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Abstract. Substantial evidence indicates that circular RNAs
(circRNAs) play vital roles in several diseases, especially in
cancer development. However, the functions of circRNAs
in breast cancer metastasis remain to be investigated.
This study aimed to identify the key circRNAs involved in
epithelial mesenchymal transition (EMT) of breast cancer
and evaluated their molecular function and roles in pathways
that may be associated with tumor metastasis. An EMT
model was constructed by treating breast cancer cells MCF-7
and MDA-MB-231 with transforming growth factor-f1.
High-throughput RNA sequencing was used to identify the
differentially expressed circRNAs in EMT and blank groups
of two cells, and reverse transcription-quantitative PCR was
used to validate the expression of circSCYL2 in human breast
cancer tissues and cells. The effects of circSCYL2 on breast
cancer cells were explored by transfecting with plasmids and
the biological roles were assessed using transwell assays. EMT
groups of breast cancer cells exhibited the characteristics of
mesenchymal cells. Furthermore, the present study found that
7 circRNAs were significantly upregulated in both the MCF-7
EMT and MDA-MB-231 EMT groups, while 16 circRNAs
were significantly downregulated. The current study identified
that circSCYL2 was downregulated in breast cancer tissues
and cell lines, and that circSCYL2 overexpression inhibited
cell migration and invasion. This study provides expression
profiles of circRNAs in EMT groups of breast cancer cells.
circSCYL2, which is downregulated in breast cancer tissues
and cells, may play an important role in breast cancer EMT
progression.
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Introduction

Breast cancer is a malignant tumor that occurs in the epithelial
tissue of the breast glands and is the most frequently occurring
cancer in women all over the world (1). The global incidence
of breast cancer has been on the rise since the late 1970s and
breast cancer has become a major public health problem in
current society. Despite the improved prognosis of patients
with breast cancer resulting from early diagnosis, radical
surgery, chemotherapy, radiotherapy, hormonal therapy and
the development of targeted therapy, breast cancer remains the
leading cause of cancer mortality in women (2,3). The high
mortality rates in breast cancer patients are associated with
recurrence, drug resistance and the high frequency of metas-
tasis (4). In most cases, patients with metastasis are not eligible
for surgery and chemotherapy or radiotherapy, which do not
contribute significantly to cure them (5-7). Metastasis remains
a major obstacle in achieving a radical cure and preventing
death of breast cancer patients. Therefore, it is essential to
understand the molecular pathways involved in causing metas-
tasis of breast cancer.

Tumor metastatic invasiveness is linked with the increased
migration capacity of epithelial cells. This process is known
as the epithelial-mesenchymal transition (EMT) (8). Epithelial
cancer cells in the lactiferous duct having undergone EMT are
capable of undergoing metastasis and are more invasive (9-11).
Transforming growth factor (TGF)-f1 has been reported
to induce EMT (12). The loss of epithelial (E)-cadherin, an
adherens junction cell surface protein expressed in epithelial
cells is the principal characteristic of EMT. Vimentin, which
is the major cytoskeletal component of mesenchymal cells was
increased significantly by the treatment of TGF-p1 (13). In
breast cancer, EMT both elevates the migratory capacity and
invasive potential of tumor cells and initiates pro-tumorigenic
alterations in the tumor microenvironment (14). CORM-A1
and DETA/NO combination therapy showed antimetastatic
action and resulted in normalization of endothelial metabo-
lism, diminution of platelet activation, and inhibition of EMT
progression (12). Coenzyme Q, attributed to the phosphatidyl
inositol 3 kinase (PI3K)/protein kinase B (AKT)/nuclear
factor (NF)xB/matrix metalloproteinase-9 signaling pathway
through reactive oxygen species-mediated apoptosis can
inhibit the progression of metastasis as well as EMT (in vitro
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and in vivo) (15). Metastasis of breast cancer remains chal-
lenging for the current clinical treatments and more than half
of the patients suffer from a disease relapse due to distant
metastases (16). Therefore, further research into the under-
lying molecular mechanism and development of more targets
of EMT and metastasis of breast cancer is urgent.

Circular RNA (circRNA) is a novel type of endogenous
non-coding RNA without a 5' cap and 3' poly (A) end. They
are widely expressed in the central nervous system and enrich
biological functions as demonstrated by some reports such
as acting as miRNA sponges, regulating transcription or
binding to the miRNA binding proteins (17,18). Previously,
growing evidence has confirmed that circRNAs are associ-
ated with multiform cancerous biological progression (19,20),
and an increasing number of functional circRNAs are
discovered in breast cancer. For instance, targeting the
circBMPR2/microRNA (miR)-553/USP4 axis can be used as a
potential therapeutic approach for breast cancer; circ_0103552
predicts dismal prognosis and promotes breast cancer cell
proliferation and invasion by sponging miR-1236 (21,22); hsa_
circ_001569 can facilitate metastasis through the modulation
of the PI3K-AKT pathway, which is an unfavorable prognostic
factor of breast cancer (23). However, little is known about the
global change of circRNA profiles during EMT, which is an
important step in tumor metastasis.

In this study, expression profiles of circRNAs in breast
cancer cells with TGF-p1 induction were analyzed to confirm
the EMT related circRNAs, suggesting that the different
expression levels of circRNAs may be closely related to breast
cancer metastasis. This study validated circSCYL2, which
could suppress breast cancer cell migration and invasion, may
serve as biomarkers during tumor metastasis. The present
study aimed to explore the functions of circRNAs and furnish
novel therapeutic targets for tumor metastasis.

Materials and methods

Cell culture and establishment of EMT model. The human
breast cancer cell lines MCF-7 and MDA-MB-231 used in
this research were obtained from Yingbio Technology. MCF-7
cells were incubated in Dulbecco's modified Eagle's medium
(10-013-CVR; Corning, Inc.) with 10% (v/v) heat-inactivated
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) and 1% penicillin-streptomycin (P/S, E607011; Sangon
Biotech Co., Ltd.) and were cultured in a humidified 37°C
incubator with 5% CO,. While MDA-MB-231 cells were
incubated in Leibovitz's 15 medium (L15, E600016-0500;
BBI Solutions) with 10% (v/v) FBS and 1% P/S and were
cultured in a humidified 37°C incubator with 100% air. These
cells, which were incubated in medium with 0.5% FBS, were
treated with 20 ng/ml TGF-f1 (100-21-10; Peprotech, Inc.) for
48 h (24,25). The control cells were incubated in medium with
0.5% FBS and treated with DMSO. Then, cell pictures were
captured by an inverted phase-contrast microscope (Shanghai
Optical Sixth Factory). The cells treated by TGF-f1 were
named as cell-EMT and the control cells were named as
cell-blank.

Western blotting. The total protein of cells (MCF-7-EMT,
MCEF-7-blank, MDA-MB-231-EMT and MDA-MB-231-blank)
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was extracted using RIPA Lysis Buffer (Thermo Fisher
Scientific, Inc.) and the concentration was measured using a
bicinchoninic acid assay kit. Total 150 ug protein samples were
separated via 10% SDS-PAGE and transferred to a polyvi-
nylidene fluoride membrane (EMD Millipore). After blocking
in 5% milk at room temperature for 3 h, the membranes
were incubated with primary antibodies against E-cadherin
(cat. no. sc-52327; 1:500; Santa Cruz Biotechnology, Inc.),
Vimentin (cat. no. ab8978; 1:500; Abcam) and GAPDH
(cat. no. 60004-1-Ig; 1:1,000; Proteintech, Inc.) overnight
at 4°C. This was followed by incubation with goat anti-mouse
IgG-horseradish peroxidase antibody (cat. no. A0216; 1:1,000;
Beyotime Institute of Biotechnology) at room temperature for
2 h and the blots were detected using the enhanced chemilu-
minescence reagent (Thermo Fisher Scientific, Inc.). Images
were captured by a ChemiDoc Gel Imaging system (Thermo
Fisher Scientific, Inc.) and optical density was analyzed by
Image J software (version 1.8.0; National Institute of Health).
Results represent the means of three independent experiments
performed in triplicates. P-values were determined by using
t-tests and P<0.05 was considered to indicate a statistically
significant difference.

RNA isolation, RNA library construction and sequencing.
Total RNA from two paired samples (MC-7 EMT and MCF-7
blank, MDA-MB-231 EMT and MDA-MB-231 blank) was
extracted using the TRIZOL reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), followed by an assessment for quantity
and purity using the microspectrophotometer (TGem Tiangen
Biotech Co., Ltd.). The RNA integrity number was analyzed
using a UV Spectrophotometer (UV-2000; Tanon Science
and Technology Co., Ltd.). Thereafter, 1 ug total RNA from
each sample was used to prepare the library according to
the following procedures: Ribosomal RNAs (rRNAs) were
removed from total RNA using an rRNA probe and RNase H.
The ribosomal-depleted RNA of target fragment size (300 bp)
was obtained using metal ions, reverse transcribed into cDNA,
connected with adapters, followed by fragment sorting,
enrichment with PCR and then purified library products were
quantified and evaluated using the Quant-iT™ PicoGreen®
dsDNA Assay kit (Beckman Coulter, Inc.) and Agilent 2200.
The process of reverse transcription in RNA library construc-
tion was as follows: First-strand cDNA was synthesized by the
reagents of Actinomycin D (Vazyme Biotech Co., Ltd.), first
Strand Enzyme Mix (Vazyme Biotech Co., Ltd.), first Strand
Buffer, INTPs random primer using the following process
at 25°C for 10 min, 42°C for 15 min and 75°C for 15 min.
Second Strand/End Repair Enzyme Mix, second Strand
Marking Buffer and dNTPs were mixed at 16°C for 60 min
to synthesize the second-strand cDNA. All libraries were
sequenced by Illumina Hiseq X Ten (Illumina, Inc.).

Bioinformatics analysis. Quality control of raw reads was
evaluated by Fast-QC (http:/www.bioinformatics.babraham.
ac.uk/projects/fastqc/). The remaining clean reads were
mapped to the reference human genome (GRCh38) using
HISAT?2 software (version 2.1.0; https://dachwankimlab.github.
io/hisat2/) and to predict the circRNAs, ACFS2 (https:/github.
com/arthuryxt/acfs) was used to identify and quantify circRNA
from these mapping splice junction reads. The differentially
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Table I. Primer sequences for circSCYL?2 in breast cancer cells.
Primer Sequences, 5'-3' Product expected length/bp Tm/°C
Divergent primer-F CCTTCCCCTATATCTCCAGACATTA 184 60
Divergent primer -R GACAGGATTTCCCATTACAGCA 60
Convergent primer-F CTTCTTACTGTCCAGCATCCTTTAG 127 60
Convergent primer-R CTGGAGATATAGGGGAAGGTAGATT 60

circ, circular; Tm, melting temperature; R, reverse; F, forward; bp, base pair.

expressed circRNAs between EMT and blank were analyzed
using the DE-Seq algorithm, and significant differences were
defined as absolute llog2 fold-changel>1, with a false discovery
rate (FDR) <0.05. The miRanda/RNAhybird was used to
predict the relationship between all miRNAs and differential
mRNA and differential circRNA (the intersection of the two
pieces of prediction software) was used as the final target gene
prediction result. The parameters set in miRanda were energy
miranda <-20 and score miranda >150, and in RNAhybird was
energy RNAhybird <-25. Function and pathway analysis of
these target genes of differentially expressed circRNAs were
assessed using Gene Ontology (GO) (http://www.geneon-
tology.org) and the Kyoto Encyclopedia of Genes and Genomes
(KEGG) (http://www.genome.jp/kegg) databases, respectively.
The significance level was assessed using the Fisher test and the
significant enrichment was obtained by considering a P<0.05.
circRNA/miRNA/mRNA interactions were subsequently
investigated and the circRNA-miRNA-mRNA network was
constructed by Cytoscape software (version 3.6.1; https://cyto-
scape.org).

RT-gPCR. Total RNA was extracted and quantified and then
reverse transcribed into complementary DNA (cDNA) using
a Reverse Transcription kit (K1622; Thermo Fisher Scientific,
Inc.). The procedure of reverse transcription was 25°C for
5 min, 42°C for 60 min, 70°C for 5 min. Primers (Table SI)
for actin, E-cadherin, Vimentin, GAPDH, circRNAs were
obtained from Shanghai Sangon Pharmaceutical Co., Ltd.,
and the RT-qPCR analysis was performed using Applied
Biosystems; Thermo Fisher Scientific, Inc. (ABI Q6). The
kit used for qPCR was 2X SYBR Green PCR Master Mix
(Roche Diagnostics) and the thermocycling conditions were
95°C for 10 min, 45 cycles of 95°C for 15 sec; 60°C for 60 sec.
The temperature of melt curve was 60 to 99°C. The actin
and GAPDH was used as an internal control. Relative quan-
tification and calculation were done through the comparative
threshold (Cq) cycle method (244°%) (26).

PCR and Sanger sequencing. cDNA extraction was performed
as previously described, gDNA was extracted using Genomic
DNA Isolation kit (Bio-Rad Laboratories, Inc.). Divergent
primers and convergent primers listed in Table I were designed
for the PCR reaction. The cDNA and gDNA PCR products were
observed using 2% agarose gel electrophoresis. CircRNAs of
purified PCR products were validated by Sanger sequencing
and the results were compared with the reference sequence
(UCSC chr12_100298175_100282943_+15232-SCYL2).

Human breast cancer and normal tissues. A total of 20 paired
breast cancer specimens and normal adjacent tissues (>2 cm
from the edge of tumor tissue) were obtained from patients
undergoing surgical resection at the Second Affiliated
Hospital of Nanchang University, between January 2018 and
July 2019). The age range of patients is 40 to 65 years old,
with a median age of 51+2.42 years old. The patients had the
inclusion criteria as follows: i) Diagnosed as breast cancer by
pathological confirmation; ii) without radiotherapy or chemo-
therapy before surgery; iii) complete clinical and pathological
data. The exclusion criteria were as follows: i) Combined with
other tumors and serious diseases and ii) incomplete clinical
and pathological data. All the patients provided written
consent and the study was approved by the Ethics Committee
of the Second Affiliated Hospital of Nanchang University.
Tissue fragments were immediately frozen in liquid nitrogen
at the time of surgery and stored at -80°C.

Plasmids construction and cell transfection. Human circ-
SCYL2 cDNA with BamHI (GGATCC) and EcoRI (GAATTC)
restriction sites was synthesized by Yingbio Technology and
cloned into the pcDNA circRNA vector, which contained a
front circular frame and a back circular frame. MCF-7 and
MDA-MB-231 cells were seeded in 6-well plates at a concen-
tration of 3x10° cells/well; when the cells grew to 80-90%
confluency, the fresh culture medium was exchanged from
each well. Transfection of 2 ug vector was carried out using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. An empty
vector was used as the negative control. After transfection for
48 h, RT-qPCR was performed to detect the expression level
of circSCYL2.

Transwell assay. Transwell migration was performed using
0.8 um 24-well transwell chambers (353097, FALCON™,
Corning, Inc.) and transwell invasion was performed using
BioCoat™ Matrigel® 0.8 ym 24-well trans-well chamber
(354480, BioCoat; Thermo Fisher Scientific, Inc.). After
transfection for 48 h, the cells were digested, centrifuged
with 200 x g at room temperature for 3 min and resuspended
in a serum-free medium to adjust the concentration to
1.5x10° cells/ml. A cell suspension of 500 ul was inoculated into
the upper chamber and 700 1 medium containing 10% FBS
was added to the lower chamber as a chemoattractant. After
incubation for 24 h, the transwell chamber was clipped and
the invaded or migrated cells were fixed with formaldehyde at
room temperature for 30 min and stained using crystal violet at
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Figure 1. Establishment of EMT model in breast cancer cells. (A) Representative micrographs (magnification, x100) of tumor cells after O and 48 h trans-
forming growth factor-p1 induction. (B) Reverse transcription-quantitative PCR validated the expression levels of E-cadherin and Vimentin in EMT and blank
groups of two cells. Experiments were performed in quadruplicate. The value of 224% was used to show the expressional level of RNAs. Data are expressed
as mean = SD. (C) Protein levels of E-cadherin and Vimentin were measured by western blot analysis. GAPDH was used as an internal control. "P<0.05 and

“P<0.01. EMT, epithelial mesenchymal transition; circ, circular; E, epithelial.

room temperature for 30 min. The cells on the upper surface of
the membrane were wiped off with cotton swabs and those on
the lower surface were photographed and counted by ImageJ
software (version 1.8.0). The numbers of invaded and migrated
cells were counted in 3 randomly selected fields.

Statistical analysis. RT-qPCR was repeated at least in three
independent experiments in every sample. Data were presented
as mean + SD of three or more independent experiments. The
significant expression of circSCYL2 in breast cancer tissues
and normal tissues was valued by paired Student's t-test, and
other significance was assessed with unpaired Student's t-test
using SPSS 24.0 software (IBM, Corps.). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Establishment of EMT model in breast cancer cells. After
TGF-B1 stimulation, breast cancer cells gradually displayed
the characteristics of mesenchymal cells; the cells became
elongated and circular or polygonal progressively with the
extension of pseudopodia, and they became spindle-shaped,
while their intercellular space grew wider, and the cells loos-
ened up with an irregular distribution (Fig. 1A). To examine
the establishment of EMT, the expression of E-cadherin and
Vimentin in TGF-p1 stimulated cells was detected by RT-qPCR
and western blotting analysis. It was shown that the mRNA
and protein expression levels of E-cadherin significantly
decreased, whereas the expression of Vimentin was statisti-

cally elevated when compared to the blank (Fig. 1B and C).
These results suggest that EMT of breast cancer cells has been
established successfully by TGF-p1 induction.

Analysis of circRNA transcript data and differentially
expressed circRNAs. To investigate the roles of circRNA
in EMT of the breast cancer induced by TGF-p, the present
study analyzed the circRNA expression profiles of MCF-7
and MDA-MB-231 cells using RNA sequencing (RNA-seq)
analysis. The sequencing experimental flow chart of this
study is shown in Fig. 2A. A total of ~77 (MCF-7-blank),
105 (MCF-7-EMT), 90 (MDA-MB-231-blank) and 95
(MDA-MB-231-EMT) million clean reads were obtained.
A total of 87-97% of these reads were mapped to the refer-
ence genome and ~18-22% of clean reads were realigned to
determine junction reads. A total of 23,347 circRNAs were
predicted from junction reads, among these, 10,715 and
10,412 circRNAs were detected in the blank and EMT group,
respectively in MCF-7 cells, while in MDA-MB-231 cells, the
data was 5,035 and 5,405, respectively (Table II).

The Venn diagram in Fig. 2B reveals circRNAs distribu-
tion and helps understanding the shared and unique circRNAs
between blank and EMT. In the current study 7,057 and
6,754 circRNAs were detected exclusively in blank and
EMT of MCF-7 cells, respectively, and only 3,658 circRNAs
were shared between the two groups. Also, 3,717 and
4,087 circRNAs were exclusively expressed in blank and EMT
of MDA-MB-231 cells respectively, only 1,318 circRNAs over-
lapped in both groups (Fig. 2B). These circRNAs of the blank
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Figure 2. Analysis of circRNA transcript data and differentially expressed circRNAs. (A) The flowchart of RNA-sequencing. (B) Venn diagram shows
circRNAs distributions between blank and EMT of two cells. The blue and red circles represent the number of circRNAs in MCF-7 blank and EMT cells,

respectively. The yellow and green circles represent the number of circRNAs in MDA-MB-231 blank and EMT cells, respectively. (C) Chromosomal location
of circRNAs between blank and EMT lines of MCF-7 and MDA-MB-231 individually.
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Figure 2. Continued. (D) Volcano plot visualizing the differential expression of circRNAs between blank and EMT group. X-axis: Log, (fold-change) of
circRNA expression levels between EMT and blank groups of two breast cells. Y-axis: The FDR value (-log,, transformed) of circRNAs. The blue dot
indicates >2-fold decreased and red dot indicates >2-fold increased expression of the dysregulated circRNAs. (FDR<0.05). (E) Venn diagram comparison of
significantly dysregulated circRNAs in two tumor cells. The purple and yellow circles represent up- and downregulated circRNAs respectively in MCF-7 EMT
cells. The green and red circle represent up- and downregulated circRNAs, respectively in MDA-MB-231 EMT cells. EMT, epithelial mesenchymal transition;
circ, circular; FDR, false discovery rate.

Table II. Summary of the sequencing reads alignment to the reference genome.

Type MCF-7-blank MCF-7-EMT MDA-MB-231-blank MDA-MB-231-EMT
All reads 77697606 105327346 90555230 95327320
Mapped reads 75372155 (97%) 97792240 (93%) 79454343 (88%) 83504290 (87%)
Junction Mapped reads 15980915 (21%) 23008054 (22%) 16930465 (18%) 18926756 (20%)
cirRNA number reads 10,715 10,412 5,035 5,405

circ, circular; EMT, epithelial mesenchymal transition.

and EMT in two cell lines were widely distributed among all Differentially expressed circRNAs were identified between
chromosomes; the number of circRNAs in each chromosome  blank and EMT of the two cells to analyze the role of circRNA
showed no significant difference between the blank and EMT  in EMT. The Volcano plot exhibited circRNAs profiles that
groups (Fig. 20). were significantly differentially expressed between the blank
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Figure 3. Scatterplot of top 20 distinguishable enriched GO and KEGG terms of differentially expressed circRNAs. (A) The top 20 enriched GO terms of the
differentially expressed circRNAs. The Y-axis represents GO name and the X-axis represents the Rich factor. The size of each bubble represents the number
of differentially expressed genes enriched in GO terms, and color represents -log10 (P-value).

and EMT groups of two cells. There were 1,402 significantly
differentially expression circRNAs between EMT and blank
of MCF-7 cells, among them, 773 circRNAs were significantly
upregulated and 629 were downregulated in the EMT group.
While in MDA-MB-231 cells, 322 circRNAs were signifi-
cantly differentially expressed between the blank and EMT
groups, of which, 163 circRNAs were upregulated and 159
were downregulated within blank and EMT (Fig. 2D). The
Venn diagram shows the common and unique dysregulated
circRNAs in the two cells. Among all these significantly
dysregulated circRNAs, only 7 (0.4%) circRNAs were signifi-
cantly upregulated and 16 (1%) circRNAs were significantly
downregulated in both the MCF-7 EMT group and the

MDA-MB-231 EMT group, compared with the corresponding
blank groups (Fig. 2E).

GO and KEGG analysis of differently expressed circRNAs.
To explore the potential functional roles of circRNAs, a
circRNA-mediated competing endogenous RNA network in
tumor cells was constructed to predict differentially expressed
mRNAs that were targeted by the differentially expressed
circRNAs. GO analysis was applied to explore the biological
functions of host mRNA . Interestingly, it was found that the most
significantly enriched functional terms were associated with
the immune/inflammatory response and cell adhesion/adher-
ence junctions in both MCF-7 and MDA-MB-231 cells, such
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Figure 3. Continued. (B) The top 20 enriched KEGG pathways of the differentially expressed circRNAs. The Y-axis represents pathway name and the X-axis
represents the Rich factor. The size and color of each bubble represents the number of differentially expressed genes enriched in the pathway and -logl0
(P-value), respectively. circ, circular; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

as ‘inflammatory response’, ‘immune system process’, ‘cell
adhesion’, ‘positive regulation of a-fT cell proliferation’, and
‘actin cytoskeleton reorganization’ (Fig. 3A).

The host genes were classified by KEGG function annota-
tions to analyze the pathways (Fig. 3B). In MCF-7 cells, KEGG
analysis consistently revealed various signaling pathways
involved in regulating tumor growth, such as ‘TNF signaling
pathway’, ‘Steroid hormone biosynthesis’, ‘NF-kB signaling
pathway’ and ‘PI3K-AKT pathway’. Similarly in MDA-MB-231
cells, pathways such as ‘ECM-receptor interaction’ and ‘Calcium
signaling pathway’ were enriched, which were reported to be
associated with tumor cell proliferation and migration (27-31).

Construction of the circRNA-miRNA-mRNA interaction
network. Next, to appraise the valuable circRNAs, the expres-
sion changes of the simultaneously dysregulated circRNAs
in EMT and blank groups of two cells are shown in Fig. 4A.
Although differentially expressed circRNAs have been
proposed to be closely associated with EMT (12,15), the
roles of circRNAs in breast cancer EMT remain unclear. The
present study aimed to identify novel circRNAs that regulate
EMT of breast cancer cells. A total of five circRNAs were
screened from these simultaneously dysregulated circRNAs
as the following criteria: i) Up or downregulation was iden-
tified in EMT groups of the two cells, compared with their
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blank groups, respectively; ii) higher fold-change and iii) more =~ was constructed by predicting the differentially expressed
abundant expression level. Heatmaps assessed and compared  genes of five circRNAs and some target genes of these five
the expression changes of circRNAs in EMT and blank groups ~ circRNAs, such as OSR1, DRD2, MAP3K8, and TNFSF4 that
of two cells (Fig. 4A). The circRNA-miRNA-mRNA network  are related to cancer (Fig. 4B) (32-35).
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Verification of candidate circRNAs by RT-qPCR. The
sequencing data of five candidate circRNAs was validated
using RT-qPCR in EMT groups of MCF-7 and MDA-MB-231
cells and matched with their blanks, respectively (Fig. 5A). On
comparing RNA-seq results with RT-qPCR information, it was
found that three of the five circRNAs were downregulated in
EMT groups, which was consistent with RNA sequencing. As
the stability of circRNA sequencing is not the same as mRNA
sequencing, the results of two circRNAs between gPCR and
RNA-seq were not matched. Notably, circSCYL2 was the
most downregulated circRNA (Fig. 5B).

circSCYL?2 is significantly downregulated in breast cancer.
Due to the significant downregulation of circSCYL2 in
EMT groups compared with that in the blank group, the
current study next assessed the exon structure of circSCYL2.
Convergent primers were designed to amplify SCYL2 mRNA
and divergent primers to amplify circSCYL2. Using cDNA
and genomic DNA (gDNA) from breast cancer cell lines
as templates, circSCYL2 was only amplified by divergent
primers in cDNA, and no amplification product was observed

in gDNA (Fig. 6A). circSCYL2 derived from exon 2 to 4 of the
SCYL2 gene with a length of 508 nt, which was confirmed the
back-spliced junction in the RT-qPCR product of circSCYL2
with the expected size by Sanger sequencing (Fig. 6B and C).
To investigate the expression of circSCYL2 in breast cancer,
the expression level of circSCYL2 in 20 pairs of human breast
cancer tissues and normal breast tissues were detected, and
the results demonstrated that the expression of circSCYL2 was
significantly decreased in breast cancer tissues compared with
in normal breast tissues (Fig. 6D).

Overexpression of circSCYL2 inhibits the migration and
invasion of breast cancer cells. The results of the present
study demonstrated that circSCYL2 is downregulated
in breast cancer tissues and cell lines. To investigate the
function of circSCYL2 in breast cancer progression, the
circSCYL2 expression construct was transfected into MCF-7
and MDA-MB-231 cells, and the expression of circSCYL2
was significantly increased. Meanwhile, the expression of
E-cadherin mRNA was enhanced in MCF-7 and MDA-MB-231
cells with over-expression of circSCYL2, while the expres-
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sion of Vimentin was significantly reduced (Fig. 7A). A
matrigel-coated transwell invasion assay was used to examine
the abilities of cell migration and invasion. Transwell assays
indicated that the migration and invasion abilities of breast
cancer cell lines were also suppressed by over-expression of
circSCYL2 (Fig. 7B).

Discussion

Breast cancer metastasis is the leading cause of mortality in
patients; metastatic tumors can occur after a period of clinical
therapy anytime from months to decades, leaving the survivors
uncertain about their longer-term prognosis (36). Recent research
has suggested that circRNAs are involved in various breast
cancer biological procession (37,38), but its function in EMT of
breast cancer remains largely unclear. In this study, the whole
transcriptome RNA-Seq was used to construct circRNA expres-
sion profiles in two breast cancer cells MCF-7 and MDA-MB-231
which were induced by TGF-f1. A total of 7 upregulated
circRNAs and 16 downregulated circRNAs were identified
to be shared in the MCF-7-EMT and MDA-MB-231-EMT
groups. Functional investigations revealed that these differently
expressed circRNAs were associated with immune/inflamma-
tory response, cell proliferation/cell adhesion functions and
relative pathways. The present study identified and validated that
circSCYL2 was downregulated in breast cancer tissues and cell
lines; the overexpression of circSCYL?2 in breast cancer cells
inhibited the abilities of cell migration and invasion.

Previous studies have revealed that circRNAs play impor-
tant roles in the regulation of multiple diseases, especially

cancers (39-42). Aberrant expression of circRNAs was also
correlated with progression, drug resistance and prognosis
of cancers (21). Increasing evidence indicates that one of the
important functions of circRNAs is to serve as miRNA sponges
toregulate target genes, therefore the circRNA-miRNA-mRNA
network was constructed to find the target genes of differentially
expressed circRNAs (43). For instance, hsa_circ_0058124
promotes papillary thyroid cancer tumorigenesis and invasive-
ness through the NOTCH3/GATAD?2A axis, elevated levels
of hsa_circ_006100 in gastric cancer promote cell growth
and metastasis via miR-195/GPRCS5A signaling (44,45). The
current study identified 7 significantly upregulated circRNAs
and 16 downregulated circRNAs that were shared in both the
MCEF-7 EMT group and the MDA-MB-231 EMT group which
demonstrated that these circRNAs may play important roles in
breast cancer metastasis.

circSCYL?2 arose from the SCYL2 gene and consisted of
the head-to-tail splicing of exon 2-4. A total of 16 differen-
tially expressed target genes of circSCYL2 were found in the
circRNA-miRNA-mRNA network and they were downregu-
lated in MCF-7-EMT and MDA-MB-231-EMT cells. Among
them, the odd-skipped related transcription factor 1 (OSR1)
gene, which is located on human chromosome 2p24.1 and
encodes a zinc-finger transcription factor was focused on.
Previous studies suggested that OSR1 suppresses the progres-
sion of gastric cancer and renal cell carcinoma (46,47).
Another study also found that OSR1 was downregulated in
tongue squamous cell carcinoma (TSCC) cells and specimens
and that OSR1 overexpression inhibited TSCC cell migra-
tion and invasion, while its knockdown promoted TSCC cell
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migration and invasion (48). There was also some evidence
that OSR1 is a target of TGF-f signaling (49), which has a
predominant role and its activation can lead to the expression
of key transcription factors of EMT, such as SNAIL, ZEB
and basic helix-loop-helix transcription factors (50). During
the malignant phases of breast cancer progression, the TGF-3
signaling pathway elicits tumor promoting effects particularly
by driving the EMT, which enhances tumor cell migration,
invasion and ultimately metastasis to distant organs (51). The
current study showed circSCYL2 and its target gene OSR1
targeting the TGF-f signaling pathway were downregulated

in the EMT model of breast cancer cells, which demonstrates
that circSCYL2 may regulate EMT through OSR1/TGF-f3
axis.

In conclusion, circRNAs expression profiles were iden-
tified and differentially expressed circRNAs were screened
between EMT and the blank group of two breast cancer cells,
and these circRNAs were associated with immune/inflamma-
tory response and cell proliferation/cell adhesion functions by
bioinformatic analysis. The present study found circSCYL2
and its target gene OSR1 were downregulated in breast cancer
cells, and the overexpression of circSCYL2 in breast cancer
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cells inhibited the abilities of cell migration and invasion.
All these suggest that further research of circRNAs related
to EMT progression may provide a potential diagnostic and
therapeutic biomarker for breast cancer. Therefore, the rela-
tionship of circRNAs was only inferred and more biological
experiments are still needed to verify the interactions among
them; the molecular mechanism underlying the association
of circRNAs with tumor metastasis should be experimentally
identified and characterized in the future.
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