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Knockdown of microRNA-130b improves doxorubicin 
sensitivity in bladder urothelial carcinoma by 
negatively regulating cylindromatosis expression

Bo Li, Hui Zhang

A b s t r a c t 

Introduction: Chemotherapeutic resistance reduces the sensitivity of blad-
der urothelial carcinoma (BUC) to chemotherapeutic drugs and contributes 
a barrier leading to treatment failure. The purpose of this research project is 
to investigate the regulatory effects of miR-130b on chemotherapeutic drug 
resistance of BUC and its mechanism.
Material and methods: The relative expression of miRNA-130b and cylindroma-
tosis (CYLD) was examined using real-time quantitative PCR. The cell prolifera-
tion and doxorubicin sensitivity were detected with the enhanced CCK-8 assay. 
The specific combination of miR-130b and CYLD was verified with the luciferase 
reporter gene assay. Protein expression was detected by Western blot.
Results: Our study found that miR-130b was up-regulated in doxorubicin-in-
sensitive BUC tissues and cell lines, and its high expression was negatively 
related to doxorubicin sensitivity in BUC. The miR-130b knockdown reduced 
the IC50 of doxorubicin and improved doxorubicin sensitivity of J82/Dox and 
T24/Dox cells. For the regulation mechanism analysis of miR-130b, bioin-
formatics analysis software was used to predict the potential targets of 
miR-130b, including the CYLD gene. The following luciferase activities assay, 
quantitative real time-PCR and western blot identified the CYLD gene as 
a  target of miR-130b. Knockdown of CYLD reversed miR-130b’s regulatory 
roles in doxorubicin sensitivity in J82/Dox and T24/Dox cells.
Conclusions: High expression of miR-130b is negatively related to doxoru-
bicin sensitivity in BUC, and knockdown of miR-130b improves doxorubicin 
sensitivity in BUC by negatively regulating CYLD expression. Our findings 
will provide guidance for the clinical chemotherapy of BUC.

Key words: antineoplastic agents, doxorubicin, microRNAs, urinary bladder 
neoplasms.

Introduction

Bladder cancer is a common malignant tumor in the urinary system. 
Bladder urothelial carcinomas (BUC) is the most representative histologi-
cal classification of bladder cancer, which was called bladder transitional 
cell carcinoma (BTCC) before [1]. Surgical resection is the first choice for 
the treatment of BUC. Chemical therapy is also an important supplement 
to surgical treatment, which can significantly improve the prognosis of 
patients. Chemotherapy resistance severely limits the therapeutic effect 
and clinical application of chemotherapy [2]. Therefore, it is very import-
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ant to study the mechanism of chemotherapy re-
sistance in BUC and to find new therapeutic tar-
gets. 

MicroRNA is a class of small molecule RNA that 
does not have the ability to encode protein. Micro-
RNA has complex physiological functions and partici-
pates in the genesis of a variety of complex diseases, 
including cancers [3–5]. MiR-130b was up-regulated 
and acted as an oncogene in some kinds of cancers 
[6–11]. Recent studies found that miR-130b was 
highly expressed in BUC and could promote cell mi-
gration and invasion in BUC [9, 12], but the biological 
function and molecular mechanism of miR-130b in 
chemotherapy resistance of BUC was still unknown. 
Bioinformatics predicted that the cylindromatosis 
(CYLD) gene might be a  target of miR-130b. CYLD 
was a deubiquitinating enzyme located at 16q12.1 
[13], and its low expression has been detected in 
many kinds of cancers [14–16]. 

This study will research the regulatory effects 
of miR-130b on chemotherapeutic drug resistance 
of BUC and its mechanism, and the consequences 
will contribute to BUC clinical chemotherapy.

Material and methods

Clinical specimens

A total of 71 BUC patients were treated in the 
Department of Urinary Surgery of Shengjing Hos-
pital between November 2011 and February 2013. 
The BUC specimens were gathered using a cysto-
scope. After pathological diagnosis, doxorubicin 
chemotherapy was applied to all patients, and 
RECIST Response Evaluation Criteria were used to 
evaluate the treatment effects. All patients were 
divided into insensitive and sensitive groups; the 
former (n = 44) was deteriorated or stable, and the 
latter (n = 27) was partially or completely relieved. 
This study has been carried out with the approval 
of the Ethics Committees of Shengjing Hospital. 
All patients signed an informed consent form.

Cell culture

A  human normal bladder epithelial cell line 
(HCV29) and human bladder urothelial carcinoma 
cell lines (J82 and T24) were obtained from the 
National Infrastructure of Cell Line Resource (Chi-
na), and cultured in DMEM medium which includ-
ed 10% fetal bovine serum (Cyagen, China) at the 
condition of 37°C and 5% CO

2. An doxorubicin-re-
sistant cell line was established from J82 and T24 
cell lines previously and named J82/Dox and T24/
Dox cell lines [17]. 

Real-time quantitative PCR

Total RNA was extracted from BUC tissues and 
cells with Trizol reagent, and synthesized to cDNA 

with the TIANScript RT Kit (TIANGEN, China). The 
expression of miR-130b and CYLD was examined 
with the Talent qPCR PreMix Kit (TIANGEN, Chi-
na) in accordance with the instructions. A relative 
quantitative method was used to quantify the ex-
pression of miR-130b and CYLD. U6 and GAPDH 
were used as endogenous controls.

Transfection

The agonist and antagonist of miR-130b (miR-
130b(+) and miR-130b(–)) and their negative con-
trols (miR-NC(+) and miR-NC(–)) were designed 
and synthesized by GenePharma Company (Chi-
na). The silence vector of CYLD (sh-CYLD) and its 
negative control (sh-NC) were also designed and 
synthesized by GenePharma Company. All vectors 
and microRNAs were transfected using Lipofect-
amine 2000 (Thermo Fisher Scientific, USA) in ac-
cordance with instructions.

Drug sensitivity assay

Three thousand cells (T24 or T24/Dox) were 
placed in a well of 96-well plates. After 24 h, doxo-
rubicin (0.1 μg/ml, 0.5 μg/ml, 1 μg/ml, 5  μg/ml,  
10 μg/ml) was used to treat those cells [17, 18]. 
The cell viability was examined using Enhanced 
Cell Counting Kit-8 (Beyotime, China) 48 h later; 
10 μl of enhanced CCK-8 solution was added to 
each well of a 96-well plate, and the plate was in-
cubated for 2 h at 37°C. The value of optical densi-
ty at was detected with an MK3 microplate reader 
(Thermo Fisher Scientific, USA) at 450 nm. Then, 
the data were used to calculate IC50 (half maxi-
mal inhibitory concentration).

Luciferase reporter gene assay

The TargetScan 7.0 software was selected to 
predict the target genes of miR-130b. The lucifer-
ase reporter vectors p-CYLD-mut (containing mu-
tant binding site) and p-CYLD-wt (containing wild-
type binding site) were designed and synthesized 
by GenePharma Company (China). MicroRNAs and 
constructed vectors were cotransfected to HEK 
293T cells using Lipofectamine 2000 Reagent. For-
ty-eight hours later, the Dual Luciferase Reporter 
Gene Assay Kit (Beyotime, China) was applied to 
detect the luciferase activity in accordance with 
the instructions.

Western blot

Protein was extracted and the concentration 
determined with the BCA Protein Assay Kit (TIAN-
GEN, China) in accordance with the instructions. 
Protein samples (20 mg) were handled with SDS-
PAGE gel electrophoresis and transferred to PVDF 
membranes. The PVDF membrane was first hy-
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bridized with CYLD antibody (#4495, Cell Signal-
ing, USA) and incubated with second antibody 
in turn. Then, the PVDF membrane was incubat-
ed with the Pro-light HRP Chemiluminescent Kit 
(TIANGEN, China). Then, the bands were detected 
and analyzed by ImageJ software (NIH, USA).

Statistical analysis

SPSS 22.0 (IBM, USA) was used for statistical 
analysis. All data were expressed as mean ± stan-
dard deviation and analyzed with one-way ANOVA 
and Student’s t-test. If the p-value was less than 
0.05, the difference was statistically significant.

Results

Over-expression of miR-130b is negatively 
correlated with doxorubicin sensitivity of 
BUC

In comparison with doxorubicin-sensitive BUC 
patients, the expression of miR-130b in doxoru-

bicin-insensitive BUC patients was up-regulated 
(Figure 1 A), which provided preliminary evidence 
that miR-130b might be involved in the doxorubi-
cin resistance of BUC.

To confirm this above finding, the expression 
of miR-130b was also examined in doxorubi-
cin-sensitive and doxorubicin-resistant cell lines. 
The miR-130b expression in J82 and T24 cells was 
much higher than that in HCV29 cells (Figure 1 B). 
J82/Dox and T24/Dox cells were resistant to 
doxorubicin, their IC50 to doxorubicin (3.11 ±0.16 
μg/ml and 3.61 ±0.21 μg/ml) was higher than that 
in J82 and T24 cells (0.63 ±0.09 μg/ml and 3.61 
±0.21 μg/ml), and the resistant index (RI) was 
4.94 and 4.57 respectively (Figure 1 C). Compared 
with J82 and T24 cells, the miR-130b expression 
in J82/Dox and T24/Dox cells increased obviously 
(Figure 1 D).

Knockdown of miR-130b improved 
doxorubicin sensitivity of doxorubicin-
resistant cells

In J82/Dox and T24/Dox cells, the miR-130b ex-
pression was silenced by transfection with miR-
130b(–). MiR-130b knockdown reduced IC50 of doxo-
rubicin in J82/Dox and T24/Dox cells from 3.11 ±0.16 
μg/ml and 3.61 ±0.21 μg/ml to 0.93 ±0.11 μg/ml and 
1.17 ±0.08 μg/ml (Figure 2), which further revealed 
that miR-130b was involved in BUC doxorubicin re-
sistance, and its knockdown could improve doxoru-
bicin sensitivity of J82/Dox and T24/Dox cells.

CYLD gene is a target of miR-130b in BUC 
cells

As for the vital roles of miR-130b in BUC chemo-
therapy resistance, further mechanism analysis is 
necessary. The bioinformatics software TargetScan 
was selected to predict a binding site of miR-130b 
in the 190–196 bp of CYLD 3′-UTR (Figure 3 A).

Figure 1. Over-expression of miR-130b is negatively correlated with doxorubicin sensitivity of BUC. A – The expres-
sion of miR-130b in doxorubicin-insensitive BUC patients was up-regulated compared with doxorubicin-sensitive 
BUC patients. *p < 0.05 vs. sensitive group. B – The expression of miR-130b in J82 and T24 cells was higher than 
that in HCV29 cells. *p < 0.05 vs. HCV29 cells. C – The IC50 of doxorubicin in J82/Dox and T24/Dox cells was higher 
than that in J82 and T24 cells. *p < 0.05 vs. J82 cells, #p < 0.05 vs. T24 cells. D – The miR-130b expression in J82/
Dox and T24/Dox cells increased compared with J82 and T24 cells. *p < 0.05 vs. J82 cells, #p < 0.05 vs. T24 cells
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Figure 2. Knockdown of miR-130b reduced IC50 of 
doxorubicin in doxorubicin-resistant cells. *p < 0.05 
vs. blank control or miR-NC(–) group
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Firstly, the expression of CYLD was significantly 
down-regulated in doxorubicin-insensitive BUC tis-
sues and cell lines compared with doxorubicin-sen-
sitive BUC tissues and cell lines (Figures 3 B, C)  
and Spearman’s correlation analysis identified 
a negative correlation between the expression of 
miR-130b and CYLD (p < 0.05).

Secondly, the luciferase reporter gene assay 
showed that miR-130b inhibited the relative lucifer-
ase activity by combining with the wild-type binding 
site, but not to the mutant binding site (Figure 3 D). 
Also, the miR-NC had no similar regulatory effects.

Thirdly, in J82/Dox and T24/Dox cells, western 
blot proved that miR-130b remarkably reduced the 
expression of CYLD protein (Figure 3 E).

MiR-130b knockdown improved doxorubicin 
sensitivity of doxorubicin-resistant cells 
through negatively regulating CYLD

Because miR-130b regulated doxorubicin sensi-
tivity of J82/Dox and T24/Dox cells and the CYLD 
gene was a  target of miR-130b, we conjectured 
that miR-130b modulated doxorubicin sensitivity 

of J82/Dox and T24/Dox cells through regulating 
CYLD. CCK8 assay revealed that the IC50 in the 
miR-130b(–) + sh-CYLD group to doxorubicin was 
higher compared with IC50 in the miR-130b(–) + 
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sh-NC group, which revealed that miR-130b knock-
down improved doxorubicin sensitivity of J82/Dox 
and T24/Dox cells through negatively regulating 
CYLD (Figure 4).

Discussion

It is well known that abnormal expression of mi-
croRNAs can regulate some pivotal biological be-
haviors, including chemotherapy resistance, which 
promoted chemotherapy failure and caused a poor 
prognosis [19–25]. This study firstly found that 
miR-130b was highly expressed in doxorubicin-in-
sensitive BUC tissues and cell lines, which indicat-
ed that the aberrant expression of miR-130b was 
involved in chemotherapy resistance of BUC and 
its up-expression was negatively related to doxoru-
bicin sensitivity in BUC. doxorubicin is a cytotoxic 
drug commonly used in systemic and intravesical 
chemotherapy in BUC patients, whose commodi-
ty name is doxorubicin. The following experiment 
found that knockdown of miR-130b reduced IC50 
of J82/Dox and T24/Dox cells to doxorubicin. Yin  
et al. reported that CYLD could increase apoptosis 
and decrease autophagy to improve the chemosen-
sitivity to gemcitabine in bladder cancer [26]. CYLD 
also was found to be involved in cisplatin (DDP) re-
sistance in gastric cancer [26]. Therefore, miR-130b 
took part in the chemotherapy resistance of BUC, 
and miR-130b knockdown improved doxorubicin 
sensitivity of doxorubicin-resistant cells.

In consideration of the fact that microRNAs 
play their roles through regulating their target 
genes, for instance, miR-320a and STAT3, miR-210 
and BNIP3 [27, 28], miR-130b might modify its 
target gene to regulate chemoresistance in doxo-
rubicin-resistant cells in our study. Through the 
analysis of bioinformatics software TargetScan, 
the 3′-UTR of CYLD included a binding site of miR-
130b, which revealed that the CYLD gene might 
be a target of miR-130b. Low CYLD expression has 
been detected in many kinds of cancer [14–16]. 
Some studies have reported that CYLD was a deu-
biquitinating enzyme and inhibited the activation 
of some signaling pathway, such as WNT/b-caten-
in and NF-κB [29, 30]. CYLD acted as a vital effec-
tor for biological behaviors, including migration, 
apoptosis and cell cycle [31–33]. 

Through a  series of gain-of-function experi-
ments, the CYLD gene was identified to be a tar-
get of miR-130b. Firstly, CYLD showed low expres-
sion in doxorubicin-insensitive BUC tissues and 
cell lines, and the expression of miR-130b showed 
a negative correlation with the CYLD expression. 
Secondly, luciferase reporter assay confirmed that 
miR-130b targeted combined with the 3′UTR of 
CYLD and inhibited the luciferase activity. Thirdly, 
the expression of CYLD protein could be silenced 
by over-expression of miR-130b.

Because miR-130b participated in doxorubicin 
resistance of BUC cells, and the CYLD gene is the 
target of miR-130b, miR-130b might modulate the 
doxorubicin sensitivity of BUC cells through reg-
ulating CYLD. To confirm the above speculation, 
sh-CYLD was used to silence the CYLD expression 
which was up-regulated by miR-130b knockdown 
in J82/Dox and T24/Dox cells, and the following ex-
periments found that knockdown of CYLD reversed 
the regulatory roles of miR-130b knockdown in 
doxorubicin sensitivity of J82/Dox and T24/Dox 
cells. Accordingly, miR-130b knockdown improved 
doxorubicin sensitivity of doxorubicin-resistant 
cells through negatively regulating CYLD.

In conclusion, the over-expression of miR-130b 
is negatively related to doxorubicin sensitivity in 
BUC, and knockdown of miR-130b improves doxo-
rubicin sensitivity in BUC by silencing CYLD ex-
pression. These findings might provide guidance 
for the clinical chemotherapy of BUC.
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