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ABSTRACT
We investigated the function of circular RNA circEIF3M (hsa_circ_0003119) in triple-negative breast cancer. The
expression profiles of circRNAs in 3 specimens of triple-negative breast cancer tissues with adjacent nontumor
tissues were analyzed by RNA-sequencing. We verified the oncogenic role of circEIF3M in triple-negative breast
cancer through a series of biological function experiments. It was found that circEIF3M was markedly
upregulated in triple-negative breast cancer as compared to adjacent nontumor tissue, and that circEIF3M
promoted triple-negative breast cancer cell proliferation, migration, and invasion. Mechanistic analysis
indicated that circEIF3M may act as a competing endogenous RNA for miR-33a that relieves the inhibitory effect
of miR-33a on its target cyclin D1. These findings showed that circEIF3M promotes triple-negative breast cancer
progression via the circEIF3M/ miR-33a/ cyclin D1 axis.

INTRODUCTION
Breast cancer is a progressive disease that is a leading
cause of cancer-related mortality in women. Because
the basal-like breast cancer subtype has the poorest
prognosis [1], we focused on this subtype in this study.
The basal-like subtype is generally negative for
estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor-2 (HER2), and
therefore also called triple-negative breast cancer
(TNBC) [2]. Currently, targeted therapeutic strategies
are available for breast cancers that are ER, PR or
HER2 positive, but there are no specific targeted
therapy options available for TNBC. Consequently, new
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treatments based on the specific mechanisms of TNBC
are urgently needed to improve treatment efficacy and
avoid the adverse effects of conventional therapies.
Recently, a novel class of noncoding RNAs, termed
circular RNAs (circRNAs), has been attracting much
attention. CircRNAs have been shown to regulate gene
expression by acting as miRNA sponges [3]. For
example, cerebellar degeneration associated protein 1
antisense transcript (CDR1as) contains more than 70
binding sites for miR-7 and acts as a miRNA sponge that
strongly inhibits miR-7 activity within neuronal tissues,
thereby increasing levels of miR-7 targets [3]. Recent
research has also demonstrated the importance of
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circRNAs in regulating cancer-related signaling
pathways [4, 5]. In addition, circRNAs may be related to
specific tumor types and serve as predictive risk factors
and prognostic factors for certain types of cancer [6, 7].

RESULTS

circRNAs were filtered using DESeq2. We got 229
circRNAs with a p-value < 0.05, including 180
upregulated circRNAs and 49 downregulated circRNAs
(Figure 1A and Supplementary Figure 2). All the 229
different expressed circRNAs are presented in
Supplementary Table 1. The results revealed that
expression of chr11:32589546:32596047:+ (circEIF3M)
was the most upregulated. The qRT-PCR validation
data performed in cell lines were strongly consistent
with the circRNA sequencing data, indicating the
reliability of the RNA-Seq results (Figure 1B).
Moreover, 3668 mRNAs were differentially expressed
and CCND1 was the most upregulated gene in TNBC
tissues. Therefore, we focused on circEIF3M and
CCND1.

CircRNA and mRNA expression profiles in TNBC

Prediction of circRNA/miRNA/ mRNA interaction

A total of 34674 circRNAs were identified by RNA-Seq
in three pairs of TNBC and normal breast tissue
samples. The density of the length of these circRNAs is
presented in Supplementary Figure 1. The raw read
counts were normalized and differentially expressed

Because circRNAs contain corresponding miRNA
binding sites and can act as miRNA sponges, to assess
their potential functions in TNBC, we used miRNA
target prediction software to investigate miRNAs
intrinsically closely related to the identified

Little is currently known about the associations between
circRNAs and TNBC. In the present study, therefore, we
used high-throughput RNA sequencing (RNA-Seq) to
screen the circRNA profiles of TNBC tumor tissues. This
enabled us to detect a novel circRNA, circEIF3M, which
promotes tumor cell progression by acting as a sponge
for the miR-33a, thereby relieving the microRNA
repression of target gene cyclin D1 (CCND1).

Figure 1. Overview of circRNA profiles (CA: TNBC tissues; P: normal breast tissues). (A) Hierarchical cluster analysis of differentially
expressed circRNAs. The red and green colors indicate high and low expression, respectively. (B) Relative expression of circEIF3M in cell lines
was determined by qRT-PCR. **P < 0.01.
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differentially expressed circRNAs. The predicted
miRNAs for the top one dysregulated circRNA are
listed in Figure 2. For example, circRNA
chr11:32589546:32596047:+ is predicted to harbor hsamiR-33a-3p, hsa-miR-29b-1-5p, hsa-miR-107, and hsamiR-134-3p. In addition, a circRNA-miRNA- mRNA
network was constructed (Supplementary Figure 3),
indicating a potential competing endogenous RNA
(ceRNA) relationship among circRNA, miRNA, and
mRNA in TNBC.
CircEIF3M and CCND1 are upregulated in TNBC
The expressions of circEIF3M were detected by
Quantitative real time polymerase chain reaction (qRTPCR) in 20 pairs of TNBC tissues. According to our
RNA-seq data, the results showed that circEIF3M was
significantly upregulated in TNBC tissues compared
with adjacent normal tissues (Figure 3A, 3B). The
circRNA circEIF3M is an exonic circRNA and derived
from the EIF3M gene Exon5, Exon6, Exon7 and Exon8
(Supplementary Figure 4). To confirm whether CCND1
is co-overexpressed with circEIF3M, the levels of
CCND1 were detected in the 20 pairs of TNBC tissues
by qRT-PCR. The results showed that CCND1 was also
upregulated in TNBC (Figure 3C, 3D). Statistical
analysis found that the expression of circEIF3M was
positively correlated with that of the CCND1 (Figure
3E). These results confirmed our RNA-seq data and
indicated that circEIF3M and CCND1 might be
involved in the progression of TNBC.

CircEIF3M promotes TNBC cell proliferation
We detected the expression of circEIF3M and its
parental gene EIF3M in the transfected cells. The
circEIF3M was overexpressed and knocked down in
MDA-MB-231 cells respectively. The expression of
circEIF3M was significantly different from that of the
control group (Figure 4A and 4B). However, there was
no difference in the expression of EIF3M
(Supplementary Figure 5), suggesting that the
expression of circEIF3M did not activate or inhibit the
expression level of EIF3M. To study the biological
function of circEIF3M in TNBC cells, CCK8 assays
were carried out to show that upregulation of
circEIF3M significantly increased the proliferation
capacity of MDA-MB-231 cells, while downregulation
of circEIF3M inhibited cell growth (Figure 4C and 4D).
Colony formation assays further confirmed that
upregulation of circEIF3M can increase the
proliferation
of
MDA-MB-231
cells,
while
downregulation of circEIF3M can significantly suppress
the proliferation of MDA-MB-231 cells (Figure 4E and
4F). These results indicated that circEIF3M promotes
proliferation of TNBC cells.
CircEIF3M promotes TNBC cell progression
Transwell and wound healing assays were performed to
explore the roles of circEIF3M in TNBC cells. The
results suggested that up-regulation of circEIF3M
significantly promoted the invasion and migration

Figure 2. Predicted miRNAs for the circEIF3M and predicted ceRNA for the dysregulated circRNAs. Detailed annotation of
circRNA-miRNA interactions between circEIF3M and its target miRNAs.
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Figure 3. CircEIF3M and CCND1 are upregulated in TNBC. (A and B) Relative expression of circEIF3M in TNBC tissues (Tumor) and
adjacent non-tumor tissues (Normal) was detected by qRT-PCR (n = 20). (C and D) Relative expression of CCND1 in TNBC tissues (Tumor) and
adjacent non-tumor tissues (Normal) was detected by qRT-PCR (n =20). (E) Pearson correlation analysis of circEIF3M and CCND1 expression in
20 TNBC tissues. Data were showed as mean ± SD, P < 0.01.

Figure 4. CircEIF3M promotes TNBC cell proliferation. (A and B) qRT-PCR analysis of circEIF3M expression in TNBC cells transfected
with circEIF3M expression vector, sh-circ, input, or control. (C and D) The growth curves of cells transfected with indicated vectors were
evaluated by CCK8 assays. (E and F) Colony formation assays were executed to detect the proliferation of cells transfected with indicated
vectors. Data were showed as mean ± SD, **P < 0.01.

www.aging-us.com

14778

AGING

capacities of MDA-MB-231cells, whereas downregulation of circEIF3M markedly inhibited the
invasion and migration capacities of MDA-MB231cells (Figure 5A–5C; 5G, 5H). In addition, to
evaluate whether circEIF3M has an effect on cell cycle
progression and apoptosis of TNBC cells, cell cycle
analysis was carried out and the data revealed that
downregulation of circEIF3M led to G1 arrest of TNBC
cells (Figure 5D). Flow cytometry analysis further
demonstrated that compared with the sh-NC control
group, the apoptotic rate of MDA-MB-231 cells
transfected with sh-circ was higher (Figure 5E, 5F).
These data indicated that circEIF3M enhanced the
progression of TNBC cells.
CircEIF3M facilitates tumorigenesis of TNBC cells
in vivo
In order to study the effects of circEIF3M on tumor
growth in vivo, MDA-MB-231 cells were stably
transfected with over expression or vector control and
infected with sh-NC or sh-circ and then subcutaneously
injected into nude mice. The results of animal
experiments showed that compared with the control
group, the tumors derived from cells overexpressing
circEIF3M were bigger and heavier. Conversely,
compared with the sh-NC control group, the tumors
derived from cells infected with sh-circ had smaller
sizes and lower weights (Figure 6A–6D; Figure 7).
Taken together, the data confirmed the oncogenic role
of circ EIF3M in TNBC.

CircEIF3M acts as a sponge for miR-33a
To comprehend the molecular function of circEIF3M,
we predicted the potential targets of circEIF3M by
miRNA target prediction software (TargetScan
database).
We
investigated
the
ability
of
chr11:32589546:32596047:+ binding miRNAs. MiRNA
mimics of the 10 miRNAs that potentially interacted
with chr11:32589546:32596047:+ were synthesized and
cotransfected with psiCHECK2-circ, respectively. We
mutated each miRNA target site from psiCHECK2-circ
expressing vector, denoted psiCHECK2-circ-M. MiR33a mimics cotransfected with psiCHECK2-circ had a
reduced the luciferase reporter activities, compared with
those
cotransfected
with
psiCHECK2-circ-M
(Supplementary Figure 6). The other 9 miRNA mimics
and negative control of mimics showed no effect on
luciferase reporter activities of neither psiCHECK2-circ
nor psiCHECK2-circ-M.
We performed FISH assay to observe the localization of
circEIF3M and miR-33a in TNBC cells, and found that
most of circEIF3M (red) and miR-33a (green) were colocated in cytoplasm (Figure 8A). Then, the expression
levels of miR-33a was detected in 20 pairs of TNBC
tissues, and the results exhibited that miR-33a was
significantly inhibited in TNBC tissues compared with
normal tissues (Figure 8B, 8C). Furthermore, dualluciferase reporter assay was conducted, and the results
showed that miR-33a mimics could significantly
suppress the luciferase activity of WT group but not the

Figure 5. CircEIF3M promotes TNBC cell progression. (A–C) Cell migration capacities were detected by wound healing assays after
transfected with indicated vectors (magnification, × 40, Scale bar, 200 μm.). (D) Cell cycle progression was analyzed by flow cytometry after
transfected with indicated plasmids. (E and F) The apoptosis rate was analyzed by flow cytometry after downregulation of circEIF3M. (G and
H) Cell invasion abilities were determined by transwell assays after transfection (magnification, × 100, scale bar, 100 μm). Data were showed
as mean ± SD, **P < 0.01.
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mutant one (Figure 8D, 8E), indicating that there was a
direct correlation between circEIF3M and miR-33a. In
addition, we found that overexpression of circEIF3M
led to reduction in miR-33a, while down-regulation of
circEIF3M may markedly increase miR-33a expression
in MDA-MB-231 cells (Figure 8F, 8G). Statistical
analysis showed a negative correlation between
circEIF3M and miR-33a expression in 20 TNBC tumor

tissue samples (Figure 8H). Together, these data proved
that circEIF3M could function as a sponge for miR-33a.
CircEIF3M/miR-33a/ CCND1 interaction
CCND1 and circEIF3M share the same MRE of miR33a according to target prediction software -TargetScan
(Figure 9A). MiR-33a mimics significantly decreased

Figure 6. CircAGFG1 facilitates tumorigenesis of TNBC cells in vivo. (A and B) Tumor weight was shown. (C and D) Growth curves of
xenograft tumors which were measured once a week. Data were indicated as mean ± SD, **P < 0.01.

Figure 7. Pictures of subcutaneous tumors were displayed. The female nude mice were randomly divided into four groups: circEIF3M,
sh-circEIF3M, control-NC and control-sh-NC (each group n=6).
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the expression of CCND1, while miR-33a inhibitors
significantly increased the expression of CCND1 in
MDA-MB-231 cells (Figure 9B, 9C). A dual luciferase
reporter assay was conducted to evaluate this prediction,
and the data suggested that miR-33a mimics could
suppress the activity of the luciferase reporter gene with
CCND1 3’UTR-WT compared to the mutant group
(Figure 9D). In addition, the protein expression level of
CCND1 also changed correspondingly in TNBC cells
(Figure 9E). As expected, knockdown of circEIF3M
significantly inhibited the expressions of CCND1, while
overexpression of circEIF3M greatly activated the
expression level of CCND1 (Figure 9F–9G). In
summary, these data show that circEIF3M could
activate CCND1 expression through serving as a
ceRNA for miR-33a (Figure 10).

DISCUSSION
TNBC is a highly malignant breast cancer subtype with
a poorer prognosis than other molecular subtypes.
Despite the development therapeutic strategies that
enable patients to achieve pathological complete
response after neoadjuvant chemotherapy, TNBC
patients still have higher metastasis rates and poorer

prognoses than patients with other breast cancer
subtypes. Therefore, in an effort to identify an effective
therapeutic target for TNBC, we performed a
comprehensive systemic bioinformatics analysis of the
global changes in the pattern of circRNA expression in
TNBC.
Only a few circRNAs have been functionally well
characterized so far, and the biological functions of
most circRNAs in breast cancer remain unknown.
Growing evidence indicates that in multiple human
cancers, circRNAs regulate the expression of miRNA
target genes by acting as sponges for the miRNAs [3, 8,
9]. In the present study, we identified a novel circRNA,
circEIF3M, which was highly upregulated in TNBC
cells and tissues, and significantly promoted the
progression of TNBC cells. We also showed that
circEIF3M acts as a ceRNA for miR-33a to activate
CCND1 expression, which led to progression of TNBC.
These findings suggest that circEIF3M could potentially
serve as a therapeutic target for TNBC.
Our bioinformatics analysis revealed that circEIF3M
contains the MRE of miR-33a. Moreover, dualluciferase reporter assays confirmed that circEIF3M

Figure 8. CircEIF3M functions as a sponge for miR-33a. (A) FISH was performed to observe the cellular location of circEIF3M (red) and
miR-33a (green) in cells (magnification, × 200, scale bar, 100 μm). (B and C) Relative expression of miR-33a in TNBC tissues (Tumor) and
adjacent non-tumor tissues (Normal) was determined by qRT-PCR (n = 20). (D) Schematic illustration of circEIF3M-WT and circEIF3M-Mut
luciferase reporter vectors. (E) The relative luciferase activities were detected after transfection with circEIF3M-WT or circEIF3M-Mut and
miR-33a mimics or miR-NC, respectively. (F and G) The relative expression of miR-33a was detected by qRT-PCR after transfection with
indicated vectors. (H) Pearson correlation analysis of circEIF3M and miR-33a expression in 20 TNBC tissues. Data were indicated as
mean ± SD, **P < 0.01.
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directly interacts with miR-33a. We also found that
miR-33a was significantly downregulated in TNBC
tissues, and its levels correlated negatively with
circEIF3M. Consistent with our results, miR-33a
reportedly inhibits breast cancer invasion and metastasis
[10]. Similarly, miR-33a may also serve as a tumor
suppressor and is downregulated in other cancers,

including liver, pancreatic and lung cancers [11–13].
Our findings thus suggest that circEIF3M acts as an
oncogene by sponging miR-33a in TNBC.
In the light of ceRNA hypothesis, circRNAs act as
ceRNAs to increase expression of miRNA target genes.
We found that CCND1 and circEIF3M are both

Figure 9. CCND1 is directly targeted by miR-33a. (A) Schematic illustration of CCND1 3’UTR-WT and CCND1 3’UTR-Mut luciferase
reporter vectors. (B, C and E) Relative mRNA and protein levels of CCND1 were detected in cells after transfected with miR-NC, miR-33a, NC
inhibitor and miR-33a inhibitor using qRT-PCR, respectively. (D) The relative luciferase activities were detected after transfected with CCND1
3’UTR-WT or CCND1 3’UTR-Mut and miR-33a mimics or miR-NC, respectively. (F and G) Relative expression of CCND1 was detected by qRTPCR in cells transfected with indicated vectors, circEIF3M or sh-circEIF3M. Data were indicated as mean ± SD, **P < 0.01.

Figure 10. Schematic diagram of how circEIF3M promotes TNBC progression: Upregulation of circEIF3M is sponging miR-33
to increase CCND1.
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overexpressed in TNBC. Notably, our bioinformatics
analysis showed that CCND1 is a potential target of
miR-33a, while a dual-luciferase reporter assay proved
that miR-33a can directly bind to the 3'-untranslated
region (3′-UTR) of CCND1. In addition, upregulation
of miR-33a led to downregulation of CCND1 at both
the mRNA and protein levels, while downregulation of
miR-33a had the opposite effect. It is well known that
CCND1 mainly coordinates with cyclin-dependent
kinase 4 (CDK4) to regulate cell cycle progression. It is
well established that CCND1-CDK4 activity is
dysregulated in multiple cancers, including melanoma
and breast cancer [14, 15]. Coincidentally, it was found
that downregulation of circEIF3M can lead to cell cycle
arrest.
It has been confirmed that overexpression of CCND1 is
associated with a poor prognostic factor in different
type of cancers [14–18]. Consistent with earlier studies,
our study also concluded that CCND1 was significantly
upregulated in TNBC, and overexpression of CCND1
was related to poor prognosis. These findings support
our hypothesis that circEIF3M acts as a ceRNA to
promote CCND1-mediated proliferation and invasion
by sponging miR-33a in TNBC. Moreover, they suggest
that circEIF3M is a potential prognosis marker for
TNBC, and that further analysis of circEIF3M/miR33a/CCND1 signaling may contribute to a better
understanding for the mechanism underlying TNBC
progression.

MATERIALS AND METHODS
Patient samples
The 20 pairs of TNBC and adjacent normal breast
tissues were recruited from patients who were
diagnosed with TNBC at the Jiangsu Cancer Hospital,
Jiangsu Institute of Cancer Research, Nanjing Medical
University Affiliated Cancer Hospital. All the patients
did not receive any anticancer treatment prior to
surgery. All tissue samples were snap-frozen and stored
in liquid nitrogen. All patients obtained written
informed consent, and this study was approved by the
ethics committee of the Jiangsu Cancer Hospital,
Jiangsu Institute of Cancer Research, Nanjing Medical
University Affiliated Cancer Hospital.
RNA extraction and quality control
Total RNA was extracted with Trizol reagent according
to the manufacturer’s instructions. A NanoDrop ND2000 instrument (Thermo Fisher Scientific, USA) was
used to evaluate the quality of the RNA samples and
denaturing agarose gel electrophoresis was used to
assess RNA integrity.
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qRT-PCR
Total RNA was isolated and 2 μg of total RNA was used
in reverse transcription with PrimeScript RT Reagent Kit
(Takara, Dalian, China) according to the manufacturer’s
protocol. qRT-PCR was conducted on the ABI Prism 7500
system (Applied Biosystems, CA, USA) with SYBR
Green Premix Ex Taq (Takara, Dalian, China). GAPDH
was used as an internal control for circRNA and mRNA,
while U6 for miRNA. The relative expression of genes
was calculated using the 2-ΔΔCT method. Primers are
presented in Supplementary Table 2.
CircRNA sequencing and bioinformatic analysis
Three pairs of TNBC and adjacent normal breast
tissues were selected for RNA-seq analysis. Total
RNA from each sample was used to prepare circRNA
sequencing libraries. Total RNA was extracted using
the miRNeasy Mini Kit (Qiagen, Hilden, Germany).
1ug of total RNA from each sample was subjected to
the NEBNext Ultra Directional RNA Library Prep Kit
(NEB, USA) for Illumina to remove ribosomal RNA
prior to the construction of the RNA-seq libraries,
Strand-specific RNA-seq libraries were prepared using
the NEBNext Ultra Directional RNA Library Prep Kit
for Illumina. Briefly, RNA samples were fragmented
and then used for first-strand and second-strand cDNA
synthesis with random hexamer primers. For secondstrand cDNA synthesis, dUTP mix (without dTTP)
was used which allows for the removal of the second
strand. The cDNA fragments were treated to repair the
ends, then modified with Klenow to add an A at the
3′end of the DNA fragments, and finally ligated to
adapters. Ligated cDNA products were purified and
treated with Uracil-DNA Glycosylase to remove the
second-strand cDNA. Then first-strand cDNA was
subjected to 15 cycles of PCR amplification. Library
quality was determined on Bioanalyzer 4200 (Agilent,
Santa Clara, CA, USA). Then the strand-specific
circRNA-seq libraries was sequenced in HiSeq X10
system (Illumina, San Diego, CA, USA) on a 150bp
paired-end run. Briefly, DCC software was used to
detect and annotate circRNAs [19], based on two
public circRNA databases: circBase [20] and
circ2Traits [21]. The R software was used to identify
differentially expressed circRNAs [22]. CircRNAs
exhibiting fold changes (FCs) ≥ 2.0 with P values <
0.05 were considered to be differentially expressed,
and cytoscape software was used to construct the
circRNA-miRNA network.
Cell culture
Human TNBC cell lines (MDA-MB-231), MCF-7 and
normal mammary epithelial cell line (MCF-10A,
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HMLE) were purchased from American Type Culture
Collection (ATCC) (Manassas, VA, USA) and were
authenticated by short tandem repeat profiling. These
cell lines were maintained at 37 °C in 5% CO 2 in
DMEM (Gibco, Carlsbad, CA, USA), supplemented
with 10% fetal bovine serum, 100 U/ml penicillin and
100 mg/ml streptomycin. All experiments were
conducted with cells from passage numbers 5–15.
Cell transfection
The construction of a lentiviral vector over-expressing
circEIF3M, and a lentiviral vector expressing siRNA for
circEIF3M were conducted by Geneseed Biotech
(Guangzhou) Co., Ltd. Briefly, the full-length cDNA of
circEIF3M was amplified and then cloned into over
expression vector pLCDH-ciR. To knock down
circEIF3M, a circEIF3M siRNA and a control siRNANC were synthesized. After efficiency examination by
qRT-PCR, then the shRNA against circEIF3M and the
control shRNA-NC were synthesized. The sequences of
the siRNA and shRNA were listed in Supplementary
Table 3. The miRNA mimics, inhibitors and negative
controls were synthesized by GenePharma (Shanghai,
China). Cell transfections were conducted with
Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocols.
Cell proliferation, cell cycle and apoptosis assays
Cell proliferation assays were performed by Cell Counting
Kit-8 according to the manufacturer’s protocols. Cell cycle
assays were performed by a flow cytometry
(FACSCalibur, USA). The results were presented as the
percentage of cells in each phase. Apoptosis assays were
executed using double staining with fluorescein
isothiocyanate (FITC)-conjugated Annexin V and
propidium iodide (PI). Next, the percentages of cells were
analyzed on a flow cytometer (FACSCalibur, USA). All
experiments were repeated in triplicate.

37 °C overnight, and then stained with DAPI. Finally,
the images were obtained under a fluorescence
microscope.
Dual-luciferase reporter assay
The dual-luciferase reporter system was employed
according to the manufacturer's instructions. Briefly,
circEIF3M and CCND1–3’UTR and their mutant
vectors were synthesized and subcloned into luciferase
reporter vector psiCHECK2 (Promega). The relative
luciferase activity was determined by the Dual
Luciferase Assay Kit (Promega).
Western blot analysis
The total proteins of cells were extracted and subjected
to western blot analysis as described previously [23].
Antibodies were as follows: mouse anti-CCND1, mouse
anti-GAPDH (Cell Signaling Technology, USA) and
anti-mouse secondary antibodies (Santa Cruz
Biotechnology). Molecular sizes of CCND1 and
GAPDH proteins shown on the immunoblots are 36kD
and 146kD, respectively. Each experiment was done in
triplicate.
In vivo experiments
All animal experiments were approved by Nanjing
Medical University Institutional Animal Care and Use
Committee. Twenty-four female nude mice were
randomly divided into four groups: circEIF3M, shcircEIF3M, control-NC and control-sh-NC (n=6 each
group). Briefly, for xenograft experiments, 1 × 107
MDA-MB-231 cells were injected subcutaneously into
the mammary fat pads of nude mice. There were six
mice per group. Tumor size was monitored once per
week. The formula for calculating the volume of tumors
was 0.5×length×width2. The mice were sacrificed after
4 weeks and tumors tissues were removed for further
analysis.

Transwell migration and invasion assays
Statistical analysis
Briefly, TNBC cells transiently overexpressing miR-33a
or circEIF3M were incubated in transwell plates for
24 h. Then cells that migrated through an 8-μM pored
membrane or invaded through the Matrigel-coated
membrane were stained and counted under a
microscope. Experiments were done in triplicate.

Statistical analyses were performed by SPSS 17.0. Data
were showed as mean ± standard deviation. The
differences between groups were assessed using paired
or unpaired t test (two-tailed). The correlation between
groups was analyzed by Pearson correlation. **P value
< 0.01 was considered as statistically significant.

Fluorescence in situ hybridization (FISH)

Abbreviations
FISH was performed to detect the location of
circEIF3M and miR-33a in TNBC cells. In short, cell
slides were hybridized with specific Cy3-labeled
circEIF3M probes and FITC-labeled miR-33a probes at
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circRNAs: circular RNAs; circRNA: circular RNA;
TNBC: triple-negative breast cancer ; ER: estrogen
receptor; PR: progesterone receptor; HER2: human
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epidermal growth factor receptor-2; ceRNA: competing
endogenous RNA; miRNA: microRNA; miRNAs:
microRNAs;
CDR1as:
cerebellar
degeneration
associated protein 1 antisense transcript; RNA-Seq:
RNA sequencing; EIF3M: eukaryotic initiation factor
3M; CCND1: cyclin D1; OD: optical density; qRTPCR: quantitative real time polymerase chain reaction;
FITC: fluorescein isothiocyanate; PI: propidium iodide;
MRE: miRNA response element; 3’UTR: 3'untranslated region; WT: wild type; FISH: fluorescence
in situ hybridization; CCK8: Cell Counting Kit-8;
CDK4: cyclin-dependent kinase 4.

https://doi.org/10.1038/nature11993
PMID:23446346
4.

Chen Y, Li C, Tan C, Liu X. Circular RNAs: a new frontier
in the study of human diseases. J Med Genet. 2016;
53:359–65.
https://doi.org/10.1136/jmedgenet-2016-103758
PMID:26945092

5.

Kumar L, Shamsuzzama, Haque R, Baghel T, Nazir A.
Circular RNAs: the emerging class of non-coding RNAs
and their potential role in human neurodegenerative
diseases. Mol Neurobiol. 2017; 54:7224–34.
https://doi.org/10.1007/s12035-016-0213-8
PMID:27796758

6.

Xin Z, Ma Q, Ren S, Wang G, Li F. The understanding of
circular RNAs as special triggers in carcinogenesis. Brief
Funct Genomics. 2017; 16:80–86.
https://doi.org/10.1093/bfgp/elw001
PMID:26874353

7.

Kulcheski FR, Christoff AP, Margis R. Circular RNAs are
miRNA sponges and can be used as a new class of
biomarker. J Biotechnol. 2016; 238:42–51.
https://doi.org/10.1016/j.jbiotec.2016.09.011
PMID:27671698

8.

Zhang J, Liu H, Hou L, Wang G, Zhang R, Huang Y, Chen
X, Zhu J. Circular RNA_LARP4 inhibits cell proliferation
and invasion of gastric cancer by sponging miR-424-5p
and regulating LATS1 expression. Mol Cancer. 2017;
16:151.
https://doi.org/10.1186/s12943-017-0719-3
PMID:28893265

9.

Han D, Li J, Wang H, Su X, Hou J, Gu Y, Qian C, Lin Y, Liu
X, Huang M, Li N, Zhou W, Yu Y, Cao X. Circular RNA
circMTO1 acts as the sponge of microRNA-9 to
suppress hepatocellular carcinoma progression.
Hepatology. 2017; 66:1151–64.
https://doi.org/10.1002/hep.29270
PMID:28520103

AUTHOR CONTRIBUTIONS
LXJ, RZJ, BJ and YQ performed most of the work.
LXJ, and RZJ supervised the process of the study and
performed the manuscript writing. LXJ and YYF
participated in western blot, real time PCR work. LXJ
performed the RNA-sequence data analysis. YYF
carried out the in vitro cytotoxicity assay. RZJ carried
out the CCK8 assay and apoptosis analysis. All authors
read and approved the final manuscript.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of
interest.

FUNDING
This work was supported by the National Natural
Science Foundation of China (81702612); Jiangsu
Provincial Medical Youth Talent (QNRC2016661), The
Project of Invigorating Health Care through Science,
Technology, Education.

REFERENCES
1.

2.

3.

Mirzania M, Safaee SR, Shahi F, Jahanzad I, Zahedi G,
Mehdizadeh R. 2017 Treatment outcomes and
clinicopathologic characteristics of triple-negative
breast cancer: a report from cancer institute of Iran. Int
J Hematol Oncol Stem Cell Res. 2017; 11:37–42.
PMID:28286613
Munirah MA, Siti-Aishah MA, Reena MZ, Sharifah NA,
Rohaizak M, Norlia A, Rafie MK, Asmiati A, Hisham A,
Fuad I, Shahrun NS, Das S. Identification of different
subtypes of breast cancer using tissue microarray. Rom
J Morphol Embryol. 2011; 52:669–77.
PMID:21655659
Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen
B, Damgaard CK, Kjems J. Natural RNA circles function
as efficient microRNA sponges. Nature. 2013;
495:384–88.

www.aging-us.com

14785

10. Zhang C, Zhang Y, Ding W, Lin Y, Huang Z, Luo Q. MiR33a suppresses breast cancer cell proliferation and
metastasis by targeting ADAM9 and ROS1. Protein Cell.
2015; 6:881–89.
https://doi.org/10.1007/s13238-015-0223-8
PMID:26507842
11. Liu P, Chen B, Gu Y, Liu Q. PNMA1, regulated by miR33a-5p, promotes proliferation and EMT in
hepatocellular carcinoma by activating the Wnt/βcatenin pathway. Biomed Pharmacother. 2018;
108:492–99.
https://doi.org/10.1016/j.biopha.2018.09.059
PMID:30243081
12. Liang C, Yu XJ, Guo XZ, Sun MH, Wang Z, Song Y, Ni QX,
Li HY, Mukaida N, Li YY. MicroRNA-33a-mediated

AGING

downregulation of Pim-3 kinase expression renders
human pancreatic cancer cells sensitivity to
gemcitabine. Oncotarget. 2015; 6:14440–55.
https://doi.org/10.18632/oncotarget.3885
PMID:25971209
13. Moisés J, Navarro A, Santasusagna S, Viñolas N, Molins
L, Ramirez J, Osorio J, Saco A, Castellano JJ, Muñoz C,
Morales S, Monzó M, Marrades RM. NKX2-1
expression as a prognostic marker in early-stage nonsmall-cell lung cancer. BMC Pulm Med. 2017; 17:197.
https://doi.org/10.1186/s12890-017-0542-z
PMID:29237428
14. Kong Y, Sheng X, Wu X, Yan J, Ma M, Yu J, Si L,
Chi Z, Cui C, Dai J, Li Y, Yu H, Xu T, et al. Frequent
Genetic Aberrations in the CDK4 Pathway in Acral
Melanoma Indicate the Potential for CDK4/6
Inhibitors in Targeted Therapy. Clin Cancer Res.
2017; 23:6946–57.
https://doi.org/10.1158/1078-0432.CCR-17-0070
PMID:28830923
15. Ullah Shah A, Mahjabeen I, Kayani MA. Genetic
polymorphisms in cell cycle regulatory genes CCND1
and CDK4 are associated with susceptibility to breast
cancer. J BUON. 2015; 20:985–93.
PMID:26416047
16. Xie M, Zhao F, Zou X, Jin S, Xiong S. The association
between CCND1 G870A polymorphism and colorectal
cancer risk: A meta-analysis. Medicine (Baltimore).
2017; 96:e8269.
https://doi.org/10.1097/MD.0000000000008269
PMID:29049220
17. Dai J, Wei RJ, Li R, Feng JB, Yu YL, Liu PS. A study of
CCND1 with epithelial ovarian cancer cell proliferation
and apoptosis. Eur Rev Med Pharmacol Sci. 2016;
20:4230–35.
PMID:27831653

www.aging-us.com

14786

18. Yang F, Wang Y, Li Q, Cao L, Sun Z, Jin J, Fang H, Zhu
A, Li Y, Zhang W, Wang Y, Xie H, Gustafsson JÅ, et al.
Intratumor heterogeneity predicts metastasis of
triple-negative breast cancer. Carcinogenesis. 2017;
38:900–09.
https://doi.org/10.1093/carcin/bgx071
PMID:28911002
19. Cheng J, Metge F, Dieterich C. Specific identification
and quantification of circular RNAs from sequencing
data. Bioinformatics. 2016; 32:1094–96.
https://doi.org/10.1093/bioinformatics/btv656
PMID:26556385
20. Glažar P, Papavasileiou P, Rajewsky N. circBase: a
database for circular RNAs. RNA. 2014; 20:1666–70.
https://doi.org/10.1261/rna.043687.113
PMID:25234927
21. Ghosal S, Das S, Sen R, Basak P, Chakrabarti J.
Circ2Traits: a comprehensive database for circular
RNA potentially associated with disease and traits.
Front Genet. 2013; 4:283.
https://doi.org/10.3389/fgene.2013.00283
PMID:24339831
22. Qu S, Yang X, Li X, Wang J, Gao Y, Shang R, Sun W,
Dou K, Li H. Circular RNA: A new star of noncoding
RNAs. Cancer Lett. 2015; 365:141–48.
https://doi.org/10.1016/j.canlet.2015.06.003
PMID:26052092
23. Li XJ, Ji MH, Zhong SL, Zha QB, Xu JJ, Zhao JH, Tang JH.
MicroRNA-34a modulates chemosensitivity of breast
cancer cells to adriamycin by targeting Notch1. Arch
Med Res. 2012; 43:514–21.
https://doi.org/10.1016/j.arcmed.2012.09.007
PMID:23085450

AGING

SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Density of spliced length of the detected circRNAs.

Supplementary Figure 2. Volcano plot of differentially expressed circRNAs in TNBC. The vertical green lines correspond to two-fold
increased and decreased expression, and the horizontal green line represents. The red points represent circRNAs that were differentially
expressed with statistical significance.
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Supplementary Figure 3. Detailed annotation of predicted circRNA-miRNA-mRNA interaction network for the dysregulated
circRNAs.

Supplementary Figure 4. The annotation result for chr11:32589546:32596047:+. Through gene sequence alignment, we found that
this CircRNA ID of chr11:32589546:32596047:+ is hsa_circ_0003119.
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Supplementary Figure 5. The fold changes of circEIF3M and EIF3M gene in 231 cells after transfection against control cells.
The circEIF3M was knocked down (A) and overexpressed (B) in MDA-MB-231 cells respectively. The relative expression of circEIF3M and
EIF3M were detected by qRT-PCR after transfection with indicated vectors.

Supplementary Figure 6. Luciferase reporter assay for the luciferase activity of psiCHECK2-circ against psiCHECK2-circ-M cotransfected with miRNA mimics or negative control of mimics.
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Table 1.

Supplementary Table 1. All the 229 different expressed circRNAs

Supplementary Table 2. Primers for qRT-PCR analysis.
Name
qRT-PCR primers*
miR-33a
U6
CCND1
Hsa-circ-0003119
GAPDH

*

Sequences (5'—3')
F: GGGGGTGCATTGTAGTTG; R: TGCGTGTCGTGGAGTC
F: CGAGCACAGAATCGCTTCA; R: CTCGCTTCGGCAGCACATAT
F: CCCTCGGTGCCTACTTCAA; R: CTCCTCGCACTTCTGTTCCT
Divergent primers:
F: CTCTTCCTCTTGACCCTGCA; R: GTCCATACTCATCCTCCTGGG
Divergent primers:
F: TCCCCCACCACACTGAATCT; R: AACAGGAGGAGCAGAGAGCG

F, forward; R, reverse.

Supplementary Table 3. Sequences of siRNAs and shRNAs used in this study.
Definition
siRNA
si-NC
sh-circ
sh-NC
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sequences
TCATTGATTCACTTGGTTAGA
TTCTCCGAACGTGTCACGT
5’-GTTAACTCATTGATTCACTTGGTTAGATCAAGAGTCTAACCAAGTGA
ATCAATGATTTTTTCTCGAG-3’
5’-TTCTCCGAACGTGTCACGTTCAAGAGACGTGACACGTTCGGAGAATTTTTT-3’
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