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Background: Bladder cancer (BC) is among the most frequently occurring cancer types in 

the urinary system. In recent years, the importance of lncRNAs in BC has been acknowledged. 

SLCO4A1-AS1 is an oncogene in colorectal cancer. However, the role of SLCO4A1-AS1 in 

BC remains unknown.

Materials and methods: The expression levels of SLCO4A1-AS1 in BC tissues were analyzed 

by qRT-PCR. The effects of SLCO4A1-AS1 knockdown on proliferation were determined by CCK8 

assay. Transwell assay was used to evaluate the role of SLCO4A1-AS1 on migration and invasion. 

Furthermore, xenograft assay was utilized to test the effect of SLCO4A1-AS1 on BC growth in vivo.

Results: SLCO4A1-AS1 expression was more upregulated in BC tissues than in adjacent 

normal tissues. Moreover, SLCO4A1-AS1 level was positively correlated with the advanced 

stage and metastasis in BC. The upregulation of SLCO4A1-AS1 indicates poor prognosis in 

BC patients. The knockdown of SLCO4A1-AS1 downregulated the proliferation, migration, 

and invasion of EJ and T24 cells in vitro. In addition, the loss of SLCO4A1-AS1 prevented 

BC growth in vivo. Mechanistic investigation showed that SLCO4A1-AS1 was the sponge for 

miR-335-5p, and miR-335-5p modulated OCT4 expression.

Conclusion: High SLCO4A1-AS1 expression level was associated with the progression of 

BC, and SLCO4A1-AS1 promoted the malignant phenotypes of BC cells through the miR-

335-5p/OCT4 axis.
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Introduction
Bladder cancer (BC) has become the ninth most frequent cancer type around the world.1 

Every year, ~400,000 patients are diagnosed with BC and 150,000 deaths are caused 

by BC worldwide.2 Although surgery combined with radiotherapy or chemotherapy 

improves the outcomes of muscle-invasive BC patients, the 5-year survival rate of 

this disease remains very low due to its high rates of recurrence and metastasis.3–5 

Therefore, exploration of the molecular mechanism of BC progression and develop-

ment of novel therapeutic strategies are urgently needed.

lncRNAs have been recently identified as a new member of noncoding RNA 

family. Research reveals that lncRNAs are characterized by over 200 nucleotides in 

length with no coding potential.6 An increasing amount of studies have demonstrated 

that lncRNAs play vital functions in various biological processes and are closely cor-

related with human diseases, including cancer.7 By participating in the regulation of 

cell proliferation, migration, invasion, and differentiation, lncRNAs could affect or 

suppress tumorigenesis.8,9 For example, lncRNA DUXAP8 promotes the progression of 
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renal cell cancer.10 LINC00152 enhances the proliferation and 

metastasis of oral squamous cell cancer.11 lncRNA MNX1-

AS1 has the potential to increase the proliferation, migration, 

and invasion of cervical cancer cells.12 Additionally, lncRNA 

CALML3-AS1 is essential for BC development.13 Although 

many lncRNAs are involved in carcinogenesis, the functions 

of most lncRNAs remain largely unknown.

The function of SLCO4A1-AS1 is poorly investigated. 

A recent study showed that SLCO4A1-AS1 could promote 

cell proliferation, migration, and invasion in colorectal 

cancer.14 SLCO4A1-AS1 expression was upregulated in 

BC tissues. Thus, this study aimed to explore the potential 

roles of SLCO4A1-AS1 in BC. Our results revealed that 

SLCO4A1-AS1 serves as an oncogene in BC and promotes 

tumorigenesis through the miR-335-5p/OCT4 signaling 

pathway. Moreover, SLCO4A1-AS1 might be a potential 

therapeutic target for BC intervention.

Materials and methods
human bladder tissue samples
A total of 58 BC tissues and corresponding adjacent normal 

tissues were collected from the Qianfoshan Hospital 

Affiliated to Shandong University. This study was approved 

by the Ethics Committee of Qianfoshan Hospital Affiliated 

to Shandong University. Experiments involving human tis-

sues were conducted in accordance with the Declaration of 

Helsinki. All patients signed the informed consent. Patients 

did not undergo chemotherapy or radiotherapy before 

surgery. The clinical features of the samples are presented in 

Table 1. These tissues were stored in liquid nitrogen.

cell culture, transfections, and selection 
of stable cell lines
Human BC cell lines (EJ, T24, and RT4) and human epithelial 

SV40 immortalized uroepithelium cell line SV-HUC-1 were 

obtained from the Stem Cell Bank, Chinese Academy of 

Sciences in Shanghai, China. Cells were cultured in DMEM 

medium (Thermo Fisher Scientific, Waltham, MA, USA) 

supplemented with 10% FBS (Thermo Fisher Scientific) in 

5% CO
2
 at 37°C.

For transfection, siRNA, miR-335-5p mimics, miR-

335-5p inhibitors, and negative controls were synthesized 

by GenePharma Co., Ltd (Shanghai, China) and transfected 

using the Lipofectamine 2000 transfection reagent (Thermo 

Fisher Scientific) according to the manufacturer’s protocol. 

For the construction of stable cell line, BC cells were infected 

with lentiviral-CIRBP-shRNA and lentiviral-control-shRNA 

(LV-NC) for 24 hours and selected using 5 µg/mL puromycin 

(Sigma-Aldrich Co., St Louis, MO, USA) for 7 days.

cell proliferation
Cells were seeded into 96-well plates and cultured for specific 

time periods. Then, 100 µL of cell counting kit-8 (CCK-8) 

reagent (Dojindo Molecular Technologies, Tokyo, Japan) 

was added and incubated for 4 hours. The absorbance was 

determined at 450 nm using a microplate reader.

Transwell assay
Cell migration and invasion were measured using a 24-well 

Transwell system (8 µm pore; Costar, Badhoevedorp, 

the Netherlands) by using Transwell assay based on a 

previous study.9

rna isolation and quantitative reverse 
transcriptase Pcr (qrT-Pcr)
Total RNA was obtained from BC tissues and cells by using the 

TRIzol reagent (Thermo Fisher Scientific) according to the 

manufacturer’s protocol. The RNA was reverse transcribed 

into cDNA by using a PrimeScript RT reagent Kit with gDNA 

Eraser (Takara), followed by qRT-PCR by using the SYBR 

Premix EX Taq II kit (Takara) on Roche LightCycler 480 

(Roche, Basel, Switzerland). Relative expression was nor-

malized to U6 and was calculated based on the 2–ΔΔCt method.

Xenograft model
Samples of 4-week-old male BALB/c nude mice obtained 

from Beijing Vital River Laboratory Animal Technology 

Co., Ltd (Beijing, China) were randomly divided into three 

Table 1 correlation between slcO4a1-as1 expression level 
and clinical features in bladder cancer

Characteristics Low 
(n=29)

High 
(n=29)

P-value

age, years 0.431

65 17 13

65 12 16

gender 0.331

Male 25 21

Female 4 8

grade 0.144

low 7 2

high 22 27

T stage 0.024*

Tis/Ta/T1 14 5

T2/T3/T4 15 24

lymph node metastasis 0.033*

Yes 8 17

no 21 12

Notes: chi-squared test. *P0.05.
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groups (n=4 per group). Then, T24 cells were subcutane-

ously injected into the flank of nude mice. At specific time 

points, tumor volumes were measured. Tumor weight was 

determined 4 weeks after injection. Experiments were 

conducted according to the instruction of the Ethics Com-

mittee at Qianfoshan Hospital Affiliated to Shandong Uni-

versity. All animal experiments were approved by the Ethics 

Committee of Qianfoshan Hospital Affiliated to Shandong 

University.

luciferase reporter assays
The sequence of SLCO4A1-AS1 or OCT4 3′-UTR containing 

the wild-type (Wt) or mutant (Mut) binding site for miR-335-5p 

was constructed into the pGL3 luciferase vector (Ambion, 

Inc., Austin, TX, USA). For the luciferase reporter assay, T24 

cells were transfected with miR-335-5p mimics or control 

and the respective luciferase reporter by using Lipofectamine 

2000 (Thermo Fisher Scientific) according to the manufac-

turer’s instructions. After 48 hours, the relative luciferase 

was measured using the dual-Luciferase Assay Kit (Promega, 

Madison, WI, USA) and normalized to Renilla activity.

statistical analyses
All experiments were analyzed using the GraphPad software 

(version 6; GraphPad Software, Inc., La Jolla, CA, USA). 

Results were expressed as mean ± SD. P-value was analyzed 

using Student’s t-test and one-way ANOVA. Statistical 

significance was considered at P0.05.

Results
relative expression levels of slcO4a1-
as1, mir-335-5p, and OcT4 in Bc
To analyze the function of SLCO4A1-AS1, we first mea-

sured its expression in 58 BC tissues and the corresponding 

adjacent normal tissues through qRT-PCR. We found that 

the level of SLCO4A1-AS1 was significantly increased 

in BC tissues compared with that in the adjacent normal 

controls (Figure 1A). lncRNAs sponge miRNAs and 

Figure 1 relative expression levels of slcO4a1-as1, mir-335-5p, and OcT4 in Bc.
Notes: (A–C) relative expression levels of slcO4a1-as1, mir-335-5p, and OcT4 were determined by using 58 Bc tissues and their corresponding adjacent normal 
tissues through qrT-Pcr. (D–F) qrT-Pcr analysis showed a negative correlation between slcO4a1-as1 and mir-335-5p expression or between mir-335-5p and OcT4 
expression in Bc tissues. it also showed a positive correlation between slcO4a1-as1 and OTc4 expression. (G–I) The expression levels of slcO4a1-as1, mir-335-5p, 
and OcT4 were evaluated in Bc cell lines through qrT-Pcr. (J–L) Kaplan–Meier survival curve was plotted according to the median expression levels of slcO4a1-as1, 
mir-335-5p, and OcT4. *P0.05.
Abbreviations: Bc, bladder cancer; qrT-Pcr, quantitative reverse transcriptase Pcr.
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inhibit their expression levels in tumor.15 Bioinformatics 

analysis (miRDB; http://mirdb.org/miRDB/index.html) 

predicted that SLCO4A1-AS1 may interact with miR-

335-5p. Thus, we analyzed miR-335-5p expression, which 

was downregulated in BC tissues (Figure 1B). We further 

predicted the potential targets of miR-335-5p through bio-

informatics analysis (TargetScan7; http://www.targetscan.

org/vert_71/). OCT4 was identified as the most potential 

candidate. OCT4 expression was significantly increased 

in BC tissues (Figure 1C). Thus, an SLCO4A1-AS1-miR-

335-5p-OCT4 regulatory signaling pathway may exist. 

Interestingly, we also observed a negative correlation 

between SLCO4A1-AS1 and miR-335-5p or between 

miR-335-5p and OCT4 in BC tissues (Figure 1D and E). 

Furthermore, SLCO4A1-AS1 is positively correlated with 

OCT4 (Figure 1F). Then, we analyzed their expression in 

BC cell lines. Moreover, the expression levels of SLCO4A1-

AS1 and OCT4 were upregulated in BC tissues, whereas 

that of miR-335-5p was downregulated (Figure 1G–I).  

Finally, Kaplan–Meier survival curves were plotted 

according to the median expression levels of SLCO4A1-AS1 

in 45 muscle-invasive BC tissues, miR-335-5p, and OCT4, 

Figure 2 slcO4a1-as1 is a cerna for mir-335-5p, while mir-335-5p targets OcT4 directly.
Notes: (A–C) qrT-Pcr analysis for the expression of mir-335-5p, slcO4a1-as1, and OcT4 in eJ and T24 cells. (D) Western blot analysis showed that mir-335-
5p inhibited OcT4 expression. (E–G) relative expression levels of slcO4a1-as1, mir-335-5p, and OcT4 were measured in eJ and T24 cells after transfection with 
sislcO4a1-as1 or control. (H) Western blot analysis showed that slcO4a1-as1 silencing suppressed OcT4 expression in eJ and T24 cells. (I) luciferase reporter assay 
showed that mir-335-5p mimic transfection suppressed the relative luciferase activity of slcO4a1-as1-Wt reporter in T24 cells. (J) luciferase reporter assay showed that 
mir-335-5p mimic transfection suppressed the relative luciferase activity of the OcT4-Wt reporter in T24 cells. (K) Western blot analysis showed that the downregulation 
of OcT4 expression through slcO4a1-as1 silencing was reversed by the addition of mir-335-5p inhibitors. *P0.05.
Abbreviations: Mut, mutant; qrT-Pcr, quantitative reverse transcriptase Pcr; Wt, wild type.
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which indicated that the SLCO4A1-AS1/miR-335-5p/OCT4 

axis would be a prognostic biomarker (Figure 1J–L).

slcO4a1-as1 is a cerna for mir-335-5p, 
while mir-335-5p targets OcT4 directly
Then, we sought to demonstrate whether an SLCO4A1-

AS1/miR-335-5p/OCT4 regulatory signaling pathway 

existed in BC. We overexpressed miR-335-5p in EJ 

and T24 cells (Figure 2A). qRT-PCR analysis showed 

that the upregulation of miR-335-5p downregulated 

the expression levels of SLCO4A1-AS1 and OCT4 

(Figure 2B and C). Western blot analysis results also 

confirmed this observation (Figure 2D). Additionally, 

we knocked down SLCO4A1-AS1 in EJ and T24 cells 

(Figure 2E). SLCO4A1-AS1 silencing upregulated 

miR-335-5p and downregulated OCT4 in EJ and T24 

cells (Figure 2F–H). To further validate whether direct 

interaction exists among SLCO4A1-AS1, miR-335-5p, 

and OCT4, we designed luciferase reporter assays. Wt 

and Mut reporter plasmids of SLCO4A1-AS1 or OCT4 

were constructed, following which luciferase reporter 

assays were performed. miR-335-5p mimic transfection 

significantly suppressed the relative luciferase activ-

ity of both SLCO4A1-AS1 and OCT4 Wt reporters 

(Figure 2I and J), demonstrating that miR-335-5p directly 

interacted with either SLCO4A1-AS1 or OCT4. Moreover, 

the Western blot analysis showed that SLCO4A1-AS1 

silencing downregulated OCT4 expression in EJ and T24 

cells, but was reversed by the inhibition of miR-335-5p 

(Figure 2K). These data demonstrate that SLCO4A1-

AS1 sponges miR-335-5p to upregulate OCT4 in BC.

slcO4a1-as1 regulates malignant 
behaviors of Bc cells through OcT4
We aimed to investigate the functions of SLCO4A1-AS1 

in BC. Through a series of experiments, including CCK-8, 

colony formation, and Transwell assays, we found that 

SLCO4A1-AS1 silencing significantly suppressed the pro-

liferation, colony formation, migration, and invasion of EJ 

and T24 cells (Figure 3A–D). OCT4 overexpression partially 

rescued the abilities of proliferation, migration, and invasion 

in SLCO4A1-AS1-depleted EJ and T24 cells (Figure 3A–D). 

Overall, SLCO4A1-AS1 acted as an oncogene in BC through 

OCT4 expression.

Figure 3 (Continued)
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effect of slcO4a1-as1 silencing on Bc 
growth in vivo
To further demonstrate the role of SLCO4A1-AS1 in vivo, 

xenograft assay was performed. SLCO4A1-AS1-depleted or 

control T24 cells were injected into nude mice. Tumor size was 

measured weekly. SLCO4A1-AS1 silencing delayed tumor 

growth (Figure 4A). After 4 weeks, the mice were sacrificed 

and tumor weight was determined. SLCO4A1-AS1 silencing 

also decreased tumor weight (Figure 4B and C). Importantly, 

the rescue of OCT4 expression also restored the growth of 

tumors in vivo (Figure 4A–C). In summary, SLCO4A1-AS1 

promotes BC growth in vivo by regulating OCT4 expression.

Discussion
In our study, lncRNA SLCO4A1-AS1 and OCT4 were con-

spicuously increased in BC tissues compared to that in the 

adjacent normal controls. Furthermore, miR-335-5p level 

was significantly downregulated in tumor tissues. By using 

the miRDB and TargetScan7 tools, we predicted that both 

SLCO4A1-AS1 and OCT4 have potential binding sites for 

miR-335-5p, and the luciferase reporter assay demonstrated 

their direct interaction. Additionally, SLCO4A1-AS1 inhib-

ited miR-335-5p to augment OCT4 expression and affect the 

proliferation, migration, and invasion of BC cells.

The lncRNAs greatly affect the prognosis, growth, sur-

vival, epithelial-to-mesenchymal transition, and metastasis 

of BC cells.16,17 For instance, Yang et al showed that lncRNA 

UCA1 regulates the PI3K pathway to participate in the cell 

cycle regulation of BC cells.18 Zhu et al found that lncRNA 

ANRIL overexpression promotes proliferation and inhibits 

apoptosis in BC.19 Chen et al indicated that lncRNA-n336928 

level is associated with the advanced stage, grade, and over-

all survival in BC, suggesting its potential as a prognostic 

biomarker.20 Cao et al showed that lncRNA GAS5 plays 

antitumor roles to suppress the proliferation and cell cycle 

progression of BC cells.21 In addition, Li et al showed that 

lncRNA UCA1 regulates the miR-195/ARL2 axis, thereby 

affecting the mitochondrial function of BC cells.22 These 

Figure 4 in vivo effect of slcO4a1-as1 silencing on Bc growth.
Notes: (A) Tumor volume was determined every week. (B) after 4 weeks, the tumor weights were analyzed. (C) representative image of tumor tissues is presented. 
*P0.05.
Abbreviation: Bc, bladder cancer.

Figure 3 slcO4a1-as1 regulates the set of malignant behavior of Bc cells through OcT4.
Notes: (A, B) ccK-8 assay and colony formation assay were carried out to analyze cell proliferation. (C, D) Transwell assay was performed to analyze cell migration and 
invasion (100× magnification). *P0.05.
Abbreviations: Bc, bladder cancer; ccK-8, cell counting Kit-8.
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studies emphasized the importance of lncRNAs in BC and 

implied that lncRNAs might be a promising therapeutic 

target. However, the function of most lncRNAs remains 

unknown. lncRNA SLCO4A1-AS1 indicates poor prog-

nosis and promotes colorectal cancer (CRC) progression.14 

The mechanism of its functions in BC remains unclear. In 

our study, we found that SLCO4A1-AS1 expression in BC 

was upregulated and SLCO4A1-AS1 promoted the prolif-

eration, migration, and invasion of BC cells.

Increasing evidence indicates that lncRNAs could act by 

targeting miRNAs.23 We identified that miR-335-5p might 

be targeted by SLCO4A1-AS1. Besides, miR-335-5p inter-

acts with lncRNAs. For instance, Wang et al showed that 

lncRNA TUG1 could serve as a ceRNA for miR-335-5p in 

osteosarcoma.24 Wang et al indicated that lncRNA RP11-

436H11.5 functions as a ceRNA to sponge miR-335-5p in 

renal cell carcinoma.25 Zhang et al showed that miR-335-5p 

is targeted by lncRNA ZEB1-AS1 in gastric cancer.26 

Additionally, lncRNA NEAT1 regulates miR-335-5p expres-

sion in gastric cancer.27 By using the luciferase reporter assay, 

we demonstrated that SLCO4A1-AS1 directly interacts with 

miR-335-5p and inhibits its reactivity. To the best of our 

knowledge, our study was the first to show that miR-335-5p 

was downregulated in BC tissues and was correlated with 

patient prognosis, indicating its anticancer roles in BC. Our 

findings were consistent with the conclusion that miR-335-5p 

suppresses the progression of non-small-cell lung cancer, 

osteosarcoma, and thyroid cancer.28–30

Several targets of miR-335-5p have been reported in can-

cer, such as ICAM-1, CPNE1, and BCL-W.25,28,30 However, 

its role and target in BC remain unknown. Through bioin-

formatics analysis, we found that OCT4 might be targeted 

by miR-335-5p and we demonstrated their interaction. We 

also validated the association between SLCO4A1-AS1 

and OCT4 by sponging miR-335-5p. OCT4 regulates BC 

progression and resistance to drug.31,32 In our study, we also 

observed that the upregulation of OCT4 in BC indicates poor 

prognosis and contributes to the proliferation, migration, and 

invasion of BC cells.

In conclusion, our study was the first to investigate the 

roles of the SLCO4A1-AS1/miR-335-5p/OCT4 regulatory 

signaling pathway in BC progression, thereby providing a 

new insight on developing therapeutic targets.
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