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circ_0058063 promotes breast cancer
progression by upregulating DLGAP5 via
sponging miR-557
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Abstract.
OBJECTIVE: Accumulating evidence indicates that circular RNAs (circRNAs) contribute to breast cancer (BC) development
and progression. However, the role of circ_0058063 in BC and its underlying molecular processes remain unclear.
METHODS: The expression of circ_0058063, miR-557, and DLGAP5 in BC tissues and cells was determined using real time
quantitative PCR or western blotting. The functions of circ_0058063 in BC cells were detected using CCK-8, Transwell, caspase-3
activity, and xenograft tumor assays. The specific binding of circ_0058063/miR-557 and DLGAP5/miR-557 was verified using
RNA immunoprecipitation (RIP) and dual-luciferase reporter assays.
RESULTS: circ_0058063 expression was upregulated in BC tissues and cells. circ_0058063 knockdown inhibited proliferation and
migration but promoted apoptosis in MCF-7 and MDA-MB-231 cells in vitro. In vivo studies further validated that the knockdown
of circ_0058063 repressed tumor growth. Mechanistically, circ_0058063 directly sponged miR-557 and negatively regulated
its expression. Additionally, miR-557 inhibition reversed the tumor-suppressive effects of the circ_0058063 knockdown on the
survival of MDA-MB-231 and MCF-7 cells. Moreover, miR-557 directly targeted DLGAP5. DLGAP5 knockdown suppressed
MCF-7 and MDA-MB-231 cell growth, and these effects were reversed by miR-557 downregulation.
CONCLUSION: Our findings verify that circ_0058063 acts as a sponge for miR-557 to upregulate DLGAP5 expression. These
findings suggest that the circ_0058063/miR-557/DLGAP5 axis is an important regulator of oncogenic function and may be a
promising therapeutic target for BC.
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1. Introduction

Among all non-skin cancers, breast cancer (BC) has
become the most common since 2004 [1,2]. World-
wide, approximately 30% of females are diagnosed
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with BC, with a mortality-to-incidence ratio of 15% [2].
Although the mortality rate has declined owing to im-
proved techniques for early detection and effective sys-
tematic treatment, BC continues to be the most fre-
quent type of cancer worldwide that causes death in
women [3]. Early diagnosis and feasible targeted ther-
apies are vital for patients with BC [4]. Therefore, the
decline in BC mortality can be accelerated by exploring
novel therapeutic targets and strategies.

In addition to being genetic, cancer is also epige-
netic [5]. Approximately 10% of all BC cases are re-
lated to genetics [6]. Epigenetic mechanisms play vi-
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tal roles in regulating cancer progression and metasta-
sis [7]. Prognostic and diagnostic tools based on epige-
netics will significantly improve the precision of oncol-
ogy [7]. Circular RNAs (circRNAs), discovered in the
1970s, have been recognized as a novel class of RNA
that are widely found in various species [8]. When pre-
mRNA is backspliced without the 3’ tails and also 5’
caps, single-stranded circular transcripts (circRNAs) are
produced [9]. circRNAs are resistant to degradation and
their expression is tightly regulated by RNA-binding
proteins [9]. Notably, circRNAs can serve as miRNA
sponges, templates for protein translation, RNA-binding
protein scaffolds, or transcriptional regulators [10]. Re-
cent research has demonstrated that circRNAs are dy-
namically produced in cancer and are essential com-
ponents of epigenetic regulatory pathways in tumor
growth [11]. Therefore, as research on tumor circRNAs
has increased, circRNAs may now be used as unique
potential biomarkers for the detection and management
of various cancers.

Accumulating evidence has shown that circRNAs are
dysregulated and contribute to the development of vari-
ous cancers [12–14]. CircRNAs, such as circ-RPPH1,
circ 0000514, circBCBM1, and cirCHIPK3, have been
found to have strong potential for controlling cell mi-
gration, tumor growth, proliferation, and metabolism in
BC. Their expression is also associated with progno-
sis and tumor node metastasis (TNM) stages [15–18].
However, the biological function of most circRNAs in
BC remains largely unknown. According to previous re-
ports, circ_0058063 is overexpressed and has an onco-
genic function in a number of cancer types, suggesting
that circ_0058063 may contribute to certain malignan-
cies [19,20]. However, its role in BC has not yet been
elucidated.

In this study, circ_0058063 was the primary focus,
and its biological properties as well as the underlying
molecular processes in BC formation were investigated.
Our findings suggest that targeting the circ_0058063/
miR-557/DLGAP5 axis may be a novel strategy for the
treatment of BC.

2. Materials and methods

2.1. Human samples collection

Informed consent was obtained from 36 patients with
BC who underwent surgery and the associated neigh-
boring normal breast tissues were collected. No radia-
tion or chemotherapy was administered to any patient

Table 1
The clinical characteristics of patients with breast cancer

Characteristics Cases (n = 36)
Age

> 55 18
< 55 18

Histologic grade
I 7
II 19
III 10

Lymph node metastasis
No 21
Yes 15

ER
Negative 12
Positive 24

PR
Negative 16
Positive 20

HER2
Negative 21
Positive 15

Molecular subtype
TNBC 11
Non-TNBC 25

TNBC, Triple-negative breast cancer.

before surgery. All tissues were placed in liquid nitro-
gen immediately and then stored at −80◦C for further
detection. The tissue samples were verified by two ex-
perienced pathologists. This study was approved by the
Ethics Committee of our hospital. The Declaration of
Helsinki and its revisions were followed for all proce-
dures involving human participants. Table 1 lists the
clinical characteristics of patients with breast cancer.

2.2. Cell culture

The cell lines included a normal breast cell line
(MCF-10A, cat, no. BNCC337734) and two BC cell
lines (MDA-MB-231, cat. no. BNCC337894; MDA-
MB-468, cat.no. BNCC339862) obtained from BeNa
Culture Collection (Beijing, China). The remaining
MCF-7 BC cells (cat. no. ZY-H061) were purchased
from Ze-Ye Biotechnology Co., Ltd. (Shanghai, China).
Dulbecco’s Modified Eagle’s Medium (DMEM; Invitro-
gen, USA) supplemented with 10% fetal bovine serum
was used to cultivate all of the aforementioned cells
(FBS; Gibco, USA). At 37◦C, all cells were grown and
incubated in a 5% CO2 environment. The cells were
trypsinized and passaged at a ratio of 1:3 until they
reached 80% confluence.

2.3. Cell transfection

Non-targeting siRNA (Si-NC), siRNA targeting
circ_0058063 or DLGAP5 (Si-circ or Si-DLGAP5),
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Table 2
Real-time PCR Primer synthesis list

Name Primer Sequence
circ_0058063 Forward primer 5’-CAGCTCTGATGCCTTCTTCC-3’

Reverse primer 5’-GGAAGCGACCAGATTCAAAC-3’
miR-557 Forward primer 5’-GTTTGCACGGGTGGGCC-3’

Reverse primer 5’-CAGTGCGTGTCGTGGA-3’
DLGAP5 Forward primer 5’-CATCTGGAATGTCCAATTCAAG-3’

Reverse primer 5’-ATGAAGGTCGAATT GCTCAG-3’
ATIC Forward primer 5’-CACGCTCGAGTGACAGTG- 3’

Reverse primer 5’-TCGGAGCTCTGCATCTCCG- 3’
U6 Forward primer 5’-CTCGCTTCGGCAGCACA -3’

Reverse primer 5’-AACGCTTCACGAATTTGCGT -3’
GAPDH Forward primer 5’-GTCTCCTCTGACTTCAACAGCG -3’

Reverse primer 5’-ACCACCCTGTTGCTGTAGCCAA-3’

miR-557 overexpression plasmid (miR-557 mimic:5’-
GUUUGCACGGGUGGGCCUUGUCU-3’) or miR-
NC, miR-557 knockdown plasmid (miR-557 inhibitor:
5’-AGACAAGGCCCACCCGUGCAAAC-3’) or in-
hibitor control (inhibitor-NC) were purchased from
Ruibo (Shanghai, China). 24-well plates with 5 × 104

MCF-7 as well as MDA-MB-231 cells each were
seeded and cultured overnight. These cells were trans-
fected with Si-NC, Si-circ, Si-DLGAP5, miR-557
mimic, miR-NC, miR-557 inhibitor, or NC inhibitor
using the Lipofectamine 3000 transfection reagent (In-
vitrogen, Carlsbad, CA, USA) following the manufac-
turer’s instructions. After incubation for 48 h, the trans-
fection efficiency was determined by western blotting
or real time quantitative PCR (RT-qPCR).

2.4. RT-qPCR

Total cellular RNA was extracted from lncRNA/
mRNA using RNAiso Plus (TaKaRa Biotechnology,
Japan). RNA was converted into cDNA using the First
Strand cDNA Synthesis Kit (Thermo Scientific, USA).
Using the Eco RT-PCR System, specific cDNAs was
amplified with iTaqTM Universal SYBR R© Green (Bio-
Rad, USA). lncRNA and mRNA levels were mea-
sured using GAPDH as an internal reference. In ad-
dition, miRNAs were isolated using an miRNA isola-
tion kit (OMEGA) and transcribed using the miRcute
Plus miRNA First-Strand cDNA Synthesis Kit (TIAN-
GEN, China). TIANGEN (Illumina, China) supplied
the miRcute miRNA qPCR detection kit (SYBR Green)
and Eco real-time PCR equipment for cDNA amplifi-
cation. U6 served as the internal miRNA control. 95◦C
for 2 minutes, followed by 40 cycles of 95◦C for 5 s
and 60◦C for 30 s, were the reaction conditions. The
2−∆∆CT relative quantitative technique was used to ex-
amine target gene expression. The primer sequences are
listed in Table 2.

2.5. Subcellular fractionation location

Nuclear and cytoplasmic RNAs from MDA-MB-231
and MCF-7 cells were isolated using a Cytoplasmic
and Nuclear RNA Purification Kit (Invitrogen, USA).
RT-qPCR was performed to detect the cytoplasmic and
nuclear circ_0058063 levels. GAPDH was used as a
cytoplasmic control used was as a nuclear control used
was U6.

2.6. RNase R treatment

RNase R was applied to circ_0058063 that was
extracted from MCF-7 and MDA-MB-231 cells for
30 minutes at 37◦C. RT-qPCR was performed to mea-
sure RNA levels. Samples without RNase digestion
were used as controls.

2.7. CCK-8 assay

Using the Cell Counting Kit-8 test (Biyuntian,
Shanghai, China), MCF-7 and MDA-MB-231 cell pro-
liferation viability was examined. In 96-well plates,
cells were seeded at a density of 1×104 cells/well and
cultured for 0, 24, 48, and 72 h. Following incuba-
tion, each well received 10 µl of CCK-8 (Dojindo, Ku-
mamoto, Japan), which was then added and cultivated
for an additional two hours. The optical density (OD)
values at 450 nm in each well were determined us-
ing a Multiskan Go Spectrophotometer (Thermo Fisher
Scientific, USA).

2.8. Transwell assay

MCF-7 and MDA-MB-231 breast cell migration was
assessed using Transwell assays [21]. A total of 5 × 104

cells in a final volume of 100 µL seeded in inserts (24-
transwell, Corning, USA) containing 8 µm pores. The
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inserts were then placed in wells, and a 600 µL volume
of culture medium (DMEM medium supplemented with
the 10% FBS) was added. Migrating cells were pre-
served in 90% methanol for 10 min after 24 h of incuba-
tion and then stained for 10 min with 0.1 percent crys-
tal violet. Finally, cells in five randomly selected areas
were counted using an Olympus microscope (Olympus,
Japan).

2.9. Caspase 3 activity assay

Breast cancer cell apoptosis was investigated using
a colorimetric caspase-3 activity assay kit (BioVision
Research Products, CA, USA). MCF-7 and MDA-MB-
231 cells that had not been transfected or treated were
used as blank and unfavorable control samples, respec-
tively. Cells were collected and lysed on ice for 15 min,
and the supernatants were collected for further analysis
after centrifugation (12,000 × g for 10 min at 4◦C).
Each sample was incubated with reaction buffer for two
hours. The optical density (OD) was determined at 405
nm using a Multiskan Go Spectrophotometer.

2.10. Xenograft tumor formation assay

All animal experiments were performed in accor-
dance with the Guide for the Care and Use of Labora-
tory Animals and were approved by the Ethics Com-
mittee of our hospital. Six-week-old male nude mice
were obtained from our hospital. First, MCF-7 cells
stably downexpressing circ_0058063 (Sh-circ) or the
corresponding control cells (Sh-NC) were constructed
using a recombinant lentivirus expressing the shRNA
for circ_0058063 or the control shRNA. The mice were
then subcutaneously implanted with 5 × 107 MCF-7
cells in the sh-circ (n = 5) or sh-NC (n = 5) groups.
Using the equation volume = length width2/2, the tu-
mor volume was determined every week. Pentobarbital
was injected intravenously to euthanize the mice after
five weeks, and the tumors were collected for further
investigation.

2.11. Dual-luciferase reporter assays

The circRNA interactome (https://circinteractome.
nia.nih.gov) was used to identify the target miRNAs of
circ_0058063. To determine the miR-557 target genes,
TargetScan (http://www.targetscan.org) was used. The
binding interactions between circ_0058063/DLGAP5
and miR-557 were verified using dual-luciferase re-
porter assays. A firefly luciferase reporter vector (Obio

Technology, China) was created by amplification and
cloning of the circ_0058063 or DLGAP5 3’UTR se-
quences. By altering the miR-557 seed region, a mu-
tant variant of the circ_0058063 sequences or the DL-
GAP5 3’UTR was also produced. Using the Lipofec-
tamine 3000 reagent, we co-transfected either the miR-
557 mimic or miR-NC with either wild-type or mu-
tated reporter plasmids. Signals were detected 48 h after
transfection, and luciferase activity was estimated by
comparing firefly luciferase intensity to that of Renilla
luciferase (Obio Technology).

2.12. RNA immunoprecipitation (RIP) assay

A complete RNA immunoprecipitation (RIP) lysis
solution (Millipore, USA) with an RNase inhibitor
was used to lyse 1 × 107 MCF-7 and MDA-MB-231
cells. The cell extracts were treated with anti-Argonaute
2 (Ago2, #ab32381; Abcam) or anti-IgG antibody
(Millipore)-conjugated magnetic beads overnight at
4◦C. RIP buffer was used to wash RNA/antibody com-
plexes. TRIzol (Thermo Fisher Scientific, USA) was
used to extract RNAs, and qRT-PCR was subsequently
performed for further analysis.

2.13. Western blot analysis

Total proteins were isolated using a kit made by
KeyGEN (China), called Total Protein Extraction, and
protein concentration was evaluated using a BCA kit
(Thermo Scientific). RIPA Lysis Buffer (KeyGEN,
China) was used to break down 30 g of protein, which
was then resolved on a 10% polyacrylamide gel before
being blotted onto a PVDF membrane. These mem-
branes were blocked for 1 h in 5% skim milk at 37◦C,
and then incubated with primary antibodies against
DLGAP5 (1:2000, ab70744, Abcam, UK), GAPDH
(1:1000, ab8245, Abcam) at 4◦C overnight, followed
by incubation with the horseradish peroxidase (HRP)-
conjugated secondary antibodies (1:50,000, ab6721,
Abcam) for 1 h at room temperature. An ECL kit
(Clarity Western ECl substrate, Bio-Rad) was used for
chemiluminescence detection.

2.14. Statistical analysis

All data in the present study are presented as mean
± SD. GraphPad Prism version 8 (GraphPad Software,
San Diego, CA, USA) was used for all statistical anal-
yses. Student’s t-test was used to establish the signifi-
cance of differences between the two groups. One-way
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Fig. 1. circ_0058063 was markedly upregulated in BC. (A) circ_0058063 expression study using RT-qPCR in BC and normal tissues. (B) RT-qPCR
study of the expression of circ_0058063 in BC cell lines (MCF-7, MDAMB468 and MDAMB231) and in normal BC cell line (MCF10A). ∗∗P <
0.001 vs. MCF-10A. (C) Subcellular fractionation assay was used to detect subcellular location of circ_0058063 in cytoplasm and nucleus of
MDA-MB-231 as well as MCF-7 cells. (D) The existence of circ_0058063 was identified using RNase R. ∗∗P < 0.001 vs. Control.

ANOVA was used to compare the data from different
groups, and Tukey’s test was used to analyze the results.
Pearson’s linear regression analysis was used to ana-
lyze the relationship between DLGAP5/miR-557 and
circ_0058063/miR-557. The figures and paragraphs in-
clude the sample sizes and other statistical parameters.
Statistical significance was set at p < 0.05.

3. Results

3.1. circ_0058063 was upregulated in BC cells and
tissues

RT-qPCR was performed to determine the expression
levels of circ_0058063 in BC. The results showed that
circ_0058063 expression was considerably increased
(four-fold) in cancer tissues compared to normal tissues
(Fig. 1A). Additionally, the expression of circ_0058063
was examined in different BC cell lines. According to
the RT-qPCR data, circ_0058063 was also clearly up-
regulated in many BC cell lines (MCF-7, MDA-MB-
468, and MDA-MB-231) compared to healthy MCF-
10A cells (Fig. 1B). We selected the MDA-MB-231 and
MCF-7 cells with the highest circ_0058063 expression
for further studies. Considering that cytoplasmic and
nuclear circRNAs have different functions, we used a

subcellular fractionation test to locate circ_0058063
gene [11]. The results indicated that the predominant lo-
cations of circ_0058063 in MCF-7 and MDA-MB-231
cell lines are in the cytoplasm (approximately 80 per-
cent ) (Fig. 1C). These results imply that circ_0058063
may serve as a cytoplasmic circRNA and act as a
miRNA sponge or an RNA-binding protein scaffold.
Finally, to verify the circularity of circ_0058063, an
RNase R digestion assay was performed because circR-
NAs are more resistant to RNase R than linear RNAs.
These results indicated that circ_0058063 was resis-
tant to RNase R digestion, whereas linear ATIC was
degraded by RNase R digestion (Fig. 1D). These re-
sults confirm the presence and strong expression of
circ_0058063.

3.2. circ_0058063 promoted BC cell proliferation and
migration, while inhibiting cell apoptosis in vitro,
and exacerbating tumor growth in vivo

To better understand its role in BC, the expression
of circ_0058063 was inhibited in MCF-7 and MDA-
MB-231 cells. RT-qPCR was performed to assess the
expression level of circ_0058063, and the results indi-
cated that it was down-regulated by approximately 60%
in the si-circ group (Fig. 2A). CCK-8, Transwell mi-
gration, and caspase 3 activity assays were performed
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Fig. 2. circ_0058063 downregulation inhibited BC cell growth both in vitro and in vivo. (A) RT-qPCR study of circ_0058063 expression in MCF-7
and MDA-MB-231 cells after transfection of si-circ_0058063 (si-circ) or si-NC . ∗∗P < 0.001 vs. Si-NC. (B) The proliferation viability of
MDA-MB-231 as well as cells transfected with si-circ or si-NC was assessed using the CCK-8 test. ∗∗P < 0.001 vs. Si-NC. (C) Transwell assay
was performed to detect the migration of MCF-7 and MDA-MB-231 cells transfected with si-circ or si-NC. ∗∗P < 0.001 vs. Si-NC. (D) Using a
capase-3 activity test, the caspase-3 activity of MDA-MB-231 as well as MCF-7 cells transfected with si-circ or si-NC was evaluated. ∗∗P <
0.001 vs. Si-NC. (E) Nude mice (n = 5) received subcutaneous injections of MCF-7 cells stably transfected with sh-control (sh-NC) or sh-circ
into the right flank. A one-time weekly measurement of xenograft tumor volumes was performed during treatment, and xenograft tumors were
photographed on 5 weeks after each mouse was sacrificed. ∗∗P < 0.001 vs. sh-NC.

to investigate the effects of circ_0058063 on MCF-
7 and MDA-MB-231 cell growth. The CCK-8 assay
demonstrated that silencing circ_0058063 dramatically
reduced the viability of MCF-7 and MDA-MB-231
cells (Fig. 2B). Moreover, Transwell assays showed
that circ_0058063 silencing prevented the migration
of MDA-MB-231 and MCF-7 cells (Fig. 2C). These
experiments demonstrated that circ_0058063 promotes
the proliferation and migration of BC cells. Interest-
ingly, we also noted that circ_0058063 knockdown ex-
hibited enhanced caspase 3 activity indicating that the
inhibition of circ_0058063 promotes BC cell apopto-
sis (Fig. 2D). Finally, a mouse xenograft model with
circ_0058063 knockdown in primary MCF-7 cells was
constructed to assess the effect of circ_0058063 on BC
cell proliferation in vivo. Consistent with the in vitro re-
sults, the knockdown of circ_0058063 led to a reduction
in tumor weight and growth (Fig. 2E). These findings

suggested that circ_0058063 regulates BC development
in an oncogenic manner.

3.3. circ_0058063 acted as a sponge for miR-557

Previous studies have reported that circ_0058063
serves as a cytoplasmic circRNA that acts as a sponge
for miRNA. Therefore, to determine the probable tar-
gets of circ_0058063, we employed a circular RNA
interactome (https://circinteractome.nia.nih.gov). We
speculated that miR-557 may be a potential target of
circ_0058063. Two potential binding sites were pre-
dicted between circ_0058063 and miR-557 using the
circRNA interactome (Fig. 3A). To verify these bind-
ing sites, a luciferase activity assay was performed
by constructing wild-type circ_0058063 and mutant
circ_0058063 vectors (binding site 1 mutant, binding
site 2 mutant, and binding site 1/2 co-mutant). We
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Fig. 3. miR-557 was a target of circ_0058063. (A) The binding sites among miR-557 and circ_0058063 were anticipated by circRNA interactome.
(B) The relationship between miR-557 and circ_0058063 was confirmed by dual-luciferase reporter assay in MDA-MB-231 as well as MCF-7 cells.
∗∗P < 0.001 vs. Wt+NC. (C) The relationship between miR-557 and circ_0058063 was confirmed by RIP assay in MCF-7 and MDA-MB-231
cells. ∗∗P < 0.001 vs. Anti-IgG. (D) RT-qPCR analysis of miR-557 expressions in BC and normal tissues. (E) RT-qPCR analysis of miR-557
expressions in normal breast cell lines (MCF-10A) and BC cell lines (MCF-7 and MDA-MB-231). ∗∗P < 0.001 vs. MCF-10A. (F) RT-qPCR
analyzed the association between circ_0058063 and miR-557 in BC tissues (Pearson linear regression analysis).

noted that the miR-557 mimic significantly reduced the
relative circ_0058063 luciferase activity in the wild-
type, binding site 1 mutant, and binding site 2 mutant
circ_0058063 cells; however, there was no change in
the co-mutant circ_0058063 cells (Fig. 3B). These data
indicate that circ_0058063 may bind to miR-557. To
support this claim regarding the binding relationship
between circ_0058063 and miR-557 in MDA-MB-231
and MCF-7 cells, RIP was performed. The anti-AGO2
RIP assay results showed that miR-557 mimic trans-
fection increased the amount of circ_0058063 in RNAs
enriched for AGO2 (Fig. 3C), suggesting that miR-557
interacts with circ_0058063 in MCF-7 and MDA-MB-
231 cells. Next, we determined the level of miR-557 in
BC cell lines using RT-qPCR. The results revealed that

miR-557 was downregulated in BC tissues (Fig. 3D)
and cells (Fig. 3E) and had a negative linear correla-
tion with circ_0058063 expression levels in BC tis-
sues (Fig. 3F). These results revealed that circ_0058063
controls miR-557 expression by serving as an miRNA
sponge.

3.4. circ_0058063 facilitated the proliferation and
migration of BC cells while suppressing cell
apoptosis by targeting miR-557

We tested whether miR-557 knockdown could undo
the impact of circ_0058063 knockdown in BC cells to
further support the hypothesis that circ_0058063 serves
as a sponge for miR-557. According to the PCR data,
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Fig. 4. circ_0058063 facilitated the migration and proliferation of BC cells while suppressed cell apoptosis by targeting miR-557. (A) RT-qPCR
analysis of miR-557 expressions in MCF-7 and MDA-MB-231 cells after transfection of si-NC, si-circ, miR-557 inhibitor (inhibitor), inhibitor-NC
or si-circ+inhibitor. (B) The proliferation viablity of these transfected MCF-7 and MDA-MB231 cells was assessed using the CCK-8 test. (C)
These previously stated transfected MCF-7 and MDA-MB-231 cells underwent a transwell experiment to assess their migration. (D) Levels of
caspase-3 of these above-mentioned transfected MDA-MB-231 as well as MCF-7 cells were examined using capase-3 activity assay. ##P <
0.001 vs. inhibitor-NC; ∗∗P < 0.001 vs. Si-NC; &&P < 0.001 vs. Si-circ+inhibitor.

miR-557 was considerably increased by the knockdown
of circ_0058063, whereas it was strongly downregu-
lated by the miR-557 inhibitor in both MDA-MB-231
and MCF-7 cells (Fig. 4A). Using functional assays,
we found that miR-557 knockdown considerably aided
MDA-MB-231 and MCF-7 cell growth (Fig. 4B). Al-
though the knockdown of circ_0058063 inhibited BC
cell proliferation, this effect was reversed when miR-
557 expression was inhibited (Fig. 4B). Additionally,
the Transwell assay in MDA-MB-231 and MCF-7 cells
showed that the number of migrated cells was lower in
the si-circ_0058063 + miR-557 inhibitor group than
in the miR-557 inhibitor group (Fig. 4C). We also
noted that the knockdown of miR-557 impaired the ef-
fect of circ_0058063 knockdown on BC cell apopto-
sis (Fig. 4D). These findings suggested that miR-557
knockdown reduced the effects of circ_0058063 knock-

down on BC cell proliferation, migration, and apopto-
sis.

3.5. DLGAP5 served as the functional protein of
miR-557

Next, we explored the downstream target genes of
miR-557. TargetScan (https://www.targetscan.org/vert_
71/) indicated that miR-557 had complementary sites in
DLGAP5 mRNA-3’UTR (Fig. 5A). Overexpression of
miR-557 decreased wild-type DLGAP5 activity but not
mutant DLGAP5 activity, according to the luciferase
activity test (Fig. 5B). These findings suggested that
miR-557 mayspecifically target 3’UTR of DLGAP5.
RT-qPCR analysis also showed that DLGAP5 mRNA
levels were significantly upregulated in both BC cells (5
folds) (Fig. 5C) and tissues (5 folds) (Fig. 5D). More-
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Fig. 5. DLGAP5 was a target of miR-557 (A) TargetScan made predictions about the miR-557 and DLGAP5 binding locations. (B) The relationship
among miR-557 and DLGAP5 was confirmed by dual-luciferase reporter assay in MDA-MB-231 as well as MCF-7 cells. ∗∗P < 0.001 vs. NC.
(C) RT-qPCR analysis of DLGAP5 expressions in normal breast cell lines (MCF-10A) and BC cell lines (MCF-7 and MDA-MB-231). ∗∗P <
0.001 vs. MCF-10A. (D) DLGAP5 expression in BC and normal tissues was analyzed using RT-qPCR. (E) The association between miR-557 and
DLGAP5 in BC tissues was examined using RT-qPCR (Pearson linear regression analysis).

over, DLGAP5 expression showed a negative linear cor-
relation with the expression level of miR-557 (Fig. 5E).
These results suggest that DLGAP5 serves as a down-
stream target of miR-557.

3.6. miR-557 repressed the proliferation and
migration of BC cells while suppressing cell
apoptosis by downregulating DLGAP5 expression

To confirm whether DLGAP5 acts as a target of miR-
557, we evaluated whether DLGAP5 knockdown could
reverse the effects of miR-557 silencing in BC cells. The
results showed that transfection with si-DLGAP5 sig-
nificantly reduced DLGAP5 expression, whereas miR-
557 downregulation significantly upregulated the ex-
pression of DLGAP5 both in MDA-MB-231 and MCF-
7 cells (Fig. 6A). Although DLGAP5 knockdown inhib-
ited BC cell proliferation, this effect was reversed when
miR-557 expression was inhibited (Fig. 6B). Addition-
ally, the Transwell assay revealed fewer migrating cells
in the si-DLGAP5 + miR-557 inhibitor group than in
the miR-557 inhibitor group, indicating that the addi-
tional miR-557 inhibitor eliminated the ability of DL-

GAP5 to restrict migration in BC cells. (Fig. 6C). Fur-
thermore, we observed that in both MCF-7 and MDA-
MB-231 cells, the reduction of miR-557 expression re-
duced the facilitation effects of DLGAP5 knockdown
on cell apoptosis (Fig. 6D). These results showed that
miR-557 knockdown alleviated the effect of DLGAP5
knockdown on the proliferation, migration, and apop-
tosis of BC cells.

4. Discussion

The high incidence of BC constitutes a serious threat
to the health of women, because it is the most prevalent
cancer worldwide [1,2]. Although significant efforts
have been made to reduce mortality, the exact mecha-
nisms underlying the initiation and progression of BC
remain elusive [3,22]. circ_0058063 expression is en-
hanced in BC. circ_0058063 knockdown prevents BC
cells from proliferating and migrating, while inducing
cell death. Mechanistically, circ_0058063 acted as a
sponge for miR-557 to upregulate DLGAP5 expression,
and knockdown of DLGAP5 significantly inhibited BC
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Fig. 6. miR-557 repressed the proliferation and migration of BC cells while suppressed cell apoptosis by downregulating DLGAP5 expression. (A)
Results of western blot study of DLGAP5 expressions in MDA-MB-231 as well as MCF-7 cells after transfection of si-NC, si-DLGAP5, miR-557
inhibitor (inhibitor), inhibitor-NC or si-DLGAP5+inhibitor. (B) To quantify the proliferation of these transfected MDA-MB-231 cells as well
as MCF-7, the CCK-8 test was used. (C) To monitor the migration of these transfected MDA-MB-231 and MCF-7 cells, a transwell test was
performed. (D) Employing a capase-3 activity test, caspase-3 levels in these transfected MDA-MB-231 as well as MCF-7 cells were evaluated.
##P < 0.001 vs. inhibitor-NC; ∗∗P < 0.001 vs. Si-NC; &&P < 0.001 vs. Si-DLGAP5+inhibitor. Si-DLGAP5: Si-D.

cell survival. Overall, circ_0058063 is a novel circRNA
that regulates BC progression.

Recent studies have demonstrated an association be-
tween circRNAs and various cancers [12,23]. CircR-
NAs have been implicated in the progression of BC
through migration and regulation of cancer cell prolif-
eration, invasion, and metastasis [23–25]. We identified
circ_0058063 as a novel circRNA involved in the regu-
lation of BC progression. Previous studies have reported
that circ_0058063 is also upregulated in other types of
cancers, including multiple myeloma, esophageal squa-
mous cell carcinoma, and bladder cancer [19,26–28].
In detail, circ_0058063 promotes cancer cell prolifer-

ation and invasion and inhibits apoptosis in multiple
myeloma and bladder cancer, which is consistent with
our results [19,26,27]. Our results in the present study
demonstrated that circ_0058063 is abnormally highly
expressed in BC cells. Moreover, circ_0058063 knock-
down inhibited BC cell growth in vitro and in vivo.
Mechanistically, circ_0058063 plays an essential role in
regulating cellular metabolism and GLUT1 expression,
which can increase glucose uptake in cancer cells to
promote cell proliferation [27]. These findings suggest
that circ_0058063 is a useful cancer biomarker for both
diagnosis and treatment.
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circRNAs regulate cancer progression through var-
ious biological effects and mechanisms [9,29]. Many
circRNAs serve as miRNAs or protein inhibitors
(‘sponges’) that regulate protein functions [29]. Circ
_0058063 acts as a molecular sponge for miRNAs, reg-
ulating the expression of its target genes to influence
cell growth and death [19,26]. For instance, miR-635
is targeted and negatively regulated by circ_0058063
in multiple myeloma (MM), and miR-635 knockdown
reduces the effects of circ_0058063 on the migration,
proliferation, and invasion of MM cells [26]. By spong-
ing miR-486-3p, circ_0058063 promotes rapid growth
of bladder cancer [28]. In this study, we demonstrate
that miR-557 is a novel target of circ_0058063 in BC.
miR-557 is an anti-tumor miRNA that plays a profound
role in the formation and development of a number of
malignancies, such as osteosarcoma, pancreatic cancer,
and lung cancer [30–33]. Overexpression of miR-557
targets SLC7A11, which is closely linked to the emer-
gence of many malignant tumors and reduces the ma-
lignant potential of pancreatic cancer cells. miR-557 is
downregulated in pancreatic cancer cells [31]. We also
observed that miR-557 was downregulated in BC cells
and that miR-557 knockdown reversed the inhibitory
effect of circ_0058063 knockdown on BC proliferation
and migration. These results also showed that miR-557
is a target of circ_0058063, which affects BC progres-
sion.

Subsequently, we demonstrated that DLGAP5 was a
target of miR-557. Unlike other DLGAP family mem-
bers, DLGAP5 is mainly associated with various types
of cancers [34]. DLGAP5 promotes microtubule poly-
merization and bipolar spindle formation, which fa-
cilitates mitosis by passing through the G2/M check-
point [35,36]. Numerous malignancies, including hep-
atocellular carcinoma, lung cancer, ovarian cancer,
gliomas, and pancreatic cancer, have been shown to
have elevated levels of DLGAP5 [37–39]. According to
previous studies, DLGAP5 is considerably elevated in
BC tissues and is linked with tumor grade and lymph
node status [40,41]. Higher DLGAP5 expression is
associated with poor prognosis [41]. Consistent with
previous studies, we demonstrated that DLGAP5 was
upregulated and participated in the regulation of BC
cell proliferation. In mechanism, knockdown of DL-
GAP5 significantly downregulated the expression of
cell cycle-related proteins, CDK1, Cyclin B1, induced
G2/M phase arrest, and inhibited cell proliferation [37].
Furthermore, DLGAP5 upregulates the expression of
Bcl-2 and downregulates Bax expression, which can
inhibit cell apoptosis [19]. As DLGAP5 exhibits an iso-

lated microtubule-associated protein 1A/1B light chain
3B-interacting region motif and is located in the mito-
chondria, recent studies have shown that DLGAP5 may
play a role in mitophagy [41]. These studies showed
that DLGAP5 plays a vital role in cancer progression
and may serve as a candidate target for the diagnosis
and treatment of BC. Furthermore, DLGAP5 was found
to be a target of miR-557, which reversed the antitumor
effects of miR-557 on BC cell growth. In summary,
DLGAP5 facilitated BC progression and was targeted
by miR-556-5p.

This study has some limitations. First, the correlation
between aberrant circ_0058063 expression levels and
the clinicopathological characteristics of patients with
BC has not been fully analyzed. Second, whether there
is a correlation between driver oncogene mutation type
and circ_0058063 expression in BC remains to be ex-
plored. We intend to address these questions in future
studies. In addition, owing to the key regulatory effect
of abnormal circ_0058063 expression in BC, whether
circ_0058063 with high and low expression is corre-
lated with the prognosis of BC should be explored in
the future by collecting more clinical samples.

5. Conclusion

Our study showed that miR-557 expression was de-
creased in BC, while circ_0058063 expression was
increased. circ_0058063 knockdown significantly re-
duced BC cell proliferation and migration. Mechanisti-
cally, circ_0058063 targets miR-557, which downregu-
lates DLGAP5. Our findings regarding the circ_005806
3/miR-557/DLGAP5 axis may provide a potential tar-
get for BC therapy and early diagnosis.
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