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1  | INTRODUC TION

Bladder cancer (BC) is the most common tumor that occurs in 
the urinary system, ranking as the fourth most frequent tumor 
in Europe and the United States.1,2 According to an estimation 
from the American Cancer Society, over 81 400 new BC cases and 
17 980 deaths will occur in 2020 in the United States.3 At this 
time, surgical resection has been adopted as the mainstay ther-
apeutic option for BC patients, and chemotherapy and radiation 
therapy are used as effective adjunctive therapies.4 However, due 
to its high recurrence rate and metastasis, as well as the deficiency 
in effective early screen biomarkers, the 5-y survival rate of BC 

patients remains dismal.5 Understanding the molecular mecha-
nisms of BC tumorigenesis may contribute to the development of 
promising diagnosis biomarkers and effective therapeutic targets 
for BC. Y box binding protein-1 (YBX-1) is a key subtype of the 
cold-shock protein family that has been proposed to bind to DNA 
and RNA to manipulate DNA transcription and repair, as well as 
mRNA translation and packaging.6,7 Due to its important regula-
tory activity in gene expression, YBX-1 dysregulation is known to 
be closely linked to unfavorable clinical outcomes.8 Dysregulation 
of YBX-1 has been found recently in BC tissues, and it has been 
reported to be a potential prognostic factor of BC.9 It was also 
found to facilitate BC tumor progression by elevating glycolysis.10 
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Abstract
Bladder cancer (BC) is one of the most commonly diagnosed cancers globally. 
Recently, circular RNAs (circRNAs) have been revealed to participate in BC progres-
sion with diverse mechanisms. However, mechanisms of circ_100984 in BC have 
not been determined. Here, we found that circ_100984 and YBX-1 were high pre-
sented, while miR-432-3p was low presented in BC. Silencing of circ_100984 and 
YBX-1 repressed BC tumor growth, migration, and invasion in vitro and in vivo. 
Mechanistically, we revealed that circ_100984 served as a competing endogenous 
RNA that sponged miR-432-3p to indirectly regulate YBX-1 and epithelial-mesenchy-
mal transition (EMT)-related molecules. Moreover, we confirmed that YBX-1 or c-Jun 
acted as a transcription regulatory factor for β-catenin or YBX-1, respectively, in BC 
cells. Knockdown of YBX-1 inhibited the expression of β-catenin and c-Jun, whereas 
downregulated c-Jun inversely repressed the expression of YBX-1 and β-catenin. 
Our results suggested that circ_100984-miR-432-3p axis regulated c-Jun/YBX-1/β-
catenin feedback loop promotes BC progression, providing a potential therapeutic 
axis for BC progression.
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Therefore, the study of YBX-1 regulation in BC might be a valuable 
research direction.

Circular RNAs (circRNAs) are known as important members of 
the non-coding RNA family and contains a unique close loop struc-
ture.11 It is presented differentially in numerous cancerous tissues, 
and is closely associated with the status and prognosis of tumors.12,13 
For their mechanisms, circRNAs have been proposed to regulate 
tumor occurrence by acting as microRNAs (miRNAs) sponges and 
preventing miRNA-induced mRNA cleavage of target genes.14,15 In a 
circRNA microarray analysis in 2018, circ_100984 was found to be 
upregulated in BC tissues compared with matched normal tisues,16 
however its role and mechanism in BC remain undetermined.

The Wnt/β-catenin cascade participates in numerous cellular 
biological events including cell proliferation, metastasis, and apop-
tosis.17 Inhibition of the Wnt/β-catenin cascade has been found 
to repress BC tumor cell proliferation and promote BC cell apop-
tosis.18,19 YBX-1 was reported to promote the Wnt/β-catenin cas-
cade by upregulation of β-catenin in hepatocellular carcinoma.20 
Knockdown of YBX-1 could repress triple-negative breast cancer 
cell invasiveness by regulating MMP1 and β-catenin expression.21 
Moreover, 1 previous study indicated that β-catenin positively reg-
ulated the expression of c-Jun in breast cancer.22 These findings im-
plied that c-Jun/YBX-1/β-catenin might function as an axis in cancer 
progression, however it is still unknown if this axis exists and plays a 
role during BC tumorigenesis.

Therefore, in this study we aimed to investigate whether 
circ_100984 could regulate BC tumor progression through the Jun/
YBX-1/β-catenin axis.

2  | MATERIAL S AND METHODS

2.1 | BC tissue samples and cell lines

Twenty pairs of BC and the corresponding non-cancer tissues 
were collected from BC patients (12 men, 8 women, aged 42–65 
years, mean 52.43 ± 5.18) who were treated in Xiangya Hospital 
of Central South University from January 2017 to January 2019; 
tissues were maintained at −80°C until use. There were 15 cases 
of superficial BC and 2 cases of invasive BC. Pathological grades 
were: 10 cases of Grade G1, 6 cases of Grade G2, and 4 cases of 
Grade G3. Clinical stages were: 5 cases of Ta, 4 cases of T1, 5 cases 
of T2, 3 cases of T3, and 3 cases of T4. There were 3 cases of lymph 
node metastasis. Subjects were firstly diagnosed as BC patients 
using pathological diagnosis and cytological examination. Patients 
all received surgical resection treatment without any chemother-
apy or radiotherapy and their expected survival time was greater 
than 3 mo. Subjects with following conditions were excluded: (a) 
with surgical contraindications; (b) with other tumors; (c) compli-
cated with infectious diseases; (d) combined with autoimmune dis-
eases; (e) serious functional insufficiency of the heart, liver, kidney 
and other important organs; and (f) suffering from mental illness or 
disorder of consciousness. This study was approved by the Ethics 

Committee of Xiangya Hospital of Central South University and 
informed consent documentation was provided to each patient. 
BC cell lines (HT-1376, HTB9, 253J, BT-B, Biu-87 and 5637) were 
purchased from ATCC and a normal human urothelial cell line (SV-
HUC-1) was supplied by Procell Life Science & Technology Co., Ltd. 
Cells were kept in DMEM containing 10% fetal calf serum (FBS, 
Sigma) and 1% ampicillin/streptomycin, and maintained in an incu-
bator containing 95% O2 and 5% CO2 at 37°C.

2.2 | Quantitative real-time PCR (qRT-PCR) analysis

Total RNAs of BC tissues and cells were separated after TRIzol 
(Invitrogen) incubation. After examining its quality and concentra-
tion, RNAs were transcribed into cDNA using the Gibco BRL kit (Life 
Technologies), and qRT-PCR was completed following standard pro-
cedures for the SYBR Green PCR kit (Takara) on an ABI Prism system 
(PE Applied Biosystems). Sequences of primers are shown in Table 1. 
The relative levels of RNA normalized to β-actin or U6 snRNA were 
calculated using the 2−ΔΔCt method.

2.3 | Western blot analysis

Total proteins of BC tissues and cells were extracted by high-speed 
centrifugation at 10 000 g/min for 10 min after lysis in RIPA buffer 
(Beyotime). Proteins (50 μg) were loaded into and isolated by 10% 
SDS-PAGE. Isolated proteins were transferred onto nitrocellulose 
membrane and incubated with 5% low-fat milk for non-specific site 
blocking. Afterwards, membranes were probed with primary an-
tibodies against YBX-1 (Rabbit, 1:1000, ab12148, Abcam), Slug-1 
(Rabbit, 1:1000, ab27568, Abcam), Vimentin (Rabbit, 1:3000, 
ab137321, Abcam), N-cadherin (Rabbit, 1:1000, ab18203, Abcam), 
E-cadherin (Rabbit, 1:10 000, ab40772, Abcam), β-catenin (Rabbit, 
1:4000, ab6302, Abcam), c-Jun (Rabbit, 1:1000, ab131497, Abcam), 
and β-actin (Rabbit, 1:5000, ab179467, Abcam). After overnight 
incubation, membranes were incubated for 2 h with the indicated 

TA B L E  1   Oligonucleotide primer sets for qRT-PCR

Name Sequence (5′–3′) Length

circ_100984 F GAGCCACCACATTGGACTTC 20

circ_100984 R CAGAGGTGCTCCTCAATTCC 20

YBX-1 F GATAAATTTAAACCTGAAAA 20

YBX-1 R ATCTTGTTTCTATCTTCCAA 20

miR-432-3p F GCGGCGGCTGGATGGCTCCTCC 22

miR-432-3p R CAGTGCGTGTCGTGGAGT 18

U6 F GCTTCGGCAGCACATATACTAAAA 24

U6 R CGCTTCACGAATTTGCGTGTCAT 23

β-actin F ACACTGTGCCCATCTACG 18

β-actin R TGTCACGCACGATTTCC 17

Abbreviations: F, forward; R, reverse; YBX-1, Y box binding protein 1.
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secondary antibodies. Bands were visualized using enhanced chemi-
luminescence reagent (EMD, Millipore).

2.4 | RNA transfection

Biu-87 and HTB9 cells were infected with lentivirus containing specific 
shRNAs against circ_100984 (sh-circ_100984-1, sh-circ_100984-2), 
YBX-1 (sh-YBX-1, sh-YBX-2), and β-catenin (sh-β-catenin-1, sh-β-
catenin-2), or circ_100984, and c-Jun gene. miR-432-3p mimics, as 
well as their negative control, were transduced into Biu-87 and HTB9 
cells using Lipofectamine 3000 reagent (Thermo Fisher).

2.5 | Cell proliferation viability assessment

Proliferation viability was estimated by Cell Counting Kit-8 (CCK-
8) and colony formation experiments. For CCK-8, treated BC cells 
(2 × 104 cells/well) were added to 96-well plates containing DMEM. 
Next, CCK-8 solution (10 μL) was added into each well and wells were 
incubated at 37°C for 2 h. Absorbance in each well was determined at 
450 nm. For colony formation, 1000 treated BC cells were harvested 
and added into 6-well plates. After incubation in a cell incubator for 2 
wk, visualized colonies were fixed in methanol and stained with crys-
tal violet. The numbers of colony were counted manually.

2.6 | Cell migration estimation

Cell migratory ability was estimated using a wound-healing assay. 
Treated BC cells were collected and seeded into 35-mm Petri dishes 
and then cultured at 37°C until 100% confluency. A scratch was 
made by a pipette tip in the BC cell surface and images were taken 
after 0 and 24 h after scratching.

2.7 | Cell invasion estimation

Cell invasive ability was estimated by transwell chambers with Matrigel 
(8 μm pore size, Corning Incorporated). Treated BC cells (2 × 105) were 
collected and re-suspended in 500 μL serum-free DMEM, which was 
then added into the upper chamber. The lower chamber was filled 
with 500 µL DMEM containing 10% FBS. After 24 h of incubation, 
cells that remained in the upper chamber were discarded and those 
on the undersurface were fixed and stained with 5% crystal violet. 
Invasive cell number was counted under a microscope.

2.8 | Immunofluorescence analysis

Treated BC cells (1 × 104) were collected and seeded into 96-well 
plates, and then cells were fixed with 4% paraformaldehyde overnight 
after washing with PBS 3 times. Cells permeabilization was carried 
out in Triton X-100 at 4°C for 20 min, followed by blocking with 5% 

bovine serum albumin for 1 h. Next, cells were probed with primary 
antibodies against Vimentin (Rabbit, 1:1000, ab137321, Abcam) and 
E-cadherin (Rabbit, 1:500, ab40772, Abcam), followed by second-
ary antibodies incubation for 2 h. DAPI was applied to stain nuclei. 
Imaging was performed using a FV1000 confocal microscope and 
relative fluorescence intensity was analyzed using Image J software.

2.9 | Mouse xenografts

Nude mice (8 wk old, male) were supplied by the Human SJA Laboratory 
Animal Co., Ltd and kept in animal rooms under a 12 h/12 h, day/night 
cycle and with free access to food and water. Animal manipulation 
was approved by the Ethics Committee of Central South University. 
The subcutaneous tumor animal model was established by injecting 
2 × 104 treated Biu-87 and HTB9 cells into the back of the nude mice. 
These animals were sacrificed 35 d after inoculation and tumors were 
excised for further study. For in vivo metastasis evaluation, 2 × 104 
treated Biu-87 cells were inoculated using the tail vein into animals. 
These nude mice were sacrificed after 35 d of inoculation, and liver 
and lung tissues were collected for metastatic nodules analysis. After 
fixation in 4% paraformaldehyde, liver and lung tissues were sliced 
into 5-μm sections followed by hematoxylin and eosin (H&E) staining.

2.10 | Dual-luciferase reporter assay

To validate the interplay between YBX-1 and miR-432-3p, recombi-
nant luciferase reporter plasmids were established by inserting wild 
type (WT) or mutant (MUT) predicted miR-432-3p sequences of 
YBX-1 into pGL3 vector. Recombinant plasmids were named YBX-
1-WT or YBX-1-MUT. Next, miR-432-3p mimics or NC mimics and 
YBX-1-WT or YBX-1-MUT were co-transfected into Biu-87 and HTB9 
cells, followed by detection of luciferase activity of Biu-87 and HTB9 
cells using the Dual-Luciferase Reporter Assay System (Promega). 
Validation of the interaction between miR-432-3p and circ_100984, 
as well as between YBX-1 and c-Jun, was again performed as above.

2.11 | RNA immunoprecipitation (RIP)

Biu-87 and HTB9 cells were co-transfected with MS2bs-Rluc, 
MS2bs-circ_100984 and MS2bs-circ_100984-MUT, followed by 
performance of the RIP assay after 48 h of co-transfection, using the 
Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore) 
in accordance with the manufacturer’s instructions.

2.12 | ChIP assay

ChIP analysis was conducted using a ChIP assay kit (Thermo 
Scientific) following the instructions supplied by the manufacturer. 
DNA fragments were obtained after isolation and micrococcal nu-
clease digestion of chromatin. Anti-YBX-1/c-Jun or IgG was added 
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into the reaction system for immunoprecipitation. Subsequently, 
qRT-PCR was adopted to detect DNA enrichment after elution and 
purification.

2.13 | Electrophoretic mobility shift assay (EMSA)

Binding activities of YBX-1 or c-Jun on the promoter area of β-catenin 
or YBX-1 were assessed using an EMSA kit (Thermo Scientific) in a 
reaction system including nuclear extracts and specific biotin probes 
in accordance with manufacturer’s procedures.

2.14 | Statistical analysis

Data are shown as mean ± standard deviation (SD) and were 
analyzed using Student t test or one-way ANOVA and GraphPad 

Prism software (Version 7.0, USA). A P-value <.05 was considered 
significant.

3  | RESULTS

3.1 | circ_100984, YBX-1, and miR-432-3p were 
dysregulated in BC

To determine whether circ_100984, YBX-1, and miR-432-3p played 
a role during BC tumorigenesis, we firstly examined by qRT-PCR 
their expression levels in 20 pairs of BC and adjacent non-cancer 
tissues. The results illustrated that circ_100984 and YBX-1 were dra-
matically increased, whereas miR-432-3p was obviously decreased 
in BC tissues, compared with that in non-cancer control tissues 
(Figure 1A). Consistently, we found that circ_100984 and YBX-1 
were dramatically increased, whereas miR-432-3p was obviously 

F I G U R E  1   circ_100984, YBX-1, and miR-432-3p were dysregulated in BC. A, Relative expression levels of circ_100984, YBX-1 mRNA, 
and miR-432-3p of BC tissues were determined by qRT-PCR, matched non-cancer tissues were applied as the control group, n = 20. B, 
Relative expression levels of circ_100984, YBX-1 mRNA and miR-432-3p of 6 BC cell lines (HT-1376, HTB9, 253J, BT-B, Biu-87 and 5637) 
and 1 normal human urothelial cell line (SV-HUC-1). C, Protein expression level of YBX-1 was evaluated by western blot in BC cell lines, SV-
HUC-1 was used as the control group. *P < .05; **P < .01; ***P < .001
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decreased in BC cell lines HT-1376, HTB9, 253J, BT-B, Biu-87 and 
5637 compared with the SV-HUC-1 cell line (Figure 1B). In addition, 
western blot analysis showed that YBX-1 protein expression was sig-
nificantly upregulated in BC cell lines HT-1376, HTB9, 253J, BT-B, 
Biu-87 and 5637 compared with the SV-HUC-1 cell line (Figure 1C). 
These results implied that circ_100984, YBX-1, and miR-432-3p 
might exert a vital effect during BC tumorigenesis.

3.2 | circ_100984 silencing repressed BC 
cell proliferation, migration, invasion, and EMT 
in vitro and in vivo

To elucidate the biological functions of circ_100984 in BC, we intro-
duced circ_100984 shRNAs (sh-circ_100984-1, sh-circ_100984-2) 
into Biu-87 and HTB9 cells and observed a significantly down-
regulation in circ_100984 expression in both Biu-87 and HTB9 
cells compared with the matched control cells (Figure 2A). In vitro 
functional assays revealed that knockdown of circ_100984 signifi-
cantly repressed cell viability (Figure 2B), proliferation (Figure 2C), 
migration (Figure 2D) and invasion (Figure 2E) activities of Biu-87 
and HTB9 cells. Moreover, Vimentin downregulation and E-cadherin 
upregulation were observed in circ_100984 silenced Biu-87 and 
HTB9 cells (Figure 2F), indicating that circ_100984 knockdown re-
pressed the EMT process of BC cells. The in vivo oncogenic effect of 
circ_100984 was then evaluated in mouse models. Tumors derived 
from circ_100984 silenced Biu-87 and HTB9 cells were obviously 
smaller compared with those from control cells (Figure S1A). Tumor 
weight and volume of sh-circ_100984-1 and sh-circ_100984-2 
groups were significantly reduced compared with that of sh-NC 
group (Figure S1B,C). Moreover, the pulmonary and hepatic me-
tastasis models indicated that, in contrast with metastatic nodules 
in the sh-NC group, less metastatic nodules were found in mice in-
jected with circ_100984 shRNAs (Figure S1D,E). Histopathologic 
analysis showed that circ_100984 knockdown obviously alleviated 
the pathological lesion of lung and liver (Figure S1F). In addition, we 
found that protein expression levels of YBX-1, N-cadherin, Vimentin, 
and Slug-1 were significantly downregulated while E-cadherin was 
upregulated in the tumors derived from circ_100984 silenced 
Biu-87 and HTB9 cells (Figure 2G). These findings suggested that 
circ_100984 silencing repressed BC cell proliferation, migration, in-
vasion, and EMT in vitro and in vivo.

3.3 | YBX-1 silencing repressed BC cell proliferation, 
migration, invasion, and EMT in vitro, and in vivo

The same strategy was applied to study the effects of YBX-1 knock-
down on BC cell viability, proliferation, migration, invasion, and EMT 
in vitro and in vivo. Transfection of YBX-1 shRNAs (sh-YBX-1-1 and 
sh-YBX-1-2) caused a significant YBX-1 downregulation in Biu-87 
and HTB9 cells compared with sh-NC transfection (Figure 3A). In 
vitro functional analysis demonstrated that YBX-1 silencing resulted 

in a significant inhibition effect on cell viability (Figure 3B), prolif-
eration (Figure 3C), migration (Figure 3D) and invasion (Figure 3E) 
of Biu-87 and HTB9 cells. YBX-1 silencing also caused a significant 
Vimentin downregulation and E-cadherin upregulation in Biu-87 and 
HTB9 cells (Figure 3F). An in vivo xenograft tumor assay was then 
adopted to further evaluate the effects of YBX-1 silencing on BC 
tumor growth, metastasis, and EMT. Tumors derived from YBX-1 si-
lenced Biu-87 and HTB9 cells were obviously smaller compared with 
those from control cells (Figure S2A). Tumor weight and volume of 
YBX-1 silenced groups were significantly reduced compared with 
that of sh-NC group (Figure S2B,C). Moreover, the pulmonary and 
hepatic metastasis models indicated that in contrast with metastatic 
nodules in the sh-NC group, less metastatic nodules were found in 
mice injected with YBX-1 shRNAs (Figure S2D,E). Histopathologic 
analysis showed that YBX-1 knockdown obviously alleviated the 
pathological lesions of lung and liver (Figure S2F). In addition, we 
found that protein expression levels for N-cadherin, Vimentin, and 
Slug-1 were significantly downregulated, while E-cadherin was sig-
nificantly upregulated in the tumors derived from YBX-1 silenced 
Biu-87 and HTB9 cells (Figure 3G). These findings suggested that 
YBX-1 silencing repressed BC cell proliferation, migration, invasion, 
and EMT in vitro, and in vivo.

3.4 | miR-432-3p regulated EMT-related molecules 
by targeting YBX-1 in BC

To investigate the relationship between miR-432-3p and YBX-1, 
we evaluated the expression of YBX-1 using western blot in miR-
432-3p mimics transfected Biu-87 and HTB9 cells. Transfection of 
miR-432-3p mimics caused a marked upregulation of miR-432-3p 
in both Biu-87 and HTB9 cells compared with NC mimics trans-
fection (Figure 4A). Overexpression of miR-432-3p dramatically 
decreased the protein expression of YBX-1 in Biu-87 and HTB9 
cells (Figure 4B). Based on StarBase prediction showing the com-
plementary sequence between YBX-1 and miR-432-3p (Figure 4C), 
a dual-luciferase reporter assay was employed to verify their inter-
action. The results indicated that miR-432-3p mimics, but not NC 
mimics, transfection could attenuate the luciferase activity of Biu-
87 and HTB9 cells driven by YBX-1 WT, although those cells driven 
by YBX-1 MUT were not affected by either NC or miR-432-3p mim-
ics (Figure 4D). Furthermore, results from the RIP assay showed 
that miR-432-3p could be significantly enriched by MS2bs-YBX-1 
3′UTR, but not MS2bs-YBX-1 3′UTR MUT (Figure 4E). In addition, 
we demonstrated that miR-432-3p mimics transfection dramati-
cally decreased the expression of YBX-1, Slug-1, Vimentin, and 
N-cadherin, although it increased the expression of E-cadherin 
in Biu-87 and HTB9 cells. YBX-1 overexpression exhibited oppo-
site effects, moreover co-transfection of YBX-1 and miR-432-3p 
mimics reversed the dysregulation caused by miR-432-3p mimics 
(Figure 4F). These findings indicated that miR-432-3p regulated 
EMT-related molecules by targeting and negatively regulating 
YBX-1 in BC.
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3.5 | circ_100984 regulated YBX-1 and EMT-related 
molecules by targeting miR-432-3p in BC

StarBase prediction also predicted the complementary sequence 
between miR-432-3p and circ_100984 (Figure 5A). In the dual-lu-
ciferase assay, we found that miR-432-3p mimics transfection re-
duced the luciferase intensity of Biu-87 and HTB9 cells driven by 
circ_100987 WT (Figure 5B). In the RIP assay, miR-432-3p was signif-
icantly enriched by MS2bs-circ_100984 but not MS2bs-circ_100984 
MUT (Figure 5C). Additionally, we found that co-transfection of 
circ_100984 and miR-432-3p could also reverse the dysregulation of 
YBX-1, Slug-1, Vimentin, N-cadherin and E-cadherin caused by miR-
432-3p in Biu-87 and HTB9 cells (Figure 5D). These results showed 
that circ_100984 regulated YBX-1 and EMT-related molecules by 
targeting miR-432-3p in BC.

3.6 | YBX-1, β-catenin and c-Jun acted as a feedback 
loop to regulate EMT-related molecules

Using western blot, we found that transfection of sh-YBX-1-1 and 
sh-YBX-1-2 significantly decreased the expression levels of β-catenin 
and c-Jun in Biu-87 and HTB9 cells (Figure 6A). Moreover, transfec-
tion of sh-β-catenin-1 and sh-β-catenin-2 resulted in a significant 
downregulation of YBX-1, β-catenin, c-Jun, Slung-1, Vimentin and 
N-cadherin and a significant upregulation of E-cadherin in Biu-
87 and HTB9 cells (Figure 6B). Effects of c-Jun overexpression on 
the expression levels of YBX-1, β-catenin, c-Jun, Slung-1, Vimentin, 
N-cadherin and E-cadherin were opposite to that of β-catenin 
knockdown. Meanwhile, we found that co-transfection of c-Jun and 
sh-β-catenin reversed the effects of β-catenin knockdown in both 
Biu-87 and HTB9 cells (Figure 6C). These results implied that YBX-
1, β-catenin and c-Jun acted as a feedback loop to regulate EMT-
related molecules.

3.7 | YBX-1 regulated β-catenin activity by binding 
to its promoter

According to the analysis results of the JASPAR (http://jaspar.gener 
eg.net/), the β-catenin promoter area contains 1 putative YBX-1 bind-
ing site (from 1749 to 1757 bp) (Figure 7A). Further EMSA analysis 
demonstrated that YBX-1 formed a DNA-protein complex with the 
native probe containing the putative binding sequence (Figure 7B). 

Meanwhile, ChIP-PCR analysis showed that YBX-1 knockdown re-
sulted in a significant downregulation of enrichment of YBX-1 in the 
β-catenin promoter (Figure 7C). These results indicated that YBX-1 
might regulate β-catenin activity by binding to its promoter.

3.8 | c-Jun regulated β-catenin activity by binding to 
YBX-1 promoter

Transfections of sh-c-Jun-1 and sh-c-Jun-2 were revealed to cause 
a significant inhibitory effect on the expression of c-Jun, YBX-1 and 
β-catenin compared with sh-NC transfection (Figure 8A). In addi-
tion, JASPAR prediction indicated that the YBX-1 promoter region 
contained 3 putative c-Jun binding sites (BSs) (BS1, from 405 to 418; 
BS2, from 565 to 578; BS3, from 1020 to 1033) (Figure 8B). Next, 
ChIP assay indicated that c-Jun preferentially bound to BS2, but not 
to BS1 or BS3 in the YBX-1 promoter region (Figure 8C). Moreover, 
EMSA assay demonstrated that c-Jun protein could form a DNA-
protein complex with native probe containing BS2 (Figure 8D). 
Moreover, we adopted a dual-luciferase reporter assay to evaluate 
the interaction between c-Jun and YBX-1 directly. The results indi-
cated that transfection of c-Jun caused a significant downregulation 
of luciferase activity of cells driven by mut-BS2, but not mut-BS1 
and mut-BS3 (Figure 8E). We also detected the protein expression 
of β-catenin in BS1-, BS2-, and BS3-mutant BC cells. Compared with 
BS2-mutant cells, protein expression of β-catenin was significantly 
increased in BS1- and BS3-mutant BC cells (Figure 8F). These find-
ings indicated that c-Jun regulated β-catenin activity by binding to 
the YBX-1 promoter.

4  | DISCUSSION

YBX-1 provides diverse pro-oncogenic roles in tumors, including 
tumor growth, invasion, metastasis, chemo-resistance, and an-
giogenesis within tumors.7,23 Its expression has been regarded as a 
prognostic factor in multiple tumors such as breast cancer, ovarian 
cancer, and prostate cancer.24-26 YBX-1 was also identified in 2014 
by Song et al9 as a promising prognostic factor of BC and its nuclear 
expression was revealed to be correlated in 201727 with resistance 
to multiple chemotherapeutic drugs in TP53-mutated BC. In addi-
tion, YBX-1 was found to facilitate BC tumor progression by increas-
ing glycolysis levels through the regulation of c-Myc and HIF-1α.10 
circ_100984 was previously identified to be upregulated in BC in 

F I G U R E  2   circ_100984 silencing repressed BC cell proliferation, migration, invasion, and EMT in vitro and in vivo. A, Knockdown 
efficiencies of sh-circ_100984-1 and sh-circ_100984-2 were examined by qRT-PCR in Biu-87 and HTB9 cells. B, After 0, 1, 2 and 3 d of 
transfection with sh-NC, sh-circ_100984-1 and sh-circ_100984-2, Biu-87, and HTB9 cells were subjected to cell viability analysis using 
CCK-8 assay. C, Colony formation assay was performed to assess the proliferation of Biu-87 and HTB9 cells after transfection with sh-
NC, sh-circ_100984-1 and sh-circ_100984-2. Effects of circ_100984 knockdown on cell (D) migration and (E) invasion were evaluated by 
wound-healing and transwell assay, respectively. F, Immunofluorescence comparing circ_100984 silenced Biu-87 and HTB9 cells with their 
respective cells are shown for relative expression of Vimentin and E-cadherin. G, Protein expression levels of YBX-1, Slug-1, Vimentin, 
N-cadherin, and E-cadherin in the tumors of nude mice following sh-NC, sh-circ_100984-1 and sh-circ_100984-2 transfection were 
examined by western blot. *P < .05; **P < .01; ***P < .001
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F I G U R E  3   YBX-1 silencing repressed BC cell proliferation, migration, invasion, and EMT in vitro and in vivo. A, Knockdown efficiencies of 
sh-YBX-1-1, and sh-YBX-1-2 were examined by western blot in Biu-87 and HTB9 cells. B, After 0, 1, 2 and 3 d of transfection with sh-NC, sh-
YBX-1-1, and sh-YBX-1-2, Biu-87, and HTB9 cells were subjected to cell viability analysis using CCK-8 assay. C, Colony formation assay was 
performed to assess the proliferation of Biu-87 and HTB9 cells after transfection with sh-NC, sh-YBX-1-1, and sh-YBX-1-2. Effects of YBX-1 
knockdown on cell (D) migration and (E) invasion were evaluated by wound-healing and transwell assay, respectively. F, Immunofluorescence 
comparing YBX-1 silenced Biu-87 and HTB9 cells with their respective cells are shown for relative expression of Vimentin and E-cadherin. 
G, Protein expression levels of YBX-1, Slug-1, Vimentin, N-cadherin, and E-cadherin in the tumors of nude mice with sh-NC, sh-YBX-1-1, and 
sh-YBX-1-2 following transfection were examined by western blot. *P < .05; **P < .01; ***P < .001

F I G U R E  4   miR-432-3p regulates EMT-related molecules by targeting YBX-1 in BC. A, Relative expression of miR-432-3p was measured in 
Biu-87 and HTB9 cells transfected with NC and miR-432-3p mimics. B, YBX-1 protein expression of miR-432-3p overexpressed Biu-87 and 
HTB9 cells was examined by western blot. C, StarBase software analysis showing the predicted consequential pairing of the target regions 
of YBX-1 and miR-432-3p. The interplay between YBX-1 and miR-432-3p was verified by (D) dual-luciferase reporter and (E) RIP assay. F, 
Protein expression levels of YBX-1, Slug-1, Vimentin, N-cadherin and E-cadherin of Biu-87 and HTB9 cells were evaluated by western blot 
after 24 h of transfection of miR-432-3p mimics or YBX-1 plasmid. *P < .05; **P < .01; ***P < .001
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a circRNAs microarray analysis, however its role and mechanism 
remain unknown. Consistently, we found that expression levels of 
circ_100984 and YBX-1 were upregulated in BC. Moreover, silencing 
of circ_100984 and YBX-1 repressed BC tumor progression in vitro 
and in vivo. Taken together, these findings suggest that circ_10084 
and YBX-1 act as an oncogene of BC.

Regulation of gene expression is considered to be the most import-
ant property of miRNAs, and circRNAs have been demonstrated to 
indirectly regulate gene expression by functioning as sponges of miR-
NAs.28 The circRNAs-miRNAs-mRNAs axis has been found to be one of 
the most common molecular mechanisms in human cancer.29 As a well 
documented oncogene, YBX-1 has been indirectly modulated by sev-
eral circRNAs through miRNAs-mediated action in human cancers.30,31 
In this study, circ_100984 was demonstrated to indirectly regulate the 
expression of YBX-1 by functioning as a sponge of miR-432-3p.

EMT is considered to be a key process that promotes cancer cell 
aggressiveness. Repression of EMT has been well demonstrated to 
slow BC progression,32,33 and circRNAs was revealed to be a critical 
regulator of EMT process in BC through an miRNAs/mRNA mech-
anism.16,34-36 Canonical Wnt/β-catenin cascade facilitates the EMT 
process by elevating several transcription factors including Slug, 
Twist, and YBX-1.21,37,38 In hepatocellular carcinoma, YBX-1 was not 
only found to activate EMT process, but also to modulate the expres-
sion of Wnt ligands and β-catenin.20 Moreover, YBX-1 and β-catenin 
could form a transcriptional complex with Kindlin-2 that binds to the 
epidermal growth factor receptor (EGFR) promoter and promote 
its transcription.39 c-Jun has been reported to be a Wnt/β-catenin 
downstream positive modulator, and is known as a key transcription 
factor in mammals that involves regulating diverse cellular physio-
logical functions such as proliferation, metastasis, and death.40-42 A 

F I G U R E  5   circ_100984 regulates YBX-1 and EMT-related molecules by targeting miR-432-3p in BC. A, StarBase software analysis 
showing the predicted consequential pairing of target region of circ_100984 and miR-432-3p. The interplay between circ_100984 and miR-
432-3p was verified by (B) dual-luciferase reporter and (C) RIP assay. D, Protein expression levels of YBX-1, Slug-1, Vimentin, N-cadherin 
and E-cadherin of Biu-87 and HTB9 cells were evaluated by western blot after 24 h of transfection of miR-432-3p mimics or circ_100984. 
*P < .05; **P < .01; ***P < .001
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F I G U R E  6   YBX-1, β-catenin and c-Jun act as a feedback loop to regulate EMT-related molecules. A, Western blot analysis was carried 
out in Biu-87 and HTB9 cells transfected with sh-NC, sh-YBX-1-1, and sh-YBX-1-2 to analyze the expression of YBX-1, β-catenin and c-Jun. 
B, Protein expression levels of YBX-1, β-catenin, c-Jun, Slug-1, Vimentin, N-cadherin and E-cadherin of Biu-87 and HTB9 cells were detected 
after β-catenin knockdown. C, Protein expression levels of YBX-1, β-catenin, c-Jun, Slug-1, Vimentin, N-cadherin and E-cadherin were 
detected in Biu-87 and HTB9 cells transfected with sh-β-catenin or c-Jun. *P < .05; **P < .01; ***P < .001
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prior study demonstrated that c-Jun could be induced by MYH9 via 
Wnt/β-catenin cascade, and c-Jun, MYH9, β-catenin and miR-6089 
act as a negative feedback loop to regulate ovarian cancer progres-
sion.43 Additionally, β-catenin could promote c-Jun expression and 

form a feedback loop with miR-5188 and FOXO1 in breast cancer 
cell.22 In this study, YBX-1 was found to regulate β-catenin expres-
sion by targeting its promoter, in addition c-Jun was demonstrated to 
regulate YBX-1 expression by binding to its promoter.

F I G U R E  7   YBX-1 regulates β-catenin activity by binding to its promoter. A, JASPAR analysis showing the binding sequences of YBX-1 at 
the promoter area of β-catenin. B, Protein-DNA interplay between YBX-1 protein and β-catenin promoter was verified by EMSA assay. C, 
ChIP-PCR analysis was used to evaluate YBX-1 binding to β-catenin promoter in YBX-1 blocked Biu-87 cells. ***P < .001

F I G U R E  8   c-Jun regulates β-catenin activity by binding to the YBX-1 promoter. A, Protein expression levels of c-Jun, YBX-1, and β-catenin 
were examined by western blot in c-Jun silenced BC cell. B, JASPAR analysis showing the binding sequences of c-Jun at the promoter area of 
YBX-1. C, ChIP-PCR analysis was used to evaluate c-Jun binding to YBX-1 promoter in c-Jun blocked Biu-87 cells. D, Protein-DNA interplay 
between c-Jun protein and YBX-1 promoter was verified by EMSA assay. E, Dual-luciferase reporter assay was performed to examine the 
interaction between YBX-1 and c-Jun in BC cell. F, Protein expression of β-catenin was evaluated by western blot in BS1-, BS2-, and BS3-
mutant BC cells. *P < .05; **P < .01; ***P < .001



     |  1441TONG eT al.

Taken together, c-Jun/YBX-1/β-catenin formed a feedback loop 
in BC, and circ_100984 promoted BC progression and EMT process 
by modulating this loop through miR-432-3p. Our findings offer a 
novel target axis for BC treatment that might contribute to the de-
velopment of an efficient therapeutic strategy.
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