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ABSTRACT

Background: miR-491-5p has been reported to regulate the expression of FGFR4 and promote gastric cancer
metastasis. Hsa_circ 0001361 was demonstrated to play an oncogenic role in bladder cancer invasion and
metastasis by sponging the expression of miR-491-5p. This work aimed to study the molecular mechanism of the
effect of hsa_circ_ 0001361 on axillary response in the treatment of breast cancer.

Methods: Ultrasound examinations was performed to evaluate the response of breast cancer patients receiving
NAC treatment. Quantitative real-time PCR, IHC assay, luciferase assay and Western blot were performed to
analyze the molecular interaction between miR-491, circRNA_0001631 and FGFR4.

Results: Patients with low circRNA_0001631 expression had a better outcome after NAC treatment. The
expression of miR-491 was remarkably higher in the tissue sample and serum collected from patients with lower
circRNA_0001631 expression. On the contrary, the FGFR4 expression was notably suppressed in the tissue
sample and serum collected from patients with lower circRNA_0001631 expression when compared with patients
with high circRNA_0001631 expression. The luciferase activities of circRNA_0001631 and FGFR4 were effec-
tively suppressed by miR-491 in MCF-7 and MDA-MB-231 cells. Moreover, inhibition of circRNA_0001631
expression using circRNA_0001361 shRNA effectively suppressed the expression of FGFR4 protein in MCF-7 and
MDA-MB-231 cells. Up-regulation of circRNA_0001631 expression remarkably enhanced the expression of
FGFR4 protein in MCF-7 and MDA-MB-231 cells.

Conclusion: Our study suggested that the up-regulation of hsa_circRNA-0001361 could up-regulate the expression
of FGFR4 via sponging the expression of miR-491-5p, resulting in the alleviated axillary response after neo-
adjuvant chemotherapy (NAC) in breast cancer.

1. Introduction

arm pain [10,11]. People who obtain pathological complete responses
may have considerably better survival as contrasted to those with a

Breast cancer (BC) is the most common cancer in women [1,2].
Neoadjuvant chemotherapy (NAC) has been developed as a common
treatment for BC [3-5]. Many studies showed that people who accom-
plished a complete response after NAC was anticipated to show a
significantly more advantageous outcome as compared to people
without chemotherapy [6,7]. As just < 30% of BC patients achieve CR
after therapy, most of BC patients still have a higher risk of relapse [8].
Some data has shown that the nodal phase of BC predicts prognosis
much more efficiently than the initial axillary condition [9]. Thus, BC
patients can manage to avoid postoperative morbidity, including upper

recurring ailment. Pathological complete response is defined by the loss
of all intrusive cancer cells after therapy and is highly associated with
boosted survival [12,13]. For individuals with BC who undergo therapy,
the evaluation of axillary lymph nodes is a crucial factor in predicting
the possibility of disease recurrence and the likelihood of disease-free
survival [9,14,15]. These lymph nodes are the primary ones that
breast cancer cells tend to spread to. As cancer cells break away from the
primary tumor site, they can migrate to the axillary lymph nodes via the
lymphatic system. Therefore, the presence of cancer cells in axillary
lymph nodes indicates that cancer has metastasized from the breast to
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other parts of the body [16].

As a type of non-coding RNA, circRNAs are RNAs without a 5" or 3’
ends [17]. Compared with regular RNAs, circRNAs are more stable in
serum [18]. First uncovered via electron microscopy in the 1970s,
circRNAs at first are thought of as the outcome of mRNA splicing error
[19]. Lately, along with the development of the next-generation RNA
sequencing techniques, circRNAs have been found to play numerous
roles in managing gene expression [20]. Essentially, proofs have dis-
played that circRNAs are related to different human illnesses, such as
atherosclerosis, heart failure, nerve ailments, and tumorigenesis [21,
22]. It was also found that circ000136 is upregulated in BC cells, while
high expression of circRNA_0001361 is positively correlated with the
grade and invasion of BC. Significantly, it was found that
circRNA_0001361 can inhibit miR-491-5p to upregulate the expression
of MMP9 and subsequently boost the metastasis of BC.

Fibroblast growth factor (FGF)/FGF receptor (FGFR) signaling is
involved in many biological events, such as cell differentiation, cell
proliferation, angiogenesis, and cell motility [23]. The members of FGFR
tyrosine kinase family are four related genes (FGFR1-FGFR4) [23]. The
dysregulation, especially the overexpression of FGFR4 has been reported
in various tumors, and the FGF/FGFR signaling has been implicated in
cancer onset and tumor growth [23]. Also, FGFR4 is particularly high in
breast cancer tissues, reaching almost as high as more than 2.5-fold of
FGFR4 expression compared with normal tissues [24]. And FGFR4 has
been recognized for its overexpression in approximately 30% of breast
cancer cases compared to normal tissues [25]. Thussbas et al. revealed
that FGFR4 Arg388 is an indicator of progression in BC patients
receiving adjuvant therapy [26]. In a retrospective study, nonetheless,
85% of people received chemotherapy of cyclophosphamide + metho-
trexate + 5-fluorouracil but showed no response. Another research
evaluated the possibility of using FGFR4 genotypes to predict the reac-
tion to anthracycline + taxane chemotherapy carried out in a phase II
trial of T2-4N0-2MO BC [27].

NAC has been increasingly used for patients with operable breast
cancer, while tumor size and cortical thickness were reported to be
associated with axillary response [28,29]. miR-491-5p has been re-
ported to regulate the expression of FGFR4 and promote gastric cancer
metastasis [30]. Also, hsa_circ_0001361 was demonstrated to play an
oncogenic role in bladder cancer invasion and metastasis by sponging
the expression of miR-491-5p [31]. In this study, we enrolled breast
cancer patients who received NAC and grouped them according to the
expression level of hsa_circ_ 0001361, with the aim to study the molec-
ular mechanism of the effect of hsa_circ_0001361 on axillary response in
the treatment of breast cancer.

2. Materials and methods
2.1. RNA isolation and real-time PCR

Breast cancer patients receiving NAC were recruited for the collec-
tion of BC samples. Depending on to the guidelines of an RNeasy Mini
assay kit (Qiagen, Hilden, Germany) and TRIzol (Invitrogen, Carlsbad,
CA), sample RNAs were removed from BC tissues or cells, and then
subject to reverse transcription using primers designed by Primer 5.0
and made by GenePharma (Shanghai, China). The reverse transcription
was done with the OneStep PrimeScript cDNA Synthesis reagent
(Takara, Shiga, Japan). The real-time PCR was then executed per the
instruction of the SYBR PrimeScript assay kit (Takara, Shiga, Japan),
and the levels of circRNA 0001361 (sense: GAGATGCAGCTCAG-
CAGGTTA; anti-sense: AATGGTGGCAGTTCCAGAGG), miR-491 (sense:
GGAGTGGGGAACCCTTCC; anti-sense: GTGCAGGGTCCGAGGT), and
FGFR4 mRNA (sense: GAGGGGCCGCCTAGAGATT; anti-sense: CAG-
GACGATCATGGAGCCT) were computed via the 222Ct method he
possibility of, using U6 (sense: GCTTCGGCAGCACATATACTAAAAT;
anti-sense: CGCTTCACGAATTTGCGTGTCAT) and GAPDH (sense
primer: ACAGTCAGCCGCATCTTC; anti-sense: CTCCGACCTTCACCT
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TCC) as internal controls.

2.2. Human subjects

We recruited 134 breast cancer patients for our study and divided the
patients into two groups according to the circRNA_0001361 expression
level: High circRNA_ 0001361 group (N = 62) and Low
circRNA_0001361 group (N = 62). The basic characteristics including
age, clinical stage, tumor histologic type, ER status, PR status and HER2
status were compared between the two groups. The patients received
therapy and were checked by US or MRI imaging in the course of ther-
apy. The patients with the following conditions were excluded [1]: MRI
images obtained with the 1.5 MRI system [2], MRI was not obtained at
our medical center [3], insufficient size of axillary region. The enrolled
patients had a mean age of 48 + 5 years with positive US or MRI imaging
of cortical thickening of LN by > 3 mm. The therapy given to all patients
was a standard therapy of adriamycin+docetaxel/cyclophosphamide or
adriamycin + cyclophosphamide + docetaxel/HER2 monoclonal anti-
body. After the therapy, all patients underwent a mastectomy to remove
axillary LNs surgically. The institutional ethics committee has approved
this study. Consent forms were signed by all participants before the
initiation of this study.

2.3. Cell culture and transfection

MCF-7 as well as MDA-MB-231 cells were divided into 4 groups: 1.
Mock group; 2. negative control group; 3. circRNA_0001361 shRNA1
group; 4. circRNA_ 0001361 shRNA2 group. The BC cell lines were got
from the American Type Culture Collection and cultured in RPMI-1640
(Gibco, Thermo Fisher Scientific, Waltham, WA) with 10% FBS
(Hyclone, GE Health Care, Baltimore, MD) and 1% streptomycin, with
5% CO2 and at 37 °C. The mycoplasma result was negative in all cells.
When the cell confluency was 70%, the medium was switched to serum-
free RPMI-1640, while the transfection of cells was done by making use
of Lipofectamine 3000 (Invitrogen, Thermo Fisherman Scientific, Wal-
tham, WA) per the manufacturer’s method. The cells were harvested at
48 h after transfection for analysis.

2.4. Luciferase assay

Sequence analysis indicated that miR-491 could bind to
circRNA_0001361. The luciferase vectors containing wild-type and
mutant circRNA_0001361 were established and transfected into MCF-7
and MDA-MB-231 cells with miR-491. Similarly, sequence analysis
indicated that miR-491 could bind to FGFR4, and the luciferase vectors
containing wild-type and mutant FGFR4 were established and trans-
fected into MCF-7 and MDA-MB-231 cells with miR-491. The plasmids
were made by RiboBio (Guangzhou, China) and transfected into cells
using Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific, Wal-
tham, WA) per the manufacturer’s method. The cells were harvested at
48 h after transfection for luciferase activity analysis.

2.5. Western blot analysis

The cells were homogenized through pulverization and lysed with a
lysis buffer for 15 min. The protein in the supernatant was separated
with 12% SDS-PAGE and transferred onto a PVDF membrane, which was
blocked with 5% non-fat milk in TBST. Afterward, the PVDF membrane
was incubated with anti-FGFR4 primary and secondary antibodies
(Abcam, Cambridge, MA). After the membrane was thoroughly washed
with TBST, protein bands were imagined with an enhanced chem-
iluminescence reagent (Millipore, New York, NY) to determine the
expression of FGFR4 protein.
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Table 1
Basic characters of participants enrolled in this study.
Characteristics High group (N = 62) Low group (N =62)  Pvalue
Age, years 46.3 +£ 5.6 48.2 + 6.2 0.673
Clinical stage 0.331
1I 38 (61.3) 35 (56.5)
111 24 (38.7) 27 (43.5)
Tumour histologic type 0.342
Ductal 56 (90.3) 58 (93.5)
Lobular 4 (6.5) 1(1.6)
Others 2(3.23) 3(4.8)
ER status 0.241
Negative 41 (66.1) 37 (59.7)
Positive 21 (33.9) 25 (40.3)
PR status 0.306
Negative 44 (71.0) 41 (66.1)
Positive 18 (29.0) 21 (33.9)
HER2 status 0.313
Negative 38 (61.3) 37 (59.7)
Positive 24 (38.7) 25 (40.3)

2.6. Immunohistochemistry

The wound tissues were fixed, deparaffinized, and rehydrated. Then,
endogenous peroxidase activity was blocked using 3% hydrogen
peroxide. The non-specific activity was blocked along with goat serum,
and the expression of FGFR4 protein was determined using anti-FGFR4
primary antibodies (Abcam, Cambridge, MA) and HRP-labeled second-
ary antibodies (Abcam, Cambridge, MA). Counterstaining was done
with hematoxylin.

2.7. Statistical analysis
All results were analyzed via SPSS 18.0 software (SPSS, Chicago, IL)

and shown as mean + standard deviation. The t-test was utilized for
inter-group comparisons. Statistical significance was taken at P < 0.05.
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3. Results

3.1. The therapeutic outcome of NAC treatment was remarkably better in
breast cancer patients with low circRNA_ 0001631 expression

Breast cancer patients receiving NAC were recruited and subjected to
circRNA_0001361 expression analysis. These patients were divided into
two groups according to the circRNA_0001361 expression level: High
circRNA_0001361 and Low circRNA_0001361 groups. The basic char-
acteristics including age, clinical stage, tumor histologic type, ER status,
PR status and HER2 status were compared between the two groups. No
significant difference was observed (Table 1). Ultrasound screening was
performed to measure the tumor size, reduction in tumor size, number of
nodes and longitudinal diameter difference before and after NAC
treatment. There was no remarkable difference in the tumor size be-
tween high circRNA_0001361 and low circRNA_0001361 groups before
NAC treatment. However, the tumor size was significantly decreased in
the low circRNA_ 0001361 group when compared with the high
circRNA_0001361 group (Fig. 1A). Therefore, the reduction of tumor
size was notably increased for low circRNA_0001361 group when
compared with high circRNA_0001361 group (Fig. 1B). Besides, the
number of nodules was apparently decreased in the low
circRNA 0001361 group when compared with the high
circRNA_0001361 group after NAC treatment (Fig. 1C). The longitudinal
diameter of the nodules was also decreased in the low circRNA_0001361
group when compared with the high circRNA_0001361 group after NAC
treatment (Fig. 1D). Moreover, the cortical thickness was notably
decreased in the low circRNA_0001361 group when compared with the
high circRNA_0001361 group after NAC treatment (Fig. 1E).

3.2. Upregulation of miR-491 and downregulation of FGFR4 in the tissue
samples from patients with low circRNA_0001631 expression

The tumor tissue samples were collected after surgery. Quantitative
real-time PCR was performed to analyze the expression of
circRNA_0001361, miR-491 and FGFR4 mRNA in the tissue samples
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Fig. 1. The therapeutic outcome of NAC treatment was remarkably better in breast cancer patients with low circRNA_0001631 expression (*P < 0.05 vs. High

group).

A: Ultrasound examination indicated that the tumor size was remarkably decreased in patients with low circRNA_0001631 expression. B: Ultrasound examination
indicated that reduction in tumor size was remarkably increased in patients with low circRNA_0001631 expression. C: Ultrasound examination indicated that the
number of nodules was remarkably decreased in patients with low circRNA_0001631 expression. D: Ultrasound examination indicated that the longitudinal diameter
was remarkably decreased in patients with low circRNA_0001631 expression. E: Ultrasound examination indicated that the cortical thickness was remarkably

decreased in patients with low circRNA_0001631 expression.
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Fig. 2. Upregulation of miR-491 and downregulation of FGFR4 in the tissue samples from patients with low circRNA_0001631 expression (*P < 0.05 vs. High group).
A: Differential expression of circRNA_0001361 in the tissue samples from breast cancer. B: The expression of miR-491 was remarkably higher in the tissue samples
with circRNA_0001631 downregulation. C: The expression of FGFR4 mRNA was apparently suppressed in the tissue samples with circRNA_0001631 downregulation.
D: The expression of FGFR4 protein was apparently suppressed in the tissue samples with circRNA_0001631 downregulation. E: Correlation analysis between
circRNA_0001361 and miR-491 expression. F: Correlation analysis between FGFR4 mRNA and miR-491 expression. G: Correlation analysis between

circRNA_0001361 and FGFR4 mRNA expression.

with differential expression of circRNA_0001631 (Fig. 2A). The
expression of miR-491 was notably elevated in the tissue samples
collected from patients with low circRNA_0001631 expression when
compared with patients with high circRNA_ 0001631 expression
(Fig. 2B). While the expression of FGFR4 mRNA was significantly sup-
pressed in the tissue samples collected from patients with low
circRNA_0001631 expression (Fig. 2C). IHC analysis and quantification
also indicated that the expression of FGFR4 protein was significantly
suppressed in the tissue samples collected from patients with low
circRNA_0001631 expression (Fig. 2D). Moreover, the correlation
analysis between circRNA_0001631, miR-491 and FGFR4 mRNA sug-
gested possible correlation between these genes (Fig. 2E-G).

3.3. Activated expression of miR-491 in the serum collected from patients
with low circRNA_ 0001631 expression

Moreover, the peripheral blood samples were collected from patients
with distinct circRNA_0001631 expression before and after NAC treat-
ment. The expression of circRNA_0001631 in the serum was signifi-
cantly higher before NAC treatment for patients with high

circRNA_0001631 expression (Fig. 3A). The expression of miR-491 in
the serum was remarkably lower before NAC treatment for patients with
high circRNA_0001631 expression (Fig. 3B). The expression of
circRNA_0001631 in the serum was significantly higher after NAC
treatment for patients with high circRNA_0001631 expression (Fig. 3C).
The expression of miR-491 in the serum was remarkably lower after NAC
treatment for patients with high circRNA_0001631 expression (Fig. 3D).

3.4. MiR-491 inhibited the luciferase activities of circRNA_0001361 and
FGFR4 in MCF-7 and MDA-MB-231 cells

Sequence analysis indicated that miR-491 could bind to
circRNA_0001361 (Fig. 4A). Luciferase vectors containing wild-type and
mutant circRNA_0001361 were established and transfected into MCF-7
and MDA-MB-231 cells with miR-491. The luciferase activity of wild-
type circRNA_ 0001631 was significantly suppressed by miR-491 in
MCF-7 and MDA-MB-231 cells (Fig. 4B). Sequence analysis indicated
that miR-491 could bind to FGFR4 (Fig. 4C). Luciferase vectors con-
taining wild-type and mutant FGFR4 were established and transfected
into MCF-7 and MDA-MB-231 cells with miR-491. The luciferase activity
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Fig. 3. Activated expression of miR-491 in the serum
collected from patients with low circRNA_0001631
expression (*P < 0.05 vs. High group).

A: The expression of circRNA_0001631 in the serum
before NAC treatment was remarkably higher for
patients with higher circRNA_0001631 expression. B:
The expression of miR-491 in the serum before NAC
treatment was remarkably lower for patients with
higher circRNA_0001631 expression. C: The expres-
sion of circRNA_0001631 in the serum after NAC
treatment was remarkably higher for patients with
higher circRNA_0001631 expression. D: The expres-
sion of miR-491 in the serum after NAC treatment was
remarkably lower for patients with higher
circRNA_0001631 expression.
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of wild-type FGFR4 was significantly suppressed by miR-491 in MCF-7
and MDA-MB-231 cells (Fig. 4D).

3.5. Regulation of circRNA_0001631 expression remarkably altered the
expression of FGFR4 in MCF-7 and MDA-MB-231 cells

We designed two circRNA_1361 shRNA vectors and transfected them
into MCF-7 and MDA-MB-231 cells. Western blot was performed to
analyze the expression of FGFR4 in MCF-7 and MDA-MB-231 cells under
distinct conditions. The expression of FGFR4 was remarkably suppressed
by both circRNA_1361 shRNA1 and circRNA_1361 shRNA2 in MCF-7
(Fig. 5A and B) and MDA-MB-231 cells (Fig. 5C and D). Moreover,
circRNA_0001631 overexpression was carried out by transfecting
circRNA_0001361 over-1 and circRNA_0001361 over-2 into MCF-7 and
MDA-MB-231 cells. The expression of FGFR4 was remarkably activated
by both circRNA_0001361 over-1 and circRNA_0001361 over-2 trans-
fection in MCF-7 (Fig. 5E and F) and MDA-MB-231 cells (Fig. 5G and H).

4. Discussion

NAC is standard for patients of locally advanced BC. The main
objective of NAC is to boost disease-free survival [32]. In fact, > 70% BC
patients might achieve a response after the treatment, with the rest
presenting different levels of resistance [33]. Pre-NAC and post-NAC
MRI values of tumor size have been linked to the level of axillary
response, with the greatest diagnostic performance of an AUC of 0.760
[34]. Regarding the features of axillary LNs, the cortical thickness dur-
ing and after NAC therapy are predictors for a higher OR [35]. When the
tumor size is decreased by NAC therapy, the cortical thickness can also
reflect the tumor burden inside the LN [35,36]. Not much information is

High group Low group

available on the axillary images of LNs after the NAC therapy of breast
cancer. On top of that, not all people reviewed in previous research
underwent nodal staging by pre-operative needle biopsy, so some pa-
tients were staged by imaging as cN1 but some patients were staged as
pre-NAC SLNB, additionally complicating the evaluation of images [37,
38]. In this study, we recruited breast cancer patients receiving NAC
treatment and explored the effect of circRNA_0001631 expression on
NAC therapeutic outcome. Patients with low circRNA_0001631 expres-
sion had a better therapeutic outcomes of NAC therapy. In addition, we
performed qPCR to analyze the expression of miR-491 and FGFR4 in the
tissue samples as well as the serum collected from patients with differ-
ential circRNA_0001631 expression. The expression of miR-491 was
significantly elevated in patients with low circRNA_0001631 expression
and the expression of FGFR4 was notably suppressed in patients with
low circRNA_0001631 expression.

CircRNAs are non-coding RNAs in a form of closed-loop structures
[39]. Being highly conserved in eukaryotic cells, they have been shown
to work as miRNA sponges via either being derived from exons encoding
proteins or being distributed mainly in the cytoplasm [40]. Recently,
research suggested that circRNAs serve as miRNA sponges and require
numerous binding sites on the same miRNA, like Sry circRNA, ciRS-7,
and HRCR [17,21]. The interactions between circRNAs and miRNAs
are implicated in various pathophysiological functions, especially in
tumor onset and progression [41]. For instance, Gao G et al. identified
circ_0001946 as a potential target for BC therapy to overcome tamoxifen
resistance. Their research showed that circ_0001946 is up-regulated in
breast cancer tissues and can promote the growth and malignant inva-
sion of tamoxifen-resistant BC cells by regulating the expression of
miR-671-5p [42]. Also, Liang H et al. reported that circ-ABCB10 was
highly expressed in breast cancer tissues, and circ-ABCB10 was
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Fig. 4. MiR-491 inhibited the luciferase activities of
circRNA_0001361 and FGFR4 in MCF-7 and MDA-
MB-231 cells (*P < 0.05 vs. NC mimics).

A: Sequence analysis indicated binding of miR-491 to
circRNA_0001631. B: The luciferase activities of wild-
type circRNA_0001631 were effectively suppressed
by miR-491 in MCF-7 and MDA-MB-231 cells. C:
Sequence analysis indicated binding of miR-491 to
FGFR4. D: The luciferase activities of wild-type
FGFR4 were effectively suppressed by miR-491 in
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demonstrated to function as a miRNA sponge for miR-1271 [43]. Other
circRNAs such as circ_0052112 [44] and circ_ 0000520 [45] were also
reported in the pathogenesis of BC, which each functions as miRNA
sponge for different miRNAs. Especially, the suppressed expression of
circ_0052112 not only inhibits BC cell migration and invasion, but also
elevates the expression of miR-125-5p [44]. And circ_0000520 which
directly regulates the expression of miR-1296 has been found to be
significantly upregulated in BC tumors [45]. In this study, we aimed to
unveil the relationship between axillary response in BC treatment and
circ_0001361. As circ_0001361 is derived from two FNDC3B exons, it
was actually shown that circ_.0001361 serves as a miRNA sponge to
control the levels of genes downstream FNDC3B [31]. The upregulation
of circ_0001361 was found to be associated with pathologic grade and
muscle invasion in bladder cancer tissues [31]. Similar to the
above-mentioned circRNAs, circ_0001361 also promotes bladder cancer
cell invasion and metastasis via sponging miR-491-5p and regulate the
expression of MMP-9. It is noteworthy that circ 0001361 has two
binding sites of miR-491-5p, although only one binding site is effective.
Similarly, recent research additionally showed that many of circRNAs
only have one or two sites for some miRNAs, and can serve as efficient
sponges for miRNAs like circIRAK3, circ101555, circFNDC3B, as well as
circTP63 [46,47]. Also, in lung adenocarcinoma tissues and cells, the

expression of circ_0001361 was increased while that of miR-525-5p was
decreased. And the functional experiments not only confirmed the
inhibitory effect on tumor metastasis of circ_0001362, but also revealed
the circRNA’s inhibitory effect on lung adenocarcinoma cell growth
[48]. Since the oncogenic role of circ_ 0001361 has been reported in
various types of cancer, we suspect that circ_0001361 may also partic-
ipate in the pathogenesis procedures in BC. In this study, we overex-
pressed and suppressed the expression of circ_ 0001361 in MCF-7 and
MDA-MB-231 cells. Accordingly, we found that the expression of
circ_0001361 was negatively correlated with the expression of miR-491
and positively correlated with the expression of FGFR4 in MCF-7 and
MDA-MB-231 cells.

miR-491-5p is recognized as a tumor suppressor gene in many kinds
of cancers to control cell proliferation, cell apoptosis, cell movement,
and chemoresistance [49]. However, the activity of miR-491-5p in GC is
unclear. Sun et al. 6 showed that miR-491-5p was actually down-
regulated in GC cells, but miR-491-5p restoration hampered tumor
development with the targeting of Wnt3a/beta-catenin pathway. Having
said that, the comprehensive functions of miR-491-5p in GC are unclear.
In this study, we carried out luciferase assay to explore the inhibitory
effect of miR_491 on circRNA_0001631 and FGFR4. The luciferase ac-
tivities of circRNA_0001631 and FGFR4 were apparently inhibited by
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Fig. 5. Regulation of circRNA_0001631 expression remarkably altered the expression of FGFR4 in MCF-7 and MDA-MB-231 cells (*P < 0.05 vs. negative control
group).

A: Western blot analysis of FGFR4 protein expression in MCF-7 cells transfected with circRNA_0001361 shRNA under distinct conditions. B: Quantitative analysis of
Western blot results indicated that circRNA_0001361 shRNA effectively suppressed the expression of FGFR4 protein in MCF-7 cells. C: Western blot analysis of FGFR4
protein expression in MDA-MB-231 cells transfected with circRNA_0001361 shRNA under distinct conditions. D: Quantitative analysis of Western blot results
indicated that circRNA_0001361 shRNA effectively suppressed the expression of FGFR4 protein in MDA-MB-231 cells. E: Western blot analysis of FGFR4 protein
expression in circRNA_0001361-overexpressed MCF-7 cells under distinct conditions. F: Quantitative analysis of Western blot results indicated that circRNA_0001361
overexpression effectively activated the expression of FGFR4 protein in MCF-7 cells. G: Western blot analysis of FGFR4 protein expression in circRNA_0001361-
overexpressed MDA-MB-231 cells under distinct conditions. H: Quantitative analysis of Western blot results indicated that circRNA_0001361 overexpression
effectively activated the expression of FGFR4 protein in MDA-MB-231 cells.

miR 491 in MCF-7 and MDA-MB-231 cells. Data availability
FGFR4 is an EMT inducer and can promote metastasis [50]. In GC, Ye
et al. showed that FGFR4 is strongly expressed in GC tissues to promote The data that support the findings of this study are available from the
GC proliferation and decrease apoptosis [51]. The FGFR4 expression corresponding author upon reasonable request.
level is also positively correlated with the expression of SNAIL and a
poor prognosis. In cancers, FGFR4 aberrations include excessive FGFR4 Funding statement
amplification, FGFR4 mutation activation, as well as overexpression of
FGFR4, which can trigger cell proliferation and tumor growth [52]. No funding was received.
FGFR4 dysregulation was observed in epithelial cancers including he-
patocellular and prostate tumors [26]. A research presented that during Ethical approval and study consent

the course of doxorubicin therapy, the aberrant FGFR4 expression in
cancer cells lowered the level of apoptosis, and FGFR4 overexpression is
substantially associated with a high tumor grade in prostate cancer and
chemotherapy resistance in patients with BC [53].

Institutional ethics committee has approved this study. Consent
forms were signed by all participants before the initiation of this study.
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In conclusion, our study suggested that the up-regulation of
hsa_circRNA-0001361 could up-regulate the expression of FGFR4 via
sponging the expression of miR-491-5p, and the signaling of the
circRNA-0001361/miR-491/FGFR4 axis can therefore alleviate axillary
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