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Circular RNA circSETD3 hampers cell growth, migration, and stem cell properties 
in bladder cancer through sponging miR-641 to upregulate PTEN
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ABSTRACT
Bladder cancer (BLCA) is a common malignant urothelial cancer in the world. Although circular 
RNAs (circRNAs) involve in regulating BLCA progression, the role of a novel circular RNA circSETD3 
in regulating BLCA pathogenesis has not been studied. The expression of circSETD3, miR-641, 
PTEN mRNA in BLCA tissues and cell lines were measured using RT-qPCR. The gain-of-function 
experiments were performed in vitro and in vivo to detect the effects of circSETD3 on cell 
proliferation, migration, EMT, and stemness maintenance. Besides, rescue experiments were 
performed to demonstrate the regulatory mechanism of circSETD3/miR-641/PTEN in BLCA cell 
malignant phenotypes in vitro. CircSETD3 was remarkably downregulated in the cancerous clinical 
tissues and cell lines, in contrast with their normal counterparts, and circSETD3 tended to be 
deficient in BLCA patients with larger tumor size, advanced clinical stages, positive lymph 
metastasis and worse prognosis. In addition, circular isoforms of circSETD3 were more resistant 
to RNase R+ and actinomycetes D treatment compared to their linear isoforms, and circSETD3 
mainly distributed in the cytoplasm of the BLCA cells. Further gain-of-function experiments 
showed that circSETD3 acted as a tumor suppressor to suppress BLCA cell proliferation, migration, 
EMT and stemness, and the underlying mechanisms had also been elucidated. Mechanistically, 
circSETD3 sponged miR-641 to upregulate PTEN, resulting in the blockage of BLCA progression. 
Our findings indicated that circSETD3 acted as a vital tumor suppressor in BLCA via regulating the 
miR-641/PTEN axis.
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Introduction

Bladder cancer (BLCA) is the tenth common 
malignant urothelial cancer in the world, which 
brings huge health burden for males. It has esti-
mated that 549, 000 new cases and 200,000 death 
in 2018, and about four times in men than in 
women [1]. The main risk factors of BLCA include 
exposure to environmental chemical substances, 
water pollution, and smoking [1–3]. According to 
the difference in prognosis, management, and 
therapeutic objectives, BLCA has been classed 
into categories, including non-muscle-invasive 
tumors, muscle-invasive tumors, and metastatic 
tumors [4]. Despite the optimal therapeutic strate-
gies have been chose in corresponding categories, 
the outcome still exhibits very poor [5–8]. 
Therefore, it is urgent to explore novel biomarkers 
for BLCA diagnosis and therapy.

In recent years, numerous evidences have 
demonstrated a subpopulation cancer stem cells 
(CSCs) in BLCA act as accelerators to promote 
tumorigenesis and development of BLCA [9,10]. 
CSCs exhibit the self-renew and stemness main-
tain to promote BLCA cell active, metastasis, and 
therapeutic resistance [11,12]. ALDH1, Nestin, 
OCT4, Nanog, CD44, and CD144 have been 
reported to act as the stemness markers in multiple 
tumors [13]. Therefore, the dysregulation of the 
stemness markers can act as indicators of the 
stemness phenotype change. Moreover, epithelial- 
to-mesenchymal transition (EMT) not only pro-
vides an important process to generate and main-
tain stemness, but also contributes in tumor 
invasion, heterogeneity, and chemoresistance in 
tumor [14]. Thus, to investigate the abnormal of 
stemness maintenance and EMT process is signifi-
cance for understanding the mechanism of tumor 
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progression and improving the prognosis of BLCA 
patients.

Circular RNAs (circRNAs) are a group of non- 
coding RNAs with stable circular structure without 
5ʹ-3ʹ polarity and ployA tail [15]. circRNAs com-
monly generate from exons of eukaryotic cells, and 
mostly distribute in cytoplasm fractionation [16]. 
Commonly, circRNAs exert the function with 
gene-regulatory in cancer through acting as effi-
cient miRNAs spongers [17,18]. For example, 
Song et al. have demonstrated that has_-
circ_101996 promotes cervical cancer cell prolif-
eration and invasion by sponging miR-8075 to 
increase TPX2 expression [19]. Besides, Ding 
et al. have reported has_circ_0001955 accelerates 
Hepatocellular carcinoma (HCC) cell prolifera-
tion, migration, and invasion by acting as 
a sponger of miR-145-5p [20]. Previous research 
has indicated circSETD3 acts as a tumor suppres-
sor in HCC via sponging miR-421 to inhibit cell 
growth in vitro and in vivo [21]. However, 
circSETD3 has been proved plays as an oncogene 
in nasopharyngeal carcinoma and non-small cell 
lung cancer by promoting cell migration, invasion 
and chemical resistance [22,23]. Whereas, the 
function of circSETD3 in tumorigenesis and pro-
gression of BLCA remains unknown. Hence, we 
wanted to explore the function and mechanism of 
circSETD3 in BLCA.

Taken together, in this study, we explore the 
tumor inhibitory function of circSETD3 in BLCA 
through regulating miR-641/PTEN axis to repress 
cell growth, migration, invasion, EMT process and 
stemness maintenance. Our finding provided the 
potential diagnostic and therapeutic molecular 
marker for BLCA.

Materials and methods

Clinical specimen

A total of 45 paired BLCA tissues and adjacent 
non-tumor tissues were separated from BLCA 
patients who underwent surgical resection at the 
Hospital of Chengdu University of Traditional 
Chinese Medicine between November 2015 and 
June 2020. And their clinicopathological character-
istics were collected and analyzed in this study. All 
patients that enrolled in this study have written 

informed consent. Moreover, this study was 
approved by the Ethics Committee of the 
Hospital of Chengdu University of Traditional 
Chinese Medicine. The samples were obtained 
and immediately snap-frozen in liquid nitrogen 
and then stored at −80°C for subsequent 
experiment.

Cell culture

Human bladder epithelial cells HCV29 and BLCA 
cell lines T24, J87, SW780, UMUC3 were obtained 
from the Chinese Academy of Sciences (Shanghai, 
China), 293 T cells were purchased from ATCC 
(Manassas, VA, USA). All cells were maintained in 
DMEM medium (Gibco, NY, USA) with 10% fetal 
bovine serum (FBS) (Gibco, NY, USA) supple-
mented with 1% penicillin/streptomycin (). Then, 
all cells were incubated at 37°C with 5% CO2.

Cell transfection

PcDNA-CircSETD3 and its corresponding control 
pcDNA3.1, PTEN-specific small interfering RNA 
(si-PTEN) and its negative control (si-NC), miR- 
641 mimic and its corresponding control NC 
mimic were designed and synthesized from 
Genepharma (Shanghai, China). T24 and 
UMUC3 cells were transfected with pcDNA3.1 
vector, siRNA, or mimic using Lipofectamine 
2000 (Invitrogen, CA, USA).

RNA extraction and real-time quantitative 
reverse transcription PCR (qRT-PCR)

Trizol reagent (Life Technologies, CA, USA) was 
used to isolate total RNA from cells and tissues. 
And the cDNA was generated from RNA using 
Prime-Script RT reagent Kit (TaKaRa, Dalian, 
China) following the manufacturer’s instructions. 
Then, cDNA products were amplified using SYBR 
Green qPCR Master Mix (TaKaRa, Dalian, China) 
according to the manufacture’s protocol. Primer 
sequences in this study were shown as: 
CircSETD3: F, 5ʹ-TGA AGA AGA TGA AGT 
TCG GTA T-3ʹ; R, 5ʹ-GTG CCA GAT TTC TGA 
GTT TT-3ʹ. SETD3: F, 5ʹ-GAC AGA CTC TAC 
GCC ATG-3ʹ; R, 5ʹ-GTC TCC CAG CAA GTG 
TTC-3ʹ. MiR-641: F, 5ʹ-GGG GAA AGA CAT 
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AGG ATA GAG T-3ʹ; R, 5ʹ-CAG TGC GTG TCG 
TGG AG-3ʹ. PTEN: F, 5ʹ-CTG CAG AAA GAC 
TTG AAG GCG-3ʹ; R, 5ʹ-TGC TTT GAA TCC 
AAA AAC CTT ACT-3ʹ. ALDH1: F, 5ʹ-CCC 
GTG GCG TAC TAT GGA TG-3ʹ; R, 5ʹ-CAG 
TGC AGG CCC TAT CTT CC-3ʹ. OCT4: F, 5ʹ- 
GGC CAC ACG TAG GTT CTT GA-3ʹ; R, 5ʹ- 
ATA CCT TCC CAA ATA GAA CCC C-3ʹ. 
CD133: F, 5ʹ-CTG TGC GGG AAC TCC TTT 
TC-3ʹ; R, 5ʹ-AGC GAG TAC TCA GGT TGC 
AC-3ʹ. CD44: F, 5ʹ-GCC CAA TGC CTT TGA 
TGG AC-3ʹ; R, 5ʹ-CCC ATG TGA GTG TCT 
GGT AGC-3ʹ. GAPDH: F, 5ʹ-ACT CCT CCA 
CCT TTG ACG C-3ʹ; R, 5ʹ-GCT GTA GCC AAA 
TTC GTT GTC-3ʹ. U6: F, 5ʹ-CTC GCT TCG GCA 
GCA CA-3ʹ; R, 5ʹ-AAC GCT TCA CGA ATT 
TGC G-3ʹ. U6 was used as a control for miRNA, 
and GAPDH was used as control for other genes. 
Relative expression was quantified by the 2−∆∆Ct 

methods.

Ribonuclease (RNase) R and actinomycin 
D digestion

The transcription inhibitory experiments were 
performed using RNase R and actinomycin 
D. Briefly, the RNA was incubated with 3 U/µg 
RNase R (Sigma-Aldrich, MO, USA) for 30 min at 
room temperature. Similarly, RNA was incubated 
with 2 mg/mL actinomycin D (R & D Systems, 
Shanghai, China) for 6, 12, 24 h. Then, the expres-
sion of circSETD3 and SETD3 was examined using 
qRT-PCR. Moreover, the RNA of nucleus and 
cytoplasm was extracted using the PARISTM Kit 
(Thermo, MA, USA). The expression of 
cricSETD3 was detected using qRT-PCR. 
GAPDH was used as the control of cytoplasm, 
and the U6 was used as the control of cell nuclei, 
respectively.

Cell counting kit-8 (CCK-8) assay

Cell viability of T24 and UMUC3 cells was deter-
mined using CCK-8 kit (Beyotime, Shanghai, 
China) following manufacturer’s protocol. Briefly, 
5000 cells were plated onto 96-well plates. And the 
10 µL CCK-8 solution was added into each well at 
0 h, 24 h, 48 h, 72 h, and incubated for 2 h. Then 
the absorbance at 450 nm was examined.

Colony formation assay

5000 cells were plated on 6-well plates and incu-
bated in at 37°C with 5% CO2 for two weeks, and 
the medium was replaced by fresh medium every 
three days. Then, the clones were fixed with 
methanol and stained 0.1% crystal violet 
(Beyotime, Shanghai, China) for 20 min. And the 
colony number was counted under a microscope 
(Leica, Wetzlar, Germany).

Migration assay

Cell migration was performed using transwell 
chamber. Briefly, 2 × 105 cells were plated into 
upper chamber. And 500 µl medium supplemen-
ted with 20% FBS was added into lower chamber, 
then cells were incubated at 37°C with 5% CO2 for 
48 h. The cells on the front of chamber were 
removed by sterile swabs, and the migrated and 
invaded cells on the opposite were fixed with 
methanol and stained 0.1% crystal violet 
(Beyotime, Shanghai, China) for 20 min. Then, 
the migrated and invaded cells were counted and 
imaged using an inverted microscope.

Microsphere assay

1000 cells were plated onto non-adhesive 6-well 
plates and cultured in serum-free DMEM medium 
supplemented with 2% B27 (Invitrogen, MA, 
USA), 20 ng/mL EGF (Invitrogen, MA, USA), 
20 ng/mL bFGF (Invitrogen, MA, USA), and 
5 µg/mL insulin (Invitrogen, MA, USA) for 
10 days. Then, the spheres were counted and 
imaged in a microscope (Leica, Wetzlar, 
Germany).

Western blotting assay

Protein of tissues and cells was isolated using RIPA 
lysis buffer (Beyotime, Shanghai, China) according to 
the manufacturer’s protocol. protein was separated on 
10% SDS-PAGE gels and transferred to polyvinyli-
dene fluoride (PVDF) membrane. And then the 
membrane was blocked with 5% skimmed milk and 
incubated with primary antibodies overnight at 4°C. 
Then the membrane was incubated with 
a horseradish peroxidase secondary antibody 
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(Abcam, MA, USA) at room temperature for 1 h. 
Finally, proteins were visualized with ECL chemilu-
minescence detection kit (Bio-Rad, CA, USA). All 
antibodies were purchased from Abcam (MA, USA), 
including PTEN (ab267787), E-cadherin (ab76055), 
N-cadherin (ab76011), vimentin (ab92547), GAPDH 
(ab8245).

RNA immunoprecipitation (RIP) assay

Magna RIPTM RNA-Binding Protein 
Immunoprecipitation kit (Millipore, Billerica, 
MA, USA) was used to accomplish RIP assay. 
Briefly, cell lysates were incubated with 
Argonaute-2 (Ago2) antibody or 
Immunoglobulin G (IgG) antibody and then 
added Sepharose beads (BioRad, CA, USA) into 
the mixtures. The expression of circSETD3 and 
miR-641 was examined using qRT-PCR.

Luciferase reporter assay

The wild or mutant sequences of circSETD3 or 
PTEN targeted miR-641 were cloned into the 
pGl3 luciferase reporter vector. Then the vectors 
were co-transfected with miR-641 mimic or NC 
mimic into 293 T cells using Lipofectamine 2000 
(Invitrogen, CA, USA) and incubated for 48 h. 
Then, the luciferase activity was detected using 
a Dual-Glo luciferase assay system (Promega, 
WI, USA) according to the manufacturer’s 
protocol.

Animal model

Four to six-weeks-old male C57BL/6 mice were 
randomly divided into two groups with six mice 
each group. Briefly, circSETD3-inhibited T24 cells 
were subcutaneously transplanted into the back of 
mice at density of 1 × 106 cells. And the tumor 
growth was observed and calculated every 7 days. 
At day 28, the mice were sacrificed and then the 
tumors were isolated from mice for experiments. 
Animal experiments in this study was approved by 
the Ethics Committee of the Hospital of Chengdu 
University of Traditional Chinese Medicine.

Statistical analyses

The statistical analyses in this study were accom-
plished by GraphPad Prism version 8.0 (GraphPad 
Software). Student’s t-test and one-way ANOVA 
were used to compare the differences between two 
or multiple groups. Pearson correlation analysis 
was use to investigate the correlations among 
circSETD3, miR-641, and PTEN. Kaplan-Meier 
plot was used to detect overall survival of BLCA 
patients. Values were presented as means ± stan-
dard (SD). P < 0.05 was considered as statistic 
significant.

Results

Downregulation of circ-SETD3 in bladder cancer 
tissues and cell lines

First of all, we explored the expression of 
circSETD3 in 45 paired BLCA tissues and the 
corresponding adjacent normal tissues. We found 
that the expression of circSETD3 significantly 
decreased in BLCA tissues compared to adjacent 
non-tumor tissues (Figure 1(a,b)). Moreover, we 
analyzed the association between circSETD3 
expression levels and the pathological characteris-
tics of BLCA patients, and the results indicated 
that BLCA patients with larger tumor size 
(Figure 1(c)), higher grade of TNM stage 
(Figure 1(d)) and positive lymph node metastasis 
(Figure 1(e)) tended to have low-expressed 
circSETD3. Consistently, the survival curve analy-
sis showed that BLCA patients with high expres-
sion of cicSETD3 exhibited optimistic survival 
time than BLCA patients with low expression of 
circSETD3 (Figure 1(f)). The above clinical results 
were indirectly supported by the cellular results, 
which showed that, compared to the normal 
HCV29 cells, circSETD3 was strongly downregu-
lated in BLCA cell lines (T24, J87, SW780, 
UMUC3). These finding suggested that aberrant 
expression of circSETD3 was closely associated 
with BLCA development.

Stability and structure of circSETD3

We further investigated the stability of the circular 
structure of circSETD3 and its distribution in the 
BLCA cells. RNase R+ and actinomycetes D was 
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used to analyze the stability of the circular struc-
ture, and the results showed that the linear isoform 
of SETD3 was obviously digested by RNase R+, 
which had little impacts on the circular isoform of 
circSETD3 (Figure 2(a,b)). Consistently, 
circSETD3 was more stable than linear SETD3 
underwent actinomycetes D treatment (Figure 2 
(c,d)), suggesting that circular isoform of SETD3 
(circSETD3) was much more resistant to both 
RNase R+ and actinomycetes D treatment. 
Besides, the cyto-distribution of circSED3 was ana-
lyzed, and we noticed that circSED3 mainly 

located in the cytoplasm but not in the nucleus 
of the BLCA cells (Figure 2(e,f)). Taken together, 
our results indicated that circSETD3 had stable 
circular structure and the majority of circSETD3 
distributed in the cytoplasm of BLCA cells.

Overexpression of circSETD3 suppresses bladder 
cancer cell growth, migration, and stemness 
in vitro

The gain-of-function experiment was employed to 
determine the function of circSETD3 in BLCA 

Figure 1. Downregulation of circ-SETD3 in bladder cancer tissues and cell lines.
(a–e) Expression of circSETD3 in matched BLCA tissues and normal tissues (n = 45), and in patients with different tumor size(<3 cm, 
n = 25; ≥3 cm, n = 20), different clinical stages (I-II stage, n = 28; III-� stage, n = 17), lymph metastasis (n = 22) or non-metastasis 
(n = 20) was measured by RT-qPCR. f. Kaplan-Meier survival curve of high and low circSETD3 expression of BLCA patients. g. 
Expression of circSETD3 in human bladder epithelial cells HCV29 and BLCA cell lines T24, J87, SW780, UMUC3 was determined by RT- 
qPCR. **P < 0.01, ***P < 0.001. 

Figure 2. Stability and structure of circ-SETD3.
(a–d) Expression of circSETD3 and liner SETD3 was detected by RT-qPCR after digestion with RNase R or actinomycetes D. e and f. 
Expression of circSETD3, U6, GAPDH was determined by RT-qPCR. ***P < 0.001. 
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cells. The transfected efficiency was performed 
using qRT-PCR, and we found upregulation of 
circSETD3 were observed in T24 cells and 
UMUC3 cells with transfected with pcDNA- 
circSETD3 (Figure 3(a)). Cell viability was tested 
using CCK-8 assay, and cell viability was inhibited 
by overexpression of circSETD3 (Figure 3(b,c)). 

Besides, cell colony formation ability was detected 
using colony formation assay, the results were 
shown in Figure 3(d,g)), which indicated that 
circSETD3 restrained colonies formation abilities 
in BLCA cells. Also, transwell assay results showed 
that the number of migrated cells was reduced by 
overexpression of circSETD3 (Figure 3(f,g)). 

Figure 3. Overexpression of circSETD3 suppresses bladder cancer cell growth, migration, stemness in vitro.
Overexpression of circSETD3, a, Expression of circSETD3 was measured by RT-qPCR. (b and c) Cell viability was determined using 
CCK-8 assay. (d and e) Cell colony formation was calculated by colony formation assay. f and g. Cell migration ability was analyzed 
by transwell assay. (h–k) Protein levels of E-cadherin, N-cadherin, and vimentin were detected by western blotting. i and m. The 
numbers of sphere were determined by microsphere formation assay. n-p. Expression of ALDH1, OCT4, and CD133 was detected by 
RT-qPCR. **P < 0.01, ***P < 0.001. 
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Besides, the protein level of epithelial cell marker 
E-cadherin was upregulated by overexpression of 
circSETD3, however, the protein levels of 
mesenchymal cell markers N-cadherin and vimen-
tin were downregulated by overexpression of 
circSETD3 (Figure 3(h–k)). Furthermore, micro-
sphere assay showed that the number of sphere 
formation was reduced by overexpression of 
circSETD3 (Figure 3(l,m)), and the mRNA levels 
of stemness associated biomarkers (ALDH1, 
OCT4, CD133, and CD44) were also decreased 
by upregulating circSETD3 in both T24 and 
UMUC3 cells (Figure 3(n–p)).

CircSETD3 functions as RNA sponge for miR-641

We next investigated whether circSETD3 acted as 
a tumor suppressor via sponging miRNAs, and 
miR-641 was a speculated candidate for 
circSETD3 by using the StarBase (http://starbase. 
sysu.edu.cn/). As shown in Figures 4(a), 3ʹ-UTR of 
cirsSETD3 targeted with miR-641, and the 

relationship between circSETD3 and miR-641 
was verified using the luciferase reporter assay 
and RIP assay. As shown in Figure 4(b), the luci-
ferase activity was suppressed by wild type 
circSETD3-pGl3 luciferase reporter vector was co- 
transfected with miR-641 mimic, but the luciferase 
activity showed no obvious change by mutant type 
circSETD3-pGl3 luciferase reporter vector was co- 
transfected with NC mimic or miR-641 mimic. 
Moreover, circSTED3 and miR-641 were obviously 
enriched by Ago2 antibody in both T24 cells and 
UMCM3 cells (Figure 4(c,d)). Furthermore, qRT- 
PCR results exhibited upregulation of circSETD3 
significantly inhibited miR-641 expression both in 
T24 cells and UMUC3 cells (Figure 4(e)). Also, we 
examined the expression of miR-641 in BLCA 
tissues and adjacent non-tumor tissues, and 
found that miR-641 was strongly increased in 
tumor tissues compared to adjacent non-tumor 
tissues (Figure 4(f,g)). Besides, overall survival 
curve showed that BLCA patients with high miR- 
641 expression exhibited shorter survival time 

Figure 4. CircSETD3 acts as a sponger by binding miR-641.
(a) Speculated binding sties of circSETD3 at miR-641 were illustrated. (b) The luciferase activity was measured by dual-luciferase 
reporter gene assay. (c and d) Enrichment RNA of circSETD3 and miR-641 was measured by RIP assay. (e) Expression of miR-641 was 
detected by RT-qPCR after upregulation of circSETD3. (f and g) Expression of miR-641 in matched BLCA tissues and normal tissues 
(n = 45) was detected by RT-qPCR. h. Kaplan-Meier survival curve of high and low miR-641 expression of BLCA patients. (i) 
Correlation analysis between circSETD3 expression and miR-641 expression in BLCA tissues was determined by Pearson correlation 
analysis. ***P < 0.001. 
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(Figure 4(h)). The Spearman correlation analysis 
indicated that circSETD3 expression negatively 
associated with miR-641 expression in BLCA tis-
sues (Figure 4(i)), suggesting that endogenous 
interactions between circSETD3 and miR-641 
were existed in BLCA.

Upregulated miR-641 reverses the regulating 
effects of circSETD3 overexpression on BLCA cells

Then, the rescue experiment was used to test the 
regulating effects of the circSETD3/miR-641 axis 
on BLCA cells. As shown in Figure 5(a), the 
expression of miR-641 was significantly upregu-
lated both in T24 cells and UMUC3 cells by trans-
fecting the cells with miR-641 mimic. After that, 
the cell viability was determined using CCK-8 
assay, and the results showed that cell viability 
was strongly reduced by circSETD3 upregulation 
both in T24 cells and UMUC3 cells, but the inhi-
bitory effects of circSETD3 upregulation on cell 
viability was reversed by miR-641 mimic 
(Figure 5(b,c)). Besides, as shown in Figure 5(d, 
e)), the BLCA cell colony formation abilities were 
inhibited by circSETD3 upregulation, which were 
also restored by upregulating miR-641. Similarly, 
circSETD3 also restrained cell migration by spong-
ing miR-641 in the BLCA cells (Figure 5(f,g)). 
Furthermore, by performing RT-qPCR, we noticed 
that circSETD3 overexpression downregulated the 
mRNA levels of E-cadherin, while upregulated 
N-cadherin and vimentin mRNA to hamper 
EMT process, and the inhibiting effects of 
circSETD3 on EMT were abrogated by upregulat-
ing miR-641 (Figure 5(h–j) In addition, the mRNA 
levels of stemness markers (ALDH1, OCT4, 
CD133, CD44) was inhibited by circSETD3 upre-
gulation, which were reversed by miR-641 mimic 
in the BLCA cells (Figure 5(k,m)). Taken together, 
circSETD3 played a tumor suppressor in BLCA 
cells via targeting miR-641 to modulate cell 
growth, migration, invasion, EMT process, and 
stemness.

MiR-641 directly targets with PTEN

PTEN was predicated as a downstream target for 
miR-641 by using StarBase (http://starbase.sysu. 
edu.cn/). As shown in Figure 6(a), miR-641 

potentially bound to the 3ʹUTR of PTEN mRNA, 
the following luciferase activity reporter assay 
indicated that the luciferase activity was reduced 
by wild type PTEN-pGl3 luciferase reporter vector 
was co-transfected with miR-641 mimic, however, 
the luciferase activity no obvious change by 
mutant type PTEN-pGl3 luciferase reporter vector 
was co-transfected with NC mimic or miR-641 
mimic (Figure 6(b)). And the mRNA and protein 
expression of PTEN were seriously inhibited by 
miR-641 mimic (Figure 6(c–e)). In addition, we 
found the mRNA levels of PTEN were significantly 
decreased in BLCA tissues compared to adjacent 
non-tumor tissues (Figure 6(f,g)). Furthermore, 
the BLCA patients with high PTEN expression 
showed optimistic survival time than patients 
with low PTEN expression (Figure 6(h)). And the 
Spearman correlation analyses showed negative 
correlation between miR-641 expression and 
PTEN expression (Figure 6(i)). Collectively, miR- 
641 degraded PTEN by targeting its 3ʹUTR.

CircSETD3 suppresses BLCA cell growth, 
migration, stemness through regulating the 
miR-641/PTEN axis

We further verified the mechanisms that circSETD3 
acted as tumor suppressor via regulating miR-641/ 
PTEN axis. Firstly, we found the mRNA and protein 
levels of PTEN were promoted by upregulating 
circSETD3 both in T24 cells and UMUC3 cells 
(Figure 7(a–c)). Besides, the Spearman correlation 
analyses showed positive correlation between 
circSETD3 expression and PTEN expression in 
BLCA tissues (Figure 7(d)). Moreover, PTEN 
downregulation significantly inhibited PTEN and 
upregulated miR-641 expression both in T24 and 
UMUC3 cells (Figure 7(e,f)). Then, the rescue 
experiment was employed to corroborate the effects 
of circSETD3 on BLCA cells via regulating miR- 
641/PTEN axis. As shown in Figure 7(g,h), cell 
viability was seriously repressed by circSETD3 upre-
gulation, but the inhibitory effect of circSETD3 
upregulation was reversed by PTEN downregula-
tion both in T24 and UMUC3 cells. Moreover, the 
number of colony formation was reduced by 
circSETD3 upregulation, but the inhibitory effect 
of circSETD3 upregulation was reversed by PTEN 
downregulation both in T24 and UMUC3 cells 
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Figure 5. Upregulated miR-641 mitigates circSETD3 effects in bladder cancer cells.
(a) Expression of miR-641 was determined by RT-qPCR after upregulation of miR-641. Upregulation of miR-641 or circSETD3. Then, (b 
and c), Cell viability was determined using CCK-8 assay. (d and e) Cell colony formation was calculated by colony formation assay. (f 
and g) Cell migration ability was analyzed by transwell assay. (h) The numbers of sphere were determined by microsphere formation 
assay. (i–k) Protein levels of E-cadherin, N-cadherin, and vimentin were detected by western blotting. Expression of ALDH1, OCT4, 
and CD133 was detected by RT-qPCR. **P < 0.01, ***P < 0.001. 
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(Figure 7(i,j)). Furthermore, the number of 
migrated cells was reduced by circSETD3 upregula-
tion, which were also reversed by silencing PTEN 
(Figure 7(k,l)). The mRNA level of epithelial cell 
marker E-cadherin was decreased, and the mRNA 
levels of mesenchymal cell markers N-cadherin and 
vimentin were increased by circSETD3 upregula-
tion, but the inhibitory effects of circSETD3 upre-
gulation on EMT process were reversed by PTEN 
downregulation both in T24 and UMUC3 cells 
(Figure 7(m–o)). The mRNA levels of stemness 
markers (ALDH1, OCT4, CD133, CD44) were also 
inhibited by circSETD3 upregulation, but the inhi-
bitory effect of circSETD3 upregulation was 
reversed by PTEN downregulation both in T24 
and UMUC3 cells (Figure 7(p–r)). Overall, our 
data indicated that circSETD3 acted as tumor sup-
pressor in BLCA cells by sponging miR-641 to 
accelerate PTEN expression.

Overexpression of circSETD3 inhibits tumor 
growth by modulating miR-641/PTEN axis in vivo

Importantly, the tumor inhibitory effect of 
circSETD3 was determined by in vivo xenograft 
tumor mice model. The mice were injected with 
T24 cells with circSETD3 upregulation or empty 
vector. As shown in Figure 8(a–c), tumor growth 
was suppressed by circSETD3 upregulation. And 
the expression of miR-641 was inhibited, but the 
mRNA and protein expression of PTEN were 
increased by circSETD3 upregulation in vivo 
(Figure 8(d–g)). Moreover, the protein level of 
epithelial marker E-cadherin was increased, and 
the protein levels of mesenchymal cell markers 
N-cadherin and vimentin were reduced by 
circSETD3 upregulation in vivo (Figure 8(f,g)). In 
addition, the expressions of ALDH1, OCT4, 
CD133, CD44 mRNA were downregulated by 

Figure 6. MiR-641 directly targets with PTEN.
(a) Potential binding sties of PTEN at miR-641 were illustrated. (b) The luciferase activity was measured by dual-luciferase reporter 
gene assay. (c–e) MRNA and protein expression of PTEN were detected by RT-qPCR and western blotting. (f) and g. Expression of 
PTEN in matched BLCA tissues and normal tissues (n = 45) was detected by RT-qPCR. (h) Kaplan-Meier survival curve of high and low 
PTEN expression of BLCA patients. (i) Correlation analysis between PTEN expression and miR-641 expression in BLCA tissues was 
determined by Pearson correlation analysis. ***P < 0.001. 
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Figure 7. CircSETD3 suppresses bladder cancer cell growth, migration, stemness through regulating miR-641/PTEN axis.
Upregulation of circSETD3, (a–c) MRNA and protein expression were measured by RT-qPCR and western blotting. (d) Correlation 
analysis between PTEN expression and circSETD3 expression in BLCA tissues was determined by Pearson correlation analysis. 
Knockdown of PTEN, (e and f) Expression of PTEN and miR-641 was analyzed by RT-qPCR. Upregulation of circSETD3 or knockdown 
of PTEN, g and h. Cell viability was determined using CCK-8 assay. (i and j) Cell colony formation was calculated by colony formation 
assay. k and l. Cell migration ability was analyzed by transwell assay. (m) The numbers of sphere were determined by microsphere 
formation assay. (n–p) Protein levels of E-cadherin, N-cadherin, and vimentin were detected by western blotting. q-s. Expression of 
ALDH1, OCT4, and CD133 was detected by RT-qPCR. **P < 0.01, ***P < 0.001. 
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circSETD3 upregulation in vivo (Figure 8(h)). 
These results suggested that overexpression of 
circSETD3 could inhibit tumorigenesis in vivo.

Discussion

BLCA is one of the most prevalent malignant 
tumors which results in 150,000 global deaths 
per year [24]. Despite improvement of the treat-
ments, the outcome among patients remains unex-
pected [25]. Therefore, seeking the effective 
diagnosed and therapeutic biomarker for BLCA 
patients has important significance. In recent 
years, a population of stem-like cells which is 
CSCs have been demonstrated to be 
associated with high recurrence rate of BLCA 
patients [26]. Thus, to investigate the stemness 
properties of BLCA it is necessary for improve-
ment the poor prognosis of BLCA patients.

In the present study, we found circSETD3 sig-
nificantly downregulated in BLCA tissues and cell 
lines, and it negatively associated with larger 
tumor size, advanced clinical stage, and lymphatic 
metastasis. Besides, high expression of circSETD3 
associated with optimistic survival time for BLCA 
patients. For investigation of the mechanism of 
circSETD3, we found upregulated circSETD3 ser-
iously inhibited cell growth, migration, EMT pro-
cess and stemness maintenance through sponging 

miR-641 to accelerate PTEN expression. Our find-
ing suggested circSETD3 might act as a tumor 
suppressor through mainly regulating the stemness 
phenotype and EMT process.

CircRNAs are an important member of non- 
coding RNAs generate from the pre-mRNA spli-
cing [27]. For a long time circRNAs have been 
considered as junk-products, but increasing evi-
dences have demonstrated the crucial role of 
circRNAs in multiple tumors [28]. CircRNAs 
always act as spongers of miRNAs through directly 
binding with miRNAs to regulate tumorigenesis 
and progression [29]. A large number of 
circRNAs have been reported function as onco-
genes or tumor suppressor in BLCA, such as, 
has_circ_0001361 function as an oncogene 
through promoting migration and invasion via 
regulating miR-491-5p/MMP9 axis in BLCA [30]. 
And Lu et al. suggest circSLC8A1 acts as a tumor 
suppressor in BLCA by suppressing cell prolifera-
tion, migration and invasion in vitro and in vivo 
[31]. In the past few years, circRNAs sponge 
miRNAs to regulate cell phenotype is the mostly 
important regulatory pattern [32]. In our study, 
circSETD3 function as a tumor suppressor 
through sponging miR-641 in BLCA. MiR-641 
has been reported as a tumor suppressor in 
human lung cancer [33], and has been reported 
as an oncogene in cervical cancer [34]. And we 

Figure 8. Overexpression of circSETD3 inhibits tumor growth by modulating miR-641/PTEN axis in vivo.
(a) magnifying images of xenograft tumors in nude mice. (b and c) Tumor weight and volume in mice. (d and e) Expression of miR- 
641 and PTEN was measured by RT-qPCR. (f and g) Protein levels of E-cadherin, N-cadherin, and vimentin were detected by western 
blotting. h. Expression of ALDH1, OCT4, and CD133 was detected by RT-qPCR. ***P < 0.001. 
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firstly demonstrated miR-641 acted as an onco-
gene in BLCA. PTEN is well-known tumor sup-
pressor in multiple tumors [35]. It has been 
reported PTEN inhibits tumor progression 
through inducing cell apoptosis, and inhibiting 
cell proliferation, migration, invasion, and EMT 
process in BLCA [29,31,36]. It also has been 
reported that downregulated PTEN represses can-
cer stem-like cell properties in breast cancer 
[37,38]. And in this study, we firstly reported 
PTEN act as tumor suppressor in BLCA inhibited 
stemness phenotype and EMT process.

It had been reported that stemness and EMT are 
the facilitators to promote tumorigenesis, metastasis, 
and aggressive in multiple tumors [39,40]. Recent 
research has indicated that EMT is a complex pro-
cess in distinct cellular states exhibits different func-
tional characteristics, including proliferation, 
propagation, plasticity, invasion and metastasis 
[41]. In addition, novel finding suggests that EMT 
may contribute to immune escape during immune 
attacks [42]. Not only cell undergoing EMT pro-
motes tumor development, metastasis and drug 
resistance, but also CSCs accelerate the aggressive 
behaviors of tumor cells. For example, high expres-
sion of cancer stem cell markers OCT4 and NANOG 
associate with poor prognosis in renal cell carcinoma 
[43]. And overexpression of cancer stemness maker 
CD133 correlates with poor prognosis of invasive 
breast cancer patients [44], and refers to invasive 
gastric carcinoma [45]. In our finding, we the CSCs 
markers ALDH1, OCT4 and CD133 were signifi-
cantly inhibited by overexpression of circSETRD3.

Conclusion

Overall, our study revealed that circSETD3 acted as 
a tumor suppressor in BLCA through functioning as 
sponger for miR-641 to upregulate PTEN to inhibit 
cell growth, migration, invasion, EMT process and 
stemness maintenance in BLCA. Our findings pro-
vide a novel diagnosis and treatment molecular mar-
ker, and highlighted a novel mechanism for 
development and progression of BLCA.
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