY,
USA). The measurement data were compared by
ANOVA or Dunnett’s #-test. p<0.05 was conside-
red as statistical significant.

Results

MiR-448 Expression in EJ Cells

Real-time PCR was used to test miR-448
expression in EJ cells. As shown in Figure 1, the
miR-448 level was significantly higher in miR-
448 mimic group and paclitaxel combined with
miR-448 mimic group compared with NC group,
control, and paclitaxel group (p<0.05).

Bcl-2 Protein Expression in EJ Cells

Western blot was applied to test Bel-2 expres-
sion in EJ cells. As shown in Figure 2, the
Bcl-2 level was significantly lower in paclitaxel
group compared with control. In addition, Bcl-
2 expression in the miR-448 mimic group was
significantly reduced compared with NC group.
Furthermore, it was markedly lower in paclitaxel
combined with miR-448 mimic group compared
with NC group.
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Figure 1. MiR-448 expression in EJ cells. *p<0.05, miR-
448 mimic group compared with NC group. #p<0.05, pacli-
taxel combined with miR-448 mimic group compared with
control and paclitaxel group.

Bcl-2 is the Target Gene of miR-448
TargetScan and miRanda exhibited that Bcl-2
is predicted as one of the target genes of miR-448
(Figure 3). Thus, we constructed wild-type and
mute-type of 3’UTR plasmid of Bcl-2 mRNA
and tested the result using dual luciferase reporter
gene system. As shown in Figure 4, the luciferase
activity in cells transfected by Bcl-2 wild-type
plasmid was suppressed by miR-448, whereas the
luciferase activity in cells transfected by Bcl-2 mu-
te-type plasmid showed no significant difference.

MiR-448 Regulated Bcl-2
Gene Expression

EJ cells were divided into four groups, in-
cluding NC group, miR-448 mimic group, NC
inhibitor group, and miR-448 inhibitor group.
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Figure 2. Bcl-2 protein expression in EJ cells.
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hsa-miR-448 3'— - UACCCUGUAGGAUGU;|\[|J/|\?(|]L|IU ------ —5’
Bcl-2 WT  5'—++++-GCCUGCCCCAAACAAAUAUGCAA:++++—3’
Bcl-2 MUT  §'—++++*GCCUGCCCCAAACAAAAUACGUA " +++—3

Figure 3. MiR-448 targeted to the 3’UTR region of Bcl-2 mRNA.

Bcl-2 mRNA and protein levels were detected
after 48 h. As shown in Figure 5, Bcl-2 mRNA
and protein expressions were declined in the
miR-448 mimic group compared with NC group.
On the contrary, Bel-2 mRNA and protein levels
markedly elevated in miR-448 inhibitor group
compared with NC inhibitor group.

The Impact of Paclitaxel Combined
with miR-448 on EJ Cell Apoptosis

Flow cytometry was adopted to test EJ cell
apoptosis (Figure 6). The apoptotic rate of cells
was significantly increased in paclitaxel group,
miR-448 mimic group, and paclitaxel combined
with miR-448 mimic group compared with NC
group (p<0.05). Cell apoptotic rate in paclita-
xel combined with miR-448 mimic group was
markedly higher than that of paclitaxel group
(p<0.05).

The Influence of Paclitaxel Combined
with miR-448 on EJ Cell Proliferation

The CCKS assay was selected to assess EJ
cell proliferation (Figure 7). EJ cell prolifera-
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Figure 4. Dual luciferase reporter gene assay. *p<0.05. A,
Bcl-2 wild-type. B, Bcl-2 mute type.
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tion was significantly attenuated in paclitaxel
group, miR-448 mimic group, and paclitaxel
combined with miR-448 mimic group compa-
red with NC group (p<0.05). Cell proliferation
in paclitaxel combined with miR-448 mimic
group was declined compared with paclitaxel
group (p<0.05).

Discussion

Paclitaxel is an important anticancer drug
which has been approved by the US FDA for
the treatment of breast cancer, gastric cancer,
and bladder cancer'™®. It was found that pacli-
taxel inhibits about 70% of the tumor cell DNA
synthesis and induces 90% cell apoptosis in vi-
tro®. In recent years, several studies showed that
paclitaxel-induced tumor cell apoptosis may be
related to the regulation of a variety of apopto-
sis-related gene expressions, such as Bcl-2 family,
p53, p21, and Caspase family!’>. MiRNA binds to
the 3’UTR region of target mRNA to regulate
the expression of the target gene and affect cell
function.

Targetscan analysis showed that there is a
complementary pairing binding site between
miR-448 and the 3’UTR region of Bcl-2 mRNA.
Dual luciferase reporter assay demonstrated that
miR-448 binds to the 3’UTR region of Bcl-2
mRNA and inhibits its expression. Cell tran-
sfection experiments indicated that miR-448
changes Bcl-2 gene expression, suggesting that
miR-448 regulates the expression of Bcl-2 gene
in cells. It is revealed that Bcl-2 gene may be a
target gene of miR-448. Bcl-2 gene is an onco-
gene with the function of inhibiting apoptosis®’.
Apoptosis, also known as programmed cell de-
ath, is the process by which the body removes
unwanted cells and plays an important role in
cell growth, cell differentiation, development,
and aging. Paclitaxel specifically binds to intra-
cellular tubulin, affecting cell mitosis, arresting
cells in the G2/M phase, and promoting apop-
tosis. It was found that paclitaxel can promote
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Figure 5. Bcl-2 mRNA and protein expressions in EJ cells transfected by miR-448. *p<0.05. A, Bcl-2 mRNA expression. B,
Bcl-2 protein expression.
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Figure 6. The impact of paclitaxel combined with miR-448 on EJ cell apoptosis. A, NC group; B, miR-448 mimic group; C,
Control; D, Paclitaxel group; E, Paclitaxel + miR-448 mimic group; F, Cell apoptosis rate. *p<0.05, miR-448 mimic group
compared with NC group. #p<0.05, paclitaxel group compared with control. ##p<0.05, paclitaxel combined with miR-448
mimic group compared with paclitaxel group.
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Figure 7. The influence of paclitaxel
1.81 combined with miR-448 on EJ cell pro-
liferation.
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apoptosis by down-regulating the expression of References

Bcl-2 gene, thus is one of the mechanisms that
inhibit cell proliferation?'.

This study observed that Bcl-2 gene expres-
sion decreased and apoptosis rate elevated in
paclitaxel group compared with the control group
(p<0.05). Further studies showed that paclita-
xel did not induce miR-448 expression changes
(p>0.05). However, paclitaxel combined with
miR-448 significantly decreased the expression
of Bcl-2 gene, enhanced apoptosis, and reduced
cell proliferation compared with paclitaxel group
(p<0.05). Paclitaxel combined with miR-448 si-
gnificantly increased apoptosis and inhibited cell
proliferation, which may be related to the regula-
tion of Bcl-2 gene expression by miR-448.

Conclusions

We showed that Bcl-2 gene is the target gene
of miR-448. Paclitaxel combined with miR-448
can enhance paclitaxel-induced bladder cancer
EJ cell apoptosis and inhibit cell proliferation.
This effect may be related to the regulation of
Bcl-2 gene expression by miR-448. The thera-
peutic effect of paclitaxel on bladder cancer is
multifaceted. In this study, paclitaxel combined
with miR-448 inhibits the growth, and prolife-
ration of cells is a part of its mechanism. The
mechanism of paclitaxel for bladder cancer tre-
atment needs further investigation.
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