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Hsa_circ_0003221 facilitates the malignant
development of bladder cancer cells via resulting in
the upregulation of DHCR24 by targeting miR-892b
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'Department of Urology, Chongqing University Three Gorges Hospital, Chongqing, “Department of Scientific Research and Foreign Affairs, Chongging University Three
Gorges Hospital, Chongging, China

Purpose: This research concentrated on the biological effects and special mechanism of circ_0003221 in bladder cancer (BLCA).
Materials and Methods: The level quantification by reverse transcription-quantitative polymerase chain reaction was administrat-
ed for circ_0003221, microRNA-892b (miR-892b) and 24-dehydrocholesterol reductase (DHCR24). The biological behaviors were
assessed by EDU assay and colony formation assay for proliferation, and transwell assay for cell motility. Glycolytic metabolism
was tested using the commercial kits. DHCR24 protein level and cell markers were measured through western blot. The analysis of
interaction potential was conducted via dual-luciferase reporter assay and pull-down assay. Circ_0003221 was implemented via
tumor xenograft assay in vivo.

Results: Abnormal circ_0003221 upregulation was affirmed in BLCA. BLCA cell proliferation, motility and glycolysis were impeded
after circ_0003221 level was knocked down. MiR-892b was identified as a target for circ_0003221. Reduction of miR-892b relieved
si-circ_0003221-induced anti-tumor response in BLCA cells. In addition, miR-892b targeted DHCR24 and circ_0003221/miR-892b
could regulate the level of DHCR24. The effects of si-circ_0003221 were also counteracted by DHCR24 overexpression.
Conclusions: The current evidence elucidated circ_0003221 targeted miR-892b to elevate the DHCR24 level, thus accelerating cell
development and glycolytic metabolism of BLCA cells.
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INTRODUCTION tasis [4] The treatment for BLCA has significant advances

in recent years, and non-coding RNAs (ncRNAs) have been

Bladder cancer (BLCA) is a prevalent malignancy used as important molecular targets in BLCA [5,6] The ex-

with highly aggressive and invasive potentials [1] There ploration of pathogenesis and the discovery of biomolecules

are 550,000 new cases of BLCA and nearly 170000 deaths  may contribute to developing specific diagnostic tools and
around the world annually [2,3]. BLCA patients have re- therapeutic strategies for BLCA [6]

duced survival rates with frequent recurrences and metas- Circular RNAs (circRNAs) are endogenous ncRNAs with
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regulatory roles in cancer progression [7] Dysregulated cir-
cRNAs are associated with carcinogenesis and treatment of
BLCA [8] CircRNAs act as cancer regulators and novel bio-
markers through sponging microRNAs (miRNAs) to affect
gene expression [9] Circ_0003221 accelerated cell malignant
phenotypes of cervical cancer via regulating cytoplasmic
polyadenylation element-binding protein 4 by playing the
sponge effect on miR-758-3p [10] Also, circ_0003221 was dis-
played to lead to the promotion of BLLCA cell migration and
proliferation [11] The functional mechanism of circ_0003221
in BLCA has never been researched.

MiRNAs are implicated in many cellular processes of
BLCA by inducing the expression effects on special tar-
gets [12] MicroRNA-892b (miR-892b) has been indicated to
inhibit cell metastasis via downregulating PRAPDCIA in
breast cancer and targeting lysophosphatidic acid recep-
tor 1 in nasopharyngeal cancer [13,14]. Additionally, miR-
892b resulted in anti-tumor effects on BLCA cells partly
by blocking the expression of matrix metallopeptidase 9
(MMP?9) [15]. It is unknown about other targets of miR-892b
in BLCA.

The issued study reported that 24-dehydrocholesterol
reductase (DHCR24) participated in cell invasiveness in
urothelial carcinoma [16]. DHCR24 also enhanced BLCA
cell proliferation ability and regulated the oncogenesis-
related glycolysis [17]. However, whether the function of
miR-892b is correlated to the oncogenic DHCR24 is un-
clear. Moreover, the association between circ_0003221 and
DHCR24 remains to be explored.

This report was to investigate the roles of circ_0003221
in regulating cell behaviors and glycolytic metabolism of
BLCA cells. More importantly, we intended to research the
circ_0003221/miR-892b/DHCR24 axis underlying the func-
tion of circ_0003221.

MATERIALS AND METHODS

1. Patient samples and cells

BLCA samples (n=55) and normal adjacent controls (n=55)
were collected from 55 BLICA patients during transurethral
resection of bladder tumor surgery at Chongqing Univer-
sity Three Gorges Hospital. Then samples were conserved at
-80°C and used for isolation of total RNA or protein. Those
patients with preoperative treatment were excluded from
this study. All protocols were approved by the Ethics Com-
mittee of Chongqing University Three Gorges Hospital and
followed the Declaration of Helsinki. Written informed con-
sent was obtained from all enrolled patients.

Normal SV-HUC-1 and BLCA cells (6637, T24) were
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bought from BeNa Culture Collection (Beijing, China), then
maintained in Dulbecco’s modified eagle medium (DMEM,
Hyclone, Logan, UT, USA) with penicillin/streptomycin (1%,
Sigma, St. Louis, MO, USA) and fetal bovine serum (10%,
Serapro, Naila, Germany). Cells were cultured in a 37°C and
5% CO, incubator, and sub-culture was performed every
three days.

2. RNA or vector transfection

Circ_0003221 of small interfering (si) RNA (si-
circ_0003221), mimic or inhibitor of miR-892b (miR-892b,
anti-miR-892b), and control RNAs (si-NC, miR-NC, anti-NC)
were synthesized by RIBOBIO (Guangzhou, China). DHCR24
coding sequence was inserted into the pEXP-RB-Mam vec-
tor (RIBOBIO) and the pEXP-RB-Mam-DHCR24 vector was
named as DHCR24. The 5637 and T24 cells with 70% conflu-
ence were performed with transfection of RNAs and vectors
following the specification of Lipofectamine™ 3000 (Invitro-
gen, Carlsbad, CA, USA).

3. Reverse transcription-quantitative polymerase
chain reaction assay

Tissues or cells were harvested for RNA isolation using
TransZol reagent (TransGen, Beijing, China). Afterwards,
EasyScript” All-in-One First-Strand cDNA Synthesis Su-
perMix for qPCR (TransGen) and TransStart® Green qPCR
SuperMix (TransGen) were applied for reverse transcription
and expression analysis according to the instruction books.
The used specific primers were exhibited in Table 1. p-actin
(circ_0003221, DHCR24) and U6 (miR-892b) were selected
as the endogenous references, followed by data calculation
through the 2**“ method [18]

4.EDU assay
Forty-eight-well plates were inoculated with 4x10* 5637
and T24 cells, followed by cell transfection for 48 hours. The

Table 1. Primer sequences used for reverse transcription-quantitative
polymerase chain reaction

Name
circ_0003221

Primer sequence (5’-3’)
Forward: GGCGATCATACTGGGAGATG
Reverse: TGTGATTCAAGTTGGGGTCA

Forward: GCCGAGCACTGGCTCCTTTC
Reverse: CTCGTATCCAGTGCAGGGT

Forward: ATGGCAGCTTTGTGCGATG
Reverse: ACGCAGCTTGACGTACTTCT

Forward: AGCGAGCATCCCCCAAAGTT
Reverse: GGGCACGAAGGCTCATCATT

ué6 Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT

miR-892b

24-Dehydrocholesterol
reductase

B-actin
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proliferation ability was examined according to the user’s
manual of EDU Cell Proliferation Kit (Sigma). Diamidine
phenylindole (DAPI, Sigma) was applied to stain cell nuclei
EDU and DAPI merged cells (EDU positive) were analyzed
under the fluorescence microscope (Olympus, Tokyo, Japan).

5. Colony formation assay

The 5637 and T24 cells were seeded into the 12-well
plates with 5x10"/well, then incubated at 37°C for two weeks.
Then colony staining was performed with 01% crystal violet
(Sigma), and colony number was calculated using the Im-
aged software (National Institutes of Health, Bethesda, MD,
USA).

6. Transwell assay

Cell migration or invasion detection was carried out in
transwell chamber (Corning Inc., Corning, NY, USA). The
upper chamber was seeded with 1x10° cells in migration
assay, while the equal number of cells were pipetted into
matrigel (Corning Inc) coated chamber in invasion assay.
After the addition of cell medium into the lower chamber,
the chamber was incubated in the 37°C incubator for 24
hours. After staining with crystal violet (Sigma), migrated
and invaded cells were counted via the inverted microscope
(Olympus).

7. Glucose consumption and lactate production
assays

Cell culture supernatants of 5637 and T24 were added
into the 48 well-plates, respectively. Subsequently, Glucose
Assay Kit-WST" for glucose consumption and Lactate As-
say Kit-WST" for lactate production were performed as per
the instruction books of Dojindo Molecular Technologies Inc.
(Kumamoto, Japan).

8. Western blot

After protein acquisition through Radioimmunoprecipi-
tation assay lysis buffer (Sigma) and quantification by BCA
Protein Kit (Sigma), western blot was implemented as previ-
ously stated [19] The proteins were examined by incubation
of primary antibodies at 4°C overnight, including Cyclin D1
(#55506, 1:1000), matrix metalloproteinase 2 (MMP2; #40994,
11000), pyruvate kinase M2 (PKM2; #4053, 1:1000), DHCR24
(#2033, 1:1000), and B-actin (#4970, 1:1000). Whereafter, anti-
rabbit IgG secondary antibody (#7054, 1:3000) was incubated
at 25°C for 1 hour. All antibodies were bought from Cell Sig-
naling Technology (Boston, MA, USA). Then the special blots
on the membranes were exhibited through SignalFire™
Elite ECL Reagent (Cell Signaling Technology) and data
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were analyzed employing the Imaged software.

9. Dual-luciferase reporter assay

The pmirGLO (Promega, Madison, WI, USA) was used
as a basic luciferase vector. The original circ_0003221 or
DHCR24 3'UTR sequence was considered as the wild-type
(WT) sequence, which contained the miR-892b binding
sites. The mutant-type (MUT) sequences were referred to
circ_0003221 or DHCR24 3'UTR sequence after miR-892b
sites were mutated. Then the recombinant circ_0003221 WT,
circ_0003221 MUT, DHCR24 3UTR WT and DHCR24 3UTR
MUT vectors were constructed. The 5637 and T24 cells were
carried out by co-transfection with miR-892b or miR-NC
and circ_0003221 vectors or DHCR24 3'UTR vectors. Cells
were incubated at 37°C for 48 hours, followed by detecting
luciferase activity via Dual-luciferase Reporter Detection
Kit (Promega).

10. RNA pull-down assay

After transfection of biotin-coupled miRNA (Bio-miR-
892b, Bio-miR-NC, RIBOBIO), cell lysates were harvested for
incubation of streptavidin magnetic beads (Thermo Fisher
Scientific, Waltham, MA, USA). Then RNA was extracted
for circ_0003221 quantification via reverse transcription-
quantitative polymerase chain reaction (RT-qPCR).

11. Tumor xenograft assay

BALB/c male nude mice (Vital River Laboratory
Animal Technology, Beijing, China) were injected with
15x10° stably transfected 5637 cells, with 6 mice in sh-NC
or sh-circ_0003221 group. The volume (lengthxwidth?/2)
of each tumor was monitored every week, and tumors
were dissected from sacrificed mice after 5 weeks. After
tumor tissues were weighed, total RNA or protein was
isolated for level analysis. Ki67 (Abcam, Cambridge, MA,
USA, ab15580) protein was examined via the immunohis-
tochemistry (IHC) analysis. Animal Ethical Committee
of Chongqing University Three Gorges Hospital has pro-
vided approval for this animal assay.

12, Statistical analysis

Data were obtained after three independent experiments
with three parallels, then data (the meantstandard devia-
tion) was analyzed by SPSS 220 (IBM Corp, Armonk, NY,
USA). The difference was compared utilizing Student’s t-test
and analysis of variance by Tukey’s test. There was a sig-
nificant difference if p<0.05.
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RESULTS

1. Circ_0003221 expression was upregulated in BLCA
Circ_0003221 was an exonic circRNA (exon 3-7) origi-
nating from protein tyrosine kinase 2 gene, and it locates
on the chr8141856358-141900868 (Fig. 1A). The RT-qPCR
results revealed that circ_0003221 level was increased
in 55 BLCA tissues (Fig. 1B) and 5637/T24 cells (Fig. 1C),
contrasted with normal samples and SV-HUC-1 cells. The
upregulation of circ_0003221 was validated in BLCA.

2. BLCA cell proliferation, motility and glycolysis
were impeded after circ_0003221 knockdown
The function exploration of circ_0003221 was imple-
mented in si-circ_0003221-transfected 5637 and T24 cells.
Circ_0003221 level was significantly inhibited by si-
circ_0003221 transfection, contraposed to si-NC trans-
fection (Fig. 2A). The proliferation ability by EDU assay
(Fig. 2B) and colony formation assay (Fig. 2C) was sup-
pressed after reduction of circ_0003221. Cell detection by
transwell assay displayed that migration (Fig. 2D) and
invasion (Fig. 2E) capacities were reduced, with the si-
lence of circ_0003221. Glucose consumption (Fig. 2F) and
lactate production (Fig. 2G) were inhibited by siRNA
circ_0003221, indicating that circ_0003221 downregulation

A PTK2 Genomic chr8: 141856358-141900868 strand: -

ICUROLOGY

blocked the glycolytic metabolism. Silencing circ_0003221
resulted in protein inhibition of Cyclin D1 (cell prolifera-
tion marker), MMP2 (cell invasion marker) and PKM2
(glycolysis marker) in 5637 and T24 cells (Fig. 2H, I). All
in all, circ_0003221 functioned as an oncogenic regulator
in BLCA.

3. Circ_0003221 targeted miR-892b in BLCA cells

Circinteractome predicted that circ_0003221 sequence
could bind to the miR-892b sequence, and the binding
sites were shown in Fig. 3A. RT-qPCR analysis mani-
fested that miR-892b was evidently reduced in BLCA
tissues and cells contrasted with normal controls (Fig. 3B,
C). Transfection of miR-892b has repressed the luciferase
activity of circ_0003221 WT, while no effect was observed
in luciferase activity of circ_0003221 MUT plasmid (Fig.
3D, E). Also, biotin-coupled miR-892b assay exhibited that
circ_0003221 was pulled down by miR-892b in 5637 and
T24 cells (Fig. 3F, G). Thus, miR-892b acted as a miRNA
target of circ_0003221.

_’ 4_
6 I
3
circ_0003221
5 625 bp
B . C ;.
5_ 4- 5_ work e Fig. 1. Circ_0003221 expression was up-
2 g D 2 (g) 5 regulated in bladder cancer (BLCA). (A)
ég 3 RIRED §-8 Genomic information of circ_0003221.
$°| OO0 $°| Circ_0003221 was quantified using
2 %’ 21 2 % 14 reverse transcription-quantitative poly-
‘7.“, ‘S 1 % ‘5 merase chain reaction in BLCA tissues
@ @ (B) and 5637/T24 cells (C), as well as
0 : , 0 : : . the negative controls. nt, nucleotide.
Normal Tumor SV-HUC-1 5637 T24 ***p<0.001.
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Fig. 2. Bladder cancer cell proliferation, motility and glycolysis were impeded after circ_0003221 knockdown. (A) Reverse transcription-quantita-
tive polymerase chain reaction was performed for quantifying circ_0003221 in 5637 and T24 cells with si-NC or si-circ_0003221 transfection. EDU
assay or colony formation assay (B, C) and transwell assay (D, E) were performed for examination of proliferation and migration/invasion (crystal
violet, X100 magnification). Glucose consumption (F) and lactate production (G) through kits were performed for glycolysis evaluation. (H, I)

Western blot was performed for examining Cyclin D1, MMP2 and PKM2. DAPI, diamidine phenylindole. ***p<0.001.

4. The si-circ_0003221-induced tumor inhibition
was attenuated by miR-892b downregulation in
BLCA cells

The miR-892b level was downregulated in 5637 and T24
cells with anti-miR-892b transfection, by comparison with anti-

NC group (Fig. 4A). The suppressive effects on proliferation

(Fig. 4B, C), migration or invasion (Fig. 4D, E) by si-circ_0003221

were abated by anti-miR-892b in 5637 and T24 cells. In addi-

tion, miR-892b inhibitor abolished the si-circ_0003221-mediated
reduction of glucose consumption (Fig. 4F) and lactate produc-

Investig Clin Urol 2022;63:577-588.

tion (Fig. 4G). Western blot demonstrated that si-circ_0003221-
evoked Cyclin D1, MMP2 and PKM2 protein downregulation
was mitigated by anti-miR-892b (Fig. 4H, I). Circ_0003221
served as a tumor promoter via sponging miR-892b.

5. Circ_0003221 mediated the DHCR24
expression by targeting miR-892b
Targetscan software showed that SHCR24 SUTR sequence
contained the complementary miR-892b sites (Fig. 5A). GEPIA
data (http://gepia.cancer-pku.cn/detailphp) has reported that

www.icurology.org 581


http://gepia.cancer-pku.cn/detail.php

ICUROLOGY

Luetal

A —»—| hRluc |— circ_0003221}— pjuc" [————mh—

circ_0003221-WT 5 GAGCCAACCACCUGGGCCAGUAU 3’
[Trrn
miR-892b 3" AGAUGGGUCUUUCCUCGGUCAC 5’

circ_0003221-MUT 5" GAGCCAACCACCUGGCGGUCAAU 3

B c D 5637
1.5 1.5 1 1.5 1 1 miR-NC
S k5 > | E3miR-892b
? o @ o =
O 1.0 O 1.0 €3 1.0
g% o N ©
o o g9
QE QE 59
& & . :
[0} [0] >
[v4 o -
0 | 0 0
SV- HUC1 5637 circ_ 0003221 circ_0003221
MUT
E T24 F 5637 G T24
157 3 miR-NC 129 o 109

> = miR-892b £ _ s _

= eEQ 1SN}
8810+ £§8 81 £3
£ 58 53, 5-
58 2e g
22051 25 4 23

5 E G E k]

0 0 T 0 T
circ_| 0003221 circ_0003221 Bio-miR-NC  Bio-miR-892b Bio-miR-NC  Bio-miR-892b

MUT

Fig. 3. Circ_0003221 targeted miR-892b in bladder cancer (BLCA) cells. (A) Circinteractome was used to analyze circ_0003221 and miR-892b
binding sites. (B, C) MiR-892b level was quantified using reverse transcription-quantitative polymerase chain reaction in BLCA. Circ_0003221 and
miR-892b interaction analysis was administrated using dual-luciferase reporter assay (D, E) and RNA pull-down assay (F, G). WT, wild-type; MUT,

mutant-type. ***p<0.001.

DHCR24 was highly expressed in tumor tissues of BLCA pa-
tients (Fig. 5B). Also, the evidence from RT-gPCR and western
blot displayed that DHCR24 was upregulated in our BLCA
samples (Fig. 5C, D) and 5637/T24 cells (Fig. 5E, F). Overexpres-
sion of miR-892b inhibited luciferase intensity of DHCR24
3UTR WT group but not DHCR24 3UTR MUT group (Fig.
5G, H). DHCR24 protein expression was increased by anti-
miR-892b transfection contrasted with anti-NC group (Fig.
5I). Additionally, miR-892b inhibitor offset DHCR24 down-
regulation triggered by si-circ_0003221 (Fig. 5J, K). Taken
together, circ_0003221 could regulate DHCR24 via absorbing
miR-892b.

6. DHCR24 overexpression relieved the function
of si-circ_0003221 in BLCA cells
DHCR24 overexpression was achieved by transfection
of DHCR24 vector in 5637 and T24 cells. As exhibited in
Fig. 6A, DHCR24 protein level was enhanced in DHCR24
transfection group compared with vector group. DHCR24
upregulation countervailed the influences of si-circ_0003221

582  www.icurology.org

on proliferation (Fig. 6B, C) and motility (Fig. 6D, E).
Meanwhile, the si-circ_0003221-induced glycolysis inhibi-
tion (Fig. 6F, G) and protein marker suppression (Fig. 6H,
I) were lightened following the overexpression of DHCR24.
Therefore, the oncogenic DHCR24 was responsible for
circ_0003221 function.

7. Circ_0003221 contributed to tumor growth in

vivo by regulating the miR-892b/DHCR24 axis

In xenograft tumor assay, tumor volume and weight
were reduced in sh-circ_0003221 group relative to sh-NC
group (Fig. 7A, B). IHC assay also demonstrated that Ki-
67 protein level was inhibited by circ_0003221 knockdown
(Fig. 7C). The expression detection by RT-gPCR indicated
that sh-circ_0003221 induced circ_0003221 downregulation
and miR-892b upregulation in tumor tissues (Fig. 7D). Also,
DHCR24 protein level was decreased after the knockdown
of circ_0003221 (Fig. 7E). Tumor growth could be promoted
by circ_0003221 through the miR-892b/DHCR24 axis.

https://doi.org/10.4111/icu.20220153
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Fig. 4. The si-circ_0003221-induced tumor inhibition was attenuated by miR-892b downregulation in bladder cancer cells. (A) Transfection
efficiency of anti-miR-892b was assessed via reverse transcription-quantitative polymerase chain reaction in 5637 and 724 cells. Cell prolifera-
tion and motility were evaluated using EDU assay (B) or colony formation assay (C) and transwell migration or invasion assay (D, E) in si-NC, si-
circ_0003221, si-circ_0003221+anti-NC and si-circ_0003221+anti-miR-892b groups. Glycolysis was analyzed using glucose uptake (F), lactate

production (G) and protein detection (H, I). **p<0.01, ***p<0.001.

DISCUSSION

Targeted molecular therapy has provided a novel per-
spective for BLCA treatment [20] The present study showed
that circ_0003221 facilitated tumor progression in BLCA
by depending on the miR-892b/DHCR24 axis, showing that
circ_0003221 might act as a therapeutic target in the clinical
practice of BLCA.

CircRNAs are involved in various kinds of cell processes
in BLCA. For instance, silence of has-circRNA-403658 re-

Investig Clin Urol 2022;63:577-588.

duced cell growth and accelerated apoptosis in BLCA [21]
Overexpression of circRNA-MYLK contributed to angiogen-
esis and epithelial-mesenchymal transition of BLCA cells [22]
Herein, data analysis revealed that BLLCA cell proliferation,
and motility were suppressed after circ_0003221 downregu-
lation. Aerobic glycolysis is a well-known metabolic process
to support cancer progression, accompanied by glucose up-
take and lactate formation [23] In BLCA cell reprogramme,
glucose metabolism is occurred by consuming glucose and
producing large amounts of lactate [24] The research of
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Fig. 5. Circ_0003221 mediated the DHCR24 expression by targeting miR-892b. (A) The site analysis of DHCR24 and miR-892b was conducted by
Targetscan. (B) The expression level of DHCR24 in GEPIA dataset. DHCR24 level analysis was carried out via reverse transcription-quantitative poly-
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##4120,001.

circRNA is poor in regulating glycolysis of BLCA cells.
Recently, circRNA_403658 and circSEMASA were shown
to activate the glycolysis in BLCA cells [21,25] Our results
demonstrated the inhibitory effects of si-circ_0003221 on
glucose metabolism. These collective evidences confirmed
that circ_0003221 promoted cell progression and glycolysis to
function as a carcinogenic factor in BLCA.

Furthermore, circ_0003221 was exhibited to interact with
miR-892b in BLCA cells and the regulatory action of si-
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circ_0003221 was abrogated by miR-892b inhibition. The pre-
vious studies have unraveled the miRNA sponge effects of
circRNAs in BLCA. circMTOI repressed BLCA cell metasta-
sis via sponging miR-221 and circ_102336 enhanced tumori-
genesis of BLCA by sequestering miR-515-5p [26,27] Hence,
circ_0003221 regulated the biological processes in BLCA cells
via acting as a miR-892b sponge. In addition, miR-892b level
downregulation and its anti-tumor function in BLCA sug-
gested that miR-892b overexpression might be also a good
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strategy against BLCA progression.

Through the miRNA sponge mechanism, circRNAs can
modulate the levels of different functional genes. For ex-
ample, circ_0071196 was related to cell development in BLCA
by replying on the miR-19b-3p/CIT axis [28] Circ0001429 pro-
moted cell propagation but reduced cell motility by interact-
ing with miR-205-5p to increase the VEGFA level in BLCA
cells [29] Currently, we validated the target relation between
miR-892b and DHCR24. More interestingly, circ_0003221 in-
curred the upregulation of DHCR24 in BLCA cells via bind-
ing to miR-892b and DHCR24 weakened the si-circ_0003221-
mediated progression inhibition. It was significant that
circ_0003221 affected the biological processes of BLCA
cells via regulating DHCR24 expression by targeting miR-
892b. The results of animal assay further manifested tumor
growth promotion in vivo by circ_0003221. This study still
has some limitations. For example, circ_0003221/miR-892b/
DHCR24 axis in vivo remains further identification.

Dysregulated circRNAs have been reported to act as bio-
logical biomarkers for cancers. Lian et al. [30] discovered that
hsa_circ_101555 and hsa_circ_008068 served as diagnostic tar-
gets for early-stage lung adenocarcinoma. Herein, circ_0003221
upregulation demonstrated the potential of circ_0003221 as a
diagnostic biomolecule in BLLCA. Additionally, oncogenic role
of circ_0003221 suggested that circ_0003221 downregulation
might be used for BLCA treatment. However, it needs further

ICUROLOGY

affirmation in clinical practice.

CONCLUSIONS

To conclude, circ_0003221 upregulated DHCR24 via sponging
miR-892b to promote cell behaviors and glycolytic metabolism
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Fig. 8. The graphical abstract of this study. DHCR24, 24-dehydrocho-
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of BLCA (Fig. 8). This study identified the oncogenic function of
circ_0003221 and the molecular pathway of action in BLCA.
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