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Abstract

Background: Circular RNAs (circRNAs) have been confirmed to be relevant to the 5-fluorouracil (5-FU) resistance of
breast cancer. Nevertheless, how and whether circRNA F-box and leucine-rich repeat protein 5 (circFBXL5) regulates
the 5-FU resistance of breast cancer is uncertain. This study aims to explore the function and mechanism of circFBXL5
in the 5-FU resistance of breast cancer.

Methods: Thirty nine paired breast cancer and normal tissues were harvested. circFBXL5, microRNA-216b (miR-216b)
and high-mobility group AT-hook 2 (HMGA?2) abundances were examined via quantitative reverse transcription poly-
merase chain reaction or western blot. Cell viability, 5-FU resistance, migration, invasion, and apoptosis were tested via
cell counting kit-8 assay, wound healing analysis, transwell analysis, and flow cytometry. The relationship of miR-216b
and circFBXL5 or HMGA?2 was tested via dual-luciferase reporter analysis and RNA pull-down assay. The impact of
circFBXL5 on breast cancer tumor growth in vivo was analyzed via xenograft model.

Results: circFBXL5 was highly expressed in breast cancer tissues and cells, and was more upregulated in 5-FU-
resistant breast cancer cells. Function experiments showed that circFBXL5 knockdown inhibited the 5-FU resistance
of breast cancer by inhibiting cell migration, invasion and promoting apoptosis. In the terms of mechanism, miR-216b
could be sponged by circFBXL5, and its inhibitor could also reverse the influence of circFBXL5 silencing on the 5-FU
resistance of breast cancer cells. In addition, HMGA2 was a target of miR-216b, and its overexpression also reversed
the regulation of miR-216b overexpression on the 5-FU resistance of breast cancer. Furthermore, circFBXL5 interfer-
ence declined breast cancer tumor growth in xenograft model.

Conclusion: Our data showed that circFBXL5 could promote the 5-FU resistance of breast cancer by regulating miR-
216b/HMGA?2 axis.
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Introduction treatment of solid cancers, including breast cancer [2].

Breast cancer is one common malignant cancer in
women [1]. 5-fluorouracil (5-FU) is an antitumor agent
via affecting pyrimidine synthesis, which is applied to
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Nevertheless, the resistance of 5-FU limits the efficacy
of this drug. Hence, it is necessary to explore new insight
into the pathogenesis of 5-fU resistance to breast cancer.
The noncoding RNAs are relevant to various events of
breast cancer progression [3]. Circular RNAs (circRNAs)
are a group of closed-loop noncoding RNAs without 5
and 3’ ends [4]. CircRNAs can regulate mRNA expres-
sion via competing with microRNAs (miRNAs), thus par-
ticipating in breast cancer development [5]. Moreover,
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circRNAs are implicated in regulating the chemoresist-
ance, including 5-FU resistance [6, 7]. For instance, cir-
cRNA CDRlas knockdown repressed 5-FU resistance
in breast cancer cells via regulating miR-7 [8]. CircRNA
F-box and leucine-rich repeat protein 5 (circFBXL5)
is a newly discovered circRNA in recent years. Studies
had shown that circFBXL5 was associated with the poor
prognosis in breast cancer patients, which could facilitate
cancer progression via modulating miR-660 [9]. Never-
theless, whether circFBXL5 are involved in the regulation
of 5-FU resistance in breast cancer remain unknown.

miRNAs have key roles in tumorigenesis and develop-
ment of breast cancer [10]. Moreover, the dysregulated
miRNAs are associated with the resistance of drugs,
including 5-FU [11, 12]. In many cancers, miR-216b could
repress the resistance of drugs, such as cisplatin, Adria-
mycin and 5-FU [13-15]. Moreover, miR-216b could
inhibit cell growth and metastasis of breast cancer cells
via decreasing syndecan-binding protein (SDCBP) [16].
Nevertheless, the influence of miR-216b on 5-FU resist-
ance to breast cancer is unclear. High-mobility group
A (HMGA) proteins play pivotal roles in breast cancer
development [17]. HMGAZ2 is one key member of HMGA
family, which is relevant to various cell processes, such as
apoptosis, metastasis, and DNA damage repair [18]. The
increasing evidences have reported that HMGA2 is asso-
ciated with the resistance of drugs, including cisplatin,
Adriamycin and 5-FU [19-22]. Importantly, HMGA?2
is implicated in regulating breast cancer cell growth,
invasion and 5-FU resistance mediated via nuclear par-
aspeckle assembly transcript 1 (NEAT1) [23].

Our study aims to explore the role of circFBXL5 in the
5-FU resistance of breast cancer. Using bioinformatics
analysis software, we found that circFBXL5 could com-
plementary bind with miR-216b, and miR-216b could
interact with the 3'UTR of HMGA?2. Hence, we hypothe-
sized that circFBXL5 might sponge miR-216b to regulate
HMGA2, thereby participating in the regulation of 5-FU
resistance in breast cancer.

Materials and methods

Patients and tissue collection

Thirty nine breast cancer patients who underwent sur-
gery were enrolled from the First Affiliated Hospital of
Zhengzhou University. The clinicopathological charac-
teristics of patients were shown in Table 1. The cancer
tissues and paired normal tissues were harvested and
maintained at — 80 °C. The written informed consent was
obtained from all participants. This research was permit-
ted via the ethics committee of the First Affiliated Hos-
pital of Zhengzhou University and conducted under the
Helsinki Declaration.
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Table 1 Correlation between circFBXL5 expression and the
clinicopathological features of breast cancer patients

Clinicopathologic features Relative circFBXL5 level P value
High (%) Low (%)

Age (years) 0.2493
>55 15 (55.6) 12 (44.4)
<55 9(75.0) 3(25.0)

Tumor size (cm) 0.0181*
>3 10 (90.9) 109.0)
<3 14 (50.0) 14 (50.0)

TNM stage 0.0052*
[+l 12 (46.2) 14 (53.8)
Il 12(92.3) 1(7.7)

ER status 0.8759
Negative 9 (60.0) 6 (40.0)
Positive 15 (62.5) (37.5)

PR status 0.6729
Negative 8 (57.1) 6(42.9)
Positive 16 (64.0) (36.0

HER2 status 0.2677
Negative 17 (680.0) 8(32.0
Positive 7 (50.0) 7 (50.0

“P<0.05

Cell culture and 5-FU-resistant cells establishment

The breast cancer cell lines MDA-MB-453 and MDA-
MB-231 cells were provided via Procell (Wuhan, China)
and grown in Leibovitz’s L-15 medium (Thermo Fisher,
Waltham, MA, USA) plus 10% fetal bovine serum (Gibco,
Gran Island, NY, USA) and 1% penicillin/streptomycin
(Beyotime, Shanghai, China). The human breast epithe-
lial cell line MCF-10A cells were provided via Procell
and cultured in DMEM/F12 (Procell) with additional 5%
horse serum, 20 ng/mL epidermal growth factor, 0.5 pg/
mL hydrocortisone, 10 pg/mL insulin, 1% non-essential
amino acids and 1% penicillin/streptomycin. All cells
were grown at 37 °C and 5% CO,.

The 5-FU-resistant breast cancer cells (MDA-MB-
231/5-FU and MDA-MB-453/5-FU) were established
using MDA-MB-231 and MDA-MB-453 cells via expos-
ing to the increasing doses of 5-FU (MedChemExpress,
Monmouth Junction, NJ, USA), staring at 3.84 uM and
ending at 23.0 uM for one month at each step as previous
report [24]. The cells were cultured in non-5-FU medium
for 15 days prior to each experiment.

Quantitative reverse transcription polymerase chain
reaction (QRT-PCR)

Tissue or cell RNA was isolated using Trizol reagent
(Thermo Fisher) based on the procedures as previous
report [25]. The RNA was reversely transcribed to cDNA
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with RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher). Next, the cDNA together with SYBR (Solarbio,
Beijing, China) and specific primers (Sangon, Shanghai,
China) was used for qRT-PCR on an Applied Biosystems
7500 system (Thermo Fisher). The primers were listed
as: circFBXL5 (hsa_circ_0125597) (sense, 5'-CCTGAT
GATGAATGGGTGAA-3'; antisense, 5'-CACGGAAAT
CGTTGTTGTTG-3'), FBXL5 (sense, 5-TTCCGTGGA
TGAAAAGTCAGA-3’; antisense, 5-GTTCAGTTG
CGGGACCACTA-3'), HMGA2 (sense, 5-CAGCAA
GAACCAACCGGTGA-3’; antisense, 5'-ACTGCAGTG
TCTTCTCCCTTC-3'), and miR-216b (sense, 5-GCC
GAGAAATCTCTGCAGGCAA-3'; antisense, 5-CCA
GTGCAGGGTCCGAGGT-3'). U6 (sense, 5-TCGCTT
CGGCAGCACATATAC-3/; antisense, 5'-TATGGAACG
CTTCACGAATTTG-3'), or GAPDH (sense, 5-GAA
TGGGCAGCCGTTAGGAA-3/; antisense, 5'-AAAAGC
ATCACCCGGAGGAG-3') was applied for a reference.
The relative RNA abundance was calculated by 2724
method [26].

Detection of circRNA stability

RNase R (a 3'-5' exonuclease) and transcription analyses
were applied to analyze the circular structure of circRNA
as previous report [27]. For RNase R assay, the isolated
RNA was incubated with 3 U/ug of RNase R (GeneSeed,
Guangzhou, China) for 30 min at 37 °C, and then the cir-
cular and linear FBXL5 abundances were detected via
qRT-PCR. For transcription analysis, the extracted RNA
was reversely transcribed using the Random primers
or Oligo(dT),s primers, and then used for gqRT-PCR to
detect circular and linear FBXL5 abundances.

Vector and oligonucleotide construct and cell transfection
The circFBXL5 overexpression vector was constructed
via inserting the full-length sequence of circFBXL5 into
pcDNA3.1(+) CircRNA Mini Vector (Addgene, Water-
town, MA, USA) via endonuclease sites Nhe I and Hind
111, with the vector alone as negative control (vector). The
HMGA2 overexpression vector was constructed via clon-
ing HMGA?2 sequence into pcDNA3.1 vector (Thermo
Fisher) via endonuclease sites Kpn I and BamH I, with the
empty vector as negative control (pcDNA). The siRNA
for circFBXL5, negative control of siRNA, miR-216b
mimic, negative control of mimic, miR-216b inhibitor,
and negative control of inhibitor were formed via GeneP-
harma (Shanghai, China). MDA-MB-231/5-FU and
MDA-MB-453/5-FU cells were transfected with the con-
structed vectors or oligonucleotides using Lipofectamine
3000 (Thermo Fisher) for 24 h. The non-transfected cells
were regarded as mock group.
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Cell counting kit-8 (CCK8)

Cell viability was tested via CCK8. MDA-MB-231/5-FU
and MDA-MB-453/5-FU cells (1 x 10* cells/well) were
added into 96-well plates overnight, and then exposed
to different doses of 5-FU for 72 h, followed via incu-
bating with 10 pL of CCK8 solution (Glpbio, Montclair,
CA, USA) for 2 h. Subsequently, the absorbance at
450 nm was examined through a microplate reader
(BioTek, Winooski, VT, USA). The cell viability was
normalized to the control group, and the half maximal
inhibitory concentration (IC50) of 5-FU was analyzed
according to the viability curve.

Wound healing analysis

The migration of MDA-MB-231/5-FU and MDA-
MB-453/5-FU cells was assessed via wound healing
analysis. 2 x 10° MDA-MB-231/5-FU and MDA-MB-
453/5-FU cells were added to 12-well plates, and grown
to~90% confluence. A straight wound was made via a
200 pL sterile pipette tip. Next, cells were cultured in
non-serum medium for 24 h. The width of wound was
detected under a microscope (Olympus, Tokyo, Japan).
The migrated ability was analyzed according to the
wound healing and normalized to the control group.

Transwell analysis

Cell invasive ability was analyzed via transwell analysis
using transwell chamber (BD, Franklin Lakes, NJ, USA)
precoated via 100 pL of Matrigel (Solarbio). 5 x 10°
MDA-MB-231/5-FU and MDA-MB-453/5-FU cells
in medium without serum were added into the upper
chamber. 600 pL medium with 10% serum was placed
into the lower chambers. After culture for 24 h, cells
were stained with 0.1% crystal violet (Solarbio), fol-
lowed via observation under a microscope (magnifica-
tion x 100) with 3 random fields.

Flow cytometry

Cell apoptosis was tested with an Annexin V-FITC apop-
tosis kit (Beyotime). 2 x 10° MDA-MB-231/5-FU and
MDA-MB-453/5-FU cells were seeded in 6-well plates
and cultured for 72 h. Subsequently, the cells were col-
lected and then suspended with Annexin V-FITC bind-
ing buffer. Then, the cell suspensions were stained with
Annexin V-FITC and Propidium Iodide. Finally, the state
of cells was analyzed by flow cytometer (Beckman Coul-
ter, Fullerton, CA, USA). The percentage of cells on the
upper and lower right quadrants is the apoptotic rate.

Dual-luciferase reporter analysis and RNA pull-down assay
The targets of circFBXL5 were predicted via starBase
(http://starbase.sysu.edu.cn/) [28], and the targets of
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miR-216b were predicted via DIANA-microT (http://
diana.imis.athena-innovation.gr/DianaTools/index.
php?r=microT_CDS/index) [29]. The dual-luciferase
reporter and RNA pull-down analyses were conducted
to analyze the target interaction of miR-216b and circF-
BXL5 or HMGA2. Briefly, the wild-type (circFBXL5-
WT or HMGA2-WT) or mutant luciferase reporter
vectors (circFBXL5-MUT or HMGA2-MUT) were gen-
erated via inserting the corresponding sequence con-
taining wild-type or mutant miR-216b complementary
sites in the pMIR-REPORT vectors (Thermo Fisher)
via endonuclease sites Sac I and Spe I. The constructed
vectors, control vectors and miR-216b mimic or miR-
con were transfected into MDA-MB-231/5-FU and
MDA-MB-453/5-FU cells for 24 h. The luciferase activ-
ity was detected with dual-luciferase analysis kit (Pro-
mega, Madison, WI, USA).

RNA pull-down analysis was performed with a Mag-
netic RNA-Protein Pull-Down kit (Thermo Fisher). The
biotinylated miR-216b mimic (biotin-miR-216b) and
negative control (biotin-miR-con) were generated via
GenePharma and transfected into MDA-MB-231/5-FU
and MDA-MB-453/5-FU cells. After 24 h, cells were
lysed and interacted with streptavidin magnetic beads for
6 h. Next, the enrichment abundances of circFBXL5 and
HMGA?2 were detected via qRT-PCR.

Western blot

Protein was obtained via using RIPA buffer (Solarbio),
and the concentration was examined via a BCA kit
(Thermo Fisher). 30 ug protein samples were separated
via SDS-PAGE and transferred to nitrocellulose mem-
branes (Bio-Rad, Hercules, CA, USA). 5% non-fat milk
was exploited to block the membrane. Subsequently,
the membranes were incubated with antibody against
HMGA?2 (AF4069, 1:1000 dilution, Affinity Biosciences,
Cincinnati, OH, USA) overnight and IgG conjugated
via HRP (S0001, 1:5000 dilution, Affinity Biosciences)
for 2 h. The B-actin (AF7018, 1:5000 dilution, Affinity
Biosciences) was regarded as a loading reference. After
exposing to ECL reagent (Beyotime), the blots were ana-
lyzed by Image Lab software (Bio-Rad).

Xenograft experiment

The lentiviral vectors carried shRNA for circFBXL5
(sh-circFBXL5) or negative control (sh-con) were gen-
erated via GenePharma, and transfected into MDA-
MB-231/5-FU cells. The non-transfected cells were
regarded as mock group. Female BALB/c nude mice
(5-week-old; Charles River, Beijing, China) were arbitrar-
ily divided into mock, sh-con or sh-circ_0006916 groups
(n=6/group). Transfected or non-transfected MDA-
MB-231/5-FU cells (5x 10° cells) were subcutaneously

Page 4 of 12

injected into the right flank of nude mice. The tumor size
was examined every 7 days. The volume was calculated
via length x width?/2. All mice were euthanized via 5%
isoflurane after cell injection for 28 days. Tumor tissues
were weighed and harvested for detection of circFBXL5,
miR-216b and HMGA2 expression. This experiment was
approved via the Animal Ethical Committee of the First
Affiliated Hospital of Zhengzhou University and con-
ducted under the National Institutes of Health.

Statistical analysis

The experiment was repeated 3 times with 3 replicates,
unless otherwise indicated. The linear relationship
between circFBXL5 and miR-216b expression in breast
cancer tissues was assessed via Pearson correlation test.
The data were presented as mean & SD, and compared via
Student’s t-test or ANOVA with Tukey test using Graph-
Pad Prism 6 (GraphPad Inc., La Jolla, CA, USA). P<0.05
indicated the significant difference.

Results

circFBXL5 abundance is elevated in breast cancer

To explore whether circFBXL5 was implicated in breast
cancer progression, we collected 39 paired breast can-
cer tissues and normal tissues, and measured circFBXL5
expression. As shown in Fig. 1A, circFBXL5 abundance
was obvious higher in cancer tissues than normal tissues.
The correlation analysis between circFBXL5 expression
and clinicopathological characteristics of breast can-
cer patients showed that high expression of circFBXL5
was associated with the tumor size and TNM stage of
breast cancer patients (Table 1). Furthermore, circF-
BXL5 expression was evidently increased in breast can-
cer cell lines (MDA-MB-453 and MDA-MB-231) when
compared to normal human breast epithelial cell line
MCE-10A (Fig. 1B). To identify the circular structure of
circFBXL5, the RNA was treated via RNase R. Results
displayed that the circFBXL5 was more resistant to
RNase R than the linear type (Fig. 1C, D). In addition,
the transcription analysis using the Random primers or
Oligo(dT),s primers exhibited that the circFBXL5 was
almost undetectable when using Oligo(dT),g primers in
comparison to Random primers (Fig. 1E, F). These sug-
gested that circFBXL5 had a stable circular structure
without poly-A tail. Taken together, circFBXL5 was sta-
bly and highly expressed in breast cancer.

The influence of circFBXL5 on 5-FU resistance, migration,
invasion and apoptosis in breast cancer cells

Then, we detected circFBXL5 expression in 5-FU-
resistant MDA-MB-231 and MDA-MB-453 cells.
The results showed that circFBXL5 abundance was
evidently up-regulated in MDA-MB-231/5-FU and
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Fig. 1 circFBXL5 abundance in breast cancer. A circFBXLS level

in breast cancer tissues and normal tissues (n = 39). B circFBXL5
expression in breast cancer cell lines (MDA-MB-453 and MDA-MB-231)
and normal human breast epithelial cell line MCF-10A. C, D The
circular and linear FBXLS levels in MDA-MB-231 and MDA-MB-453
cells after treatment of RNase R. E, F The circular and linear FBXL5
levels in MDA-MB-231 and MDA-MB-453 cells via using the Random
primers or Oligo(dT), primers. ‘P < 0.05

MDA-MB-453/5-FU cells when compared to the cor-
responding normal breast cancer cell lines (Fig. 2A). To
analyze the function of circFBXL5 on the 5-FU resist-
ance of breast cancer, circFBXL5 level was knocked
down in MDA-MB-231/5-FU and MDA-MB-453/5-FU
cells via transfection of si-circFBXL5 (Fig. 2B). Using
the CCKS8 assay, we measured the 5-FU resistance of
breast cancer cells. Results showed that circFBXL5
knockdown markedly decreased the IC50 of 5-FU in
MDA-MB-231/5-FU (70.28 vs 181.5 pM) and MDA-
MB-453/5-FU (58.96 VS 132.1 uM) cells (Fig. 2C,
D). Furthermore, circFBXL5 silence evidently sup-
pressed the abilities of migration and invasion in
the two cell lines (Fig. 2E, F). Besides, circFBXL5
interference significantly facilitated the apoptosis of
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MDA-MB-231/5-FU and MDA-MB-453/5-FU cells
(Fig. 2G). These results indicated that circFBXL5 might
promote the 5-FU resistance of breast cancer.

miR-216b is targeted by circFBXL5

To explore the regulatory network of circFBXL5, we
predicted the targets miRNA for circFBXL5. As a
result, miR-216b was found to have binding sequence
with circFBXL5 (Fig. 3A). Moreover, we constructed
the luciferase reporter vectors of circFBXL5-W'T and
circFBXL5-MUT, and performed the dual-luciferase
reporter analysis. The results exhibited that miR-216b
overexpression evidently declined the luciferase activ-
ity of circFBXL5-WT vector, but it did not affect the
activity of circFBXL5-MUT vector (Fig. 3B, C). In addi-
tion, the data of RNA pull-down assay showed that
the enrichment of circFBXL5 was markedly increased
in the biotin-miR-216b probe (Fig. 3D). Furthermore,
miR-216b abundance was examined in breast cancer.
Results showed that miR-216b abundance was remark-
ably declined in breast cancer tissues in comparison
to normal tissues (Fig. 3E), and was negatively corre-
lated with circFBXL5 level (R=— 0.5014, P=0.0011)
(Fig. 3F). Additionally, we found that miR-216b expres-
sion was remarkably downregulated in breast cancer
cells and was even lower in 5-FU-resistant breast can-
cer cells (Fig. 3G, H). Besides, miR-216b abundance
was significantly reduced via circFBXL5 overexpression
and enhanced via circFBXL5 silence (Fig. 31, J). These
data suggested that miR-216b could be sponged by
circFBXLS5.

miR-216b knockdown reverses the influence of circFBXL5
silence on the 5-FU resistance of breast cancer

To test whether miR-216b was required for circFBXL5-
mediated regulation on the 5-FU resistance of breast
cancer, MDA-MB-231/5-FU and MDA-MB-453/5-FU
cells were transfected with si-con, si-circFBXL5, si-
circFBXL5+in-miR-con or in-miR-216b. Function
experiments showed that miR-216b inhibitor reversed
the inhibitory effect of circFBXL5 knockdown on the
5-FU resistance in MDA-MB-231/5-FU and MDA-
MB-453/5-FU cells (Fig. 4A, B). Additionally, miR-216b
inhibitor reversed the suppressive effect of circFBXL5
knockdown on cell migration and invasion (Fig. 4C-F).
Besides, the promotion effect of circFBXL5 silencing on
the apoptosis of MDA-MB-231/5-FU and MDA-MB-
453/5-FU cells also could be abolished by miR-216b
inhibitor (Fig. 4G, H). These results suggested that circF-
BXL5 could regulate 5-FU resistance of breast cancer via
modulating miR-216b.
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Fig. 2 The influence of circFBXL5 on the 5-FU resistance in breast cancer cells. A circFBXL5 level in 5-FU-resistant and sensitive MDA-MB-231 and
MDA-MB-453 cells. B circFBXL5 expression in MDA-MB-231/5-FU and MDA-MB-453/5-FU cells with transfection of si-circFBXL5 or si-con. C, D Cell
viability and IC50 of 5-FU in cells with transfection of si-circFBXL5 or si-con after exposure to various doses of 5-FU for 72 h. E, F Cell migration and

non-transfected group. "P< 0.05

invasion in cells with transfection of si-circFBXL5 or si-con. Bar: 50 um. G Cell apoptosis in cells with transfection of si-circFBXL5 or si-con. Mock:

HMGA?2 is targeted via miR-216b

To further explore the regulatory network mediated via
circFBXL5 and miR-216b, the targets of miR-216b were
predicted. HMGAZ2 was a predicted target of miR-216b,
and their target sequence was displayed in Fig. 5A. To
validate this prediction, we constructed the luciferase
reporter vectors of HMGA2-WT and HMGA2-MUT.
Moreover, the data of dual-luciferase reporter analy-
sis displayed that miR-216b overexpression reduced the
luciferase activity of HMGA2-WT vector, but this effect
was abolished in HMGA2-MUT vector (Fig. 5B, C).
Additionally, RNA pull-down analysis displayed that the
enrichment of HMGAZ2 was significantly increased in the
biotin-miR-216b probe (Fig. 5D). Furthermore, HMGA?2
protein level was remarkably enhanced in MDA-MB-231
and MDA-MB-453 cells compared with MCF-10A cells,
and it was further up-regulated in resistant breast can-
cer cells (Fig. 5E, F). Besides, we also discovered that
HMGA?2 protein abundance was evidently declined via
miR-216b overexpression and elevated via miR-216b
knockdown (Fig. 5G, H). These results indicated that
HMGA?2 was a target of miR-216b.

miR-216b suppresses the 5-FU resistance of breast cancer
cells via targeting HMGA2

To explore whether miR-216b regulated the 5-FU
resistance of breast cancer «cells by HMGA2,

MDA-MB-231/5-FU and MDA-MB-453/5-FU cells
were co-transfected with miR-216b mimic and HMGA?2
overexpression vector. Our data showed that miR-216b
overexpression inhibited the IC50 of 5-FU in MDA-MB-
231/5-FU (66.02 vs 153.7 uM) and MDA-MB-453/5-FU
(56.23 vs 134 uM) cells, while these effect could be
reversed by overexpressing HMGA2 (129.2 vs 68.71 pM;
122.3 vs 51.29 uM) (Fig. 6A, B). Additionally, miR-216b
overexpression evidently inhibited cell migration and
invasion, and HMGA?2 overexpression also could abol-
ished these effects (Fig. 6C—F). Besides, overexpressed
HMGA?2 also reversed the increasing effect of miR-216b
overexpression on the apoptosis of MDA-MB-231/5-FU
and MDA-MB-453/5-FU cells (Fig. 6G, H). These data
suggested that miR-216b could inhibit 5-FU resistance of
breast cancer via modulating HMGAZ2.

circFBXL5 knockdown decreases breast cancer tumor
growth in vivo

To test the function of circFBXL5 on breast cancer tumor
growth in vivo, MDA-MB-231/5-FU cells transfected
with sh-circFBXL5 or sh-con were inoculated into mice.
As displayed in Fig. 7A, B, tumor volume and weight
were evidently declined in sh-circFBXL5 group com-
pared with sh-con or mock group. Furthermore, circF-
BXL5, miR-216b and HMGAZ2 abundances were detected
in tumor tissues. Results showed that circFBXL5 expres-
sion was evidently reduced while miR-216b expression
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Fig. 3 The relationship of circFBXL5 and miR-216b. A The binding sequence of circFBXL5 and miR-216b. B, C Luciferase activity was detected in
cells with co-transfection of circFBXL5-WT or circFBXL5-MUT and miR-216b mimic or miR-con. D circFBXL5 expression in cells with transfection of
biotin-miR-con or biotin-miR-216b after RNA pull-down. E miR-216b abundance in breast cancer tissues and normal tissues (n =39). F circFBXL5
and miR-216b expression association in breast cancer tissues. G miR-216 abundance in breast cancer cell lines (MDA-MB-453 and MDA-MB-231)
and normal human breast epithelial cell line MCF-10A. H miR-216 abundance in 5-FU-resistant and sensitive MDA-MB-231 and MDA-MB-453 cells.
1,J miR-216 expression in cells with transfection of vector, circFBXL5 overexpression vector, si-circFBXL5 or si-con. Mock: non-transfected group.

was significantly enhanced in the sh-circFBXL5 group
compared with sh-con or mock group (Fig. 7C-D).
Also, HMGB?2 protein expression was found to be lowly
expressed in the sh-circFBXL5 group (Fig. 7E). These
results suggested that circFBXL5 silence reduced 5-FU-
resistant breast cancer cell growth.

Discussion

Breast cancer is a major malignancy with high morbid-
ity in women [30]. Studies have shown that an unhealthy
diet may increase the risk of breast cancer recurrence

[31]. Magnetic resonance imaging and diffusion weighted
imaging have been shown to be effective in differentiat-
ing non-lump-like breast lesions [32]. CircRNAs have
key roles in the development and treatment of female
disorders, including breast cancer [33]. The purpose of
this study is to explore a novel insight into understanding
the 5-FU resistance to breast cancer. A previous evidence
has indicated that circFBXL5 could promote breast can-
cer development [9]. Nevertheless, little is known about
its influence on the 5-FU resistance of breast cancer. Our
research confirmed that circFBXL5 knockdown could
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Fig. 6 The influence of miR-216b and HMGA2 on the 5-FU resistance of breast cancer cells. Cell viability and IC50 of 5-FU (A, B), migration (C, D),
invasion (E, F), and apoptosis (G, H) in cells with transfection of miR-con, miR-216b mimic, miR-216b mimic + pcDNA or HMGA2 overexpression
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repress 5-FU resistance in breast cancer cells by inhibit-
ing cell metastasis and promoting apoptosis. Further-
more, we first proposed a potential regulatory network of
the circFBXL5/miR-216b/HMGA2 axis.

In this study, we found that circFBXL5 abundance
was enhanced in breast cancer, which was also in agree-
ment with former report [9]. This indicated the highly
expressed circFBXL5 might play a vital function in breast
cancer development. To explore the function of circF-
BXL5 on the 5-FU resistance of breast cancer, we estab-
lished the 5-FU resistant cell lines (MDA-MB-231/5-FU
and MDA-MB-453/5-FU) as previous report [24]. By
exposing to different doses of 5-FU, our results suggested
that circFBXL5 knockdown decreased the 5-FU resist-
ance of breast cancer cells. Furthermore, we found that
circFBXLS5 silence could suppress the 5-FU-resistant cell
migration and invasion, while promote apoptosis, which
was like its function in the sensitive breast cancer cells
[9]. Besides, we used a xenograft model of MDA-MB-
231/5-FU cells to further confirm that circFBXL5 knock-
down inhibited tumor growth in vivo. Hence, we thought
that circFBXL5 might increase 5-FU resistance of breast
cancer.

The  circRNA/miRNA/mRNA  regulatory  net-
work is important mechanism for circRNA in cancer

development [34]. A previous study has indicated that
circFBXL5 could sponge miR-660 to regulate serine/
arginine-rich splicing factor 6 (SRSF6) [9]. In this, our
research aimed to explore additional regulatory network
mediated via circFBXL5. Here we first identified miR-
216b could be sponged by circFBXL5. Jana et al. reported
that miR-216b inhibited cell migration and invasion of
breast cancer by regulating SDCBP [16]. Zheng et al. sug-
gested that miR-216b could promote breast cancer cell
apoptosis via regulating P2X7 receptor (P2X7R) [35].
Similarly, our study validated that miR-216b overexpres-
sion suppressed migration and invasion and triggered
apoptosis of 5-FU-resistant breast cancer cells. Further-
more, we found that miR-216b could inhibit 5-FU resist-
ance in breast cancer, which was also in agreement with
that in hepatocellular carcinoma cells [15]. Furthermore,
miR-216b knockdown abated the influence of circFBXL5
silence on the 5-FU resistance of breast cancer cells, indi-
cating that circFBXL5 regulated the 5-FU resistance of
breast cancer via sponging miR-216b.

Having established the circFBXL5/miR-216b axis, we
further confirmed miR-216b could target HMGA2. The
previous studies reported that HMGA?2 could contrib-
ute to breast cancer cell metastasis, while inhibit apop-
tosis [36, 37]. In addition, increasing evidences had
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Fig. 7 The influence of circFBXL5 on breast cancer tumor growth in vivo. A Tumor volume was detected every 7 days. B Tumor weight was
examined in each group. C-E circFBXL5, miR-216b and HMGA?2 abundances in tumor tissues of each group. "P<0.05

suggested that HMGA2 could facilitate 5-FU resist-
ance in many cancers, like hepatoma cancer, colorectal
cancer and breast cancer [21-23, 38, 39]. The rescue
experiments confirmed that HMGA2 overexpression
reversed the suppressive influence of miR-216b on the
5-FU resistance of breast cancer. Collectively, circF-
BXL5 could target HMGAZ2 to regulate 5-FU resistance
using miR-216b as a crosstalk.

In conclusion, our data showed that circFBXL5 might
promote the 5-FU resistance of breast cancer by regu-
lating cell migration, invasion and apoptosis, possibly
by regulating the miR-216b/HMGA2 axis (Fig. 8). This
work proposes a new insight into the mechanism of the
5-FU resistance for breast cancer and indicates a novel
target for breast cancer treatment.



Zhu et al. Cancer Cell Int (2021) 21:384

In 5-FU-resistant cells of breast cancer

—» Promote

—1 Inhibit

gRT-PCR circFBXL5+

Dual-luciferase reporter analysis
and Target (starBase)

RNA pull-down ==
qRT-PCR miR-216b$

Dual-luciferase reporter analysis

and Target (DIANA-microT CDS)

RNA pull-down v
gRT-PCRIWB HMGAZ* tUI;rrl]o‘ll'Is(l;th
/ l “i\ograft experiment
. . migration
5-FU resistance Apoptosis and invasion

CCKs8 Flow cytometry Wound healing analysis

and
Transwell analysis

Fig. 8 The flowchart and main ideas of this study. CircFBXL5 could
sponge miR-216b to regulate HMGA2, thereby promoting the 5-FU
resistance of breast cancer by regulating cell migration, invasion and
apoptosis

Acknowledgements
None.

Authors’ contributions

YW and FW designed and performed the research. LL and XQ analyzed the
data. MZ wrote the manuscript. All authors read and approved the final
manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

Written informed consents were obtained from all participants and this study
was permitted by the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflicts of interest.

Author details

'Department of Breast Surgery, The First Affiliated Hospital of Zheng-

zhou University, Jianshe Dong Lu, Erqi District, Zhengzhou City
450052, Henan Province, China. 2Department of Thyroid Surgery, The

First Affiliated Hospital of Zhengzhou University, Jianshe Dong Lu, Ergi District,

Zhengzhou City 450052, Henan Province, China.

Received: 19 April 2021 Accepted: 10 July 2021
Published online: 19 July 2021

Page 11 of 12

References

1. Harbeck N, Gnant M. Breast cancer. Lancet. 2017;389(10074):1134-50.
https://doi.org/10.1016/50140-6736(16)31891-8.

2. Fluorouracil. LiverTox: clinical and research information on drug-induced
liver injury. 2012.

3. Tomar D, Yadav AS, Kumar D, Bhadauriya G, Kundu GC. Non-coding
RNAs as potential therapeutic targets in breast cancer. Biochim Biophys
Acta Gene Regul Mech. 2020;1863(4): 194378. https://doi.org/10.1016/].
bbagrm.2019.04.005.

4. Ng WL, Mohd Mohidin TB, Shukla K. Functional role of circular RNAs in
cancer development and progression. RNA Biol. 2018;15(8):995-1005.
https://doi.org/10.1080/15476286.2018.1486659.

5. Abdollahzadeh R, Daraei A, Mansoori Y, Sepahvand M, Amoli MM,
Tavakkoly-Bazzaz J. Competing endogenous RNA (ceRNA) cross talk
and language in ceRNA regulatory networks: a new look at hallmarks
of breast cancer. J Cell Physiol. 2019;234(7):10080-100. https://doi.org/
10.1002/jcp.27941.

6. Gao D, Zhang X, Liu B, et al. Screening circular RNA related to chemo-
therapeutic resistance in breast cancer. Epigenomics. 2017;9(9):1175-
88. https://doi.org/10.2217/epi-2017-0055.

7. Xiong W, Ai YQ, Li YF, et al. Microarray analysis of circular RNA expres-
sion profile associated with 5-fluorouracil-based chemoradiation resist-
ance in colorectal cancer cells. Biomed Res Int. 2017;2017:8421614.
https://doi.org/10.1155/2017/8421614

8. Yang W, Gu J,Wang X, et al. Inhibition of circular RNA CDR1as increases
chemosensitivity of 5-FU-resistant BC cells through up-regulating miR-
7.J) Cell Mol Med. 2019;23(5):3166-77. https://doi.org/10.1111/jcmm.
14171,

9. Zhou H,Tang G, Zhao M, et al. circFBXL5 promotes breast cancer
progression by sponging miR-660. J Cell Mol Med. 2020,24(1):356-61.
https://doi.org/10.1111/jcmm.14737.

10. Abolghasemi M, Tehrani SS, Yousefi T, et al. MicroRNAs in breast
cancer: roles, functions, and mechanism of actions. J Cell Physiol.
2020;235(6):5008-29. https://doi.org/10.1002/jcp.29396.

11. Geretto M, Pulliero A, Rosano C, Zhabayeva D, Bersimbaev R, Izzotti A.
Resistance to cancer chemotherapeutic drugs is determined by pivotal
microRNA regulators. Am J Cancer Res. 2017;7(6):1350-71.

12. YaoY,Chen S, Zhou X, Xie L, Chen A. 5-FU and ixabepilone modify the
microRNA expression profiles in MDA-MB-453 triple-negative breast
cancer cells. Oncol Lett. 2014;7(2):541-7. https://doi.org/10.3892/0l.
2013.1697.

13. LiuY, Niu Z, Lin X, Tian Y. MiR-216b increases cisplatin sensitiv-
ity in ovarian cancer cells by targeting PARP1. Cancer Gene Ther.
2017;24(5):208-14. https://doi.org/10.1038/cgt.2017.6.

14. Chen L, Han X, Hu Z, Chen L. The PVT1/m|R 216b/Beclin-1 regulates
cisplatin sensitivity of NSCLC cells via modulating autophagy and
apoptosis. Cancer Chemother Pharmacol. 2019;83(5):921-31. https://
doi.org/10.1007/500280-019-03808-3.

15. Yuan P, Cao W, Zang Q, Li G, Guo X, Fan J. The HIF-2alpha-MALAT1-miR-
216b axis regulates multi-drug resistance of hepatocellular carcinoma
cells via modulating autophagy. Biochem Biophys Res Commun.
2016;478(3):1067-73. https://doi.org/10.1016/j.bbrc.2016.08.065.

16. Janas, Sengupta S, Biswas S, Chatterjee A, Roy H, Bhattacharyya
A. miR-216b suppresses breast cancer growth and metastasis by
targeting SDCBP. Biochem Biophys Res Commun. 2017;482(1):126-33.
https://doi.org/10.1016/j.bbrc.2016.10.003.

17. Sgarra R, Pegoraro S, Ros G, et al. ngh mobility Group A (HMGA)
proteins: molecular instigators of breast cancer onset and progression.
Biochim Biophys Acta Rev Cancer. 2018;1869(2):216-29. https://doi.
org/10.1016/j.bbcan.2018.03.001.

18. Zhang S, Mo Q, Wang X. Oncological role of HMGA2 (review). Int J
Oncol. 2019;55(4):775-88. https://doi.org/10.3892/ij0.2019.4856.

19. Krafft U, Tschirdewahn S, Hess J, et al. Validation of survivin and HMGA2
as biomarkers for cisplatin resistance in bladder cancer. Urol Oncol.
2019;37(11):810e7-15. https://doi.org/10.1016/j.urolonc.2019.04.015.

20. Han 'S, Han B, Li Z, Sun D. Downregulation of long noncoding RNA
CRNDE suppresses drug resistance of liver cancer cells by increasing
microRNA-33a expression and decreasing HMGA2 expression. Cell
Cycle. 2019;18(19):2524-37. https://doi.org/10.1080/15384101.2019.
1652035.


https://doi.org/10.1016/S0140-6736(16)31891-8
https://doi.org/10.1016/j.bbagrm.2019.04.005
https://doi.org/10.1016/j.bbagrm.2019.04.005
https://doi.org/10.1080/15476286.2018.1486659
https://doi.org/10.1002/jcp.27941
https://doi.org/10.1002/jcp.27941
https://doi.org/10.2217/epi-2017-0055
https://doi.org/10.1155/2017/8421614
https://doi.org/10.1111/jcmm.14171
https://doi.org/10.1111/jcmm.14171
https://doi.org/10.1111/jcmm.14737
https://doi.org/10.1002/jcp.29396
https://doi.org/10.3892/ol.2013.1697
https://doi.org/10.3892/ol.2013.1697
https://doi.org/10.1038/cgt.2017.6
https://doi.org/10.1007/s00280-019-03808-3
https://doi.org/10.1007/s00280-019-03808-3
https://doi.org/10.1016/j.bbrc.2016.08.065
https://doi.org/10.1016/j.bbrc.2016.10.003
https://doi.org/10.1016/j.bbcan.2018.03.001
https://doi.org/10.1016/j.bbcan.2018.03.001
https://doi.org/10.3892/ijo.2019.4856
https://doi.org/10.1016/j.urolonc.2019.04.015
https://doi.org/10.1080/15384101.2019.1652035
https://doi.org/10.1080/15384101.2019.1652035

Zhu et al. Cancer Cell Int (2021) 21:384

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tang H, Zhang P, Xiang Q, et al. Let-7 g microRNA sensitizes fluorouracil-
resistant human hepatoma cells. Pharmazie. 2014;69(4):287-92.

Wu H, Liang Y, Shen L, Shen L. MicroRNA-204 modulates colorectal cancer
cell sensitivity in response to 5-fluorouracil-based treatment by targeting
high mobility group protein A2. Biol Open. 2016;5(5):563-70. https://doi.
0rg/10.1242/bio.015008.

LiX,Wang S, Li Z, et al. The IncRNA NEAT1 facilitates cell growth and inva-
sion via the miR-211/HMGA?2 axis in breast cancer. Int J Biol Macromol.
2017;105(Pt 1):346-53. https://doi.org/10.1016/j.ijbiomac.2017.07.053.
Takahashi K, Tanaka M, Inagaki A, et al. Establishment of a 5-fluoro-
uracil-resistant triple-negative breast cancer cell line. Int J Oncol.
2013;43(6):1985-91. https://doi.org/10.3892/ij0.2013.2135.

Chomczynski P, Sacchi N. The single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction: twenty-
something years on. Nat Protoc. 2006;1(2):581-5. https://doi.org/10.1038/
nprot.2006.83.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(— Delta Delta C(T)) Method. Meth-
ods. 2001,25(4):402-8. https://doi.org/10.1006/meth.2001.1262.
JiaQ,YelL, XuS, etal. Circular RNA 0007255 regulates the progres-

sion of breast cancer through miR-335-5p/SIX2 axis. Thorac Cancer.
2020;11(3):619-30. https://doi.org/10.1111/1759-7714.13306.

Yang B, Huang J, Xiang T, et al. Chrysin inhibits metastatic potential of
human triple-negative breast cancer cells by modulating matrix metal-
loproteinase-10, epithelial to mesenchymal transition, and PI3K/Akt
signaling pathway. J Appl Toxicol JAT. 2014;34(1):105-12. https://doi.org/
10.1002/jat.2941.

Reczko M, Maragkakis M, Alexiou P, Grosse |, Hatzigeorgiou AG. Func-
tional microRNA targets in protein coding sequences. Bioinformatics.
2012;28(6):771-6. https://doi.org/10.1093/biocinformatics/bts043.

Waks AG, Winer EP. Breast cancer treatment: a review. JAMA.
2019;321(3):288-300. https://doi.org/10.1001/jama.2018.19323.

Ronco AL, Wilner M-L, Beatriz M, Calderén JM. Epidemiologic evidence
for association between a high dietary acid load and the breast cancer
risk. Sci Med J. 2021;3(2):166-76. https://doi.org/10.28991/SciMe
dJ-2021-0302-8.

Page 12 of 12

32. Wolfgang B, Willi O, Christian K, Kurt G, Uwe S. Non-mass enhancement in
breast MRI: characterization with BI-RADS descriptors and ADC values. Sci
Med J. 2021;3(2):77-87. https://doi.org/10.28991/SciMed -2021-0302-1.

33. Tran AM, Chalbatani GM, Berland L, et al. A new world of biomarkers and
therapeutics for female reproductive system and breast cancers: circular
RNAs. Front Cell Dev Biol. 2020;8:50. https://doi.org/10.3389/fcell.2020.
00050.

34. ZhongY, DuY,Yang X, et al. Circular RNAs function as ceRNAs to regulate
and control human cancer progression. Mol Cancer. 2018;17(1):79.
https://doi.org/10.1186/512943-018-0827-8.

35. Zheng L, Zhang X, Yang F, et al. Regulation of the P2X7R by micro-
RNA-216b in human breast cancer. Biochem Biophys Res Commun.
2014;452(1):197-204. https://doi.org/10.1016/j.bbrc.2014.07.101.

36. Wang MJ, Zhang H, Li J, Zhao HD. microRNA-98 inhibits the proliferation,
invasion, migration and promotes apoptosis of breast cancer cells by
binding to HMGA?2. Biosci Rep. 2018,;38(5):BSR20180571. https://doi.org/
10.1042/BSR20180571.

37. Mansoori B, Duijf PHG, Mohammadi A, et al. Overexpression of HMGA2
in breast cancer promotes cell proliferation, migration, invasion and
stemness. Expert Opin Ther Targets. 2020;24:1-11. https://doi.org/10.
1080/14728222.2020.1736559.

38. WuH, Zou Q, He H, et al. Long non-coding RNA PCAT6 targets miR-

204 to modulate the chemoresistance of colorectal cancer cells to
5-fluorouracil-based treatment through HMGA?2 signaling. Cancer Med.
2019;8(5):2484-95. https://doi.org/10.1002/cam4.1809.

39. Xu X,Wang, Deng H, Liu C, Wu J, Lai M. HMGA2 enhances 5-fluorouracil
chemoresistance in colorectal cancer via the DvI2/Wnt pathway. Onco-
target. 2018;9(11):9963-74. https://doi.org/10.18632/oncotarget.24133.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1242/bio.015008
https://doi.org/10.1242/bio.015008
https://doi.org/10.1016/j.ijbiomac.2017.07.053
https://doi.org/10.3892/ijo.2013.2135
https://doi.org/10.1038/nprot.2006.83
https://doi.org/10.1038/nprot.2006.83
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1111/1759-7714.13306
https://doi.org/10.1002/jat.2941
https://doi.org/10.1002/jat.2941
https://doi.org/10.1093/bioinformatics/bts043
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.28991/SciMedJ-2021-0302-8
https://doi.org/10.28991/SciMedJ-2021-0302-8
https://doi.org/10.28991/SciMedJ-2021-0302-1
https://doi.org/10.3389/fcell.2020.00050
https://doi.org/10.3389/fcell.2020.00050
https://doi.org/10.1186/s12943-018-0827-8
https://doi.org/10.1016/j.bbrc.2014.07.101
https://doi.org/10.1042/BSR20180571
https://doi.org/10.1042/BSR20180571
https://doi.org/10.1080/14728222.2020.1736559
https://doi.org/10.1080/14728222.2020.1736559
https://doi.org/10.1002/cam4.1809
https://doi.org/10.18632/oncotarget.24133

	CircFBXL5 promotes the 5-FU resistance of breast cancer via modulating miR-216bHMGA2 axis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patients and tissue collection
	Cell culture and 5-FU-resistant cells establishment
	Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
	Detection of circRNA stability
	Vector and oligonucleotide construct and cell transfection
	Cell counting kit-8 (CCK8)
	Wound healing analysis
	Transwell analysis
	Flow cytometry
	Dual-luciferase reporter analysis and RNA pull-down assay
	Western blot
	Xenograft experiment
	Statistical analysis

	Results
	circFBXL5 abundance is elevated in breast cancer
	The influence of circFBXL5 on 5-FU resistance, migration, invasion and apoptosis in breast cancer cells
	miR-216b is targeted by circFBXL5
	miR-216b knockdown reverses the influence of circFBXL5 silence on the 5-FU resistance of breast cancer
	HMGA2 is targeted via miR-216b
	miR-216b suppresses the 5-FU resistance of breast cancer cells via targeting HMGA2
	circFBXL5 knockdown decreases breast cancer tumor growth in vivo

	Discussion
	Acknowledgements
	References




