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CircRNA hsa_circ_0014130 function as a miR-132-3p
sponge for playing oncogenic roles in bladder cancer
via upregulating KCNJ12 expression
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Abstract The modern categories of endogenous
non-coding RNAs, namely circular RNAs (circR-
NAs), involved within the carcinogenesis and pro-
gression of various human cancers. The fundamental
aim of the current investigation was the evaluation of
the hsa_circ_0014130 expressions, their biological
functions, and potential regulatory network in bladder
cancer. The level of expression for hsa_circ_0014130
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Graphical highlights

1. hsa_circ_0014130 was markedly overexpressed

in bladder cancer samples and related to aggressive
biological characteristics and poor survival.

2. hsa_circ_0014130 function as a miR-132-3p sponge
to promote cell proliferation, migration, invasion, and
differentiation of bladder cancer in vitro.

3. KCNJ12 was a direct target of miR-132-3p at the
downstream, and its silencing partially abrogated the
oncogenic roles mediated by the overexpression of hsa_
circ_0014130 in bladder cancer cells.

4. hsa_circ_0014130/miR-132-3p/KCNJ12 axis was
involved in the development and progression of bladder
cancer, and it might be a novel therapeutic target for
bladder cancer.
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was evaluated by qRT-PCR, and its relationships to
clinicopathological features and survival outcomes of
cases experiencing cancer of the bladder were scru-
tinized. The impact of hsa_circ_0014130 expres-
sions on biological attitudes of bladder cancer cells
in vitro was investigated. The interactions between
hsa_circ_0014130 and microRNA (miRNA) sponge,
miRNA, and its direct targets were determined by
RNA pull-down as well as luciferase reporter gene
assay. The correlations of their expression were
determined by Pearson’s correlation analysis. Rescue
experiments were carried out to identify the biologi-
cal roles of the regulation network. The expressions
of hsa_circ_0014130 were markedly ameliorated
in bladder cancer samples and linked with aggres-
sive characteristics and unfavorable survival. Ectopic
expression of hsa_circ_0014130 clearly enhanced
the differentiation, proliferative, migratory, inva-
sive potential of the cell in bladder cancer, and the
development of tumor xenograft in vivo, while
malignant biological behaviors were inhibited by
hsa_circ_0014130 knockdown. The expression of
hsa_circ_0014130 was tied to miR-132-3p in a nega-
tive manner with the cells and tissues of bladder
cancer. hsa_circ_0014130 function as a competitive
endogenous RNA for miR-132-3p to play oncogenic
roles in bladder cancer cells. On the other hand,
KCNIJ12 was a straightforward target of miR-132-3p
at the downstream, and the expressions of KCNJ12
were inversely related to that of miR-132-3p.
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Furthermore, a significantly positive correlation
was found between hsa_circ_0014130 and KCNJ12
mRNA expression. More importantly, the oncogenic
impact of hsa_circ_0014130 on bladder cancer cells
was partly suppressed by ectopic expression of miR-
132-3p or KCNJ12 knockdown. The underlined data
revealed that hsa_circ_0014130 exerted its biologi-
cal roles by regulating miR-132-3p/KCNJ12 expres-
sion. Further research revealed hsa_circ_0014130/
miR-132-3p/KCNJ12 axis has participated in the Epi-
thelial-mesenchymal transition (EMT) progress and
GSK3p/AKT signaling pathway. hsa_circ_0014130
works as a sponge of miR-132-3p to advance the
oncogenesis and metastasis of bladder cancer by
regulation of the KCNJ12 expression. These achieve-
ments might ameliorate the comprehension of tumor
pathogenesis and provide novel therapeutic targets for
cancer of the bladder.

Keywords KCNJ12 - Bladder cancer - circRNAs -
hsa_circ_0014130 - miR-132-3p

Introduction

One of the most frequent malignancies that occurred
in the human urologic systems is bladder cancer with
a high incidence and mortality rate in recent dec-
ades (Bray et al. 2018; Siegel et al. 2021). Although
therapeutic strategies such as surgical resection, and
chemoradiotherapy have been improved, the prognos-
tic outcome of bladder cancer cases remains unsatis-
factory (Antoni et al. 2017). The exploration of the
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molecular strategies for progress and pathogenesis of

bladder cancer and evaluating novel treatment targets
for early detection, prognostic evaluation, and clinical
intervention is considerably required.

The modern cluster of endogenous non-coding
RNAs, namely circular RNAs (circRNAs) having
closed-loop skeletons and no 3’ poly(A) tails and ter-
minal 5" caps in the structures (Jeck and Sharpless
2014; Memczak et al. 2013). Unlike traditional lin-
ear RNAs including microRNAs (miRNAs) and long
noncoding RNA (IncRNA), circRNAs had a strong
resistance to RNases or RNA exonucleases, result-
ing in their high stability. Firstly, circRNAs were
deemed as non-functional products generated through
anomalous RNA splicing and did not attract notable
scientific attention. However, many previous reports
revealed that circRNAs considerably contribute to
multiple biological procedures and the pathogenesis
of various human diseases such as cancers (Chen
et al. 2018; Geng et al. 2018; Guarnerio et al. 2016;
Lu et al. 2019). Recently, it has been revealed that a
novel circRNA, hsa_circ_0014130 expression consid-
erably dysregulated within NSCLC specimens, and
their dysregulation promoted malignant phenotypes
of tumor cells (Geng et al. 2020; Wang et al. 2020;
Zhang et al. 2018). Although the expressions of hsa_
circ_0014130 as well as the related biological func-
tions in bladder cancer are still unclear.

In terms of molecular mechanisms, it has been
revealed that circRNAs has crucial regulatory roles
by acting as RNA-binding proteins, miRNA sponges,
and a template of translation into polypeptides (Chen
2016; Conn et al. 2015; Hansen et al. 2013). As
another kind of non-coding RNAs, miRNAs have
participated in regulating the genes expressions (at
the level of transcription) through the interactions
with the 3’-untranslated region (3'-UTR) of targeted
mRNAs (Herranz and Cohen 2010). Reported inves-
tigations have been divulged that miRNAs contrib-
uted to the oncogenesis and metastasis of bladder
cancer (Hammouz et al. 2021; Yoshino et al. 2013).
For instance, a previous study demonstrated a lower
expression level for miR-132 in bladder cancer sam-
ples compared with adjacent regular samples, and it
played a role of tumor-suppressor in bladder cancer
via TGFp1/Smad2 signaling pathway (Wei and Lv
2019). However, the potential target genes of miR-
132 in bladder cancer are still little known. In addi-
tion, as two competitive endogenous RNAs, the
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regulatory networks between miRNAs and circRNAs
in bladder cancer need be explored and established.

Herein, the differential expressions profiles
for circRNAs within bladder cancer by employ-
ing the GEO database (GSE92675 dataset) were
scrutinized and initially identified the aberrant
expression of hsa_circ_0014130 in bladder cancer
specimens. These findings prompted us to the addi-
tional exploration of the biological performance of
hsa_circ_0014130 and its regulatory networks in
cancer of the bladder. Our findings demonstrated
that hsa_circ_0014130 has the ability to sponge to
miR-132-3p and upregulate expression of the potas-
sium channel expression, subfamily J 12 (KCNJ12),
consequently participating in the oncogenesis and
metastasis for cancer of the bladder.

Materials and methods
Bladder cancer tissues and cells

By taking advantage of the database of Gene
Expression Omnibus (GEO), the profile of expres-
sions for the GSE92675 was procured (https://www.
ncbi.nlm.nih.gov/geo/). The assessment of differ-
ential circRNAs expressions between cancer of the
bladder and vicinal typical specimens was exerted,
and the threshold was set as llog Fold Change
(logFC)I> 1 and adjusted P value <0.05. In addi-
tion, matched bladder cancer and normal samples
(adjoining) were acquired from 30 cases who expe-
rienced operative treatments in the Second Hospital
of Tianjin Medical University between September
2019 and November 2020. Before surgery, thera-
pies including radiotherapy and chemotherapy were
not received by any patient. The informed consent
was signed to notify the applying purpose of tissue
samples.

Four human cell lines of bladder cancer (T24,
UMUC-3, 5637 and EJ cells) and normal urothelial
cell SV-HUC-1 were acquired from the Cell Bank
of Chinese Academy of Sciences. The culturing of
the underlined cells was carried out in a DMEM
medium (GIBCO, CA, USA) comprising of FBS
(10%), followed by incubation within moisturized
circumstances with CO, (5%) at 7 °C.

Plasmid construction and cell transfection

The plasmid vectors with hsa_circ_0014130 over-
expression and its short interfering RNA (si-hsa_
circ_0014130) were synthesized. pcDNA3.1 empty
vectors and si-NC were used as the negative control.
Furthermore, miR-132-3p deterrent or mimic was
implemented to ectopically regulate the expressions
of miR-132-3p within bladder cancer cells. The trans-
fection progress was carried out conforming to the
protocol of the producer.

qRT-PCR

The relative expressions of target genes were evalu-
ated in the specimens related to cancer of the blad-
der and cell lines through qRT-PCR. Briefly, the
isolation of total RNAs originated from bladder
cancer cells or samples was carried out via TRIzol
Reagent (TaKaRa, Japan). Extracted RNAs were
reversely synthesized into cDNA through employ-
ing the kit of Prime Script RT (Takara, China). For
mature miRNAs, the kit of specific miRNA synthesis
(Takara, China) was implemented. The findings of the
gRT-PCR assessment were shown using the 244 €T
approach. The normalization of the miR-132-3p and
hsa_circ_0014130 expressions was executed to U6
and GAPDH, respectively. The sequences of the for-
ward (F) and reverse (R) primers were presented in
Table S1.

Cell viability and colony formation

The Kit of Cell Counting (CCK-8, Beyotime Bio,
China) has been utilized for the evaluation of the
impacts of hsa_circ_0014130 and miR-132-3p
expression on the cell viability of bladder cancer.
The seeding of transfected T24 cells was carried out
into a 96-well culture plate with 5000 cells/well, fol-
lowed by adding a total of 10 pL CCK-8 regent into
each well and then the incubation was done for O h,
24 h, 48 h, and 72 h, respectively. The cell viability
of T24 was estimated by measuring the absorbance at
450 nm. In order to assess colony creation, the cells
of bladder cancer were seeded into a plate containing
6 plates with 3000 cells/well. After 2 weeks, a light
microscope was implemented for counting the num-
ber of cells.
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«<Fig. 1 hsa_circ_0014130 expressions in bladder cancer
specimens were detected (A). The link between the expres-
sions of hsa_circ_0014130 and LNM (B) as well as the TNM
stage (C) of bladder cancer patients were further explored.
Survival curves of Kaplan-Meier for bladder cancer cases
were stratified by hsa_circ_0014130 expression (D). hsa_
circ_0014130 expression in four bladder cancer cell lines (E).
hsa_circ_0014130 expression in bladder cancer cells could not
be affected by RNase R treatment (F). The schematic diagram
indicating that hsa_circ_0014130 was originated from the

exons 7 of PIPSK1A gene (G). “P<0.01, “"P<0.001

Cell migration and transwell invasion

Seeding of T24 cells (transfected) was carried out into
the upper transwell chambers with 5000 cells/well
using serum-free medium. Next, cell milieu with FBS
(10%) was added into the lower compartments. For the
transwell invasion assessment, the upper chambers were
additionally covered by 100 pg Matrigel. After incuba-
tion for 48 h, the transfected T24 cells that migrated or/
and invaded into the bottom surface were subjected to
4% formaldehyde fix and 0.1% crystal violet staining.
Selecting five random fields, a laser confocal micro-
scope (Nikon, Japan) was employed to count the num-
ber of migratory as well as invasive cells.

Luciferase reporter gene assay

The luciferase plasmids containing hsa_circ_0014130
wild-type fragment (hsa_circ_0014130 WT), hsa_
circ_0014130 mutant-type fragment (hsa_circ_0014130
MUT), wild-type KCNJ12 mRNA (KCNJ12 WT), and
mutant-type KCNJ12 mRNA (KCNJ12 MUT) were
synthesized into the luciferase vector, respectively. By
employing Lipofectamine 2000 reagent (Invitrogen,
USA), the co-transfection of T24 cells was carried out
with the above reporter plasmids with miR-132-3p
miRNA control (miRNA-NC) or mimic to determine
the targeted regulatory relationship between miR-
132-3p and hsa_circ_0014130 or KCNJ12 mRNA. Post
2 weeks of transfection, the luciferase activities of each
research group were discerned.

RNA-pull down assay
The probe of biotinylated hsa_circ_0014130 was pre-

pared and then transfected into bladder cancer cells.
Following the incubation for 48 h, a specific lysis buffer

was utilized for lysis of the transfected cells. The com-
plex of biotin-coupled RNA was pulled-down through
streptavidin-coated magnetic beads (Life Technologies,
USA) (He et al. 2020). The enrichment of miR-132-3p
in the bound fractions was discerned using qRT-PCR.
Besides, the transfection of biotin-labeled miR-132-3p
mimic or negative control was carried out into T24
cells. Following 48-h incubation, the cellular super-
natants lysed by lysis buffer were harvested, and then
the incubation was executed with streptavidin magnetic
beads to block with yeast tRNA for 2 h. Thereafter, the
RNA content was further purified. The abundance of
hsa_circ_0014130 was further detected.

Western blot (WB)

Total proteins from cell and tissue samples were
extracted and lysed through radio-immunoprecipitation
assay (RIPA) buffer (Beyotime, China) and subse-
quently quantified by bicinchoninic acid method. Next,
the proteins separation was carried out by SDS-PAGE
(10-12%), followed by transferring onto PVDF mem-
branes, and then incubating the membranes with vari-
ous primary antibodies against epithelial-mesenchy-
mal transition (EMT)-related markers (Twist, 1:1000,
ab50887, Abcam; N-Cadherin, 1:1000, ab76011,
Abcam; Vimentin, 1:1000, ab137321, Abcam; E-Cad-
herin, 1:1000, abl416, Abcam; MMP-7,1:1000,
ab205525, Abcam; B-actin, 1:1000, ab8226, Abcam)
under 4 °C (for 24 h), and incubated with the second
antibody (IgG-HRP, 1:1000, ab6721, Abcam) for 1 h.

Tumor xenograft model

In total, the injection of 40 pL cell suspensions trans-
fected with hsa_circ_0014130 or si-hsa_circ_0014130
overexpression vector was conducted into the back
of nude mice (subcutaneously) at the dose of 1x 10’
cells/ml. One month later, the euthanasia process for
all mice was fulfilled, and the xenograft of tumors
were isolated and weighted. The volume of the tumor
was determined as the length x width?x0.5.

Immunohistochemistry
The sections were dewaxed by xylene and dehy-
drated by decreasing gradient alcohol. Following the

retrieval of the antigen, 3% hydrogen peroxide (H,0,)
was employed for blocking the activity of endogenous

@ Springer
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«Fig. 2 The effectiveness of ectopic overexpression and knock-
down of hsa_circ_0014130 were validated through qRT-PCR
(A). The influences of hsa_circ_0014130 expressions on bio-
logical characteristics of the cells of bladder cancer in vitro
were evaluated by the assay of CCK-8 (B), colony creation
(C), migration (D), and the assay of transwell invasion (E).
The impacts of hsa_circ_0014130 expression on the expression
of cell differentiation-related markers, i.e., loricrin, involucrin,
filaggrin, and keratin K1 (F). P <0.01, P <0.001

peroxidase, and 10% serum was used for blocking non-
specific binding sites. Next, the incubation of tissue
sections was carried out with primary antibody against
loricrin (1:500, ab176322, Abcam), involucrin (1:500,
ab68, Abcam), filaggrin (1:200, ab218395, Abcam), and
keratin K1(1:500, ab185628, Abcam) at 4 °C for 24 h,
respectively, and then incubated by utilizing secondary
antibody (labeled with horseradish peroxidase). Subse-
quently, they were stained by hematoxylin, dehydrated by
xylene solution, and examined under a light microscope.

Statistical analysis

Each experimental procedure was carried out thricely.
The obtained results were indicated as mean=+SD.
Various tests, namely paired Student’s ¢ test, one-way
ANOVA, or Student’s ¢ test, were employed for compar-
ing the variations between research groups if the out-
comes were consistent with the normal distribution. The
curves of Kaplan-Meier and the assessment of log-rank
were employed for the evaluation of the relationships
between the expression of hsa_circ_0014130 or KCNJ12
and the long-term survival of bladder cancer cases. In
addition, the relation between the expressions of hsa_
circ_0014130 and miR-132-3p, miR-132-3p and KCNJ12
mRNA expressions, hsa_circ_0014130 and KCNJ12
mRNA expression were analyzed through Pearson’s coef-
ficient. A statistical investigation was conducted via SPSS
21.0 version computer program (IBM Corp, USA). A p
value <0.05 was regarded as statistically considerable.

Results
The expression of hsa_circ_0014130 in bladder
cancer specimens and its impact on the long-term

survival of patients

Among differentially expressed circRNAs identi-
fied from the GSE92675 dataset, the expressions of

hsa_circ_0014130 were evidently dysregulated in
bladder cancer samples (Fig. S1 and S2). Therefore,
the expressions of hsa_circ_0014130 in 30 pairs
of bladder cancer specimens were further identi-
fied through qRT PCR assessment. As presented in
Fig. 1A, bladder cancer samples had a more notable
expression of hsa_circ_0014130 than adjacent speci-
mens (P<0.001). By analyzing the link between
clinicopathological traits of bladder cancer cases and
the expression of hsa_circ_0014130, it was noted
that the expression of hsa_circ_0014130 was con-
siderably linked with lymph node metastasis (LNM)
(Fig. 1B, P < 0.01) and TNM III-IV stage (Fig. 1C,
P < 0.01). All bladder cancer patients were split into
the lower (n=15) and elevated expression (n=15)
group according to the median of hsa_circ_0014130
expression. The Kaplan-Meier curves illuminated that
the expression of hsa_circ_0014130 was a prognostic
marker for the cases of cancer of the bladder, and the
related considerable expressions were closely tied to
worse survival (P <0.05) (Fig. 1D).

Comparable with the above outcomes, elevated
expression of hsa_circ_0014130 was evaluated in
bladder cancer cells in comparison to normal human
urothelial cells (P<0.001) (Fig. 1E). The assay of
RNase R treatment revealed that linear GAPDH
mRNA could be eliminated by RNase R, but it had
no impact on the expression of hsa_circ_0014130
(Fig. 1F). These findings further validated the circu-
lar nature of hsa_circ_0014130, suggesting that it had
resistance to RNase R. According to the annotation
of circBase, hsa_circ_0014130 was found to be origi-
nated from the exons 7 of the PIPSK1A gene, which
is located at chr1:151206672-151,212,515 (Fig. 1G).

hsa_circ_0014130 promotes malignant phenotypes of
bladder cancer cells in vitro

The biological roles of hsa_circ_0014130 in the onco-
genesis and metastasis of cancer of the bladder were
investigated by transfecting with hsa_circ_0014130
overexpression vector and its specific siRNAs into
T24 cells. Figure 2A showed the efficiency of ectopic
overexpression and knockdown of hsa_circ_0014130
within T24 cells (P<0.001). CCK-8 and the assay
of colony creation divulged that ectopic expressions
of hsa_circ_0014130 substantially enhanced the
cell viability and growth of bladder cancer, while
its expression silencing inhibited this biological
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behavior (P<0.001) (Fig. 2B and C). On the other
hand, our results suggested that the number of migra-
tory and invasive cells was evidently increased by
hsa_circ_0014130 overexpression and decreased
by downregulation of hsa_circ_0014130 (P<0.01)
(Fig. 2D and E).

We also discovered the impact of hsa_
circ_0014130 expressions on cell differentiation of
bladder cancer by detecting differentiation-related
markers. The obtained data demonstrated that the
ectopic expression of hsa_circ_0014130 considerably
elevated the expression of markers (linked with cell
differentiation), i.e., loricrin, involucrin, filaggrin, and
keratin K1 in bladder cancer cells (Fig. 2F). In con-
trast, the reduced expression of cell differentiation-
related markers was observed in T24 cells transfected
with short interfering RNA for hsa_circ_0014130
(Fig. 2F).

hsa_circ_0014130 binds to miR-132-3p as a miRNA
sponge

The Circlnteractome database was employed to
identify the potential target of miRNA for hsa_
circ_0014130, and the result of bioinformatics anal-
ysis revealed a potential interacting site between
miR-132-3p and hsa_circ_0014130 (Fig. 3A and sup-
plementary data 1). Then, bladder cancer cells were
co-transfected with hsa_circ_0014130-WT or hsa_
circ_0014130-MUT with miR-132-3p mimic. The
reporter gene assay of luciferase demonstrated that an
elevated expression of miR-132-3p obviously lowered
the luciferase performance of hsa_circ_0014130-WT
(P<0.001), but no remarkable alteration was found
in the hsa_circ_0014130-MUT vector (Fig. 3B).
For more elucidation of the binding between miR-
132-3p and hsa_circ_0014130 in bladder cancer cells,
the probe of biotin-labeled hsa_circ_0014130 was
designed to conduct an RNA pull-down assessment.
We noted that the miR-132-3p expression was evi-
dently enriched after purifying the RNAs interacting
with hsa_circ_0014130 (P <0.001) (Fig. 3C). On the
other hand, the biotin-labeled miR-132-3p probe was
transfected into bladder cancer cells. As expected,
the pull-down assessment exhibited that the enrich-
ment of hsa_circ_0014130 was considerably amelio-
rated compared to the negative control (P <0.001)
(Fig. 3D).

@ Springer

According to the findings of this exploration, the
ectopic expression of hsa_circ_0014130 consider-
ably reduced the miR-132-3p expression in the cells
of bladder cancer, although the knockdown of hsa_
circ_0014130 resulted in an increased level of miR-
132-3p expression (P <0.001), as depicted in Fig. 3E.
These data supported the binding of miR-132-3p to
hsa_circ_0014130 in bladder cancer cells.

According to the achievements, we subsequently
detected the miR-132-3p expression in bladder can-
cer specimens using qRT-PCR analysis. Our results
proposed that bladder cancer samples had a decreased
expression of miR-132-3p than non-tumor samples
(P<0.001) (Fig. 3F). The Pearson’s relationship anal-
ysis demonstrated that the hsa_circ_0014130 expres-
sion was inversely relevant to that of miR-132-3p in
bladder cancer specimens (r=-— 0.368, P<0.05)
(Fig. 3G).

KCNIJ12 is a downstream target of miR-132-3p

To explore the downstream targets of miR-132-3p
in bladder cancer cells, online database such as Tar-
getScan and miRDB were used. Herein, it has been
proposed that the 3'-UTR of KCNJ12 mRNA had a
putative site of binding for miR-132-3p (Fig. 4A).
For confirming the aforesaid interaction, luciferase
reporter gene assay was conducted, and we found
that the 3’-UTR of KCNJ12 wild type could be spe-
cifically bind by miR-132-3p (Fig. 4B). Further-
more, qRT-PCR displayed that mRNA expression of
KCNIJ12 in T24 cells was downregulated by transfect-
ing with the mimic of miR-132-3p (P <0.001), while
was upregulated through the inhibitor of miR-132-3p
(P<0.001), as depicted in Fig. 4C. The biotin-labeled
miR-132-3p probe further identify its interaction
to KCNJ12 in bladder cancer cells (P<0.001), as
depicted in Fig. 4D. The underlined data illustrated
that KCNJ12 was a straightforward target of miR-
132-3p at the downstream.

Subsequently, qRT-PCR and WB were exerted
for determining the expression of KCNJ12 mRNA
and protein in the samples related to the cancer of
the bladder. KCNJ12 was markedly overexpressed in
bladder cancer samples (P <0.001) (Fig. 4E and F). In
particular, bladder cancer patients with LNM and/or
TNM stages III-IV had a greater level of expression
for KCNJ12 (P<0.01) (Fig. 4G and H). According to
the median of KCNJ12 expression, 30 bladder cancer
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Fig. 3 Bioinformatics  analysis  revealed that hsa_ RNA pull-down assay (D and E), respectively. The expression

circ_0014130 had a potential site of binding for miR-132-3p
(A). The binding between hsa_circ_0014130 and miR-132-3p
in bladder cancer cells was validated with the aid of the
reporter gene assay of luciferase (B), qRT-PCR assay (C),

patients were further split into low (n=15) and high
expression (n=15) group. An elevated expression of
KCNJ12 was considerably linked with poorer sur-
vival in bladder cancer patients (P <0.05) (Fig. 41).
Interestingly, there existed a negative link between
miR-132-3p and KCNJ12 mRNA expressions in
bladder cancer samples (r=— 0.766, P<0.001), as
depicted in Fig. 4J. Moreover, we also investigated

levels of miR-132-3p in bladder cancer samples (F) and its
correlation to hsa_circ_0014130 expressions were determined
through the analysis of Pearson’s correlation (G). “*P <0.001

the link between hsa_circ_0014130 and KCNIJ12
mRNA expression, considering that they shared an
inverse correlation to miR-132-3p. The underlined
data revealed that the expression of hsa_circ_0014130
was linked with that of KCNJ12 in bladder cancer
samples in a positive manner (r=0.516, P <0.01), as
represented in Fig. 4K.
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<« Fig. 4 Bioinformatics analysis revealed that the 3'-UTR of
KCNJ12 mRNA had a putative binding site of miR-132-3p
(A). The interaction between KCNJ12 mRNA and miR-132-3p
in the cells of bladder cancer was validated by luciferase
reporter gene assessment (B), qRT-PCR assay (C), RNA pull-
down assessment (D), respectively. The expression levels of
KCNJ12 mRNA (E) and protein (F) in bladder cancer samples.
The association between KCNJ12 mRNA expression and LNM
(G) and TNM stage (H) of bladder cancer patients were further
explored. Survival curves of Kaplan-Meier for bladder cancer
cases were stratified by the mRNA expression of KCNJ12 (I).
The link between miR-132-3p and KCNJ12 mRNA expres-
sion was evaluated (J). The link between hsa_circ_0014130
and KCNJ12 mRNA expression was analyzed (K). P <0.01,
P <0.001

hsa_circ_0014130 promotes traits of bladder cancer
cells in vitro via regulating miR-132-3p/KCNJ12 axis

It was hypothesized that hsa_circ_0014130 exerted
the related biological functions in the cells of blad-
der cancer with the aid of mediating the miR-132-3p/
KCNIJ12 axis. For this purpose, T24 cells were trans-
fected with the vector of hsa_circ_0014130, hsa_
circ_0014130+ miR-NC, hsa_circ_0014130+ miR-
132-3p mimic, hsa_circ_0014130+sh-NC, and
hsa_circ_0014130+ sh-KCNJ12, respectively.
The data proposed that ectopic expression of hsa_
circ_0014130 augmented the expression of KCNJ12
at the level of protein and mRNA, but the underlined
effects were partially eliminated through transfect-
ing with miR-132-3p mimic or siRNA for KCNJ12
(P<0.001) (Fig. 5A and B). In terms of biological
function, the cell proliferation of bladder cancer medi-
ated through the overexpression of hsa_circ_0014130
could be partially abrogated by miR-132-3p mimic
or KCNJ12 silencing (P<0.001) (Fig. 5C and D).
Furthermore, the promoting influences of hsa_
circ_0014130 overexpression on invasion and migra-
tion capability of bladder cancer cells can be partially
suppressed through elevated expression of miR-
132-3p or KCNJ12 knockdown (P <0.001) (Fig. SE
and F). The similar findings were also observed in the
studies on the expression of cell differentiation-asso-
ciated markers (P <0.001) (Fig. 5G).

hsa_circ_0014130 promotes the growth of tumor
xenograft in nude mice

To further investigate whether hsa_circ_0014130
function as an oncogene to play a similar role in vivo,

tumor xenograft models were established in nude
mice. Figure 6A-C indicated that the volume and
weight of tumor xenograft and the expression of
cell differentiation-related markers were markedly
increased after hsa_circ_0014130 overexpression
(P<0.001). In contrast, bladder cancer cells trans-
fected with siRNA for hsa_circ_0014130 resulted in
a reduction in tumor weight, volume, and the expres-
sion cell differentiation-related markers (P <0.001).
However, we did not observe similar findings in
KCNJ12—/— nude mice. In the context of KCNJ12
knockout, ectopic expression of hsa_circ_0014130
demonstrated no impact on the growth of tumor xeno-
graft (Fig. 7A-C).

hsa_circ_0014130/miR-132-3p/KCNJ12 axis
promotes the expression of EMT-associated markers
and activates GSK3p/AKT signaling cascades

To evaluate whether the impact of hsa_circ_0014130/
miR-132-3p/KCNIJ12 axis on bladder cancer progres-
sion were associated with EMT process, we evaluated
the expression of EMT-associated markers in bladder
cancer cells. The obtained outcomes divulged that the
increased expressions of hsa_circ_0014130 clearly
elevated the expression of N-Cadherin, Twist, Vimen-
tin, and MMP-7, as depicted in Fig. 8A. By contrast,
the increased expression of these EMT-related mark-
ers mediated by hsa_circ_0014130 overexpression
were neutralized by KCNJ12 knockdown (P <0.001)
(Fig. 8A). The similar findings were detected in
the expression of p-GSK3f and p-AKT, suggest-
ing that the oncogenic roles of hsa_circ_0014130/
miR-132-3p/KCNJ12 axis could be implicated in
GSK3p/AKT signaling pathway (P <0.001)(Fig. 8B).
Additionally, we also conducted the WB to evalu-
ate the expressions of E-Cadherin and GSK3p/AKT
pathway-related proteins in bladder cancer tissues.
Based on Fig. 8C, the expression of E-Cadherin was
reduced, and phosphorylation levels of GSK3p and
AKT protein were evidently increased in patients
with elevated hsa_circ_0014130 expressions com-
pared with low expression (Fig. 8C).

Discussion

Reported investigations have shown that circR-
NAs are contributing to the tumorigenesis and
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< Fig.5 An elevated expression of KCNJ12 mRNA (A) and
protein (B) mediated by hsa_circ_0014130 overexpression
were partially eliminated by miR-132-3p mimic or si-KCNJ12.
The promoting impact of hsa_circ_0014130 overexpression on
cell growth (C and D), migration (E), invasion (F), and differ-
entiation (G) were partially suppressed by miR-132-3p mimic
or si-KCNJ12, respectively. P <0.001 vs control; #P<0.01,
##¥P <0.001 vs hsa_circ_0014130+ mimic control; ¥P<0.05,
&&p <0.01, %¥%P <0.001 vs hsa_circ_0014130+sh-NC

development of several cancers in humans (Geng
et al. 2018; Guarnerio et al. 2016). Herein, it
was reported the abnormal expression of hsa_
circ_0014130 in bladder cancer specimens and its
biological performances in this malignancy. The
obtained achievements demonstrated that increased
hsa_circ_0014130 expression was substantially
linked with LNM, advanced stage of TNM, and unfa-
vorable prognosis of bladder cancer patients. An
enhanced expression of hsa_circ_0014130 consider-
ably accelerated the cell growth, migration, invasion,
and differentiation for cancer of the bladder in vitro,
while malignant biological behaviors were inhibited
by hsa_circ_0014130 knockdown.

The dysregulation of hsa_circ_0014130 expres-
sion in human cancer samples has been reported by
already published articles (Wang et al. 2020; Zhang
et al. 2018). Recently, Geng et al. revealed that the
expression of hsa_circ_0014130 was elevated in
NSCLC samples, and its elevated expression was a
predictor of bad survival of these patients (Geng et al.
2020). Using small interfering RNA targeted to hsa_
circ_0014130, the biological aggressiveness of lung
cancer cells was effectively suppressed (Geng et al.
2020). Our and these achievements consistently pro-
posed that hsa_circ_0014130 can be a useful thera-
peutic target and prognostic marker of cancer cases. It
has been well-established that circRNAs have higher
biological stability than traditional linear RNAs,
making them an attractive candidate for the diagno-
sis and prognostic evaluation (Suzuki and Tsukahara
2014; Wilusz 2018). In future research, we plan to
identify the prognostic and diagnostic values for hsa_
circ_0014130 in peripheral blood samples of bladder
cancer cases.

Previous explorations have been eliminated that
circRNAs behave as competitive endogenous RNAs
for regulation of the expressions of mRNA through
sponging to miRNAs (Hansen et al. 2013; Yang et al.
2021). Herein, miR-132-3p was initially evaluated as

a putative target of hsa_circ_0014130 using online
bioinformatics tools. Dual reporter of luciferase and
RNA pull-down assessment then validated the inter-
actions between hsa_circ_0014130 and miR-132-3p
in bladder cancer cells. As a suppressor of a tumor,
the aberrant expressions of miR-132-3p also were
implicated in various human cancers, i.e., lung adeno-
carcinoma, bladder, breast, and colorectal cancers (Li
etal. 2019; Liu et al. 2019; Su et al. 2020; Zhang et al.
2019). A recent report has shown that circDOCKI1
executed its oncogenic roles through sponging to
miR-132-3p and modulating Sox5 pathway (Liu et al.
2019). In the current exploration, our achievements
illuminated that malignant characteristics of bladder
cancer cells mediated by hsa_circ_0014130 overex-
pression can be partly reversed by upregulation of
miR-132-3p. The underlined results further supported
the effect of anti-cancer for miR-132-3p in the tumo-
rigenesis and metastasis of bladder cancer.

To deeper comprehending the fundamental
strategy of anti-cancer performance of miR-132-3p,
we explored its potential target genes. The result of
bioinformatics analysis showed that the 3'-UTR of
KCNJ12 mRNA had a putative site of binding for
miR-132-3p. Therefore, we executed a luciferase
reporter gene assessment to confirm this hypothesis
and observed that KCNJ12 was a straightforward
downstream target of miR-132-3p. KCNJ12 is one
of the main control proteins of K+ channels, which
regulate cell excitability and implicate in multiple
pathophysiologic processes (Houtman et al.
2012; Hugnot et al. 1997). Previous explorations
demonstrated that KCNJ12 had an important
value of research on anti-tumor treatment, and the
expression loss of KCNJ12 resulted in cell cycle
arrest (Lee et al. 2013; Lee et al. 2010). Recently,
Khalilipour et al. found that specific mutations of
KCNIJ12 were related to a high risk of esophageal
squamous cell carcinoma (Khalilipour et al. 2018),
suggesting that KCNJ12 might contribute to tumor
development. However, the expression level of
KCNIJ12 and its specific biological performance in
bladder cancer was not fully understood. Herein,
we first reported that KCNIJ12 expression was
markedly elevated in bladder cancer specimens and
its considerable expression was linked with LNM
and progressed tumor stage. Moreover, bladder
cancer cases with elevated expression of KCNJ12
possessed a poorer prognosis than those with
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Fig. 6 Tumor xenograft models were established in nude mice (A) and the impacts of hsa_circ_0014130 expression on the volume
(B), weight and the expression of cell differentiation-related markers (C) of tumor xenograft were investigated. P <0.001

decreased expression, suggesting that KCNJ12 was partially suppressed the promoting influences
a novel prognostic biomarker for bladder cancer of hsa_circ_0014130 on cell growth, invasion,
cases. More importantly, knockdown of KCNJ12 migration, and differentiation of bladder cancer.
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the volume (B) weight and the expression of cell differentiation-related markers (C) of tumor xenograft were investigated

These data proposed that KCNJ12 could function
as an oncogene in tumors development and
progression. EMT was a crucial step toward cancer
progression and metastasis (Yang et al. 2020).

Herein, it has been revealed that the expression of
markers (linked with EMT), such as N-Cadherin,
Vimentin, and MMP-7, was increased by hsa_
circ_0014130 overexpression and was partially
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Fig. 8 The influences of hsa_circ_0014130 and KCNJ12
expression on EMT-related markers (A) and GSK3p/AKT
signaling pathway in bladder cancer cells (B). “P<0.001
vs vector; *P<0.05, #P<001, #P<0.001 vs hsa_
circ_0014130+sh-NC. The expression of E-Cadherin and
GSK3p/AKT pathway-related proteins in bladder cancer sam-
ples (C)

suppressed by KCNJ12 knockdown. The oncogenic
tasks of hsa_circ_0014130/miR-132-3p/KCNJ12
axis in cell migration and invasion for cancer of the
bladder might be implicated with EMT process.

To conclude, the underlined outcomes illuminated
that hsa_circ_0014130 was decidedly overexpressed
in bladder cancer specimens and related to aggressive
characteristics and unfavorable prognosis of patients.
hsa_circ_0014130 behave as a miR-132-3p sponge
to perform oncogenic tasks in the oncogenesis and
metastasis for cancer of the bladder by regulating
KCNIJ12 expression. These achievements might
augment the comprehending of tumor pathogenesis
and provide novel therapeutic targets for bladder
cancer patients.
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