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Background: MicroRNAs (miRs) are endogenous, single-stranded, noncoding RNAs that are involved 
in various physiological processes, and the development and the progression of various types of cancer. 
Specifically, the role of miR-200a-3p has been implicated in various types of cancer in contributing to a diverse 
array of cancer types has been previously reported. The present study aimed to investigate the expression levels 
of miR-200a-3p in human bladder cancer, as well as its potential role in disease pathogenesis.
Methods: Reverse transcription-polymerase chain reaction (RT-PCR) and Western blot were used to 
detect the expression of has-mir-200a-3p and tumor necrosis factor α (TNF-α) induced protein 3 (A20) in 
tumor tissues and cell lines. Dual-luciferase reporter assay and combination with the expression intervention 
of hsa-mir-200a-3p and A20 in bladder cancer cell lines to clarify the binding relationship between hsa-
mir-200a-3p and A20.After the expression intervention of hsa-mir-200a-3p and A20 in bladder cancer cells, 
the changes of cell proliferation, cell apoptosis, cell cycle, wound-healing ability and migration ability were 
detected by CCK8, flow cytometry, wound-healing and Transwell methods. Xenograft transplantation model 
was performed subcutaneously in nude mice by implantation of J82 and T24 cells, and then the bladder 
cancer growth curve was calculated from mice exposed to has-mir-200a-3p minic or minic-NC.
Results: Bladder cancer tissues demonstrated significantly upregulated miR-200a-3p expression levels. 
Moreover, increased miR-200a-3p expression was significantly associated with distant metastasis and 
advanced stage. In addition, compared with the miR-control (Ctr) group, miR-200a-3p overexpression 
promoted bladder cancer cell proliferation, migration, invasion, cell cycle, and release of inflammatory 
cytokines, but inhibited cell apoptosis. Mechanistically, A20 was identified as a target gene of miR-200a-3p 
in bladder cancer cell lines. Moreover, compared with the miR-Ctr group, the miR-200a-3p overexpression 
group exhibited significantly promoted tumor growth in vivo, and A20 overexpression blocked the promoting 
effect of miR-200a-3p on bladder cancer.
Conclusions: The results of the present study indicated that miR-200a-3p might serve act as an oncogene 
in human bladder cancer by targeting a novel the gene A20 gene; therefore, miR-200a-3p and A20 might 
serve could serve as novel therapeutic targets for bladder cancer.
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Introduction

Bladder cancer is one of the most common malignant 
tumors of the urinary system (1). Bladder cancer has a 
higher morbidity rate in males, with a 3 to 10 times higher 
incidence in males compared with females (2). Several 
risk factors are associated with bladder cancer, including 
industrial chemical contamination, poor dietary habits, 
and smoking (3). Surgery remains the primary treatment 
strategy for bladder cancer; however, an increase in its 
morbidity rate has been identified (4). In addition, bladder 
cancer exhibits a high recurrence rate with high levels of 
invasion and metastasis, which directly lead to poor patient 
prognosis (5). Therefore, novel treatments and clarification 
of the potential molecular mechanisms underlying bladder 
cancer are needed. 

MicroRNAs (miRNAs/miRs) are noncoding, short, 
single-stranded RNAs (6). Target protein expression 
is commonly regulated by miRNAs via binding to the 
3’untranslated region (UTR) of substrates (7,8). Specific 
pathological features result in altered microRNA expression, 
which indicates oncogenic or antioncogenic properties. 
Number of studies have revealed that miRNAs can regulate 
various gene expression levels, which in turn regulate the 
cellular signaling pathways associated with controlling 
tumor proliferation, invasion, inflammatory responses, and 
apoptosis (9-11).

Previous studies have indicated that miR-200a-3p is 
upregulated in various types of cancer, including non-small 
cell lung, pancreatic cancer, breast cancer, and hepatitis B 
virus-related hepatocellular carcinoma (12-14). In another 
study, it was found that when miR-200a-3p targeted the 
regulator of PCDH9, this could suppress gastric carcinoma 
cell proliferation and invasion (12). In addition, other 
studies have shown that miR-200a-3p can directly target 
KLF12 and p21 to inhibit the growth of gastric cancer 
and lung cancer (15). However, the functional roles and 
specific molecular mechanisms underlying miR-200a-3p in 
bladder cancer cells are not completely understood. Tumor 
necrosis factor alpha (TNF-α)-induced protein 3 (A20) 
is an important regulator of inflammation and immunity 
(11,16). A20 has been reported to negatively regulate 
inflammatory responses via deubiquitination enzymatic 
activity and ubiquitin binding activity (17), and has also 
been reported to serve as an oncogene (18). Additionally, 
increased A20 expression is associated with a poor survival 
rate in patients with breast cancer (19). The association 
between miRNAs and A20 has been reported in numerous 

types of human cancer via the alteration the nuclear 
factor kappa- B (NF-κB) signaling pathway. For example,  
miR-19b-3p was shown to function as a tumor suppressor 
and capable of inhibiting nasopharyngeal carcinoma 
growth by regulating A20 (20). A20 is a potential target 
gene of miR-19b-3p; however, the relationship between  
miR-200a-3p and A20 in bladder cancer has not been 
previously reported (21-23). Therefore, the present study 
aimed to investigate the relationship between miR-200a-3p  
and A20 in bladder cancer and to explore the potential 
molecular mechanisms underlying miR-200a-3p in bladder 
cancer. Our results are the first of their kind in demonstrating 
that miR-200a-3p has significantly increased expression in 
bladder cancer tissues and cell lines compared with adjacent 
nontumor tissues and normal bladder cell lines, respectively, 
and facilitates bladder cancer cell proliferation, migration, 
and inflammatory cytokine production, but suppresses cell 
apoptosis via downregulating A20. The results of our study 
point to the important role of miR-200a-3p in regulating 
A20 expression, providing a potential novel therapeutic 
target for bladder cancer. We present the following article in 
accordance with the MDAR reporting checklist (available at 
https://dx.doi.org/10.21037/tau-21-941).

Methods

Patient samples

In the present study, 40 bladder cancer tissues and  
40 adjacent nontumor tissues were collected from Meizhou 
People’s Hospital. Patients had not received radiation 
therapy or chemotherapy prior to surgical treatment. 
The clinical stage of patients with bladder cancer was 
determined using the World Health Organization criteria. 
Tumor tissues were stored in liquid nitrogen or at −80 ℃. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by The Institutional Review Board of Meizhou People’s 
Hospital (No. 2020-F-15) and informed consent was taken 
from all the patients.

Cell culture and transfection

A normal bladder cell line (SV-HUC-1) and bladder 
cancer cell lines (5637, J82, ECV-304, BIU-87, T24, 
HCV29, and H/RB-CL2) were purchased from the 
American Type Culture Collection (Manassas, VA, USA). 

https://dx.doi.org/10.21037/tau-21-941
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Cells were cultured in RPMI-1640 (Invitrogen; Thermo 
Fisher Scientific, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS), 2 mM of glutamine and  
100 μg/mL of streptomycin/penicillin (Sangon Biotech Co., 
Ltd., Shanghai, China) at 37 ℃ with 5% CO2.

Western blotting

Western blotting was performed as previously described. 
Briefly, total protein was extracted using NP40 buffer 
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China) at 4 ℃ for 20 minutes, which was followed by 
centrifugation at 12,000 ×g at 4 ℃ for 10 minutes. Proteins 
were separated via 12% SDS-PAGE and transferred to 
polyvinylidene fluoride (PVDF) membranes (Beijing 
Solarbio Science & Technology Co., Ltd.). Following 
blocking with 5% bovine serum albumin (BSA) in 
phosphate-buffered saline with Tween 20 (PBST; 0.1% 
Tween20) at room temperature for 1 hour, the membranes 
were incubated with primary antibodies [A20 (from cell 
signaling technology Co., Ltd, USA, lot #5630), GAPDH 
(from cell signaling technology Co., Ltd, USA, LOT 
#5174)], at 4 ℃ overnight. Subsequently, the membranes 
were incubated with a horseradish peroxidase (HRP)-
conjugated secondary antibody (from cell signaling 
technology Co., Ltd, USA, lot # 7076) at 37 ℃ for  
1 hour. Protein bands were visualized using enhanced 
chemiluminescence (ECL) reagent. GAPDH was used as 
the loading control.

Reverse transcription-quantitative polymerase chain 
reaction

Total RNA was extracted using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific) according to the manufacturer’s 
protocol. Total RNA (1 mg) was reverse transcribed into 
complement DNA (cDNA) using the miRNA First Strand 
cDNA Synthesis (Tailing Reaction) reagent kit with 
genomic DNA (gDNA) Eraser (Sangon Biotechnology 
Co., Ltd., shanghai, China). Subsequently, quantitative 
polymerase chain reaction (qPCR) was performed using a 
reverse transcription qPCR (qRT-PCR) machine (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). miRNA and 
messenger RNA (mRNA) expression levels were normalized 
to the internal reference genes U6 and GAPDH, 
respectively. The primer sequence used are as follows: U6-
F: CTCGCTTCGGCAGCACA; has-mir-200a-3p-F: 

TAACACTGTCTGGTAACGATG. 

Apoptosis analysis and cell cycle analysis

Different groups of cells were collected, with no less than 
1×105 cells in each group. Cells were washed with PBS 
twice. According to the instructions of the apoptotic kit 
(KeyGEN Biotech, Nanjing, China), dyes were added in 
turn and protected from light for 10 minutes, with a flow 
cytometer (ACEA Biosciences, San Diego, CA, USA) being 
used for detection and analysis. Different groups of cells 
were collected, washed with PBS twice, and then fixed by 
70% ethanol overnight. According to instructions of the 
cell cycle kit manufacturer (KeyGEN Biotech), dyes were 
added sequentially, protected from light for 30 minutes, and 
analyzed by flow cytometry (ACEA Biosciences, USA).

Cell counting Kit-8 assay

Cells (1×104 cells/well) were seeded into 96-well plates. 
Following culture for 48 or 72 hours, cell proliferation was 
analyzed by performing the Cell Counting Kit-8 (CCK-8)  
assay (Dojindo Molecular Technologies, Inc., Rockville, 
MD, USA) according to the manufacturer’s protocols. 
Absorbance was measured at a wavelength of 450 nm using 
a Multiskan GO Microplate Spectrophotometer (Thermo 
Fisher Scientific).

Cell migration assay

Cell migration was measured using 6.5-mm Transwell 
inserts with 8.0-mm pore polycarbonate membranes 
(Costar; Corning Inc., Corning, NY, USA). Cell invasion 
was assessed using 6.5-mm Transwell inserts with 8.0-mm 
pore polycarbonate membranes (Costar; Corning Inc.). 
Cell migration and invasion were determined as previously 
described. Subsequently, the average number of migratory 
or invading cells was counted.

Wound healing assay

At 24 or 36 hours post transfection, cells were harvested 
and cultured for a further 24 hours. Subsequently, a single 
scratch in the cell monolayer was made using a 300-μL 
sterile pipette. The wounds were observed at 24 hours. The 
intersection of the bottom line and the cell scratch line was 
considered as the observation point. The plate for wound-
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healing experiment was photographed, and the width of 
the scratch in each hole was converted according to the 
corresponding scale of the picture, to obtain the change 
of the width of the scratch in each time period. Statistics 
were made according to the width of different times, and 
the change of the wound-healing speed in each group was 
analyzed.

Dual-luciferase reporter assay

The wild-type (WT) A20 3'UTR sequence was amplified 
via PCR and cloned into the pmirGLO vector (Promega 
Corporation, Madison, WI, USA). To construct the 
mutant (Mut) plasmid, the complementary sequences for  
miR-200a-3p in the 3'UTR of A20 were mutated. J82 
and T24 cells were co-transfected with A20-WT or A20-
Mut and miR-200a-3p mimic or miR-NC. At 36 hours 
post transfection, luciferase activities were measured using 
the Dual-Luciferase Reporter Assay System (Promega 
Corporation).

Tumor growth in vivo

The function of miR-200a-3p in bladder cancer growth 
was assessed by evaluating tumor growth in vivo. Male nude 
mice (age, 6 weeks; n=6 per group) were used to assess 
tumor growth and metastasis. To assess tumor growth, 
mice were subcutaneously injected with miR-200a-3p-
overexpression or control cells (1×105). Tumor volume was 
calculated at 1, 2, 3 and 4 weeks postinjection. At 4 weeks 
postinjection, all mice were euthanized, and the tumors 
were isolated. The animal experiments were compliance 
with Meizhou People’s Hospital guidelines for the care and 
use of animals. All animal experiments were approved by 
the ethics committee of Meizhou People’s Hospital. Male 
nude mice (age, 6 weeks) were bought from Guangdong 
Experimental Animal Center (Number: SYXK.2020-0237).

Statistical analysis

Data are presented as the mean ± SD from at least 3 
independent repeats. Statistical analyses were performed 
using SPSS software (version 19.0; IBM Corp., Armonk, 
NY, USA). Comparisons among multiple groups were 
analyzed using 1-way or 2-way analysis of variance 
(ANOVA)_ followed by Bonferroni’s post hoc test. 
Comparisons between 2 groups were analyzed using a 
paired or unpaired t-test. A P value <0.05 was considered to 

indicate a statistically significant difference.

Results

miR-200a-3p expression levels were significantly increased 
in bladder cancer tissues

To investigate the role of miR-200a-3p in bladder cancer, 
three bladder cancer tissues and adjacent non-tumor tissues 
were sent to Guangzhou Sage Bioscience for Agilent 
miRNA microarray analysis. Sequencing results showed that 
the expression of miR-200a-3p in cancer tissues was higher 
than that in non-tumor tissues, and the comprehensive 
score of differential expression of miR-200a-3p was among 
the top ten in the results of microarray (Figure S1A). 
Further, we used Cbioportal database to find the expression 
of miR-200a-3p in bladder cancer, that the expression of 
miR-200a-3p in bladder cancer tissues was higher than 
that in normal tissues (Figure S1B). To further clarify the 
expression of miR-200a-3p in bladder cancer, miR-200a-
3p expression levels in bladder tumor tissues (n=40) and 
adjacent nontumor tissues (n=40) were determined via qRT-
PCR. miR-200a-3p expression was significantly upregulated 
in bladder cancer tissues compared with adjacent nontumor 
tissues (Figure 1A). Moreover, miR-200a-3p expression 
levels were also significantly upregulated in advanced 
clinical stage bladder cancer tissues (n=20 per stage) 
compared with earlier clinical stage bladder cancer tissues 
(Figure 1B), with the highest expression levels observed 
in stage III and IV metastatic bladder cancer tissues. 
Moreover, miR-200a-3p expression was also significantly 
increased in the various bladder cancer cell lines compared 
with the normal bladder cell line (Figure 1C). Collectively, 
the results suggested that miR-200a-3p was upregulated in 
bladder cancer tissues compared with adjacent nontumor 
tissues, indicating that miR-200a-3p may serve a stimulative 
role in bladder cancer development.

miR-200a-3p overexpression facilitated cell proliferation 
via suppressing apoptosis, but promoted inflammatory 
cytokine production

To assess the role of miR-200a-3p in bladder cancer 
development, miR-200a-3p was successfully overexpressed 
in J82 and T24 cell lines (Figure 2A). To further explore the 
role of miR-200a-3p in bladder cancer, cell proliferation 
assays were performed. Cell proliferation was significantly 
increased at 48- and 72-hours following transfection with 

https://cdn.amegroups.cn/static/public/TAU-21-941-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-21-941-supplementary.pdf
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Figure 2 miR-200a-3p overexpression facilitated cell proliferation via suppressing apoptosis and inflammatory cytokine production. (A) 
Transfection efficacy of miR-200a-3p mimic in J82 and T24 cells. ***, P<0.001 vs. miR-NC by an unpaired t-test. (B) Effect of miR-200a-3p 
overexpression on J82 and T24 cell proliferation as determined by performing Cell Counting Kit-8 assays. ***, P<0.001 vs. miR-NC by 2-way 
ANOVA followed by Bonferroni’s post hoc test. (C) Effect of miR-200a-3p overexpression on J82 and T24 cell migration. **, P<0.01 and ***, 
P<0.001 vs. miR-NC by an unpaired t-test. (D) Effect of miR-200a-3p overexpression on J82 and T24 cell apoptosis. ***, P<0.001 vs. miR-
NC by an unpaired t-test. (E) Effect of miR-200a-3p overexpression on J82 cell migration. ***, P<0.001 vs. miR-NC by an unpaired t-test. 
(F) Effect of miR-200a-3p overexpression on the cell cycle distribution in J82 cells. **, P<0.01 vs. miR-NC by an unpaired t-test. Effect of 
miR-200a-3p overexpression on (G) IL-6 and (H) TNF-α levels in J82 and T24 cells. **, P<0.01 vs. miR-NC by an unpaired t-test. Data are 
presented as the mean ± SD of 3 independent experiments. miR, microRNA; NC, control.

miR-200a-3p mimic in J82 and T24 cells compared with 
transfection with miR-Ctr (Figure 2B). Cell migration 
was also significantly increased in miR-200a-3p mimic-
transfected cells compared with miR-NC-transfected cells, 
which was consistent with the CCK-8 proliferation assay 
results (Figure 2C). In addition, miR-200a-3p overexpression 
significantly inhibited J82 and T24 cell apoptosis compared 
with the miR-NC group (Figure 2D) .  The wound 
healing assay results demonstrated that miR-200a-3p  
overexpression remarkably facilitated J82 and T24 cell 

migration compared with that of miR-NC (Figure 2E).  
Furthermore, miR-200a-3p overexpression greatly 
promoted cell cycle progression by supporting the G1 phase 
when compared to transfection with miR-NC (Figure 2F).  
Compared with the miR-NC group, the miR-200a-3p-
overexpressed group showed a significantly promoted 
release of inflammatory cytokines interleukin 6 (IL-6) and 
TNF-α in J82 and T24 cells (Figure 2G,2H). Collectively, 
the results demonstrated that miR-200a-3p overexpression 
promoted bladder cancer progression.
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A20 was a target of miR-200a-3p

The results demonstrated that miR-200a-3p possessed a 
complementary sequence with A20 mRNA (Figure 3A). 
To further verify A20 as a target of miR-200a-3p, the 
complementary sequence was mutated and dual-luciferase 
reporter assays were performed. The dual-luciferase reporter 
assay results indicated that miR-200a-3p overexpression 
significantly inhibited the luciferase activity of A20-
WT compared with that of miR-NC, but miR-200a-3p  
overexpression did not significantly alter the luciferase 
activity of A20-Mut compared with miR-NC (Figure 3B), 
which suggested that miR-200a-3p bound to the 3'UTR of 
A20. Compared with the miR-NC group, the miR-200a-
3p-overexpressed group showed significantly decreased A20 
mRNA expression levels and notably decreased A20 protein 
expression levels in J82 and T24 cells (Figure 3C). To 
further elucidate the function of A20 in bladder cancer, the 
expression level of A20 in various bladder cancer cell lines 
was assessed. Compared with the normal bladder cell line, 
the 7 bladder cancer cell lines showed significantly decreased 
A20 mRNA expression and A20 protein expression levels 
(Figure 3D). Moreover, A20 mRNA expression levels were 
significantly reduced in bladder tumor tissues (Figure 3E) 
at different stages of tumor growth (Figure 3F) compared 
with adjacent nontumor tissues and the control group, 
respectively. A20 protein expression levels displayed a 
similar trend. Therefore, in contrast to the expression 
levels of miR-200a-3p in bladder cancer, A20 expression 
was significantly decreased in bladder cancer tissues 
compared with adjacent nontumor tissues (Figure 1B).  
The aforementioned results demonstrated that A20 was 
a target of miR-200a-3p, indicating that miR-200a-3p 
downregulated A20 expression by binding to its 3'UTR. 

A20 reversed the effects of miR-200a-3p overexpression on 
bladder cancer cells

Compared with adjacent nontumor tissues, bladder cancer 
tissues showed upregulation expression of miR-200a-3p 
but downregulated expression of A20, with miR-200a-3p 
downregulating A20. Therefore, we investigated whether 
miR-200a-3p regulated bladder cancer development via 
targeting A20. A20 overexpression restored A20 expression 
levels in miR-200a-3p-overexpressed J82 and T24 cells 
(Figure 4A), which resulted in the inhibition of miR-200a-
3p overexpression-mediated effects on cell proliferation 
(Figure 4B) ,  migration (Figure 4C) ,  and apoptosis  

(Figure 4D). The expression of A20 protein was increased 
after transfection of  J82 and T24 cel ls  with A20 
overexpression plasmid (Figure S2).

Effects of A20 on bladder cancer cells in vivo

A20 overexpression significantly promoted IL-6 (Figure 5A)  
and TNF-α (Figure 5B) production in miR-200a-3p-
overexpressed J82 and T24 cells. The results suggested 
that miR-200a-3p promoted bladder cancer progression 
via A20 in vitro. To further investigate the role of miR-
200a-3p in promoting bladder cancer progression, miR-
200a-3p mimic-transfected or miR-200a-3p mimic + A20 
overexpression-transfected T24 cells were injected into nude 
mice, and the rate of tumor growth was assessed (Figure 5C).  
A20 overexpression reversed miR-200a-3p-mediated 
promotion of tumor growth as indicated by alterations 
in tumor volume (Figure 5C) and A20 expression in vivo  
(Figure 5D). The results thus demonstrated that miR-
200a-3p promoted bladder cancer progression in vivo. 
Collectively, the aforementioned results demonstrated that 
miR-200a-3p facilitated bladder cancer progression via A20. 

Discussion

Bladder cancer has become one of the most common 
malignant tumors of the urinary tract; therefore, identifying 
those oncogenes associated with bladder cancer is essential 
for the development of effective therapeutic strategies (24).  
Although advances in diagnosis and treatment have 
improved the long-term survival of patients with early 
bladder cancer, the prognosis of advanced stage bladder 
cancer remains poor (22). Early bladder cancer has few 
symptoms, which makes it difficult to diagnose, and thus 
bladder cancer is typically diagnosed during the advanced 
stages (16). An increasing number of studies have identified 
certain molecular mechanisms underlying bladder cancer 
progression. It is widely acknowledged that tumor cells 
often rely on oncoproteins to continue to proliferate and 
survive and that cyclin-dependent kinases (CDKs) directly 
and critically affect the cell-cycle transitions of all eukaryotic 
organisms. Both Chen et al. and Tang et al. demonstrated 
that miR-200a-3p suppresses cell invasion and migration 
by directly targeting ZEB1 and p21 in bladder cancer 
and lung cancer (15,25,26). However, there is insufficient 
understanding concerning the development of effective 
therapeutic strategies for bladder cancer. Increasing 
evidence has indicated that miRNAs contribute to bladder 

https://cdn.amegroups.cn/static/public/TAU-21-941-supplementary.pdf
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cancer development and progression (3). However, 
the role of A20 in bladder cancer progression is not 
completely understood. A20 has been reported to regulate 
type I interferon production, apoptosis, autophagy, and 

inflammatory responses (27). A key approach for analyzing 
the mechanisms underlying bladder cancer development is 
gene expression profile analysis. In the present study, the 
expression levels of miR-200a-3p and A20 in tumor tissues 
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and adjacent nontumor tissues isolated from patients with 
bladder cancer were assessed. The results demonstrated 
that miR-200a-3p was significantly upregulated while A20 
was significantly downregulated in bladder cancer tissues 
compared with adjacent nontumor tissues. Previous studies 
have suggested that altered miRNA expression is closely 
associated with various types of cancer. Several miRNAs can 
function as oncogenes, while other miRNAs can function 
as tumor suppressor genes. In the present study, miR-200a-
3p was significantly upregulated in bladder cancer tissues 
and cell lines compared with adjacent nontumor tissues and 
a normal bladder cell line, respectively. Compared with the 
miR-NC group, the miR-200a-3p-overexpressed group 
exhibited bladder cancer cell migration and proliferation, 
which suggests that miR-200a-3p functions as an oncogene 
in bladder cancer. The results of the present study were 
consistent with those of a previous study that reported 
the oncogenic role of miR-200a-3p in other types of  
cancer (28). Therefore, miR-200a-3p may be universal 
oncogene, which suggests that it might serve as a putative 
target for developing therapeutics for bladder cancer. 

Cell proliferation and migration are signs of cancer. 
Advanced stages of cancer involve proliferation, resistance 
to apoptosis, and inflammatory cytokine production. A20 
has been reported participate in hepatocellular carcinoma, 
pancreatic cancer, and breast cancer (8). In the present 
study, A20 expression was significantly decreased in 
bladder cancer tissues compared with adjacent nontumor 
tissues, and A20 overexpression attenuated miR-200a-3p 
overexpression-induced development and progression of 
bladder cancer. The results also demonstrate that miR-
200a-3p targets the 3'UTR of A20. Moreover, compared 
with the miR-NC group, miR-200a-3p overexpression 
increased cell proliferation and inflammatory cytokine 
release, but decreased cell apoptosis in bladder cancer cell 
lines. In the study of Ilaria Cavallari et al., the content of 
mir-200a-3p in urine was related to the prognosis of bladder 
cancer (29). The results of the present study suggest that 
A20 overexpression in miR-200a-3p-overexpressed cell lines 
can attenuate the progression of bladder cancer phenotypes, 
indicating a tumor suppressor function of A20 in bladder 
cancer, suggesting that mir-200a-3p can be used as a 
potential biomarker to monitor the progression of bladder 
cancer and the effect of drug therapy.

The results of the present study also suggest that miR-
200a-3p can suppress bladder cancer progression via 
targeting A20. With reference to the miR-NC group, it 
was found that miR-200a-3p overexpression could facilitate 

bladder cancer development, whereas A20 overexpression 
was found to inhibit miR-200a-3p-induced promotion 
of bladder cancer. The deficiency of this study is that the 
signaling pathway of A20 regulating cell proliferation in 
bladder cancer was not studied, and the related miRNA 
molecules lncRNA and Cir-RNA were not jointly studied. 
Subsequent studies will combine lncRNA and CIR-RNA to 
conduct further studies on A20-related signaling pathway. 
In summary, to the best of our knowledge, the present 
study is the first to provide evidence for the oncogenic 
role of miR-200a-3p via A20 in bladder cancer. miR-200a-
3p downregulated A20 expression by binding to its 3'-
UTR, resulting in enhanced bladder cancer proliferation 
and migration via promoting cell apoptosis and inhibiting 
inflammatory cytokine production, providing a biomarker 
of the prognosis of bladder cancer and a potential novel 
therapeutic target for bladder cancer.
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Figure S1 The expression of miR-200a-3p between bladder cancer and normal tissues. (A) Heat map of Agilent miRNA microarray analysis 
data of bladder cancer tissues and adjacent nontumor tissues. (B) The expression of miR-200a-3p in cBiopPortal database.
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Figure S2 Transfection efficacy of A20 overexpression vector in J82 and T24 cells. Western blotting was performed to assess the transfection 
efficiency of pcDNA3.0-A20 in J82 and T24 cells. A20, TNF-α-induced protein 3.


