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CircRNA hsa_circ_0006220 acts as a tumor suppressor gene by 
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Background: Triple-negative breast cancer (TNBC) is one of the most aggressive breast cancer (BC) 
subtypes. Circular ribonucleic acids (circRNAs) are a class of novel stable and conserved forms of ribonucleic 
acids (RNAs). circRNAs have been documented to be involved in multiple diseases, especially malignancies, 
through a competing endogenous RNA (ceRNA) mechanism. However, few studies have been conducted 
on the function of circRNAs in TNBC. Previously, hsa_circ_0006220 was found to be downregulated in BC 
tissues. The present study sought to explore the mechanism of hsa_circ_0006220 in TNBC progression.
Methods: A real-time polymerase chain reaction (PCR) was used to validate the expression of hsa_
circ_0006220 in TNBC tissues and cells. In addition, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT), wound-healing and Transwell assays were conducted to measure the inhibition 
effects of hsa_circ_0006220 on TNBC cells in vitro. Further, a dual-luciferase reporter assay was performed 
to confirm the interaction between hsa_circ_0006220 and miR-197-5p. A mimic and an inhibitor of miR-
197-5p were constructed to confirm the downstream mechanism of hsa_circ_0006220 in TNBC cells.
Results: Hsa_circ_0006220 was more downregulated in TNBC than other subtypes of BC tissues and 
cell lines. In vitro data showed that hsa_circ_0006220 remarkably inhibited the proliferation, migration, 
and invasion of TNBC cells. Further, hsa_circ_0006220 was confirmed to be a sponge of miR-197-5p, 
and to indirectly regulate CDH19 expression. A rescue assay indicated the biological function of the hsa_
circ_0006220/miR-197-5p/CDH19 pathway in TNBC cells.
Conclusions: hsa_circ_0006220 plays an inhibitory role in TNBC progression. It might be a potential 
diagnostic marker and therapeutic target for TNBC patients.
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Introduction

Breast cancer (BC) is one of the most common malignant 
tumors among women (1). Triple-negative breast cancer 
(TNBC) is one of the most aggressive BC subtypes, which 
is characterized by an absence of estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth 
factor receptor 2 (HER-2) (2). Compared to other subtypes 
of BC, the treatment of TNBC is limited and the prognosis 
is poor due to a lack of therapeutic targets (3). Thus, novel 
prognostic markers and molecular therapeutic targets for 
TNBC patients need to be discovered urgently.

Circular ribonucleic acids (circRNAs) are novel 
endogenous ribonucleic acid (RNA) molecules (4). 
Compared to linear RNAs, circRNAs are covalently closed 
continuous loops and could resist digestion by RNAse 
R (5-7). Recently, circRNAs have been viewed as pivotal 
regulators of a wide range of biological processes, and 
notably, act as a micro RNA (miRNA) sponge in many 
tumors (8,9). Li (10) reported that silencing circDDX17 
promoted cell proliferation, migration, and invasion, and 
inhibited apoptosis in colorectal cancer. Circ-FOXM1 
promotes cell progression by sponging miR-1304-5p in 
non-small cell lung cancer (11). In TNBC, circKIF4A 
was reported to be a prognostic factor and regulate cell 
proliferation and migration by sponging miR-375 (12). It 
has been suggested that the circEPSTI1-miR-4753/6809-
BCL11A axis affects the proliferation and apoptosis of 
TNBC (13). However, the roles of circRNAs in TNBC 
remain unclear; thus, further research needs to be conducted 
to elucidate the functions and mechanisms of circRNAs.

In our previous study, hsa_circ_0006220 was found to 
downregulate BC cells and tissues by a circRNA microarray 
and real-time polymerase chain reaction (RT-PCR). 
Further, 5 potential target miRNAs were predicted, and 
hsa_circ_0006220 was confirmed to modulate miR-197-5p 
in BC cells (14). In addition, Shaker et al. reported that the 
level of miR-197 was notably increased in the serum of BC  
patients (15). In the present study, hsa_circ_0006220 was 
found to be more lowly expressed in TNBC cell lines than 
other BC cell lines by RT-PCR. Thus, we speculated that hsa_
circ_0006220 might affect TNBC progression by regulating 
miR-197-5p. Consequently, the possible relationship between 
hsa_circ_0006220 and the development of TNBC cells was 
analyzed in vitro. The relationship between hsa_circ_0006220 
and miR-197-5p was also examined. In brief, this study 
showed that hsa_circ_0006220 may act as a tumor suppressor 
gene and thus could serve as a potential therapeutic target for 

TNBC. We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2934).

Methods

Sample collection

A total of 57 BC patients (aged from 27 to 81 years old) 
participated in this study. All patients were primary female 
BC patients who had been treated at The First Affiliated 
Hospital of China Medical University between January 
2010 and December 2015. The patients did not receive 
chemotherapy or radiotherapy before surgery. Tissue 
specimens, including 11 TNBC tissues and 46 other BC 
tissue subtypes, were obtained after surgical resection and 
stored in an ultra-low temperature freezer (Haier, China). 
The study was approved by the Medical Ethics Committee 
of China Medical University (No. AF-0G-03-1.0-02). 
All of the procedures performed in this study involving 
human participants were conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Informed 
consent was obtained from all of the patients.

Cell cultures

The human BC cell lines (i.e., BT-549, MDA-MB-231, 
MDA-MB-468, SK-BR-3, T47D, and MCF-7) and a 
normal mammary epithelial cell line (i.e., MCF-10A) used 
in this study were purchased from the Cell Bank of Chinese 
Academy of Sciences. Human Embryonic Kidney 293T 
(HEK 293T) cells were preserved at our laboratory. The 
MDA-MB-231 cells were cultured in Dulbecco’s Modified 
Eagle Medium (Gibco, Carlsbad, CA, USA), containing 
10% fetal bovine serum (FBS; Hyclone, Logan, USA). 
The T47D cells were cultured in Roswell Park Memorial 
Institute Medium 1640 (Gibco, Carlsbad, CA, USA), 
containing 10% FBS. Michigan Cancer Foundation-10A 
(MCF-10A) cells were cultured in Mammary Epithelial Basal 
Medium (iCell Bioscience, Shanghai, China). The other cell 
lines were cultured appropriately. All the cell lines were free 
of mycoplasma infection and were maintained at 37 ℃ with 
5% carbon dioxide (CO2) in a humidified incubator.

RT-PCR

Total RNA was extracted from the tissues or cells using 
a simple total RNA kit (BioTeke, Beijing, China). The 

https://dx.doi.org/10.21037/atm-21-2934
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purity and concentration of the RNAs were examined using 
a NANO 2000 spectrophotometer (Thermo Scientific, 
Waltham, MA, USA), and then reverse transcribed into 
complementary deoxyribonucleic acid (cDNA) by Moloney 
Murine Leukemia Virus Reverse Transcriptase (BioTeke). 
An ExicyclerTM 96 RT-PCR machine (BIONEER, Daejeon, 
Korea) was used to perform the RT-PCR analysis and 
calculate the levels of cDNAs using the SYBR-Green 
method (Takara Bio, Dalian, China). β-actin was used as 
an endogenous control for the normalization of circRNA 
and messenger RNA (mRNA), while U6 was used for the 
miRNA. The relative expressions of RNAs were analyzed 
using the 2−△△CT method. Table S1 provides details of the 
primers of genes (Sangon Biotech, Shanghai, China).

Vector construction and cell transfection

To overexpress hsa_circ_0006220, the mature sequence 
of hsa_circ_0006220 (chr17, 35800605–35800763) was 
synthesized and cloned into a vector (Genscript, Nanjing, 
China), named “ov-circ.” A mock vector with no hsa_
circ_0006220 sequence served as the control, and was 
named “ov-NC.” To knock down hsa_circ_0006220, 
small inhibitory RNA (siRNA) targeting the back-splice 
junction site of hsa_circ_0006220 or a negative control 
were synthesized and constructed into plasmid vectors 
(Genscript, Nanjing, China) that were named “sh-circ” and 
“sh-NC,” respectively. miR-197-5p mimics and inhibitors 
were built by GenePharma (Shanghai, China). The vectors, 
mimics, and inhibitors were transiently transfected into BC 
cells with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) in accordance with the manufacturer’s protocols. The 
sequences of hsa_circ_0006220 siRNA and negative control 
(si-NC) are set out in Table S2. The miR-197-5p inhibitor 
and negative control sequences are set out in Table S3.

MTT assay

A density of 3×103 cells were seeded in each well of  
96-well plates. 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyl-tetrazolium bromide (MTT) (Sigma Aldrich, 
St. Louis, Missouri) was added to each well at 0, 24, 48, 
and 72 hours. They were then incubated at 37 ℃ for 4 h. 
Next, the medium was removed and 200 μL of dimethyl 
sulfoxide (DMSO) was added to homogenize the formazan 
crystals. The optical density at 570 nm of each well was 
detected using an automatic microplate reader (BioTek,  
Vermont, USA).

Wound-healing assay

The 6×105 post-transfected cells were seeded in 6-well 
plates and incubated for 48 h. They were then treated with 
a serum-free culture containing 1 μg/mL of Mitomycin C 
(Sigma Aldrich) for 1 h. Next, the wounds were produced in 
the middle of each well using 200 μL pipette tips. The cells 
were washed and incubated with a serum-free culture, and 
the wound closing was photographed by a phase contrast 
microscope (Motic, Xiamen, China). After being incubated 
at 37 ℃ with 5% CO2 for 24 h, the widths of the wounds 
were captured and the migration rates were calculated.

Transwell assay

For the migration assays, the cells were seeded in the upper 
chambers (Corning Incorporated, Corning, NY, USA) at 
a density of 2×104 and cultured with 200 μL of serum-free 
medium. The lower chambers were filled with 800 μL of 
medium containing 20% FBS. After being incubated at 
37 ℃ with 5% CO2 for 24 h, the cells that migrated to the 
bottom of the filter were fixed with 4% paraformaldehyde 
for 20 min and stained with 0.5% crystal violet dyes 
(Amresco, USA), and then photographed and counted 
under an inverted phase contrast microscope (Motic).

For the invasion assays, 2×104 cells were seeded into  
200 μL of serum-free medium in upper chambers coated 
with Matrigel (BD Biosciences, NJ, USA). An 800-μL 
medium containing 20% FBS was added to the lower 
chambers. Briefly, after 24 h, the cells in the lower chambers 
were stained and photographed by an inverted phase 
contrast microscope (Motic).

Dual-luciferase reporter assay

The sequences of wild-type and mutated hsa_circ_0006220 
without miR-197-5p binding sites were synthesized and 
subcloned into luciferase reporter vectors pmirGLO 
(Genscr ipt ) ,  named “c irc-WT,” and “c irc-Mut,” 
respectively. These vectors and the miR-197-5p mimics 
or negative controls were co-transfected into HEK 293T 
cells using the Lipofectamine 2000 transfection reagent 
according to the manufacturer’s instructions. After 48 h of 
incubation, the relative luciferase activity was measured by 
a Dual-Luciferase Assay Kit (KeyGEN BioTECH). The 
luciferase activity was measured normalized to the Renilla 
luciferase internal control using the Tecan infinite M200 
Pro luminometer (Tecan, Männedorf, Switzerland).

https://cdn.amegroups.cn/static/public/ATM-21-2934-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2934-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-2934-supplementary.pdf
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Western blotting

The proteins in the tissues and cells were extracted 
using a radio immunoprecipitation assay (RIPA) lysis 
buffer (Beyotime, Haimen, China) with 1 mM of 
phenylmethylsulfonyl fluoride (Beyotime), and quantified 
by a bicinchoninic acid kit (Beyotime). A total of 40 μg 
(20 μL) proteins from each sample were separated with 
sodium dodecyl sulfate polyacrylamide gel electrophoresis, 
and transferred to polyvinylidene difluoride membranes 
(Millipore, Bedford, MA, USA). The membranes were 
incubated at room temperature for 1 h with 5% milk, and 
then incubated with the appropriate primary antibody 
overnight at 4 ℃. A specific primary antibody, anti-
CDH19 (1:400), was purchased from Proteintech (Wuhan, 
China), and β-actin (1:1,000, Wanleibio, Shenyang, China) 
served as the internal control. Consequently, horseradish 
peroxidase-conjugated secondary antibody (1:5,000, 
Wanleibio) and electrochemiluminescence western blotting 
detection reagents (Wanleibio) were used to visualize the 
target proteins. The images were finally collected by an 
enhanced chemiluminescence system (Beyotime).

Statistical analysis 

A statistical analysis was performed using GraphPad Prism 
7.0 software (GraphPad Software, CA, USA). The t-test 
with a Wilcoxon signed-rank test was used to compare the 
differences between the two groups. A one-way analysis of 

variance with a Kruskal-Wallis test was used for the analyses 
among the multiple groups. Pearson correlation coefficients 
were used for the correlation analyses. The results are 
expressed as mean ± standard deviation (SD). A P value 
less than 0.05 was viewed as statistically significant. All 
experiments were repeated thrice.

Results

Downregulation of hsa_circ_0006220 in TNBC tissues and 
cells

In our previous study, hsa_circ_0006220 was identified 
to be downregulated in BC tissues relative to the paired 
noncancerous tissues using a circRNA microarray and RT-
PCR (14). In the present study, hsa_circ_0006220 was 
shown to be more obviously downregulated in BC cells than 
normal breast epithelial cells, MCF-10A (see Figure 1A) 
by RT-PCR. Additionally, we found that its levels in TNBC 
cells (BT-549, MDA-MB-231, and MDA-MB-468) were 
much lower than those of other subtypes of BC cells (i.e., 
MCF-7, SK-BR-3, and T47D; see Figure 1A). Based on 
these results, we speculated that hsa_circ_0006220 might 
affect TNBC progression. Subsequently, the levels of hsa_
circ_0006220 were examined in 11 TNBC tissues and 46 
other BC tissue subtypes by RT-PCR. The results showed 
that it was notably downregulated in TNBC tissues (P<0.05; 
see Figure 1B). Thus, we chose MDA-MB-231 (which had 
the lowest level of hsa_circ_0006220 among TNBC cells) 
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Figure 1 hsa_circ_0006220 was downregulated in TNBC tissues and cell lines. (A) The expression of hsa_circ_0006220 in TNBC cell lines 
(BT-549, MDA-MB-231, and MDA-MB-468), other subtypes of BC cell lines (MCF-7, SK-BR-3, and T47D), and MCF-10A by RT-PCR. 
(B) Comparing the levels of hsa_circ_0006220 between TNBC (n=11) and other subtypes of BC tissues (n=46) using RT-PCR. Values are 
presented as mean ± standard deviation. TNBC, triple-negative breast cancer.
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and T47D (which had the highest level of hsa_circ_0006220 
among other subtypes of BC cells) for our next functional 
investigation of hsa_circ_0006220.

hsa_circ_0006220 inhibits proliferation, migration, and 
invasion in TNBC cells

An overexpression vector of hsa_circ_0006220 and a siRNA 
plasmid vector were also constructed (see Figure 2A). We 
overexpressed hsa_circ_0006220 in MDA-MB-231 cells 
and downregulated it in T47D cells in our next functional 
investigations, and examined the level of hsa_circ_0006220 
by RT-PCR (see Figure 2B). Notably, the expression of 
the linear transcript TADA2A was not affected when 
hsa_circ_0006220 was overexpressed or knocked down 
in BC cells (see Figure 2C). Next, MTT assays were 
carried out to test the effects of hsa_circ_0006220 on cell 
proliferation. The results suggested that the cell viability 
of MDA-MB-231 cells was inhibited significantly after 
the upregulation of hsa_circ_0006220 at 72 h (P<0.0001). 
Conversely,  the viabil ity of T47D cells  increased 
significantly after the downregulation of hsa_circ_0006220 
(P<0.0001; see Figure 2D). Next, wound-healing assays and 
Transwell assays were performed on BC cells to verify the 
effects of hsa_circ_0006220 on cell migration and invasion. 
The cell migration rate of MDA-MB-231 cells was markedly 
suppressed by the upregulation of hsa_circ_0006220 
(P<0.0001), and was notably enhanced in T47D cells by 
the downregulation of hsa_circ_0006220 (P<0.05; see 
Figure 2E). Similarly, the Transwell assays showed that the 
upregulation of hsa_circ_0006220 significantly inhibited the 
cell migration (P<0.0001; see Figure 2F) and cell invasion 
(P<0.0001; Figure 2G) of MDA-MB-231 cells, while the 
downregulation of hsa_circ_0006220 produced the opposite 
results in T47D cells (see Figure 2F,2G). These results 
showed that the proliferation, migration, and invasion of 
TNBC cells were inhibited by hsa_circ_0006220 in vitro.

hsa_circ_0006220 acts as a sponge of miR-197-5p

In our previous study, we identified the 5 miRNAs 
most likely to be sponged by hsa_circ_0006220, and 
examined their level changes after the upregulation of 
hsa_circ_0006220 in MDA-MB-231 (14). Among the  
5 miRNAs, miR-197-5p was significantly decreased 
when overexpressing hsa_circ_0006220; thus, it might 
be a target of hsa_circ_0006220. In addition, it has been 
reported that miR-197 is upregulated in male BC (15), and  

TNBC (16). In this study, the regulation of miR-197-5p by 
hsa_circ_0006220 was verified in MDA-MB-231 and T47D 
cells (see Figure 3A). Further, miR-197-5p was found to be 
markedly more elevated in 11 TNBC tissues than 46 other 
subtypes of BC tissues by RT-PCR (P<0.05; see Figure 3B). 
Additionally, a Pearson correlation analysis of all 57 BC 
tissue samples revealed a significantly negative correlation 
between the level of miR-197-5p and hsa_circ_0006220 
(r=–0.2689, P=0.0431; see Figure 3C). Unlike hsa_
circ_0006220, miR-197-5p was more obviously elevated in 
BC cell lines than MCF-10A using RT-PCR, and was much 
higher in TNBC cell lines (see Figure 3D). Thus, a dual-
luciferase reporter assay was performed in HEK 293T cells 
to examine whether hsa_circ_0006220 served as a sponge 
for miR-197-5p. The results showed that transfections with 
the miR-197-5p mimics significantly reduced the luciferase 
activity with hsa_circ_0006220 wild-type compared to that 
of miR-197-5p NC (P<0.001; see Figure 3E). Conversely, 
the miR-197-5p mimics did not decrease the luciferase 
activity in the two circ-Mut groups (see Figure 3E). Thus, 
hsa_circ_0006220 might serve as a sponge for miR-197-5p 
through the predicted binding site.

CDH19 is a target of miR-197-5p and is regulated by hsa_
circ_0006220

Next, to examine the role of hsa_circ_0006220 in TNBC 
cells, the downstream target of miR-197-5p was predicted 
by miRanda. We found that CDH19 was likely to have the 
same miRNA response element (MRE) of miR-197-5p 
(see Figure 4A). In addition, CDH19 was appeared 
to represent a novel cadherin and was involved in 
establishing and maintaining intercellular connections 
(17-19). Thus, we speculated that CDH19 might act 
as a tumor suppressor gene. Consequently, in the 
present study, CDH19 was verified to downregulate 
in TNBC tissues by RT-PCR (P<0.05; Figure 4B). 
The Pearson correlation analysis showed that CDH19 
was posi t ively  associated with hsa_circ_0006220 
expression in 57 BC tissues (r=0.8731, P<0.0001; see 
Figure 4C). Further, the level of CDH19 was also more 
downregulated in BC cell lines than MCF-10A (see  
Figure 4D). We then examined whether hsa_circ_0006220 
affects the expression of CDH19 to explore the role of the 
hsa_circ_0006220/miR-197-5p/CDH19 pathway in TNBC 
cells. An overexpression of hsa_circ_0006220 notably 
increased the level of CDH19 in MDA-MB-231 cells 
(P<0.0001), while the downregulation of hsa_circ_0006220 
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Figure 2 hsa_circ_0006220 inhibited TNBC cell growth, migration, and invasion. (A) Schematic illustration of the vector and siRNAs 
of hsa_circ_0006220. (B,C) 24 hours after transfecting MDA-MB-231 with the hsa_circ_0006220 expression vector (ov-circ) or mock  
(ov-NC), and T47D cells with the siRNA (sh-circ) or negative control (sh-NC), the relative expressions of hsa_circ_0006220 and TADA2A 
were verified by RT-PCR. (D) The growth curves of cells transfected with the specified vectors were analyzed by MTT assays. (E) Cell 
migration capacities were examined by wound-healing assays after being transfected with the specified vectors. Scale bar, 200 μm. (F,G) Cell 
migration and invasion abilities were analyzed by Transwell assays after being transfected with the specified vectors. Stain method: 0.5% 
crystal violet dyes. Scale bar, 100 μm. Data are presented as mean ± standard deviation (n=3). *, P<0.05; ****, P<0.0001.

decreased the level of CDH19 in T47D (P<0.0001; see 
Figure 4E). Similarly, the western blot showed that the 
protein level of CDH19 was also positively regulated (up 
or down) by the regulation of hsa_circ_0006220 in the 2 
BC cell lines (see Figure 4F,4G). All these data suggested 
that hsa_circ_0006220 might affect the level of CDH19 by 
sponging miR-197-5p in TNBC.

hsa_circ_0006220 inhibits TNBC cell progression through 
the hsa_circ_0006220/miR-197-5p/CDH19 pathway

To confirm that hsa_circ_0006220 functions in TNBC cells 
via the hsa_circ_0006220/miR-197-5p/CDH19 pathway, 
miR-197-5p mimics and inhibitors were constructed 
and co-transfected into MDA-MB-231 and T47D cells. 
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Figure 3 hsa_circ_0006220 regulates and functions as a sponge of miR-197-5p. (A) RT-PCR analysis of miR-197-5p expression in 
MDA-MB-231 cells transfected with the hsa_circ_0006220 expression vector (ov-circ) or the mock (ov-NC), and T47D cells with  
hsa_circ_0006220 siRNA (sh-circ) or the negative control (sh-NC). (B) Examination of the relative expression of miR-197-5p in TNBC 
tissues (n=11) and other subtypes of BC tissues (n=46) by RT-PCR. (C) Pearson correlation analysis of miR-197-5p and hsa_circ_0006220 
expression in all BC tissues (n=57). (D) The relative expression of miR-197-5p in cell lines was analyzed by RT-PCR. (E) Schematic 
illustration of the hsa_circ_0006220 WT and the hsa_circ_0006220 mutant (Mut) luciferase reporter vectors on the predicted binding sites 
of miR-197-5p. After transfection with the hsa_circ_0006220 wild-type (circ-WT) or the hsa_circ_0006220 mutant (circ-Mut) and the  
miR-197-5p mimic or the miR-197-5p NC in HEK 293T cells, relative luciferase activities were detected in each group. Data are expressed 
as mean ± standard deviation (n=3). ***, P<0.001; ****, P<0.0001. WT, wild-type; NC, negative control; TNBC, triple-negative breast cancer.

The expression of hsa_circ_0006220 was then examined 
in MDA-MB-231 and T47D cells by RT-PCR. We 
found that the miR-197-5p mimics reduced the level of  
hsa_circ_0006220, while the miR-197-5p inhibitors had 
the opposite effect (see Figure 5A). In the MTT assays, the 
overexpression of hsa_circ_0006220 dramatically reduced 
the cell viability of MDA-MB-231 cells; however, this effect 
was reversed by the miR-197-5p mimics. Additionally, the 
downregulation of hsa_circ_0006220 increased the cell 
viability of T47D, but was counteracted by the miR-197-5p 

inhibitors (see Figure 5B). Further, the wound-healing 
assays showed that the miR-197-5p mimics abolished the 
reduction of the cell migration rate of MDA-MB-231 cells 
by the overexpression of hsa_circ_0006220, while the miR-
197-5p inhibitors reversed the elevation of the cell migration 
rate of T47D cells by silencing hsa_circ_0006220 (see Figure 
5C). Briefly, the Transwell assay produced similar results, 
which showed that the effects on cell migration and invasion 
by hsa_circ_0006220 could be rescued by the miR-197-5p 
mimics or inhibitors, respectively (see Figure 5D,5E).
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Figure 4 CDH19 was regarded as a target gene of miR-197-5p and regulated by hsa_circ_0006220. (A) Prediction of miR-197-5p binding 
sites on CDH19 using miRanda. The binding sites are presented as solid lines. (B) Validation of the relative expression of CDH19 in TNBC 
tissues (n=11) and other subtypes of BC tissues (n=46) by RT-PCR. (C) Pearson correlation analysis of CDH19 and hsa_circ_0006220 
expression in all BC tissues (n=57). (D) Relative mRNA levels of CDH19 in cell lines was detected by RT-PCR. (E) RT-PCR analysis of 
CDH19 mRNA levels in MDA-MB-231 cells transfected with the hsa_circ_0006220 expression vector (ov-circ) or a mock (ov-NC), and 
in T47D cells with the hsa_circ_0006220 siRNA (sh-circ) or a negative control (sh-NC). (F,G) Relative protein levels of CDH19 were 
examined in cells transfected with the specified vectors using western blot. Data are expressed as mean ± standard deviation (n=3). ****, 
P<0.0001. TNBC, triple-negative breast cancer.

hsa_circ_0006220 regulates CDH19 expression through 
the hsa_circ_0006220/miR-197-5p/CDH19 pathway

Next, the expression of miR-197-5p was verified when 
co-transfected with miR-197-5p mimics or inhibitors in 
MDA-MB-231 or T47D cells (see Figure 6A). The results 
of the RT-PCR and western blot analyses suggested that 
the upregulation of hsa_circ_0006220 elevated the mRNA 

and protein levels of CDH19 in MDA-MB-231 cells, while 
the knockdown of hsa_circ_0006220 reduced the levels 
of CDH19 in T47D cells. The miR-197-5p mimics or 
inhibitors abolished each aforementioned effect, respectively 
(see Figure 6B,6C). These results showed that CDH19 
appeared to be regulated by hsa_circ_00062220 though the 
hsa_circ_0006220/miR-197-5p/CDH19 pathway, and thus 
affected the development of TNBC cells.
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Figure 5 hsa_circ_0006220 inhibited TNBC cell growth, migration, and invasion by sponging miR-197-5p. (A) After transfection with the 
hsa_circ_0006220 expression vector (ov-circ) or the mock (ov-NC) and the miR-197-5p mimic or the miR-NC in MDA-MB-231 cells, as 
well as transfection with the hsa_circ_0006220 siRNA (sh-circ) or the negative control and the miR-197-5p inhibitor (miR-197-5p inh) or 
the miR-NC in T47D cells, relative expressions of hsa_circ_0006220 were examined in each group by RT-PCR. (B) The growth curves of 
cells transfected with the specified vectors were constructed by MTT assays. (C) Cell migration capacities were detected by wound-healing 
assays after being transfected with the specified vectors in cells. Scale bar, 200 μm. (D,E) Cell migration and invasion abilities were analyzed 
by Transwell assays after being transfected with the specified vectors in cells. Stain method: 0.5% crystal violet dyes. Scale bar, 100 μm. Data 
are presented as mean ± standard deviation (n=3). **, P<0.01; ***, P<0.001; ****, P<0.0001.
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Discussion

TNBC is a subtype of BC, which is characterized by the 
absence of ER, PR and HER-2. This type of BC has a 
poor prognosis, a high recurrence rate, is prone to early 
metastasis, and lacks an effective targeted therapy (2,20-22). 
Thus, exploring a new therapeutic target could improve the 
survival of TNBC patients. CircRNAs are a special type 
of stable and conserved endogenous RNAs that are now a 
hotspot of RNA research (4,5,23). However, studies about 
circRNAs in relation to TNBC remain limited. Discovering 
and understanding the biological roles of a new circRNAs 
in TNBC could be beneficial in the treatment of TNBC.

In our previous study, a novel circRNA (i.e., hsa_
circ_0006220) was found to be obviously downregulated 
in BC tissues. The expression of hsa_circ_0006220 also 
correlated with histological type and lymph node metastasis. 
All these results suggested a correlation between hsa_
circ_0006220 and the malignant degrees of BC. In the 
present study, we found that hsa_circ_0006220 was not 
only downregulated in human BC tissues and cells but also 
in TNBC tissues and cells relative to other subtypes of BC 
tissues and cells. These findings led us to further investigate 

the biological roles of hsa_circ_0006220 in TNBC. We 
selected a TNBC cell line (i.e., MDA-MB-231), which 
has the lowest expression of hsa_circ_0006220, and a 
non-TNBC cell line (i.e., T47D), which has the highest 
expression of hsa_circ_0006220, for our subsequent 
studies. We found that the ectopic expression of hsa_
circ_0006220 strikingly inhibited TNBC cell proliferation 
and the cells’ metastatic properties. Conversely, the 
silencing of hsa_circ_0006220 remarkably promoted cell 
growth and metastatic properties in T47D cells. Thus, the 
tumor suppressor roles of hsa_circ_0006220 on TNBC 
progression were identified in vitro.

Numerous of circRNAs have been reported to function 
as miRNA sponges in cancers (24,25), and circRNAs 
play roles in the development of tumors by their disease-
associated target miRNAs (26). Previously, we identified 5 
possible target miRNAs of hsa_circ_0006220 (14). Among 
them, miR-197-5p was found to be regulated by hsa_
circ_0006220. miR-197 was reported to be a biomarker 
of different cancers (27). The expression of miR-197 
was also notably increased in the serum of patients with  
BC (15) and was elevated in male BC tissues (28). Thus, we 
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Figure 6 hsa_circ_0006220 regulates CDH19 expression by sponging miR-197-5p. (A) After transfection with the hsa_circ_0006220 
expression vector (ov-circ) or the mock (ov-NC) and the miR-197-5p mimic or the miR-NC in MDA-MB-231 cells, as well as transfection 
with the hsa_circ_0006220 siRNA (sh-circ) or the negative control and the miR-197-5p inhibitor (miR-197-5p inh) or the miR-NC in 
T47D cells, the levels of miR-197-5p were tested by RT-PCR in each group. (B) Relative mRNA levels of CDH19 were examined in each 
group by RT-PCR, and (C) Relative protein levels of CDH19 were detected in cells by western blot after being transfected with the specified 
vectors. Data are presented as mean ± standard deviation (n=3). *, P<0.05; ***, P<0.001; ****, P<0.0001.
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presumed that the biological roles of hsa_circ_0006220 in 
TNBC might be mediated by miR-197-5p. In the present 
study we found that hsa_circ_0006220 inhibited miR-197-
5p expression. The dual-luciferase reporter assay further 
suggested that hsa_circ_0006220 directly sponges miR-197-
5p. The Pearson correlation analysis revealed a negative 
correlation between miR-197-5p and hsa_circ_0006220 in 
BC tissues. Thus, the interaction between miR-197-5p and 
hsa_circ_0006220 was identified.

Further, CDH19 was predicted to be a downstream gene 
of miR-197-5p. CDH19 is regarded as a member of cadherin 
and establishes and maintains intercellular connections 
(17-19,29,30). In addition, CDH19 was also found to be 
downregulated in TNBC cells and tissues, and its level 
was positively correlated with hsa_circ_0006220. Further, 
we found that the overexpression of hsa_circ_0006220 
significantly boosted CDH19 expression in TNBC cells. The 
rescue assays showed that enhancing miR-197-5p partially 
reduced the tumor suppressing functions of overexpressing 
hsa_circ_0006220 in TNBC cells, while inhibiting miR-
197-5p had the opposite effect in T47D cells. These results 
showed that the hsa_circ_0006220/miR-197-5p/CDH19 
pathway might help in the progression of TNBC. However, 
large-scale studies need to be conducted to validate the 
diagnostic and therapeutic performance of hsa_circ_0006220.

Notwithstanding its limitations, this study found 
evidence that hsa_circ_0006220 affects the novel cadherin 
gene CDH19, and thus affects the progression of TNBC 
cells. However, research on CDH19 is still scarce. The 
question of how CDH19 affects the progression of TNBC 
requires further exploration. Additionally, the number 
of patient samples in this paper are few, it needs to be 
expanded to verify the relationship between TNBC and hsa_
circ_0006220. Multicenter-trials also need to be conducted 
to elucidate the roles of hsa_circ_0006220 in the future.

Collectively, these data showed that hsa_circ_0006220 
is downregulated in TNBC tissues and cells and its 
downstream mechanisms, which inhibits the progression 
of TNBC cells. hsa_circ_0006220 might serve as a 
potential diagnostic marker and therapeutic target for 
TNBC patients. The hsa_circ_0006220/miR-197-5p/
CDH19 pathway provides insights into the mechanism of 
progression of TNBC.
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Supplementary

Table S1 The sequences of the primers in this study

RNA Forward (5’-3’) Reverse (5’-3’) 

hsa_circ_0006220 CCCTGCTGAACCTGAAAC CACTCCTCCTTGGTCTTG

CDH19 CATTTGTAGGCGTGGTGT GTGGCTGTAATACTTAGGTTGT

TADA2A ATGGACTGTGGCTTTGGA TTCAGGTTCAGCAGGGTA

β-actin CGGGAAATCGTGCGTGAC GTCAGGCAGCTCGTAGCTCTT

miR-197-5p CGGGTAGAGAGGGCAGTGGGAGG GCAGGGTCCGAGGTATTC

U6 GCTTCGGCAGCACATATACT GTGCAGGGTCCGAGGTATTC

Table S2 The sequences of the siRNAs

RNA Sequence (5’-3’)

hsa-circ-0006220 siRNA ACAUCCUGCAGUGAAAUGGTT

si-NC ACGUGACACGUUCGGAGAATT

Table S3 miR-197-5p inhibitor sequence

RNA Sequence (5’-3’)

miR-197-5p inhibitor CCUCCCACUGCCCUCUCUACCCG

Inhibitor NC UUGUACUACACAAAAGUACUG
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