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INTRODUCTION 
 

Bladder cancer (BC) is a prevalent driver of cancer-

pertinent deaths globally. BC incidence rises with age, 

reaching a peak at 50-70 years old [1]. Despite the 

great progress in strategies for treatment, the 

prognostic index of BC patients is still pessimistic, 

and specifically, the relapse rate after surgery is as 

much as 70% within 5 years [2]. Therefore, the next 

focus on the progression course of BC molecular 

mechanism may ensure valuable insights into the 

treatment of this disease. 
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ABSTRACT 
 

Background: Bladder cancer (BC) is a common cause of cancer-relevant deaths globally. This study is designed 
to delve into expressions, biological functions and molecular mechanisms of circ_0000515 in BC. 
Methods: Quantitative real-time polymerase chain reaction was accomplished to examine circ_0000515, miR-
542-3p and integrin-linked kinase (ILK) mRNA expressions in BC tissues and cell lines. In RT-4 and RT-112 cells 
with circ_0000515 depletion and UMUC3 and BIU-87 cells with this circ RNA overexpression, a cell counting kit-
8 assay was adopted to monitor the viability. Besides, transwell assay was conducted to detect cell migration 
and aggressiveness, and luciferase reporter gene assay was applied to probe the interplay among circ_0000515, 
miR-542-3p and ILK mRNA. Additionally, Besides, the regulatory function of circ_0000515 on miR-542-3p 
expression was under the assay of quantitative real-time polymerase chain reaction, and western blot was 
fulfilled to determine the regulative function of circ_0000515/miR-542-3p axis on ILK protein expressions. A 
xenograft animal was modeled to examine lung metastasis in vivo.  
Results: Circ_0000515 and ILK expressions were significantly elevated in BC tissues and cell lines, while that of 
miR-542-3p was dramatically suppressed. Knocking down circ_0000515 could significantly repress the growth, 
migration and aggressiveness of BC cells while overexpression of circ_0000515 showed opposite effects. 
Moreover, circ_0000515 knockdown inhibited pulmonary metastasis in vivo. Circ_0000515 was validated to 
adsorb miR-542-3p, and ILK was testified as the downriver target of miR-542-3p. Circ_0000515 could ascend ILK 
expression through repressing that of miR-542-3p.  
Conclusions: Circ_0000515, as a tumor promoter, strengthens the viability, migration and aggressiveness of BC 
cells via modulating miR-542-3p/ILK axis. 
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Circular RNAs (circRNAs) are recognized as non-

coding RNAs with closed-loop structures and are 

pertinent to the progression of multiple diseases, 

including bladder cancer. For example, circ_0071196 

facilitates BC cell proliferative and migrative abilities 

via tuning miR-19b-3p/CIT axis [3]; circRNA FOXO3 

inhibits BC progression via regulating miR-9-

5p/TGFBR2 axis [4]; circ_0061140 boosts BC 

metastasis via targeting miR-1236 [5]. Nonetheless, 

how circ_0000515 functions in BC is inconclusive. 

 

MicroRNAs (miRNAs) are known as non-coding RNA 

with 18-24 nt in length. Reportedly, certain miRNAs are 

anomalously expressed in BC tissues/cells and are 

closely pertinent to the tumorigenesis and advancement 

of BC, such as miR-542-3p [6, 7]. Integrin-linked 

kinase (ILK) is conceptually a serine-threonine protein 

kinase and can control many biological behaviors of 

cells, including growth, survival, differentiation and 

migration [8]. Many studies show that ILK 

overexpression is associated with the carcinogenesis 

and metastasis of diverse cancers, such as hepatocellular 

carcinoma, colorectal cancer and BC [9–11].  

 

CircRNAs can participate in tumor progression through 

competitive endogenous RNA (ceRNA) mechanism, 

that is, circRNAs adsorb miRNAs and regulate 

downstream target genes’ expressions [12]. For 

example, CircRNA FAM114A2 suppresses the 

malignant phenotypes of BC cells via modulating 

∆NP63 and adsorbing miR-762 [13]. However, the 

ceRNA networks in BC has not been totally recognized. 

 

Here we substantiated that circ_0000515 expressions 

were exceptionally elevated in BC tissues and cell lines, 

and was interrelated with the tumor size and clinical stage 

of the sufferers, and circ_0000515 could promote the 

malign and biologic behaviors of BC cells via regulating 

miR-542-3p/ILK axis. Our findings about this ceRNA 

network provided clues for BC diagnosis and treatment. 

 

RESULTS 
 

Circ_0000515 expressions were greatly elevated in 

BC tissues and cell lines 

 

By analyzing the circRNA microarray data 

(GSE92675), the expression patterns of circRNAs in 

four pairs of BC/normal bladder tissues were 

investigated. (Figure 1A, 1B). As shown, there were 

multiple circRNAs with exceptionally ascended 

expression in BC tissues, and circ_0000515 (also 

known as circ_000585) was among them (Figure 1B). 

qRT-PCR uncovered that circ_0000515 expression in 

BC tissues was greatly higher than that in adjacent 

tissues, being consistently with bioinformatics analysis 

(Figure 1C). We also observed that circ_0000515 

expression in BC cell lines was demonstrably higher 

than that in normal bladder epithelial cell lines, 

especially in RT-4 cells and RT-112 cells (Figure 1D). 

Interestingly, as shown in Table 1, the high expression 

of circ_0000515 was pertinent to larger tumor 

diameter and higher clinical stage of BC sufferers. 

Therefore, we hypothesized that circ_0000515 could 

probably be implicated in the BC progression as a 

tumor-promoter. 

 

Circ_0000515 had a closed-loop structure, and 

circ_0000515 depletion could curb the malignant 

biologic processes of BC cells 

 

To validate the circular structure of circ_0000515, we 

treated total RNA extracted from the cells with RNase 

R. As shown, linear RPPH1 mRNA (the precursor 

mRNA of circ_0000515) expression in RNase R group 

was significantly lower than that in Mock group, while 

no change of circ_0000515 expression was observed in 

both groups, and this suggested that circ_0000515 was 

resistant to RNase R (Figure 2A, 2B). Circ_0000515 

expression in Oligo (dT)18 primers group was 

exceptionally lower than that in random primers group, 

while linear RPPH1 mRNA had no change between the 

two sets, displaying that circ_0000515 had no poly(A) 

tail. To illuminate the subcellular localization of 

circ_0000515, we probed circ_0000515 expressions in 

the cytoplasm and nucleus of BC cells, respectively, and 

observed that circ_0000515 was mainly located in 

cytoplasm (Figure 2C), implying that circ_0000515 

could assumably work as a ceRNA in BC.  

 

Next, we transfected three kinds of circ_0000515 siRNA 

into RT4 and RT-112 cells and found that circ_0000515 

expressions in BC cells were decreased significantly after 

the transfection, among which si-circ_0000515#1 and si-

circ_0000515#3 with the highest transfection efficiency 

were selected for the follow-up assays (Figure 2D). 

Compared with si-NC group, CCK-8 assay revealed that 

the cell multiplication in si-circ_0000515#1 and si-

circ_0000515#3 groups was demonstrably inhibited 

(Figure 2E, 2F). Transwell assay indicated that the ability 

of cell migration and invasion in si-circ_0000515#1 and 

si-circ_0000515#3 groups were exceptionally lower than 

that in si-NC group (Figure 2G, 2H).  

 

Overexpression of circ_0000515 could promote the 

biological behaviors of BC cells 

 

Then, we overexpressed circ_0000515 in UMUC3 and 

BIU-87 cells by the transfection with circ_0000515 

overexpression plasmid (Figure 3A). As CCK-8 assay 

showed, circ_0000515 overexpression greatly enhanced 

UMUC3 and BIU-87 cell viability (Figure 3B, 3C). In 
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addition, Transwell assay revealed that the migration 

and aggressiveness of UMUC3 and BIU-87 cells were 

markedly increased after circ_0000515 overexpression 

(Figure 3D, 3E). Collectively, circ_0000515 could 

promote the malignant biological processes of BC cells. 

 

Circ_0000515 was a molecular sponge of miR-542-3p 

 

qRT-PCR uncovered that miR-542-3p expressions in 

BC tumor tissues and cell lines was exceptionally 

lower, as against that in normal tissues / cell line 

(Figure 4A, 4B), and miR-542-3p expressions were in 

negative correlation with circ_0000515 expressions 

(Figure 4C). StarBase database highlighted that 

circ_0000515 sequence harboured a binding site 

complementary to miR-542-3p (Figure 4D). Luciferase 

reporter gene assay confirmed that miR-542-3p mimics 

could significantly reduce the activity of circ_0000515-

WT reporter, but that of circ_0000515-MUT reporter 

was not greatly impacted (Figure 4E). Moreover, miR-

542-3p expression in BC cell line with circ_0000515 

depletion was increased significantly (Figure 4F). These 

findings indicated that miR-542-3p was the downriver 

target of circ_0000515. 

 

 
 

Figure 1. Circ_0000515 expression was greatly raised in BC tissues and cell lines. (A) Volcanic plot showed the differentially 

expressed circRNAs in BC tumor tissues and adjacent tissues. (B) Heat map showed some representative ascended circRNAs in BC tumor 
tissues. (C, D) qRT-PCR ensured the analysis of circ_0000515 expressions in BC tissues and cell lines.***P<0.001. 
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Table 1. Correlation between circ_0000515 levels and 
clinicopathological parameters. 

Parameter N 
circ_0000515 

P 
High (n=20) Low (n=20) 

Age (years)     

≥ 60 23 11 12 0.749 

< 60 17 9 8  

Gender     

Male 25 10 15 0.102 

Female 15 10 5  

Tumor size (cm)     

≥ 3 15 11 4 0.022 

<3 25 9 16  

Clinical stage     

III-IV 20 15 5 0.001 

I-II 20 5 15  

 

Circ_0000515 modulated ILK expressions through 

miR-542-3p 

 

To elaborate on the downstream target of miR-542-3p in 

bladder cancer, we searched StarBase database, 

TargetScan database and miRDB database, and 108 

potential genes were predicted to have the 

complementary binding sites with miR-542-3p, and ILK 

was among the candidate targets (Figure 5A, 5B). 

Luciferase reporter gene assay showed that miR-542-3p 

mimics greatly reduced the activity of ILK-WT reporter 

but had no impact on that of ILK-MUT reporter (Figure 

5C). We adopted qRT-PCR to detect ILK mRNA 

expressions in BC tissues and cell lines, and found that 

ILK mRNA expressions were significantly elevated in 

BC tissues and cell lines (Figure 5D, 5E). In addition, 

Table 2 detailed that the high expression of ILK was 

pertinent to the higher clinical stage of BC sufferers, 

suggesting it could probably be a cancer promoter in BC. 

Correlation analysis revealed that ILK mRNA expression 

was negatively correlated with miR-542-3p in BC tissues 

but positively with circ_0000515 (Figure 5F, 5G). Next, 

miR-542-3p inhibitor was transfected into BC cells, and 

qRT-PCR and western blot assays manifested that ILK 

mRNA and protein expression were ascended 

significantly; circ_0000515 knockdown repressed the 

expression level of ILK in both RT-4 and RT-112 cells 

while miR-542-3p inhibitors could partially reverse the 

inhibitory effects of knocking down circ_0000515 on 

ILK expressions (Figure 5H–5J and Supplementary 

Figure 1). These findings suggested that ILK was the 

downstream target of miR-542-3p in bladder cancer, and 

circ_0000515 regulated ILK expression through 

decoying miR-542-3p. We subsequently explored 

whether circ_0000515 regulated the malign behaviors of 

BC cells in an ILK-dependent manner. We co-transfected 

ILK overexpression plasmid and circ_0000515 siRNA 

into RT4 and RT-112 cells and found that ILK 

overexpression plasmid could significantly mitigate the 

inhibiting effects of circ_0000515 depletion on 

proliferative, migrative and invasive abilities of BC cells 

(Figure 5K–5N). Then, circ_0000515 overexpression 

plasmid and ILK siRNA were co-transfected into 

UMUC3 and BIU-87 cells, and the findings highlighted 

that ILK knockdown could rescue the promoting effects 

of circ_0000515 overexpression on the malignant 

processes of BC cells (Figure 5O–5R). Therefore, it was 

concluded that circ_0000515 regulated the malign 

behaviors of BC cells in an ILK-dependent manner. 

 

Knockdown of circ_0000515 inhibited the lung 

metastasis of BC in vivo 

 

To further validate the oncogenic function of 

circ_0000515 in BC, a nude mice model with lung 

metastasis was established. RT4 cells transfected with 

si-circ_0000515#1 or si-NC were injected into the tail 

vein of the nude mice, and 4 weeks later, H&E staining 

of lung tissue sections uncovered that, in the control, 9 

of the 10 mice developed obvious lung metastasis, 

while in circ_0000515 knockdown group, only 2 of the 

10 mice developed lung metastasis, suggesting that 

circ_0000515 promoted the lung metastasis of BC in 
vivo (Figure 5S). 

 

DISCUSSION 
 

CircRNAs, as reported, are pivotal regulators in human 

diseases and are considered as new biomarkers of 

tumors. Circ_0000515 can promote the progression of 

various tumors [14–16]. For example, circ_0000515 can 

adsorb miR-326 and promote the advancement of 
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cervical cancer via up-regulating ELK1 expressions 

[14]; in breast cancer, reportedly, circ_0000515 

participates in disease advancement via modulating 

miR-296-5p/CXCL10 axis [15]; circ_0000515 promotes 

the malignancy of hepatocellular carcinoma cells via 

decreasing MAPK10 expression [16]. Nonetheless, how 

circ_0000515 functions in BC is unclear. Here we 

found that circ_0000515 expressions in BC tumor 

tissues were exceptionally higher than that in adjacent 

tissues, and it was associated with larger tumor diameter 

and higher clinical stage. In addition, circ_0000515 

expression was also greatly ascended in BC cell lines as 

 

 
 

Figure 2. Knocking down circ_0000515 restrained BC cell multiplication, migration and aggressiveness. After the transfection of 

siRNA into BC cells: (A) qRT-PCR ensured the enrichment of circ_0000515 and RPPH1 mRNA in total RNA treated with RNase R. (B) qRT-PCR 
probed expressions of circ_0000515 and RPPH1 with Oligo(dT)18 primers. (C) Circ_0000515 expression in the cytoplasm and nucleus of BC 
cells was detected by qRT-PCR. (D) qRT-PCR was wielded to probe circ_0000515 expression. (E, F) CCK-8 assay was adopted to monitor the 
proliferation of BC cells. (G, H) Transwell assay displayed the migrative and invasive capabilities of BC cells. **P<0.01 and ***P<0.001.  
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Figure 3. Overexpression of circ_0000515 expedited BC cell proliferation, migration and aggressiveness. After the transfection of 

overexpressing plasmid into BC cells: (A) qRT-PCR assay exposed circ_0000515 expressions. (B, C) The multiplication of BC cells was under the 
determination of CCK-8 assay. (D, E) Transwell assay ensured the analysis on migration and invasion of BC cells. **P<0.01 and ***P<0.001. 
 

 
 

Figure 4. MiR-542-3p was the molecular sponge of circ_0000515. (A, B) qRT-PCR assay exposed miR-542-3p expression in BC tissues 

and cell lines. (C) The correlation analysis of miR-542-3p and circ_0000515 expression in BC tissue. (D) StarBase database predicted the 
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complementary binding site between circ_0000515 sequence and miR-542-3p. (E) Luciferase reporter gene assay confirmed that miR-542-3p 
and circ_0000515 could interact with each other. (F) miR-542-3p expressions in BC cell lines transfected with circ_0000515 siRNA were under 
the detection of qRT-PCR. *P<0.05, **P<0.01 and ***P<0.001. 

 

 
 

Figure 5. Circ_0000515 regulated ILK expressions through miR-542-3p. (A) Venn diagram screened the candidate mRNAs containing 

complementary binding sites with miR-542-3p. (B) StarBase database predicted that ILK 3’UTR harbored the binding site complementary to miR-
542-3p. (C) Dual-luciferase reporter gene assay confirmed that miR-542-3p could directly bind to the 3’UTR of ILK. (D, E) ILK mRNA expressions in 
BC tissues and cell lines were detected by qRT-PCR. (F, G) The correlation analysis of miR-542-3p and ILK mRNA, and ILK mRNA and circ_0000515 
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in BC tissue. (H) qRT-PCR (upper) and western blot (below) assays exposed ILK expressions in BC cells transfected with miR-542-3p inhibitor. (I, J) 
qRT-PCR and western blot were used to probe ILK expressions in BC cells co-transfected with circ_0000515 siRNA and miR-542-3p inhibitor. (K, L) 
CCK-8 assay was applied to detect the multiplication of BC cells co-transfection with circ_0000515 siRNA and ILK overexpressing plasmid. (M, N) 
Transwell assay was exerted to probe the migration and aggressiveness of BC cells co-transfected with circ_0000515 siRNA and ILK 
overexpressing plasmid. (O, P) CCK-8 assay exposed the viability of BC cells co-transfected with circ_0000515 overexpressing plasmid and ILK 
siRNA. (Q, R) Transwell assay was wielded to detect the migration and invasion of BC cells co-transfected with circ_0000515 overexpressing 
plasmid and ILK siRNA. (S) The H&E staining was used to probe the lung metastasis of the mice, which were injected with RT4 cells transfected 
with si-circ_0000515#1 or si-NC, and the representative images were shown. *P<0.05, **P<0.01 and ***P<0.001. 
 

opposed to normal human bladder epithelial cell lines. 

Gain-of-function and loss-of-function assays confirmed 

that circ_0000515 could significantly promote the 

malign biologic behaviors of BC cells, highlighting that 

circ_0000515 could probably act as an oncogenic 

circRNA in the advancement of BC and be a hidden 

therapeutic target for BC. 

 

Reportedly, there are ceRNA regulatory networks in 

tumors, and circ_0000515 can sponge miRNAs to 

promote the progression of tumors via regulating gene 

expressions post-transcriptionally [14, 15]. In this work, 

we confirmed that circ_0000515 had a circular structure 

and mainly distributed in the cytoplasm of BC cells. 

Bioinformatics analysis and luciferase reporter gene 

assay showed that miR-542-3p could directly bind to 

circ_0000515. As reported, miR-542-3p can inhibit the 

advancement of various tumors [17–20]. For example, 

miR-542-3p expressions are greatly down-regulated in 

esophageal cancer, and miR-542-3p can inhibit the 

migration and aggressiveness of esophageal cancer cells 

by inhibiting OTUB1 expression [17]; in osteosarcoma, 

miR-542-3p can curb cell proliferative, migrative and 

aggressive abilities via targeting ILK [18]; in ovarian 

cancer, miR-542-3p can target CDK14 to inhibit 

tumorigenesis [19]; in bladder cancer, importantly, 

miR-542-3p expression is significantly impaired, and 

this miRNA can inhibit the viability of BC cells [20]. 

Herein, we authenticated that miR-542-3p expression 

was demonstrably down-regulated in BC tissues and 

cell lines, and negatively pertinent to circ_0000515 

expressions in BC tissues, and depleting circ_0000515 

in BC cells significantly elevated miR-542-3p 

expressions, underlining that circ_0000515 might 

function via acting on miR-542-3p. 

 

As is well known, miRNAs are implicated in 

tumorigenesis and development via targeting mRNAs. In 

the present study, luciferase reporter gene assay 

confirmed that miR-542-3p could bind to the 3'UTR of 

ILK mRNA, which was consistent with the bioinformatics 

analysis. ILK is conceptually a multifunctional 

intracellular effector of cell-matrix interaction, which can 

directly interact with β1 or β3 integrin subunit; ILK can 

coordinate various signal pathways, modulate cell 

proliferation by activating Akt signaling, and directly act 

on GSK-3β to activate some transcription factors [8]. In 

lung adenocarcinoma, as reported, ILK can regulate 

KRAS, IPP complex and Ras suppressor-1 (RSU1) to 

promote cancer cell multiplication, migration and 

epithelial-mesenchymal transition (EMT), and its high 

expression is pertinent to poor prognosis [21]. In glioma, 

ILK promotes cancer cell migration and aggressiveness 

via activating ROCK1 and fascin-1 [22]. Importantly, in 

bladder cancer, ILK expression is exceptionally up-

regulated, which can expedite the malign biological 

behaviors of cancer cells [23]. Here we observed that ILK 

mRNA expression was dramatically elevated in BC 

tissues and cell lines, and was negatively pertinent to 

miR-542-3p expression and positively to circ_0000515 

expression. Inhibiting miR-542-3p could significantly 

increase ILK expression, and miR-542-3p inhibitors could 

partially counteract the inhibiting effects of circ_0000515 

knockdown on ILK expression. Besides, ILK 

overexpression could partially reverse the inhibiting 

effects of knocking down circ_0000515 on the malign 

biological behaviors of BC cells. Therefore, it was 

confirmed that circ_0000515 could adsorb miR-542-3p 

and ascend ILK expressions to boost BC advancement. 

 

CONCLUSIONS 
 

Circ_0000515 promotes BC progression via targeting 

miR-542-3p to elevate ILK expression, highlighting that 

the ceRNA network composing of circ_0000515/miR-

542-3p/ILK is a new mechanism of BC progression. 

 

MATERIALS AND METHODS 
 

Clinical sample collection 

 

This work, with signed informed consents from the 

sufferers, was under the approval of the Ethics 

Committee of the Qingdao Fuwai Hospital. Tumor and 

paracancerous samples of 40 BC patients from the 

Qingdao Fuwai Hospital were gained during surgery 

and instantly preserved in liquid nitrogen at -196° C. 

 

Cell culture 

 

Four BC cell lines (RT4, RT-112, UMUC3 and BIU-87) 

and human bladder epithelial cell line SV-huc-1 were 

available from the Chinese academy of sciences 

(Shanghai, China). The abovementioned cells were 
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Table 2. Correlation between ILK mRNA levels and clinicopathological 
parameters. 

Parameter N 
ILK 

P 
High (n=20) Low (n=20) 

Age (years)     

≥60 23 13 10 0.337 

< 60 17 7 10  

Gender     

Male 25 11 14 0.327 

Female 15 9 6  

Tumor size (cm)     

≥ 3 15 10 5 0.102 

< 3 25 10 15  

Clinical stage     

III-IV 20 14 6 0.011 

I-II 20 6 14  

 

followingly cultured in Dulbecco's Modified Eagle 

Medium (Gibco, Carlsbad, CA, USA) with 10% fetal 

bovine serum (FBS; Gibco), penicillin (100 μg/ml, Gibco) 

and streptomycin (100 μg/ml, Gibco) at 37° C in 5% CO2. 

 

Cell transfection 

 

Circ_0000515 overexpression plasmid, empty 

plasmid, circ_0000515 small interfering RNAs 

(siRNAs), a scrambled siRNA, miR-543-3p mimics, 

miR-542-3p inhibitors and their negative control miR-

NC, ILK overexpressing plasmid and ILK siRNA, 

available from Genomeditech (Shanghai, China), were 

subsequently transfected into BC cell lines by 

Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, 

USA). After 72 h, the transfection efficiency was 

under the detection of quantitative real-time 

polymerase chain reaction (qRT-PCR) or western 

blots. 

 

Quantitative real-time polymerase chain reaction 

(qRT-PCR) 

 

Total RNA was instantly extracted from BC tissues 

and cell lines by Trizol reagent (Life Technologies, 

Carlsbad, CA, USA), and 1 μg of RNA was 

synthesized into complementary DNA by Geneseed® 

II First Strand cDNA Synthesis Kit. At last, SYBR 

Green Premix Ex Taq™ kit (Takara, Japan) was 

employed with glycerol dehyde-3-phosphate 

dehydrogenase (GAPDH) and U6 as internal 

references, and 2-ΔΔCt was adopted to calculate RNA 

quantities. Primer sequences are listed in Table 3. To 

investigate the stability of circ_0000515, RNA 

samples were treated with 3 U/mg RNase R 

(Geneseed, Guangzhou, China) for 30 min, and 

circ_0000515 and RPPH1 mRNA expression levels 

were then accordingly quantified by qRT-PCR. To 

identify the subcellular localization of circ_0000515, a 

PARIS™ Kit (Invitrogen) was adopted for subcellular 

fractionation, and circ_0000515 expression in 

cytoplasm and nucleus of BC cells was respectively 

quantified by qRT-PCR, with U6 as the nuclear 

marker and GAPDH as the cytoplasmic marker. 

 

Cell proliferation assay 

 

Cell counting kit-8 (CCK-8, Genomeditech, Shanghai, 

China) assay was employed to probe cell proliferation. 

Transfected BC cells were inoculated on a 96-well plate 

(5×103 cells per well), and cultured for 0 h, 24 h, 48 h 

and 72 h. At each time point, 10 µL of CCK-8 reagent 

was dripped into each well to incubate the cells for 2 h. 

The value of OD450nm was subsequently measured by a 

microplate reader (Thermo-Fisher Scientific, Waltham, 

MA, USA). 

 

Transwell assay 

 

24-well Transwell chambers (8 µm pore size, Corning, 

Corning, NY, USA) were adopted to measure the 

migration and aggressiveness of BC cells. As to 

invasion assay, the filter was instantly covered with a 

layer of Matrigel, and Matrigel was not used in the 

migration assay. Bladder cells were inoculated into the 

upper chamber with 200 μL of serum-free medium; the 

lower was subsequently filled with RPMI-1640 

medium with 10% FBS. After 24-h culture, the cells 

which passed through the filter were followingly 

stained with crystal violet solution, and then the 

number of cells was followingly counted by a 

microscope (Olympus, Tokyo, Japan).  
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Table 3. Primer sequences. 

 Forward primers Reverse primers 

Circ_0000515 5’-GGTCAGACTGGGCAGGAGAT-3’ 5’- GAGTGACAGGACGCACTCAG-3’ 

MiR-542-3p 5’-TCGGGGATCATCATGTCACG-3’ 5’- GAGTGGCTCCCAGACCTTTC-3’ 

ILK 5’-GACGACATTTTCACTCAGTGCC-3’ 5’- ACGGTTCATTACATTGATCCGTG-3’ 

RPPH1 5’ GTCACTCCACTCCCATGTCC-3’ 5’-CAGCCATTGAACTCACTTCG-3’ 

U6 5’-GACTATCATATGCTTACCGT-3’ 5’-GGGCAGGAAGAGGGCCTAT-3’ 

GAPDH 5’- TGACTTCAACAGCGACACCCA-3’ 5’- CACCCTGTTGCTGTAGCCAAA-3’ 

 

Dual-luciferase reporter assay 

 

Circ_0000515 or ILK 3'UTR sequence harboring 

miR-542-3p binding site was subsequently amplified 

and then inserted into luciferase reporter plasmid 

(Promega, Madison, WI, USA) to obtain the wild type 

(WT) reporter, and the correspondent binding site of 

the above sequence was mutated and then the 

sequence was inserted into luciferase reporter plasmid 

to obtain the mutant type (MUT) reporter. 

Subsequently, the above luciferase reporters were 

instantly co-transfected into BC cells with miR-542-

3p mimics or miR-NC by Lipofectamine™ 2000, and 

the activity was examined by the dual-luciferase 

reporter assay system (Promega) after 24 h. 

 

Western blot 

 

The radio-immunoassay assay (RIPA) lysis buffer 

(Beyotime, Shanghai, China) was adopted to extract 

proteins from BC cells, which were quantified with a 

bicinchoninic acid (BCA) protein assay (Thermo-

Fisher Scientific). Besides, protein samples were 

separated by sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis and then accordingly transferred to 

polyvinylidene fluoride (PVDF) membranes 

(Millipore, Billerica, MA, USA), which were under 

the blockage of 5% skimmed milk and incubation 

with primary antibodies (anti-ILK: 1:1000, ab52480, 

Abcam Inc., Cambridge, UK; anti-GAPDH: 1:1000, 

ab8245, Abcam Inc.) overnight at 4° C and then with 

the horseradish peroxidase-conjugated secondary 

antibody (1: 2000, ab150077, Abcam Inc.) for 2 h, 

and an enhanced chemiluminescence kit (Biozym, 

Hessisch Oldendorf, Germany) ensured the 

development of protein bands, with GAPDH as the 

internal reference. 

 

Lung metastasis model in vivo 

 

The Animal Care and Use Committee of the Qingdao 

Fuwai Hospital ensured the approval for all animal 

experiments. Notably, BALB/c nude mice (6 weeks 

old, male) was applied to model the lung metastasis. 

The mice were randomly grouped into two sets. In 

each, approximately 2×106 RT4 cells transfected with 

si-circ_0000515#1 or si-NC were followingly injected 

into the tail vein of the nude mice (10 mice per 

group). 4 weeks later, all mice were instantly 

euthanized, and lung tissues were isolated. 

Hematoxylin and eosin (H&E) staining was used to 

detect lung metastasis.  

 

Statistical analysis 

 

All assays were accomplished in triplicate, with findings 

expressed as “mean ± standard deviation”. The statistical 

analysis was tackled with SPSS (version 17.0) (SPSS Inc., 

Chicago, IL, USA). Student's t-test or one-way analysis of 

variance was wielded for the comparison of the data 

between/among groups, and Pearson’s correlation 

coefficient was applied for figuring out the correlation. 

Statistically, P<0.05 is meaningful. 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 
 

Supplementary Figure 1. The whole uncropped images of the original PVDF membranes in Figure 5. 


