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ABSTRACT
Breast cancer threatened the health of millions of people around the world. Here we explored the
influence of TCDD on the expression of circRNA_BARD1 (circ_0001098) in breast cancer and studied the
potential molecular mechanism of circRNA_BARD1. The data from GSE76608 was applied to analyze
differentially expressed circRNAs and mRNAs. The expressions of circRNA_BARD1, BARD1, miR-3942-3p,
miR-4760-3p and apoptosis-related protein p53 were detected by qRT-PCR or western blot.
Circinteractome, TargetScan, CIRCNET and dual luciferase reporter assay were employed to uncover
the target relationship between circRNA_BARD1/BARD1 and miR-3942-3p/miR-4760-3p. Flow cyto-
metric analysis was used to reveal cell cycle and cell apoptosis. Immunofluorescence was applied to
determinate γ-H2AX level. Xenograft assay and in vivo 3-D imaging was implemented to further verify
the conclusions in vitro. CircRNA_BARD1 (circ_0001098) was up-regulated in breast cancer with the
treatment of TCDD and the up-regulation of circRNA_BARD1 could restrain cell proliferation, block cell
cycle and promote cell apoptosis. Moreover, the target relationship between circRNA_BARD1/BARD1
and miR-3942-3p was confirmed. In addition, miR-3942-3p overexpression promoted the disease
progression and BARD1 up-regulation inhibited the disease progression in the breast cancer.
Similarly, circRNA_BARD1 overexpression induced by TCDD suppressed the growth and metastasis of
tumor in vivo. In conclusion, TCDD induced circ_0001098 overexpression and then suppressed breast
cancer tumorigenesis via miR-3942-3p/BARD1 axis. The finding of TCDD-circRNA-miRNA-mRNA axis
might bring a new perspective for cure strategy of breast cancer.
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Introduction

According to the data of International Agency for
Research on Cancer, breast cancer has been
the second common cancer in 2012, only following
lung cancer [http://gco.iarc.fr/]. Besides, breast
cancer has been the most common cancer that
causes high mortality in female all around the
world [1]. Therefore, it is urgent to make the
internal mechanisms of breast cancer progression
and metastasis clear.

2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD)
has been identified as a persistent environmental
pollutant and a well-known human carcinogen [2–
4]. Until now, quantities of studies have been
implemented to expose the function and the
mechanisms of TCCD in therapy of breast cancer.
Signaling pathways caused by TCDD are various.
It has been reported that TCDD can bind to the
aryl hydrocarbon receptor (AHR) [2,3,5], estrogen
receptor alpha (ERα) [6,7] and progesterone

receptor (PR) [4]. Chen et al. revealed that PR
was involved in TCDD-stimulated breast cancer
cell proliferation for the first time [4]. The findings
of Yoshioka et al. suggested that the principal
pathways of TCDD-induced anti-proliferation in
breast cancer were not AhR dependent [8].

Non-coding RNAs have been uncovered that
they are related to the progression of cancer [3].
Circular RNAs (circRNAs) are non-coding RNA
molecules with covalently closed continuous loops,
not possessing polarity or a polyadenylated tail
[8,9]. They have been discovered in multiple cell
lines and across variety of species, relatively con-
served and stable in cytoplasm [10]. According to
the previous studies, circRNAs play an important
role in the regulation of cancer, such as gastric
cancer, breast cancer and so on [8,10]. However,
the specific mechanisms remain largely unknown.

MicroRNAs (miRNAs), non-coding RNAs with
19–25 nucleotides, can control the expression of

CONTACT Jun Tang cmutangj@126.com.

CELL CYCLE
2018, VOL. 17, NO. 24, 2731–2744
https://doi.org/10.1080/15384101.2018.1556058

© 2018 Informa UK Limited, trading as Taylor & Francis Group

http://gco.iarc.fr/
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/15384101.2018.1556058&domain=pdf


many mRNAs via targeting the 3´ untranslated
region (3´UTR) of matched mRNAs [1,8,11]. It has
been made clear that circRNAs can act as miRNAs
sponges through binding to cancer-related miRNAs
[8,10]. For example,Ma et al. disclosed that the latent
regulation of circRNA-000284 on cell proliferation
and invasion of cervical cancer via sponging miR-
506 [10]. Wang et al. found that circRNA-000911/
miR-449a pathway played a regulatory role in breast
carcinogenesis [8].

In our study, has_circ_0001098 (circRNA-BARD1)
was detected to be highly expressed with TCDD treat-
ment in breast cancer through the analysis of gene
chip GSE76608. Overexpression of circRNA-BARD1
could inhibit cell proliferation, block cell cycle and
enhance apoptosis. Further, it was revealed the roles
of TCDD/circRNA-BARD1/miR-3942-3p/BARD1
axis in tumor progression.

Methods

GEO data

CircRNA and mRNA filtration were carried out
on Gene Expression Omnibus (GEO) database
(GEO accession: GSE76608). The differential
expression of circRNA was screened out
among 3 naive breast cancer cells and 4
TCDD treated breast cancer cells through pre-
diction tools of circRNA finder and find circ.
Similarly, the differential expression of mRNA
was also compared among 3 naive breast can-
cer tissues and 4 TCDD treated breast cancer
tissues.

Clinical tissue samples

Breast cancer tissues (15 paired tissues with or
without TCDD treatment) with full materials
and distinct diagnosis in this study were
acquired from Shengjing Hospital of China
Medical University. Liquid nitrogen was used
to freeze the specimens, which were not with
chemotherapy or radiotherapy history. All
patients enrolled this study were provided
informed consent and the experiments asso-
ciated with specimens were supported by the
Ethics Committee of Shengjing Hospital of
China Medical University.

Cell and cell culture

Breast cancer cells MCF-7 were got from BeNa
Culture Collection (Beijing, China). Mixture of
DMEM (Dulbecco’s modified Eagle’s medium,
Thermo Fisher Scientific, Waltham, USA) supple-
mented with 10% FBS, 100 units/mL penicillin and
100 ug/mL streptomycin (Sigma-Aldrich,
St. Louis, MO, USA) were used to culture the
cells and were stored in a humidified incubator
with 5% CO2 at 37°C. At 70% confluency, cells
were cultured with either dimethyl sulfoxide
(DMSO) or 10 nM TCDD (Sigma-Aldrich,
St. Louis, MO, USA) diluted in DMSO for
24 hours. The concentration of TCDD has been
proved to reproducibly cause differential gene
expression in variety of cells. And then the cells
were collected under the condition of 0.25% tryp-
sin plus EDTA and counted by trypan blue exclu-
sion. Cell lysates and supernatants were stored at
−80°C for application.

Cell transfection

The 3rd–5th generations of the cells were inoculated
in 60 mm cell culture bottles at the density of 1 × l05

cell/bottle and stored in 5% CO2 at 37°C. Cells in
miRNA transfection group were transfected with
miR-3942-3p mimics or negative control
(Genepharma, Shanghai, China). Recombinants
pcDNA3.1-BARD1 and si-circ_BARD1 were pur-
chased from Invitrogen and were transfected into
cells to upregulate BARD1 expression or downregu-
late circRNA_BARD1 expression. Transfection was
carried out with the Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). 48 hours later, transfection
efficiency was detected by qRT-PCR.

Quantitative real-time PCR analysis (qRT-PCR)

TRIzol reagent (Invitrogen) was used to extract
total RNA in cells or tissues and the procedures
were all implemented based on the manufacturer’s
instruction. Reverse transcription was performed
according to the protocol of TransScript One-Step
RT-PCR SuperMix Kit (Transgen, Beijing, China).
The quantification of mRNA and miRNA were
calculated by the 2−ΔΔCt method.
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Cell proliferation assay

Cells were inoculated in 96-well plates at the density
of 1 × 105 cell/well and cultured to 80% confluence
with 5% CO2 at 37°C and then incubated for
48 hours. The CCK-8 kit (Dojindo Molecular
Technologies, Kumamoto, Japan) was employed to
measure the cell proliferation according to the man-
ufacturer’s introductions. CCK-8 solution was added
into each well, and cells were incubated for 2 hours.
The optical density (OD) value was detected at
450 nm using a microplate reader.

Cell cycle distribution analysis

The MCF-7 cells were divided into several dif-
ferent groups and separately cultured with
DMSO, TCDD, si-circ_BARD1, TCDD plus si-
circ_BARD1, miR-3942-3p mimics,
pcDNA3.1-BARD1, TCDD
plus miR-3942-3p mimics, TCDD plus
pcDNA3.1-BARD1 or TCDD plus miR-3942-
3p mimics plus pcDNA3.1-BARD1 for
48 hours. The concentration of TCDD was
10 nmol/L. Then, cells were washed twice by
PBS before and after fixed with iced 70% etha-
nol overnight at 4°C. Next, the cells were trea-
ted with RNase A at 37°C and stained with PI
in the dark for 30 min. Eventually, the DNA
content was detected with a flow cytometer
(Accuri C6, BD Biosciences, USA) and the
data were analyzed by Flow Jo 7.6 (Tree star,
Ashland, OR, USA).

Cell apoptosis assay

Cell apoptosiswas detected byAnnexinV-FITCapop-
tosis detection kit (Transgen, Beijing, China). MCF-7
cells were treated with different reagents (TCDD, si-
circ_BARD1,TCDDplus si-circ_BARD1,miR-3942-
3p mimics, pcDNA3.1-BARD1, TCDD plus miR-
3942-3p mimics, TCDD plus pcDNA3.1-BARD1
and TCDD plus miR-3942-3p mimics plus
pcDNA3.1-BARD1) for 48 hours. The concentration
of TCDD was 10 nmol/L. All the procedures were
conducted according to the protocol of the apoptosis
kit (http://www.transgen.com.cn/attached/down/
FA101-01_2016090508.pdf). Apoptosis wasmeasured
with flow cytometer (Accuri C6).

Western blot

The total protein in cells was extracted with RIPA
lysis buffer containing protease inhibitors. BCA Kit
(Sigma-Aldrich, St. Louis, MO, USA) were used to
measure protein concentration. 10% SDS-PAGE
(sodium dodecyl sulfate polyacrylamide gel electro-
phoresis) was used to separate protein and PVDF
polyvinylidene fluoride membranes were used to
transfer the protein. Blocked with 5% BSA (Bull
Serum Albumin) at room temperature for 1 h, the
membranes were incubated with corresponding pri-
mary antibodies: anti-BARD1 (1: 1000, Abcam,
Cambridge, MA, US), anti-p53 (1: 1000, Abcam)
and anti-β-actin (1: 2000, Abcam) at 4°C overnight.
Then the membranes were washed and combined
with the secondary antibody-HRP (1: 4000, Abcam).
Signals were detected with the enhanced chemilumi-
nescence (ECL) and the bands were visualized.

Dual luciferase report assay

Cells were seeded into a 12 pore plates and were
incubated to approximately 70% confluency, and
then transfection was conducted with Promega’s
(Madison, WI, USA) pGL3 luciferase plasmid (1
μg) and pGL4.73 [hRluc/SV40] (500 ng) using
Lipo8000TM (Beyotime, Shanghai, China). After
transfection for 48 hours, cells were incubated
with specific treatment for 24 hours. And then
after lysed with passive lysis buffer, the lysates
were centrifuged. The analysis for luciferase activ-
ity was performed using the FLUOstar OPTIMA
luminometer (BMG Labtechnologies, Ortenberg,
Germany) based on the Promega’s Dual-
luciferase® Reporter Assay System protocol.

Immunofluorescence (IF)

Cells in different groups were fixed by 4% parafor-
maldehyde for 10 to 15 min at room temperature
(RT), and were then incubated using the blocking
buffer (containing 0.8× PBS, 0.5% Triton-X 100,
50 mM NaCl, 3% BSA) for 1 hours, followed by
incubation with the primary antibody to γ-H2AX
(ab2893, Abcam, Cambridge, MA, USA) in blocking
buffer overnight at 4°C. Cells were then washed
three times for 10 min in 0.8× PBS, 50 mM NaCl,
and 1.5% BSA at RT. Incubation with donkey

CELL CYCLE 2733

http://www.transgen.com.cn/attached/down/FA101-01_2016090508.pdf
http://www.transgen.com.cn/attached/down/FA101-01_2016090508.pdf


polyclonal anti-rabbit Alexa Fluor 555 (A0453;
Beyotime, Shanghai, China) antibodies was con-
ducted in the dark for 1 hours at 37°C in the
blocking buffer. All antibody incubations in
a moist chamber were performed. Cells were then
washed three times for 10 min in 0.8× PBS, 0.5%
Triton-X 100, and 50 mM NaCl. Cells were then
rinsed in PBS, counterstained using 4´, 6-diami-
dino-2-phenylindole (DAPI), mounted in
VECTASHIELD, and stored in the dark at 4°C.

Animal experiment

CircRNA_BARD1 short hairpin RNAs (sh-circ
_BARD1) were obtained (Genepharma) and
bedded into the hU6-MCS-CMV-Puromycin lenti-
viral vector to establish the stable circ_BARD1-
knockdown MCF-7 cells. The mice subcutaneously
injected with specific treated MCF-7 cells were
divided into four groups: empty vector control
group, co-treatment group of TCDD and empty
vector control group, sh-circ_BARD1 stable knock-
down group and co-treatment group of TCDD and
sh-circ_BARD1 stable knock-down. The concentra-
tion of TCDD was 10 nmol/L. After inoculation for
approximate 1 week, the size of the tumors of each
group was measured each week using 3-D imaging
in vivo. At the 5th week of experiment, the mice
were executed, dissected, and the entire tumor was
removed and weighed. The volume of the tumors
was evaluated according to the formula:
volume = length × width2/2. The miR-3942-3p
expression in tumor tissue was detected by qRT-
PCR. The BARD1 expression in tumor tissue was
detected using qRT-PCR and western blot.
Experiments in vivo were supported by Animal
Ethic and Care Committee of Shengjing Hospital
of China Medical University.

In vivo 3-D imaging

Mice were anesthetized using Nembutal (50 mg/kg
body weight, IP), followed by in vivo
3-D fluorescence tomography imaging. Meanwhile,
the hair of breast was removed with Nair lotion
(Ovation Pharmaceuticals Inc, Deerfield, Illinois)
to allow light transmission. And then, the mice
were positioned into the imaging chamber of the
FMT 2500 LX system (PerkinElmer, Waltham, MA,

USA). The entire image acquisition sequence was
performed for 3 to 5 minute each mouse. The
3-D distribution of light source and spatial quanti-
fication of the fluorophore were reconstructed by
a built-in reconstruction algorithm.

Statistical analysis

Statistical analysis was implemented with
GraphPad Prism 6 software (GraphPad Software
Inc, CA, USA). All data were presented as mean ±
standard deviation (SD). Student’s t-test and var-
iance analysis (ANOVA) were used to make the
comparisons between two groups or among multi-
groups, respectively. P value less than 0.05 was
considered statistically significant.

Results

Circ_0001098 (circRNA_BARD1) was highly
expressed with the treatment of TCDD in breast
cancer

According to the differential expression analysis of
circRNAs based on GSE76608, circ_0001098
(circRNA_BARD1), the abnormally expressed
circRNA simultaneously screened out by prediction
tools of circRNA finder and find circ, was highly
expressed in breast cancer with TCDD treatment
(Figure 1(a–c)). The conclusion was confirmed
that the expression of circRNA_BARD1 was higher
in breast cancer cells (MCF-7) with TCDD
(10 nmol/L) treatment for 24 hours, compared
with control group (Figure 1(d), P < 0.05).

CircRNA_BARD1 inhibited cell proliferation, block
cell cycle and promote cell apoptosis

As shown in Figure 2(a), it was confirmed again that
circRNA_BARD1 was up-regulated by TCDD treat-
ment. When knocking down circRNA_BARD1, the
expression of circRNA_BARD1 was successfully
downregulated. However, the circRNA_BARD1
expression was not upregulated by the TCDD treat-
ment after knocking-down circRNA_BARD1. As
shown in Figure 2(b–d), when adding TCDD in
MCF-7 cells, OD value was less but the occupation
of G0/G1 in cell cycle and apoptosis rate was more
compared with control group. However, the level of
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above parameters displayed a contrary trend after
knocking down circRNA_BARD1. In conclusion,
cell proliferation could be restrained, cell cycle
could be arrested in G0/G1 phase, and cell apoptosis
could be facilitated with the circRNA_BARD1 upre-
gulation induced by TCDD treatment.

BARD1 targeted miR-3942-3p and was regulated
by circRNA_BARD1 induced by TCDD

BARD1 was significantly up-regulated after
breast cancer tissues were treated with TCDD
based on the analysis of GSE76608 (Figure 3
(a)). Western blot assay revealed that the expres-
sion of BARD1 in MCF-7 cells was indeed
obviously promoted with the addition of TCDD
(Figure 3(b), P < 0.05). Meanwhile,

Circinteractome, TargetScan and CIRCNET
indicated a target relationship between
circRNA_BARD1/BARD1 and miR-4760-3p,
also between circRNA_BARD1/BARD1 and
miR-3942-3p (Figure 3(c–d)).

In order to further verify the above mentioned
target relationship, we first investigated the expres-
sion of miR-3942-3p and miR-4760-3p expressions
in breast cancer tissue with or without TCDD teat-
ment. The results showed that miR-3942-3p was
down-regulated and miR-4760-3p was up-regulated
under TCDD treatment (Figure 4(a)). As mentioned
earlier, the addition of TCDD could enhance the
expression of circRNA_BARD1. Theoretically, the
miRNA targeted by circRNA_BARD1 should be
down-regulated by TCDD treatment. Therefore,
miR-3942-3p down-regulated induced by TCDD

Figure 1. Circ_0001098 was highly expressed with the treatment of TCDD.
(a–b) Differentially expressed circRNAs with TCDD treatment were predicted by circRNA finder and find circ, respectively, based on
data from GSE76608. Of which, circ_0001098 (circRNA_BARD1), was remarkably highly expressed in breast cancer. The number of
tissue in naive and treated group was respectively 3 and 4. (c) Highly expressed circRNA_BARD1 was both predicted by circRNA
finder and find circ. (d) The expression of circRNA_BARD1 in MCF-7 cell was considerably up-regulated after treated with 10nmol/L
TCDD for 24 hours. *P < 0.05 compared with the control group.
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treatment met the anticipation for further study.
Moreover, circRNA_BARD1, miR-3942-3p and
BARD1 expressions in 15 paired tissue samples
were measured using qRT-PCR. A negative correla-
tion was found between circRNA_BARD1 and miR-
3942-3p (Figure 4(c), P < 0.05), miR-3942-3p and
BARD1 (Figure 4(e), P < 0.05), and a positive corre-
lation between circRNA_BARD1 and BARD1

(Figure 4(d), P < 0.05). Meanwhile, the target bind-
ings between circRNA_BARD1/BARD1 and miR-
3942-3p were verified by the dual luciferase report
assay (Figure 4(f)). In addition, the correlation
was proved by the experiments in Figure 4(g–h).
MiR-3942-3p was down-regulated with TCDD treat-
ment, up-regulated after down-regulating
circRNA_BARD1, and was not obviously changed

Figure 2. Overexpression of circRNA_BARD1 could inhibit cell proliferation and promote cell apoptosis.
(a) CircRNA_BARD1 was increased with TCDD treatment and decreased after knocking down circRNA_BARD1. *P < 0.05 compared
with control group. (b) Cell proliferation was inhibited by the up-regulation of circRNA_BARD1 induced by TCDD and promoted by
the down-regulation of circRNA_BARD1.*P < 0.05 compared with control group. (c) In cell cycle analysis, TCDD made G0/G1 longer
and the down-regulation of circRNA_BARD1 shortened G0/G1. *P < 0.05 compared with control group. (d) Cell apoptosis was
enhanced by TCDD and inhibited by the down-regulation of circRNA_BARD1. *P < 0.05 compared with control group.
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with TCDD treatment and circRNA_BARD1 down-
regulation, which meant that circRNA_BARD1
played a reverse regulation on miR-3942-3p.

Similarly, the conclusion could be drawn in Figure
4(h) that circRNA_BARD1 played a positive regula-
tion on BARD1 and indirectly suggested that

Figure 3. BARD1 was overexpressed in the breast cancer tissues with TCDD treatment and targeted at miR-4760-3p and miR-3942-3p.
(a) BARD1 was revealed to be overexpressed with TCDD treatment according to the analysis of gene chip GSE76608. The number of tissue in
treated and naive groupwas respectively 4 and 3. (b) After treatedwith TCDD, the expression of BARD1was promoted inMCF-7 cell. *P< 0.05
compared with control group. (c) Circinteractome and TargetScan indicated that miR-4760-3p andmiR-3942-3p could target at circ_0001098
and BARD1. (d) CIRCNET forecasted that miR-4760-3p and miR-3942-3p could target at circ_0001098 and BARD1.
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Figure 4. CircRNA_BARD1/BARD1 targeted at miR-3942-3p.
(a–b) The expression of miR-3942-3p and miR-4760-3p was shown in breast cancer tissues. The number of tissues in control and
TCDD group was separately 15. Data were represented as the mean ± SEM. *P < 0.05, **P < 0.01 compared with control group. (c
and e) A negative correlation was found between miR-3942-3p and circRNA-BARD1 (R2 = 0.7392, P < 0.0001), BARD1 and miR-3942-
3p (R2 = 0.5227, P = 0.0023). (d) A negative correlation was explored between circRNA-BARD1 and BARD1 (R2 = 0.7826, P < 0.0001).
(f) The dual luciferase report assay confirmed the target relationship between circRNA_BARD1/BARD1 and miR-3942-3p. (g–h) The
miR-3942-3p expression was decreased by TCDD and increased by down-regulating circRNA_BARD1. *P < 0.05 compared with
control group. (h) The BARD1 expression was promoted by TCDD and inhibited by knocking down circRNA_BARD1. *P < 0.05
compared with control group.
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miR-3942-3p played a negative regulation on
BARD1.

TCDD inhibited cell proliferation and promoted
apoptosis through regulating miR-3942-3p and
BARD1

As indicated earlier, TCDD induced circRNA_
BARD1 up-regulation, circRNA_BARD1 and
BARD1 targeted by miR-3942-3p. Therefore, the

Figure 5. BARD1 was inhibited by miR-3942-3p and its up-regulation inhibited DNA lesion and promoted cell proliferation.
(a) BARD1 was significantly down-regulated by the up-regulation of miR-3942-3p and up-regulated by up-regulating BARD1 or TCDD
treatment. *P < 0.05, **P < 0.01 compared with control group. (b and d) γ-H2AX and p53 were the proteins related to repair of DNA
damage and cell apoptosis, respectively. They were restrained by miR-3942-3p mimics but promoted by BARD1 up-regulation or
TCDD treatment. *P < 0.05, **P < 0.01 compared with control group. (d) Cell proliferation was enhanced by miR-3942-3p mimics,
and suppressed by BARD1 up-regulation or TCDD treatment. *P < 0.05, **P < 0.01 compared with control group.
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effects of miR-3942-3p, BARD1 and TCDD on cell
phenotype were explored. Firstly, western blot
assay discovered that the expression of BARD1
was restrained by the miR-3942-3p up-regulation
(group of miR-mimics), promoted by the BARD1
up-regulation (group of BARD1), TCDD treat-
ment plus BARD1 up-regulation (group of
TCDD+BARD1) and TCDD treatment plus the
miR-3942-3p up-regulation plus BARD1 up-
regulation (group of TCDD+miR-mimics
+BARD1). However, TCDD treatment and miR-
3942-3p up-regulation (group of TCDD+miR-
mimics) did not significantly change BARD1
expression (Figure 5(a)). These findings indirectly
verified the target relationship between
circRNA_BARD1/BARD1 and miR-3942-3p
based on TCDD induced the up-regulation of
circRNA_BARD1.

The γ-H2AX was used to evaluate the lesions of
DNA double-strand breaks (DSBs) and detected by
IF. Compared with control group, the number of γ-

H2AX foci was more in groups of BARD1, TCDD
+BARD1 and TCDD+miR-mimics+BARD1 and
was less in miR-mimics group (Figure 5(b)),
which suggesting TCDD, circRNA_BARD1 and
BARD1 promoted tumor cell DNA lesion, but
miR-3942-3p inhibited that. CCK-8 assay showed
that in MCF-7 cells, miR-3942-3p mimics could
enhance the viability, but TCDD and BARD1 had
the adverse effect on its viability (Figure 5(c)). P53,
as a tumor suppressor, was correspondingly up-
regulated with the upregulation of BARD1 and
TCDD treatment, and was down-regulated with
miR-3942-3p overexpression (Figure 5(d)).
Additionally, the influences of TCDD, BARD1,
and miR-3942-3p on cell cycle and cell apoptosis
were revealed. MiR-3942-3p mimics could cut
down G0/G1 phrase and enhance S phrase in cell
cycle, while the effectivity of TCDD and BARD1 on
cell cycle was opposite to that of miR-3942-3p
(Figure 6(a)). Furthermore, the cell apoptosis was

Figure 6. BARD1 was inhibited by miR-3942-3p and its up-regulation arrested cell cycle in G0/G1 phrase and promoted cell apoptosis.
(a) In the cell cycle analysis, miR-3942-3p mimics promoted cell cycle into S phrase and BARD1 up-regulation or TCDD treatment
arrested cell cycle in G0/G1 phrase. *P < 0.05 compared with control group. (b) Cell apoptosis was restrained by miR-3942-3p
mimics, and enhanced by BARD1 up-regulation or TCDD treatment. *P < 0.05 compared with control group.
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enhanced by TCDD and BARD1, but weakened by
miR-3942-3p (Figure 6(b)).

All above disclosed that BARD1 had the same
function to circRNA_BARD1 on DNA lesion,

Figure 7. TCDD contributed to circRNA_BARD1 overexpression and restrained the growth of tumor in vivo.
(a) In vivo 3-D imaging revealed the tumor growth in vivo after xenograft for 5 weeks. (b) Tumor volume of mice in TCDD group was
significantly smaller but larger in sh-circ_BARD1 group than that in control group. *P < 0.05 compared with the control group.
Tumor metastasis was observed in sh-circ_BARD1 group. (c) Tumor weight was decreased in TCDD group and increased in sh-circ
_BARD1 group. *P < 0.05 compared with the control group. (d–f) TCDD increased circRNA_BARD1 and BARD1 and decreased miR-
3942. Sh-circ_BARD1 inhibited the expression of circRNA_BARD1 and BARD1, and promoted the expression of miR-3942-3p.
*P < 0.05 compared with the control group.
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cell proliferation, cell cycle and cell apoptosis
while miR-3942 played an opposite role. In
brief, TCDD induced circRNA_BARD1 overex-
pression to inhibit cell proliferation and promote
apoptosis through regulating miR-3942-3p and
BARD1.

CircRNA_Bard1 overexpression induced by TCDD
suppressed tumor growth and metastasis in vivo

To deeply explore the role of TCDD and
circRNA_BARD1 in tumor growth, in vivo experi-
ment was conducted. As displayed in Figure 7(a–b),
tumor volume of mice in the TCDD group was
obviously smaller than that in control group.
However, when knocking down circRNA_BARD1,
the volumewas obviously larger,moreover,metastasis
was observed. The change trend of tumor weight was
the same to that of tumor volume in specific group
(Figure 7(c), P < 0.05). These results suggested that
TCDD induced circRNA_BARD1 up-regulation to
inhibit tumor growth and metastasis.

In addition, expressions of miR-3942-3p and
BARD1 were detected. As shown in Figure 7(d–
f), miR-3942-3p was suppressed by TCDD and
promoted by circRNA_BARD1 down-regulation.
However, BARD1 was enhanced by TCDD and
inhibited by circRNA_BARD1 down-regulation.
These results of in vivo experiment indicated that
CircRNA_BARD1 overexpression induced by
TCDD could suppress tumor growth and metas-
tasis via regulating miR-3942-3p and BARD1.

Discussion

In the current study, we concentrated on the role of
a new gene regulator circRNA-BARD1 in breast can-
cer, whichmaintained unclear. CircRNA-BARD1was
found to be up-regulated in breast cancer with TCDD
treatment. Besides, circRNA-BARD1 up-regulation
inhibited cell proliferation and enhanced cell apopto-
sis through regulating miR-3942-3p and BARD1.

Recently, attention is focused on the circular
RNAs. Since Sanger et al. proposed the concept
of circular RNA, properties of circular RNA
have been discovered partly [8]. Several circular
RNAs have been believed to be mediated in the
regulation of breast cancer. In breast cancer
cells, hsa_circ_006054, hsa_circ_100219,

hsa_circ_0001982 and hsa_circ_406697 were
highly expressed, while hsa_circ_0011946 was
down-regulated [12,13]. It was revealed that
circRNA_Foxo3 could promote p53 via inhibit-
ing MDM2 and then give rise to cell apoptosis
[14,15]. Moreover, Wang et al. reported that
circ_000911 could work with miR-449a to
cause the inhibition of cell proliferation, migra-
tion, and invasion, meanwhile, upregulated
notch1 in breast cancer [8]. In addition, Tang
et al. discovered that circ_0001982 induced the
carcinogenesis of breast cancer cell based on the
decrease of miR-143 [13]. Our study showed
that circRNA_BARD1 could decrease cell viabi-
lity, increase cell apoptosis in breast cancer cell.

TCDD is an environmental toxicant and plays
a valid role in signaling pathways and protein kinase
activity [4]. There are few studies about the effect of
TCDD on circular RNAs. As we knew, TCDD func-
tions in vivo through AHR. After triggering AHR,
a series of molecules was involved to enhance or
suppress the tumor extension. Recently, researchers
have found that it acts as a tumor suppressor in the
breast cancer. Zhang et al. found that TCDD com-
bined with AHR and then up-regulated miR-335,
which was a suppressor of SOX4, thus decreased the
metastasis of breast cancer [16]. The study of Hanieh
et al. suggested that TCDD activated miR-212/132
complex via combining with AHR to further suppress
SOX4, followed by the suppression of breast cancer
metastasis [17]. However, there were also several
reports indicated that TCDD might enhance the
metastasis of breast cancer. For instance, Al-Dhfyan
et al. reported that the activation of AHR/Cyp1A1
could increase the metastasis ability of breast cancer
when upregulating β-catenin and AKT [18]. In our
study, TCDD could inhibit the advance of breast
cancer. Therefore, the mechanism of TCDD in ther-
apy for breast cancer was still controversial.

In addtion, studies about the influence of
TCDD on microRNA expression are numerous.
Matthew et al. performed a research associated
with the effects of short-term exposure to TCDD
on the expression of microRNA in zebrafish
embryos [19]. In that study, the expression of
miR-451, 23a, 23b, 24 and 27e were abnormal.
The study of Yoshioka et al. in the mouse showed
that TCDD could inhibit the expressions of miR-
101a and miR-122 [20]. Hanieh explored miR-212/
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132 cluster was promoted in breast cancer cells
MDA-MB-231 and T47D with TCDD treatment
[21]. In our study, TCDD induced the up-
regulation of circRNA-BARD1 and BARD1 and
the down-regulation of miR-3942-3p in breast
cancer tissues and cells.

BARD1 was one of the molecules that partici-
pated in the DNA double strand break (DSB)
repair. When H2AX was phosphorylated into γ-
H2AX, it would be recruited, thus the DSB repair
would be initiated. Nevertheless, BARD1 had dis-
tinct functions in different condition. Stewart et al.
reported that BARD1 and BRCA1 complex could
inhibit Cyp1A1 and Cyp3A4 [22]. As we men-
tioned before, the activation of AHR/Cyp1A1
could enhance the breast cancer metastasis [18].
Furthermore, Liu et al. found that FOXK2 would
stabilize ERα with the combination of BRCA1 and
BARD1, so that it could decrease breast cancer
growth [23]. BARD1 was also suggested as
a mediator between proapoptotic stress and p53
dependent apoptosis [24]. There were studies
showed that BARD1 had many splice variants,

which might have different roles in different sub-
type of breast cancer [25]. BARD1 in our study
was discovered to have a positive relationship with
circRNA_BARD1 and a negative correlation with
miR-3942-3p. Furthermore, BARD1 functioned as
a tumor suppressor in this study. We suspected
that endogenous competition mechanism existed
between circRNA_BARD1 and BARD1 with target
binding to miR-3942-3p and the detailed regula-
tion network among circRNA_BARD1, miR-3942-
3p and BARD1 was shown in Figure 8.

This study demonstrated the function of TCDD/
cricRNA_BARD1/miR-3942-3p/BARD1 axis in
breast cancer development for the first time.
However, the internal mechanisms that TCDD up-
regulated circRNA_BARD1 remain to be studied.
Furthermore, the downstream signaling of BARD1
could be further explored. In conclusion, circRNA-
BARD1 was remarkably up-regulated in breast cancer
with TCDD treatment and inhibited carcinogenesis
via regulating miR-3942-3p and BARD1. TCDD/
cricRNA_BARD1/miR-3942-3p/BARD1 axis could
be a novel regulator in the therapy of breast cancer.

Figure 8. The regulation network among TCDD, circRNA_BARD1, miR-3942-3p and BARD1 demonstrated the potential endogenous
competition mechanism.
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