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Abstract

Bladder cancer (BC) is one of the most common malignant tumors of the urinary system, and cisplatin (CDDP) is a
critical chemical drug for the treatment of BC. However, CDDP-resistance seriously limits the therapeutic efficacy of
this drug for clinical utilization. Thus, identification of pivotal molecule targets that requlate CDDP-resistance in BC
become urgent and necessary. In this study, we firstly identified a novel BC-associated circular RNA circ_0058063 that
participates in the regulation of CDDP-resistance in BC. Specifically, circ_0058063 was significantly overexpressed

in CDDP-resistant tissue and cells, in contrast with the corresponding CDDP-sensitive counterparts. Further loss-of-
function experiments validated that downregulation of circ_0058063 suppressed cell proliferation and tumor growth,
whereas induced cell apoptosis in the CDDP-resistant BC cells in vitro and in vivo. In addition, we disclosed that
circ_0058063 acts as a sponge for miR-335-5p to positively regulate B2M expression, and further rescuing experi-
ments verified that the enhancing effects of sh-circ_0058063 on CDDP-sensitivity in the CDDP-resistant BC cells were
abrogated by silencing miR-335-5p. Taken together, our results demonstrated that circ_0058063 contributed to CDDP
resistance of bladder cancer cells via sponging miR-335-5p, and B2M might be the downstream effector gene. This
study firstly evidenced that targeting circ_0058063 might be an effective strategy to improve CDDP-sensitivity in BC.
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Introduction

Bladder cancer (BC) is the most common malignant
tumor of the urinary system that occurs on the bladder
mucosa. Currently, BC treatment methods mainly include
surgical resection, additional local or systemic immuno-
therapy, chemotherapy and radiotherapy [1, 2]. However,
the resistance of BC to conventional therapies (such as
radiotherapy, chemotherapy and immunotherapy) is the
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main cause of BC recurrence and worse prognosis [3].
Cisplatin (CDDP) is one of the commonly used chemical
drug in BC chemotherapy [4]. Nevertheless, drug resist-
ance to CDDP seriously limits the therapeutic efficacy of
this chemical drug for the treatment of BC. Also, as the
results of its unclear molecular mechanisms, there are
still no effective adjuvant therapy strategies to improve
CDDP-sensitivity. Therefore, it is very important to
clarify the molecular mechanism involved in the CDDP
chemoresistance of BC cells, which is beneficial to the
development of effective chemotherapeutics treatment of
BC.

Circular RNAs (circRNAs) are a kind of non-cod-
ing RNAs with circular structure [5]. CircRNAs have
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been widely revealed to play an important role in vari-
ous human diseases, including cancers, cardiovascular
disease [6], renal disease [5], and heart disease [7]. For
instance, has_circ_100395 suppressed lung cancer pro-
gression via miR-1228/TCF21 pathway [8]. Circ_BPTF
was examined to boost cell proliferative, migratory and
invasive through the miR-31-5p/RAB27A axis in blad-
der cancer [9], and exosomes-containing circ_0044516
increased cell proliferation and metastasis in human
prostate cancer [10]. Moreover, circRNAs also regulate
chemo-resistance in cancers. Specifically, circ_0071589
was reported to enhance CDDP resistance in colorectal
cancer [11], and circ_0000260 induced CDDP-chemore-
sistance in gastric cancer [12]. As one of the novel circR-
NAs, circ_0058063 is recently identified as an oncogene
to facilitate cancer aggressiveness in multiple myeloma
[13], bladder cancer [14, 15], and promoted glucose-
uptake in esophageal squamous cell carcinoma [16], but
it is still unclear whether circ_0058063 is involved in
modulating CDDP-resistance in BC.

The most classic mechanism of circRNA is to compete
for endogenous RNA (ceRNA). circRNAs exert their bio-
logical functions by acting as RNA sponges of microR-
NAs (miRNAs), and have been widely reported in various
types of cancer [17]. For ovarian cancer, circCELSR1 was
found to contributes to paclitaxel resistance via regulated
FOXR2 by sponging miR-1252 [18]. Also, Huang et al.
uncovered that the circular RNA AKT3 sponge miR-198
improved PIK3R1 expression to enhance CDDP resist-
ance in gastric cancer [19]. In our previous research, we
have demonstrated than Circ_0058063 promote bladder
cancer progression by sponging miR-145-5p [20]. None-
theless, the function of circ_0058063 as miRNA sponges
has not been clearly disclosed in BC resistance to CDDP.
Among all the miRNAs, miR-335-5p is reported to act
as a tumor suppressor to suppress cancer malignancy in
lung adenocarcinoma [21], osteosarcoma [22], colorec-
tal cancer [23], and regulate CDDP-resistance in ovar-
ian cancer [24]. Interestingly, our bioinformatics analysis
revealed that there existed potential targeting relation-
ship between circ_0058063 and miR-335-5p.

Collectively, in this study, we explored the function of
circ_0058063 and the mechanism in CDDP-resistant
BC tissues and cells. Firstly, we found that the expres-
sion of circ_0058063 is markedly improved in CDDP-
resistant BC tissues and cell lines. We further indicated
that circ_0058063 upregulate the level of B2M by spong-
ing miR-335-5p and contribute CDDP-resistant of BC
cells by promoting the expression of genes related to the
properties of cancer stem cells. Furthermore, miR-335-5p
inhibitor reverses the inhibition of cell proliferation and
the promotion of apoptosis by silencing circ_0058063.
Our findings will provide new ideas for the regulation
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mechanism of circ_0058063 in
CDDP resistance.

BC progression and

Materials and methods

Patients and samples

Bladder cancer (BC) specimens were collected from
bladder cancer patients receiving cystectomies between
August 2019 and February 2020 at the Department of
Urology, Shengjing Hospital of China Medical Univer-
sity. Subsequently, the BC patients were divided into the
CDDP-resistant group (n=16) and the CDDP-sensitive
group (n=19), according to standard CDDP response
published elsewhere [25]. CDDP-resistance was defined
as tumor recurrence during CDDP-based chemotherapy
after RO resection, and CDDP-sensitivity was defined as
the absence of tumor recurrence during CDDP-based
therapy. This study only collected samples of BC patients,
and did not involve gender differences. The study did not
conduct gender analysis. The samples were stored in the
refrigerator at -80°C until use. This study was conducted
in accordance with the “Declaration of Helsinki” and was
approved by the Ethics Committee of Shengjing Hospi-
tal Affiliated to China Medical University, and written
informed consent was provided by each patient.

Cell culture and transfection

Human BC cell lines (T24 and 5637) and a normal
human urothelial cell line (SV-HUC-1) were purchased
from American type culture collection (ATCC, Beijing,
China). The corresponding CDDP-resistant BC cells
T24/CDDP and 5637/CDDP cells were established from
the T24 and 5637 parental cell lines by stepwise expo-
sure to increasing CDDP concentrations, as previously
described [26]. All cells were cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) in a 95% air and 5% CO2 atmos-
phere at 37 °C. In addition, the downregulation vectors of
circ_0058063, and miR-335-5p mimic and inhibitor were
constructed by Guangzhou RiboBio Co., Ltd. (Guang-
zhou, China) according to the previous publications [15,
22,27].

RNA extraction, treatment with RNase R, and PCR

RNA extraction of BC tissues and cells was using TRIzol
reagent (Invitrogen). For RNase R treatment, 2 pg total
RNA was incubated for 1 h at 37 °C with or without 3U/
pg of RNase R (Epicentre Technologies, Madison, W1,
USA). After treatment with RNase R, real-time quanti-
tative PCR (RT-qPCR) was performed to determine the
expression of cicr_0058063.
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Fluorescence in situ hybridization analysis (FISH)

The RNA fluorescence in situ hybridization (FISH) probe
targeting circ_0058063 was designed and produced by
Gene seed Biotechnology Co., Ltd. (Guangzhou, China).
T24 and 5637 cells were cultured on coverslips and fixed
with 4% paraformaldehyde in PBS for 15 min. FISH
probes were diluted, denatured, equilibrated and added
to cells overnight at 37 °C. After hybridization and wash-
ing, slides were dehydrated and then mounted using
Prolong Gold Antifade Reagent and DAPI for further
detection. Finally, the results were observed with a fluo-
rescence microscope (DMI4000B, Leica).

CCK-8 assay

BC cell viability and IC50 value were assessed using the
CCK-8 (Yeasen, Shanghai, China). Cells were collected
and seeded into 96-well plates at a density of 2 x 10*
cells per well for 24 h at 37 °C. Then, 10 pl of CCK-8
solution was supplemented into each well at the indi-
cated time and incubated for 10 min at 37 °C. Absorb-
ance was evaluated at 450 nm through a Rayto-6000
system (Rayto, China).

Flow cytometry (FCM)

For the apoptosis assay, T24 and 5637 cells were treated
with CDDP at the indicated concentrations for 24 h in
6-well plates, they were harvested and resuspended in
300 ml of binding buffer. Next, 5 pl of Annexin V-FITC
and 5 pl of PI were added to the suspensions, and the
cells were incubated in the dark at room temperature for
15 min. Cell apoptosis was detected using a PI/Annexin
V-FITC Apoptosis Detection Kit (BD Biosciences, San
Deigo, CA) according to the manufacturer’s instructions.

Dual luciferase reporter assay

The fragments of circ_0058063 and B2M containing
wild type (wt) and mutant (mut) miR-335-5p binding
site were sub-cloned into a pmirGLO Dual-luciferase
miRNA Target Expression Vector (Madison, WI). Lipo-
fectamine 2000 (Invitrogen) was used to transfect T24
cells and 5637 cells according to the manufacturer’s
guidance. MiR-NC and miR-335-5p mimics were co-
transfected with pmirGLO empty vector, pmirGLO-
circ-wt, and pmirGLO-circ-mut, pmirGLO-B2M-wt,
and pmirGLO-B2M-mut, respectively. After 48 h of
transfection, T24 and 5637 cells were subjected for
luciferase activity detection using Luciferase Reporter
Assay System (Promega, WI, USA).

RNA immunoprecipitation (RIP)
T24 and 5637 cells were collected and lysed in the RIP
buffer and then mechanically separated utilizing the
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homogenizer. The cell lysates were added with antibod-
ies against Ago2 at 4 °C overnight. After 24 h, the RNA/
bead complex was washed and resuspended in buffer
with RNase-free DNase and proteinase K. Finally, RNA
was extracted and subjected to RT-qPCR analysis.

Western blot

Total cell proteins were separated by 12% SDS/PAGE and
then transferred to PVDF membrane. The blotted mem-
brane was then blocked with 5% slim milk for 1 h at room
temperature and incubated overnight at 4 °C with pri-
mary antibodies as follows: B2M, SOX2, OCT4, NANOG
and GAPDH. Then, the membrane was incubated with
the secondary antibodies for 1 h at room temperature.
Protein bands were detected using the enhanced chemi-
luminescence Western blot analysis Kit (Pierce Chemical,
Rockford, IL).

Nude mouse xenograft model

Six-week-old male BALB/c nude mice were purchased
from Shanghai SLAC Experimental Animal Center
(China). Mice were subcutaneously injected into the
back with 1 x 10° T24/CDDP cells stably transfected with
sh-circ_0058063 or sh-NC suspended in 100 uL of Hank’s
balanced salt solution. These male nude mice divided
into four groups equally (group 1, sh-NC-transfected
cells+PBS; group 2, sh-NC-transfected cells+ CDDP;
group 3, sh-circ-0058063-transfected cells+ PBS; group
4, sh-circ-0058063-transfected cells + CDDP). The tumor
volume was measured every week according to the for-
mula: volume = (length x width?)/2. Animal studies were
performed in compliance with the ARRIVE guidelines
and the Basel Declaration, and were approved by the Ani-
mal Care and Use Committee of Shengjing Hospital Affil-
iated to China Medical University. All animals received
humane care according to the National Institutes of
Health (USA) guidelines.

Immunohistochemical staining (IHC)

Xenografts and gastric cancer tissues were prepared
for KI67 immunohistochemical staining as previously
described after being treated or injected with the indi-
cated concentrations of cisplatin. Sections were viewed
by IHC Imager (DM4000B, LEIKA, Germany).

Statistical analysis

GraphPad Prism 8.0 was applied to statistical analysis. All
data were at least three independent experiments. The sta-
tistical analysis of the results was calculated by the t-test
and one-way ANOVA. P<0.05 was considered significant.
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Results

Circ_0058063 was upregulated in CDDP-resistant BC
tissues and cells and associated with poor prognosis

To analyze the expression levels of circ_0058063 in
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bladder cancer (BC), we first identified the expres-
sion of circ_0058063 in BC by RT-qPCR. Circ_0058063
was significantly upregulated in bladder cancer tis-
sues compared with nontumorous (Fig. 1A). Then,
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Fig. 1 Circ_0058063 was upregulated in CDDP-resistant BC tissues and cells and associated with poor prognosis. A Relative expression of
circ_0058063 in BC tissue samples (n=35) and nontumorous tissues (n = 18). B Relative expression of circ_0058063 in CDDP-resistant (n=19) and
sensitive BC tissues (n=16). C Relative expression of circ_0058063 in SV-HVC-1,T24, T24/CDDP, 5637 and 5637/CDDP cell lines. D, E The result of
RT-gPCR showed RNase R could not lyse circ_0058063 in T24 and 5637 cells. F Kaplan-Meier survival curves of overall survival in BC patients with
relatively low or high circ_0058063 expression (n =56). G The location of circ_0058063 in T24 and 5637 cells were detected by FISH assay. *P < 0.05
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RT-qPCR was performed to evaluated the expression of
circ_0058063 in CDDP-resistant and CDDP-sensitive
BC tissues. As shown in Fig. 1B, a significant upregula-
tion of circ_0058063 in CDDP-resistant BC tissues than
in CDDP-sensitive tissues. Moreover, we found that
circ_0058063 in CDDP-resistant BC cell lines (T24/
CDDP and 5637/CDDP) was higher than that in pri-
mary BC cell lines (T24 and 5637) (Fig. 1C). To confirm
that circ_0058063 was a circular RNA, we used RNase
to digest linear RNA in T24 and 5637 cells. As expected,
circ_0058063 was more resistant to RNase treatment in
contrast with the linear GAPDH mRNA (Fig. 1D and
E). In addition, the overall survival rate of BC patients
with high expression of circ_0058063 was lower than
that of BC patients with low expression of circ_0058063
(Fig. 1F). Moreover, the fluorescence in situ hybridiza-
tion (FISH) assay showed that circ_0058063 predomi-
nately localized in the cytoplasm of T24 and 5637 cells
(Fig. 1G). These resulted suggested that circ-0058063 was
increased in CDDP-resistant BC and associated with a
poor prognosis.

Knockdown of Circ_0058063 rescued cell viability

and induced apoptosis in CDDP-resistant BC cells

To explore the functions of circ_0058063 in BC, the vec-
tors constructed with sh-circ-0058063 or sh-control
were injected into T24/CDDP and 5637/CDDP cells,
and then the relative expression level of circ_0058063
was detected by RT-qPCR. Sh-circ_0058063 successfully
knocked down circ_0058063 expression (Fig. 2A). Then,
the CDDP-resistant BC cells were subjected to CDDP
treatment, and we used CCK-8 assay to detect the IC50
of T24/CDDP and 5637/CDDP cells. The IC50 value of
sh-circ_0058063 was significantly lower than control
in T24/CDDP and 5637/CDDP cells (Fig. 2B and C).
Circ_0058063 silencing resulted in a significant down-
regulation of cell viability in T24/CDDP and 5637/CDDP
cells co-treated with 6 uM CDDP (Fig. 2D and E). More-
over, we further estimated the effects of circ_0058063
knockdown on BC cell apoptosis. Apoptosis detection
was shown in Fig. 2F and G, the apoptosis of T24/CDDP
and 5637/CDDP cells in the sh-circ_0058063 group
was significantly increased compared with the con-
trol group. In addition, to confirmed that circ_0058063
was associated with stem cell biomarkers, we analyzed
SOX2, OCT4, and NANOG protein levels by western
blot in T24/CDDP and 5637/CDDP cells. Interestingly,
circ_0058063 knockdown significantly hampered expres-
sion levels of stem cell biomarkers in both T24/CDDP
and 5637/CDDP cells (Fig. 2H-K). These findings support
that circ_0058063 knockdown impeded the cell viability
and induced apoptosis in CDDP-resistant BC cells.
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Circ_0058063 positively regulated B2M expression

via sponging miR-335-5p

To further study the molecular mechanism of
circ_0058063 and the effects on CDDP resistance, we
predicted the possible binding site in miR-335-5p with
circle RNA circ_0058063 and 3’ untranslated regions (3’-
UTRs) of B2M mRNA by Starbase database (Fig. 3A).
Firstly, RIP assay showed that the content of Ago2
binding to circ_0058063 and miR-335-5p binding was
increased, as compared with IgG. This indicated that both
circ_0058063 and miR-335-5p could bind to Ago2 pro-
tein (Fig. 3B). Furthermore, we mutated the binding sites
of circ_0058063 and B2M for the next luciferase reporter
assay. The results uncovered that the luciferase activity
of wild-type circ_0058063 and B2M were decreased by
mir-335-5p mimic, and the luciferase activity showed
no apparent changes in cells with mutated circ_0058063
and B2M (Fig. 3C-F). Moreover, RT-qPCR assay revealed
that miR-335-5p was decreased in T24 and 5637 cells,
especially in T24/CDDP and 5637/CDDP cells (Fig. 3G).
Conversely, B2M mRNA expression was increased espe-
cially in T24/CDDP and 5637/CDDP cells compared with
T24 and 5637 cells (Fig. 3H). Besides, the levels of miR-
335-5p and B2M mRNA were measured by RT-qPCR.
MiR-335-5p was decreased and B2M was increased in
CDDP-resistant tissues compared with CDDP-sensitive
tissues (Fig. 3I). Meanwhile, western blot analysis also
indicated that B2M expression was elevated in T24/
CDDP and 5637/CDDP cells (Fig. 3] and K). Additionally,
the mRNA and protein level of B2M was declined when
circ_0058063 was downregulated, whereas overexpres-
sion of circ_0058063 had opposite effects on B2M pro-
tein in T24 and 5637 cells (Fig. 3L-N). Collectively, our
results revealed that circ_0058063 regulated B2M expres-
sion by a sponging miR-335-5p.

Circ_0058063 knockdown inhibited CDDP resistance

in CDDP-resistant BC cells through targeting miR-335-5p
Given that the circ_0058063/miR-335-5p/B2M axis
had been identified in BC cells, we next confirmed that
circ_0058063 regulated CDDP resistance of CDDP-
resistant BC cells by sponging miR-335-5p. As shown in
Fig. 4A and B, after CDDP treatment of CDDP-resistant
cells, CCK-8 assay results disclosed that downregulation
of miR-335-5p completely rescued the effect of knock-
down circ_0058063 on IC50. The CCK-8 assay showed
that miR-335-5p inhibitor partially rescued the cell
viability in 6 pM CDDP-treated T24/CDDP and 5637/
CDDP cells with circ_0058063 knockdown (Fig. 4C and
D). Furthermore, the FCM was used to detect cell apop-
tosis, downregulation of circ_0058063 increased apopto-
sis ratio in T24/CDDP and 5637/CDDP cells, which were
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partially reversed by miR-335-5p inhibitor

In addition, miR-335-5p inhibitor partially decreased the

effect of silencing circ_0058063 on miR-
expression (Fig. 4G). Also, data in Fig. 4

(Fig. 4E and F).

335-5p mRNA
H-M indicated

that the inhibiting effects of knockdown circ_0058063 on
B2M and stem cell biomarkers were abrogated by miR-
335-5p downregulation. All these results figured out that
repression of miR-335-5p could reverse the effects of
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B2M in CDDP-resistant (n=19) and CDDP-sensitive bladder cancer tissues (n=16). J, K Western blot detected that the B2M protein expression
was significantly increased in T-24/CDDP and 5637/CDDP cells compared with that in T24 and 5637 cells. L The B2M mRNA expression levels
after knockdown or overexpression of circ_0058063 by RT-gPCR. M, N The B2M protein expression levels after knockdown or overexpression of
circ-_0058063 by western blot. *P < 0.05
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si-circ_0058063 on CDDP-resistant BC cell viability and
stem cell biomarkers and apoptosis.

Circ_0058063 ablation promoted cisplatin-sensitivity of BC
cells in vivo

To investigate the effects of circ_0058063 on the che-
mosensitivity of BC cells to CDDP in vivo, T24/CDDP
cells stably infected with sh-circ_0058063 or sh-NC were
subcutaneously injected into mice, followed by admin-
istration with CDDP or PBS. As expected, circ_0058063
downregulation inhibited BC tumor growth in CDDP-
resistant cells (Fig. 5A). Tumor weight and volume
were lower in sh-circ_0058063+CDDP group than
sh-NC+CDDP group than sh- circ 0058063+ PBS
group than sh-NC+PBS group (Fig. 5B and C). Con-
sistently, the immunohistochemistry assay revealed
that when circ_0058063 was knockdown, KI67 in sh-
circ_0058063+ CDDP group were significantly sup-
pressed (Fig. 5D and E). Taken together, knockdown
of circ_0058063 exerted suppressive effects on tumor
growth of CDDP-resistant BC cells in vivo.

Discussion

BC is the most common genitourinary system malig-
nant tumor [28], and CDDP is one of the commonly used
drugs for chemotherapy of BC [29]. However, drug resist-
ance is the main reason for the failure of BC treatment
[30]. Therefore, identification of the promising targets
that enhance CDDP-sensitivity may help to increase the
therapeutic efficacy of this chemical drug in clinical prac-
tices. Among all the cancer-associated genes, more and
more evidences show that circular RNAs play a key role
in regulating chemo-resistance of various types of malig-
nant tumors. For example, circ_0006528 is overexpressed
in paclitaxel-resistant breast cancer tissues and cells [20].
Also, circular RNA circ_002639 was increased in CDDP-
resistance of gastric cancer and was associated with poor
survival rates [31]. Circ_0058063 has been reported as
an oncogene to facilitate the progression of BC [14, 15],
but its role in regulating CDDP-resistance has not been
explored. In our study, we verified that circ_0058063
expression levels were increased in CDDP-resistance
BC tissues and cell lines and was associated with poor
prognosis, and silencing of circ_0058063 suppressed
proliferation and stem cell characteristics and promotes
apoptosis of T24/CDDP and 5637/CDDP cells, indicating
that circ_0058063 ablation enhanced CDDP-sensitivity in
BC.

Many studies have indicated that circRNAs can sponge
miRNAs to positively regulate the mRNA levels of the
downstream targets through targeting their 3’ untrans-
lated regions (3’-UTR), which is known as the compet-
ing endogenous RNA (ceRNA) mechanisms [32]. For
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example, hsa_circ_0091570 serves as a ceRNA sponge for
miR-1307 to upregulate ISM1 expression and promotes
the progression of hepatocellular cancer [33], and hsa_
circ_0074834 boosts osteogenic differentiation of bone
nonunion mesenchymal stem cells and bone defect repair
through miR-942-5p regulate the expression of VEGF
and ZEBI1 [34]. In consistent with the above literatures,
our research evidenced that circ_0058063 sponged miR-
335-5p to induce B2M upregulation in a ccRNA-depend-
ent manner. Besides, the circRNAs/miRNAs axis has
been widely been reported to regulate chemo-resistance,
for example, Sang et al. report that circRNA_0025202
suppressed tumor progression and sensitivity to tamox-
ifen through the miR-182-5p/FOXO3a axis in breast
cancer [35], and Huang et al. indicate that circAKT3
promotes PI3KR1 expression by sponging miR-198 to
elevate the CDDP-resistant properties in gastric can-
cer [36]. In this study, we verified that circ_0058063 also
regulated CDDP-resistance in BC through targeting miR-
335-5p. Specifically, we found that the promoting effects
of circ_0058063 on CDDP-sensitivity in BC cells were
reversed by suppressing miR-335-5p. In addition, Beta-
2-microglobulin (B2M) is an endogenous low molecu-
lar weight serum protein that plays an important role in
the immune response and angiogenesis. Research has
shown that B2M was high expression in prostate cancer
cells and increased B2M was related to distance metas-
tasis [37], and increased serum levels of B2M and FLT3-
L in patients with multiple myeloma may be associated
with increased angiogenesis and myelosuppression [38].
In our findings, miR-335-5p was able to bind the 3’-UTR
of B2M, and we found that knockdown circ_0058063
down-regulated the expression of B2M by sponging miR-
335-5p, suggesting that the circ_0058063/miR-335-5p
axis might exert their regulating effects on CDDP-resist-
ance in BC through targeting B2M. However, the detailed
molecular mechanisms were still needed to be explored
in our future work.

Cancer stem cells (CSCs) play a crucial role in drug
resistance of many cancers [39-41]. Mechanistically,
during cancer aggressiveness, the cancer cells show het-
erogenous characteristics in tumors, which contain both
undifferentiated CSCs and the differentiated cancer cells.
Under chemical stresses, the CSCs will differentiate
into the cancer cells with drug-resistant properties, and
expansion of this subgroup of cells will make cancer more
resistant to chemical drug. Thus, elimination of CSCs is
a novel strategy to improve chemo-sensitivity [39-41].
In recent studies, various cancer associated genes were
identified to be closely associated with chemo-resistance,
for example, overexpression of miR-124 repressed liver
CSCs and sorafenib resistance [42], IncRNA NEAT1
contributed to CSC-like properties in CDDP-resistance
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non-small cell lung cancer cells [43], and MYPT1 down-
regulation increases platinum resistance in ovarian can-
cer by increasing the stemness [44]. Similar to the above
publications, in this study, we disclosed that knockdown
of circ_0058063 suppressed CSCs generation in the
CDDP-resistant BC cell through sponging miR-335-5p,
suggesting that targeting the circ_0058063/miR-335-5p
axis is effective to restrain CSCs generation in CDDP-
resistant BC cells. The above results were partially sup-
ported by the previous study that miR-335-5p negatively
regulates CSC properties in osteosarcoma [45]. Overall,
these results indicated that circ_0058063 ablation was
effective to suppress stem cell biomarkers and increase
CDDP-sensitivity in BC cells.

Conclusions

In conclusion, this study found that knockdown of
circ_0058063 increased CDDP-sensitivity and suppressed
stem cell biomarkers in BC, and B2M might be the down-
stream effector gene, and we provided evidences that the
circ_0058063/miR-355-5p/B2M axis may serve as the
foundation for the development of novel potential thera-
peutic strategies to enhance CDDP-sensitivity in BC.
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