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Background: Paclitaxel (PTX) is one of the widely used chemotherapy drugs in breast

cancer (BC) treatment. Unfortunately, the survival rate of metastatic BC patients remains

poor due to PTX resistance. Therefore, uncovering the underlying mechanism behind the

PTX resistance of BC cells is crucial for BC therapy.

Methods: The enrichment of circular RNA ATP binding cassette subfamily B member 10

(circ-ABCB10), let-7a-5p and dual specificity phosphatase 7 (DUSP7) was measured by

quantitative real time polymerase chain reaction (qRT-PCR) in PTX-resistant and PTX-

sensitive BC tissues and cells. Chemoresistance, apoptosis, invasion and autophagy of BC

cells were measured by 3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT), flow cytometry, transwell invasion assay and Western blot assay, respectively. The

binding sites between let-7a-5p and circ-ABCB10 or DUSP7 were predicted by Starbase

bioinformatic software, and the combination was confirmed by dual-luciferase reporter assay.

The protein expression of DUSP7 was examined by Western blot assay. Murine xenograft

model was established to confirm the role of circ-ABCB10 in vivo.

Results: Circ-ABCB10 depletion promoted the PTX sensitivity and apoptosis while sup-

pressed the invasion and autophagy of PTX-resistant BC cells. Circ-ABCB10 could bind to

let-7a-5p in BC cells, and circ-ABCB10 contributed to PTX resistance of BC cells via let-7a-

5p. DUSP7 is a direct target of let-7a-5p in BC cells, and the accumulation of DUSP7

reversed the promoting effects of let-7a-5p overexpression on the PTX sensitivity and

apoptosis and the inhibitory impact on the invasion and autophagy of PTX-resistant BC

cells. Circ-ABCB10 interference suppressed the growth of BC tumors in vivo.

Conclusion: Circ-ABCB10 mediated PTX resistance, apoptosis, invasion and autophagy

of BC cells via let-7a-5p/DUSP7 axis.
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Introduction
The prognosis of metastatic breast cancer (BC) patients remains dismal due to the

chemoresistance. Paclitaxel (PTX) is a commonly used chemotherapy drug for BC

treatment. Unfortunately, the BC patients with PTX treatment for 6 to 10 months

developed resistance to PTX.1,2 Thus, it is urgent to investigate the mechanism of

PTX resistance to prolong the period of survival of BC patients.

Circular RNAs (circRNAs) are non-coding RNAs (ncRNAs) and are characterized

by covalently closed loop structure. CircRNAs are implicated in the modulation of many

diseases, including cardiovascular disease and multiple cancers.3–6 CircRNAs have been

reported to function as microRNA (miRNA) sponges and down-regulate the levels of

target miRNAs.7 CircRNA ATP binding cassette subfamily B member 10 (circ-
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ABCB10) has been reported to be up-regulated in BC tissues,

and loss-of-function experiments revealed that circ-ABCB10

accelerated the proliferation while restrained the apoptosis

of BC cells through miR-1271.8 Nevertheless, the role of circ-

ABCB10 in the PTX resistance of BC is barely known.

MiRNAs are another group of ncRNAs with 20–25

nucleotides in length. MiRNAs are implicated in the patho-

genesis ofmultiple cancers.9–12MiRNAs couldmodulate gene

expression through reducing the abundance of target messen-

ger RNAs (mRNAs) or restraining the translation of mRNAs

via binding to the 3ʹ untranslated region (UTR) of

mRNAs.12–16 Liu et al claimed that NEAT1 mediated the

chemoresistance of nasopharyngeal carcinoma (NPC) through

reducing the level of let-7a-5p.17 Herein, we concentrated on

the role of let-7a-5p in the PTX resistance of BC cells.

Dual specificity phosphatase 7 (DUSP7) is a member of

DUSPs, and it could dephosphorylate the extracellular signal-

regulated kinases (ERK1/2), c-Jun N-terminal kinase (JNK)

and p38 kinase.18,19 DUSP7 has been reported to be up-

regulated in BC and myeloid leukemia.20,21 For instance,

Luan et al reported that the level of DUSP7 was elevated

in BC cells, and MIAT promoted the proliferation and metas-

tasis and impeded the apoptosis of BC cells via miR-155-5p/

DUSP7 axis.20 However, the biological significance of

DUSP7 in the PTX resistance of BC is still undefined.

In this study, we first examined the abundance of circ-

ABCB10 in PTX-resistant or sensitive BC tissues and cells.

Loss-of-function experiments were conducted to assess the

role of circ-ABCB10 on PTX-resistance, apoptosis, invasion

and autophagy of BC cells. In addition, we investigated the

downstream gene of circ-ABCB10 to further clarify the

mechanism by which circ-ABCB10 contributing to the PTX

resistance of BC cells.

Materials and Methods
Patients
PTX-sensitive (n=30) or PTX-resistant (n=30) BC patients

were recruited in Qingdao Chengyang People’s Hospital.

The abundance of circ-ABCB10, let-7a-5p and DUSP7 was

detected in BC tissues of the above patients. This study was

authorized by the Ethic Committee of Qingdao Chengyang

People’s Hospital. All patients participated in this study had

provided written informed consents.

Cell Culture and PTX Treatment
Human breast epithelial cell line MCF-10A and human BC

cell lines (MDA-MB-468, MDA-MB-453, MCF-7 and

MDA-MB-231) were obtained from BeNa Culture

Collection (Beijing, China). Human BC cells were culti-

vated in Dulbecco’s Modified Eagle Medium (DMEM;

Gibco, Carlsbad, CA, USA) added with 10% fetal bovine

serum (FBS; Gibco), 100 units/mL penicillin and 100 μg/
mL streptomycin. MCF-10A cells were cultured in

Roswell Park Memorial Institute-1640 medium (RPMI-

1640, Gibco) supplemented with 10% FBS (Gibco) and

10% penicillin (100 U/mL)-streptomycin (100 μg/mL). All

cells were grown in a 37°C, 5% CO2 humidified incubator.

PTX was obtained from Sigma (St. Louis, MO, USA) and

dissolved in dimethyl sulfoxide (DMSO; Sigma). The PTX-

resistant BC cell lines, MCF-7/PTX andMDA-MB-231/PTX,

were established by treating parental MCF-7 and MDA-MB

-231 cells with increased concentration of PTX.22

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
SYBR green were used in qRT-PCR. The levels of circ-

ABCB10, let-7a-5p and DUSP7 were quantified using 2−ΔΔCt

method.23 U6 or β-actin acted as the internal reference in this

study. The primers used in this study were as follows: circ-

ABCB10 (Forward, 5ʹ-CTAAGGAGTCACAGGAAGACA

TC-3ʹ; Reverse, 5ʹ-GTAGAATCTCTCAGACTCAAGGTTG-

3ʹ), let-7a-5p (Forward, 5ʹ-CGATTCAGTGAGGTAGTAG

GTTGT-3ʹ; Reverse, 5ʹ-TATGGTTGTTCTGCTCTCTGTCT
C-3ʹ), DUSP7 (Forward, 5ʹ-CCAAGAAGTGTGGTGT

CCTG-3ʹ; Reverse, 5ʹ-ACAAAGTCGTAGGCGTCGTT-3ʹ),

U6 (Forward, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ; Reverse, 5ʹ-

AACGCTTCACGAATTTGCGT-3ʹ), β-actin (Forward, 5ʹ-

AGCCTCGCCTTTGCCGA-3ʹ; Reverse, 5ʹ-CTGGTGCCTG

GGGCG-3ʹ).

3-(4,5-Dimethylthiazol-2-yl)-

2,5-Diphenyltetrazolium Bromide (MTT)

Assay
MTT assay was used to detect the proliferation of BC

cells. BC cells were seeded into 96-well plates at the density

of 6000 cells per well and cultivated in the DMEM medium

overnight. Cells were treated with 10 µL MTT (Invitrogen,

Carlsbad, CA, USA) for 4 h and optical density was deter-

mined at 490 nm after adding 200 μL DMSO (Sigma).

Cell Transfection
Cell transfection was conducted by using Lipofectamine

2000 reagent (Invitrogen). Small interfering RNA negative

control (si-NC), small interfering RNA against circ-
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ABCB10 (si-circ-ABCB10), pcDNA, circ-ABCB10 over-

expression plasmid (circ-ABCB10) and DUSP7 overex-

pression plasmid (DUSP7) were purchased from

Genepharma (Shanghai, China). Anti-miRNA-NC (anti-

miR-NC), anti-let-7a-5p, miR-NC and let-7a-5p were pur-

chased from Ribobio (Guangzhou, China).

Cell Apoptosis Analysis
BC cells were harvested and rinsed using cold phosphate

buffer saline (PBS) buffer. Subsequently, cells were

stained with Annexin V combined fluorescein isothiocya-

nate (FITC) and propidine iodide (PI; Solarbio, Beijing,

China) mixture for 15 min in a dark room. Then the cells

were tested by the flow cytometer (BD Biosciences, San

Jose, CA, USA) and apoptotic cells were analyzed.

Transwell Invasion Assay
BD matrigel matrix (BD Biosciences) was coated on the

polycarbonate membrane and BC cells were seeded into

the pre-coated upper chambers. Medium added with 10%

FBS was filled in the lower chambers. The invasive cells

were dyed and calculated after 48-h incubation.

Western Blot Assay
BC cells were lysed on ice for 30 min using RIPA lysis

solution (Beyotime, Shanghai, China). Samples of protein

lysates were quantified, and separated by sodium dodecyl

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel

and transferred to the polyvinylidene fluoride (PVDF) mem-

brane. The PVDF membrane was probed with primary and

secondary antibody after blocking for 1 h with non-fat milk

powder. The primary antibodies include anti-LC3 (ab51520),

anti-P62 (ab155686), anti-DUSP7 (ab95960) and anti-

glyceraldehyde-3-phosphate dehydrogenase (anti-GAPDH;

ab37168). The specific primary antibodies and the secondary

antibody (ab205718) were obtained fromAbcam (Cambridge,

MA, USA). The protein signal level was determined via the

enhanced chemiluminescent (ECL) system (Beyotime).

Immunofluorescence
Briefly, the coverslips were plated in 24-well plates,

and BC cells after relevant treatment were seeded into

the coverslips overnight. 4% paraformaldehyde was used

to fix the BC cells for 10 min at room temperature,

followed by blocking with 1% bull serum albumin

(BSA) for 1 h at room temperature. The cells were incu-

bated with anti-LC3B antibody (Abcam), and followed by

the incubation with GFP-conjugated secondary antibody.

The images were pictured with a LSM 700 confocal laser

scanning microscope (Carl Zeiss, Oberkochen, Germany).

Dual-Luciferase Reporter Assay
Two reporter vectors named as WT-circ-ABCB10 and MUT-

circ-ABCB10 were constructed which included wild-type or

mutant type binding siteswith let-7a-5p. Luciferase activitywas

determined inBCcells co-transfectedwithmiR-NCor let-7a-5p

and WT-circ-ABCB10 or MUT-circ-ABCB10 using dual-

luciferase reporter assay kit (Promega, Madison, WI, USA).

The confirmation of the binding relationship between let-7a-5p

andDUSP7was also carried out according to the sameprotocol.

Murine Xenograft Assay
Animal studieswere performed in compliancewith theARRIVE

guidelines and the Basel Declaration. Tumor formation assay

was permitted by the Animal Research Committee of Qingdao

Chengyang People’sHospital. All animals received humane care

according to the National Institutes of Health (USA) guidelines.

MCF-7/PTX cells stably transfected with sh-NC or sh-circ-

ABCB10 were harvested and re-suspended in PBS buffer. 200

μL cell suspension (6 × 106 cells) was injected to the BALB/c

nude mice (Orient Bio Inc, Seongnam, South Korea). PBS or

3 mg/kg PTXwas intraperitoneally injected into murine every 3

d following inoculation for 1 week. The tumor volume was

measured using a caliper every 3 d using the formula of

volume = π/6 × length (L) × width (W) × height (H). The mice

were sacrificed and dissected after inoculation for 25 d. Tumor

tissues were weighed and used to detect the level of circ-

ABCB10.

Statistical Analysis
GraphPad Prism 7 was used for the statistical analysis. All

data were expressed as mean±standard deviation (S.D.).

Student’s t-test or one-way analysis of variance (ANOVA)

was performed to calculate the P value. Spearman coefficient

was used to analyze the liner relationship between levels of

let-7a-5p and circ-ABCB10 or DUSP7 in PTX-resistant BC

patients. P<0.05 was identified as statistically significant.

Results
The Abundance of circ-ABCB10 and

Let-7a-5p Is Associated with Sensitivity to

PTX in BC Tissues and Cells
To assesswhether the expression of circ-ABCB10 and let-7a-5p

was related to PTX resistance of BC cells, we measured the

abundance of circ-ABCB10 and let-7a-5p in PTX-sensitive or
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resistant BC tissues. As showed in Figure 1A and D, we found

that circ-ABCB10was up-regulated while the level of let-7a-5p

was reduced in PTX-resistant BC tissues compared with that in

PTX-sensitive tissues. As indicated in Figure 1B and E, the

expression of circ-ABCB10was higherwhile the enrichment of

let-7a-5p was lower in BC cells than that in human breast

epithelial cells MCF-10A. Besides, we examined the level of

circ-ABCB10 and let-7a-5p in parental BC cells (MCF-7 and

MDA-MB-231) and matching PTX-resistant cells (MCF-7/

PTX and MDA-MB-231/PTX). The level of circ-ABCB10

was higher in MCF-7/PTX and MDA-MB-231/PTX than that

in corresponding parental cells, while the alteration of let-7a-5p

level revealed an inverse trend to circ-ABCB10 (Figure 1C and

F). Based on the above results, we made the hypothesis that the

level of circ-ABCB10 was negatively correlated with the

expression of let-7a-5p in PTX-resistant BC tissues, and corre-

lation analysis confirmed our hypothesis (Figure 1G).

Circ-ABCB10 Contributes to PTX

Resistance of BC Cells
The expression of circ-ABCB10 was associated with che-

moresistance of BC cells, suggesting that circ-ABCB10

might play an oncogenic role in BC cells. We first verified

the PTX resistance of MCF-7 and MDA-MB-231 cells and
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Figure 1 The abundance of circ-ABCB10 and let-7a-5p is associated with sensitivity to PTX in BC tissues and cells. (A) The expression of circ-ABCB10 was measured in

PTX-sensitive (n=30) or resistant (n=30) BC tissues by qRT-PCR. (B) QRT-PCR was conducted to determine the level of circ-ABCB10 in human breast epithelial cells MCF-

10A and BC cells (MDA-MB-468, MDA-MB-453, MCF-7 and MDA-MB-231). (C) The abundance of circ-ABCB10 was examined in MCF-10A, MCF-7, MDA-MB-231 and their

matching PTX-resistant subclones (MCF-7/PTX and MDA-MB-231/PTX) by qRT-PCR. (D) The enrichment of let-7a-5p was determined in PTX-sensitive (n=30) or resistant

(n=30) BC tissues by qRT-PCR. (E) QRT-PCR was performed to detect the level of let-7a-5p in MCF-10A cells and BC cells. (F) The level of let-7a-5p was examined in MCF-

10A, MCF-7, MCF-7/PTX, MDA-MB-231 and MDA-MB-231/PTX by qRT-PCR. (G) Correlation analysis was carried out to analyze the expression of let-7a-5p and circ-

ABCB10 in PTX-resistant BC tissues. *P<0.05.
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their corresponding PTX-resistant subclones. As mentioned

in Figure 2A, the IC50 value was higher in MCF-7/PTX and

MDA-MB-231/PTX cells than that in the parental cells. We

evaluated the knockdown efficiency of si-circ-ABCB10 in

MCF-7/PTX and MDA-MB-231/PTX cells. As indicated in

Figure 2B, the transfection of si-circ-ABCB10 prominently

declined the level of circ-ABCB10 in the two PTX-resistant

BC cells. MTT assay showed that circ-ABCB10 depletion

decreased the IC50 value, suggesting that circ-ABCB10

knockdown sensitized MCF-7/PTX and MDA-MB-231/

PTX to PTX (Figure 2C). As expected, the apoptosis of

MCF-7/PTX and MDA-MB-231/PTX was notably elevated

with circ-ABCB10 intervention (Figure 2D). Apart from this,

we also found that circ-ABCB10 interference suppressed the

invasion of the two PTX-resistant BC cells (Figure 2E).

Autophagy has been reported to be associated with PTX

resistance in BC cells.24 The autophagy was promoted in

MCF-7 and MDA-MB-231 cells treated with 15 nM PTX

for 0 h, 6 h, 12 h, 24 h or 48 h, and this promoting effect

was PTX treatment time-dependent in BC cells (Figure 2F).

As showed in Figure 2G and H, circ-ABCB10 interference

suppressed the autophagy of MCF-7/PTX and MDA-MB

-231/PTX cells. The number of GFP-LC3 positive cells was

significantly elevated in MCF-7/PTX and MDA-MB-231/

PTX cells compared with that in their parental cells, and the

intervention of circ-ABCB10 decreased the number of GFP-

LC3 positive cells in the two PTX-resistant BC cells (Figure 2I

and J). Collectively, circ-ABCB10 intervention elevated the

sensitivity of MCF-7/PTX and MDA-MB-231/PTX cells to

PTX and promoted the apoptosis while inhibited the invasion

and autophagy of the two cells.

Let-7a-5p Is a Direct Target of

circ-ABCB10 in BC Cells
Let-7a-5p was predicted as a target of circ-ABCB10 by

Starbase software (Figure 3A). Subsequently, we validated

this combination by dual-luciferase reporter assay. As indi-

cated inFigure 3BandC, luciferase activitywas conspicuously

declined in MCF-7/PTX and MDA-MB-231/PTX cells co-

transfected with let-7a-5p and WT-circ-ABCB10, while it has

little impact in let-7a-5p and MUT-circ-ABCB10 group, sug-

gesting that let-7a-5p was a direct target of circ-ABCB10

in BC cells. To illuminate themodulatory relationship between

circ-ABCB10 and let-7a-5p in PTX-resistant BC cells, we

transfected si-NC, si-circ-ABCB10, pcDNA or circ-ABCB10

intoMCF-7/PTXandMDA-MB-231/PTXcells.As showed in

Figure 3D, the level of circ-ABCB10was notably decreased by

si-circ-ABCB10 transfection while the transfection of circ-

ABCB10 prominently elevated the expression of circ-

ABCB10 in MCF-7/PTX and MDA-MB-231/PTX cells. As

mentioned in Figure 3E, let-7a-5p was negatively regulated by

circ-ABCB10 in the two PTX-resistant BC cells.

To clarify whether let-7a-5pwas involved in circ-ABCB10

-mediated chemoresistance of BC cells, MCF-7/PTX and

MDA-MB-231/PTX cells were transfected with si-NC, si-

circ-ABCB10, si-circ-ABCB10 + anti-miR-NC or si-circ-

ABCB10 + anti-let-7a-5p. The transfection of anti-let-7a-5p

reduced the level of let-7a-5p, which was up-regulated by circ-

ABCB10 depletion in MCF-7/PTX and MDA-MB-231/PTX

cells (Figure 3F). As showed in Figure 3G and H, the inter-

vention of let-7a-5p reversed the promoting effects of circ-

ABCB10 depletion on the PTX sensitivity and apoptosis of the

two PTX-resistant BC cells. Moreover, circ-ABCB10 inter-

vention repressed the invasion and autophagy of MCF-7/PTX

andMDA-MB-231/PTXcellswhile the addition of anti-let-7a-

5p abrogated these effects (Figure 3I–K). These findings sug-

gested that circ-ABCB10 contributed to PTX resistance of BC

cells through let-7a-5p.

Let-7a-5p Could Bind to DUSP7 in BC

Cells
Asmentioned above, circ-ABCB10 exerted its function at least

partly through let-7a-5p in BC cells. But how does let-7a-5p

affect the chemoresistance of BC cells? Starbase software

predicted that DUSP7 could bind to let-7a-5p (Figure 4A).

The combination was then verified by dual-luciferase reporter

assay in MCF-7/PTX and MDA-MB-231/PTX cells co-

transfected with miR-NC or let-7a-5p and DUSP7 3ʹ UTR-

WTor DUSP7 3ʹUTR-MUT. As showed in Figure 4B and C,

the luciferase activity was significantly reduced with the co-

transfection of DUSP7 3ʹ UTR-WT and let-7a-5p, suggesting

that DUSP7 could bind to let-7a-5p in BC cells. To clarify the

role of DUSP7 in BC, we first examined the mRNA and

protein levels of DUSP7 in PTX-sensitive or resistant BC

tissues. As mentioned in Figure 4D and E, the abundance of

DUSP7 mRNA and protein was higher in PTX-resistant BC

tissues than that in PTX-sensitive BC tissues. Meanwhile,

DUSP7 was up-regulated in PTX-resistant BC cells compared

with that in parental cells, suggesting its pivotal role in che-

moresistance of BC cells (Figure 4F). Additionally, an obvious

inverse correlation was found between the expression of

DUSP7 and let-7a-5p in PTX-resistant BC tissues (Figure 4G).

The enrichment of let-7a-5p was notably enhanced in

MCF-7/PTX and MDA-MB-231/PTX cells transfected with
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Figure 2 Circ-ABCB10 contributes to PTX resistance of BC cells. (A) The IC50 of PTX in MCF-7, MCF-7/PTX, MDA-MB-231 and MDA-MB-231/PTXwas determined byMTTassay.

(B–E) MCF-7/PTX and MDA-MB-231/PTX cells were transfected with si-NC or si-circ-ABCB10. (B) The level of circ-ABCB10 was detected in the above MCF-7/PTX and MDA-MB

-231/PTX by qRT-PCR. (C) The IC50 of PTX in MCF-7/PTX and MDA-MB-231/PTX was measured by MTTassay. (D) Flow cytometry was performed to detect the apoptosis of the

aboveMCF-7/PTX andMDA-MB-231/PTX cells. (E) Transwell invasion assay was carried out to detect the invasion of MCF-7/PTX andMDA-MB-231/PTX cells. (F)Western blot assay

was performed to detect the abundance of autophagy-related proteins (LC3-I, LC3-II and P62) in MCF-7 andMDA-MB-231 cells treated with 15 nM PTX for 0 h, 6 h, 12 h, 24 h or 48

h. (G, H) The abundance of autophagy-related proteins was determined in si-NC or si-circ-ABCB10 transfected MCF-7/PTX and MDA-MB-231/PTX cells byWestern blot assay. (I, J)
Immunofluorescence was conducted to detect the number of GFP-LC3 positive cells in different groups. *P<0.05.
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let-7a-5p (Figure 4H). To explore whether let-7a-5p exerted its

function through DUSP7 in BC cells, we transfected miR-NC,

let-7a-5p, let-7a-5p + pcDNA or let-7a-5p + DUSP7 into

MCF-7/PTX and MDA-MB-231/PTX cells to detect the cell

chemoresistance, apoptosis, invasion and autophagy. The

expression of DUSP7 was declined by let-7a-5p transfection,

and the addition of DUSP7 overexpression plasmid recovered

the expression of DUSP7 inMCF-7/PTX andMDA-MB-231/

PTX cells (Figure 4I and J). As showed in Figure 4K, let-7a-5p

transfection reduced IC50 ofMCF-7/PTX andMDA-MB-231/

PTX cells to PTX, and the overexpression of DUSP7 abol-

ished this effect. As mentioned in Figure 4L–O, DUSP7

accumulation suppressed let-7a-5p-mediated apoptosis and

reversed the inhibitory effects of let-7a-5p accumulation on

the invasion and autophagy of the two PTX-resistant BC cells.

Taken together, let-7a-5p promoted the PTX sensitivity and

apoptosis while suppressed the invasion and autophagy of BC

cells through negatively regulating DUSP7.

The Enrichment of DUSP7 Is Modulated

by circ-ABCB10/Let-7a-5p Axis in BC

Cells
To further investigate the regulatory relationship of circ-

ABCB10 and let-7a-5p on the level of DUSP7 in the two

PTX-resistant BC cells, the enrichment of DUSP7 was

detected in MCF-7/PTX and MDA-MB-231/PTX cells

WT-circ-ABCB10    5' GCCAAUGCCAUUCGUGUCUACCUCA 3'

let-7a-5p                 3' UUGAUAUGUU----GGAU--GAUGGAGU 5'

MUT-circ-ABCB10 5' GCGAUAGGCUUUGGAGUGAUGGAGA 3'
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Figure 3 Let-7a-5p is a direct target of circ-ABCB10 in BC cells. (A) Let-7a-5p was predicted as a target of circ-ABCB10 by Starbase. (B, C) Dual-luciferase reporter assay

was conducted to verify the combination between circ-ABCB10 and let-7a-5p in MCF-7/PTX and MDA-MB-231/PTX cells. (D, E) The abundance of circ-ABCB10 and let-7a-

5p was determined in MCF-7/PTX and MDA-MB-231/PTX cells transfected with si-NC, si-circ-ABCB10, pcDNA or circ-ABCB10 by qRT-PCR. MCF-7/PTX and MDA-MB

-231/PTX cells were transfected with si-NC, si-circ-ABCB10, si-circ-ABCB10 + anti-miR-NC or si-circ-ABCB10 + anti-let-7a-5p. (F) QRT-PCR was conducted to measure

the abundance of let-7a-5p in the above two cells. (G) MTTassay was applied to examine the IC50 of PTX in the above two cells. (H) Flow cytometry was applied to analyze

the apoptosis rate of the above MCF-7/PTX and MDA-MB-231/PTX cells. (I) The invasion of the above two cells was determined by transwell invasion assay. (J, K) The
abundance of LC3-I, LC3-II and P62 was measured in MCF-7/PTX and MDA-MB-231/PTX cells by Western blot assay. *P<0.05.
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transfected with si-NC, si-circ-ABCB10, si-circ-ABCB10

+ anti-miR-NC or si-circ-ABCB10 + anti-let-7a-5p by

Western blot assay. As showed in Figure 5A and B, the

abundance of DUSP7 was declined with circ-ABCB10

interference in MCF-7/PTX and MDA-MB-231/PTX

cells, and the addition of anti-let-7a-5p recovered the

expression of DUSP7. Taken together, DUSP7 was regu-

lated by circ-ABCB10/let-7a-5p axis in BC cells.

Circ-ABCB10 Knockdown Suppresses

the Growth of BC Tumor in vivo
We built murine xenograft model using MCF-7/PTX cells

stably transfected with sh-NC or sh-circ-ABCB10 to explore

the effect of circ-ABCB10 in vivo. As showed in Figure 6A

and B, PTX treatment or circ-ABCB10 depletion suppressed

the BC tumor growth in vivo, especially in sh-circ-ABCB10

and PTX combined treatment group. The abundance of circ-

ABCB10 was reduced in sh-circ-ABCB10 + PBS group and

sh-circ-ABCB10 + PTX group compared with that in sh-NC +

PBS group and sh-NC + PTX group (Figure 6C). Taken

together, circ-ABCB10 knockdown inhibited the growth

of BC tumor in vivo.

Discussion
Exploring crucial molecules involved in chemoresistance is

essential for BC treatment. Herein, we found that circ-

ABCB10 was up-regulated in PTX-resistant BC tissues and

cells compared with that in PTX-sensitive BC tissues and
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parental BC cells. Subsequently, we conducted loss-of-

function experiments to assess the role of circ-ABCB10 in

the chemoresistance of BC cells. Circ-ABCB10 depletion

promoted the PTX sensitivity and apoptosis while impeded

the invasion and autophagy of BC cells.

To illustrate the exact mechanism by which circ-

ABCB10 contributing to PTX resistance of BC cells, we

aimed to explore the downstream gene of circ-ABCB10

in BC cells. Let-7a-5p was predicted as a target of circ-

ABCB10 by Starbase bioinformatic software, and this

combination was verified by dual-luciferase reporter

assay. Let-7a-5p played a suppressive role in colorectal

cancer (CRC), lung cancer and BC. For example, Liu et al

demonstrated that the expression of let-7a-5p was nega-

tively associated with lymph node metastasis, tumor size

and staging of CRC patients.25 Duan et al found that let-

7a-5p restrained the proliferation and metastasis while

facilitated the death of lung cancer cells via inversely

modulating BCL2L1.26 Kim et al proved that the level

let-7a-5p was reduced in BC tissues and cells, and it

repressed the proliferation and metastasis of BC cells

through CCR7.27 Herein, we focused on the role of let-
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Figure 5 The enrichment of DUSP7 is modulated by circ-ABCB10/let-7a-5p axis in BC cells. (A, B) The protein expression of DUSP7 in MCF-7/PTX and MDA-MB-231/
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7a-5p in the PTX resistance of BC cells. The level of let-

7a-5p was lower in PTX-resistant BC tissues and cells

than that in PTX-sensitive BC tissues and parental BC

cells, and the level of let-7a-5p was negatively correlated

with the abundance of circ-ABCB10 in PTX-resistant BC

patients. The interference of let-7a-5p abolished the pro-

moting effects of circ-ABCB10 depletion on the PTX

sensitivity and apoptosis and the inhibitory impacts on

the invasion and autophagy of PTX-resistant BC cells.

DUSP7 was predicted to be a target of let-7a-5p by

Starbase software, and we validated the combination

between DUSP7 and let-7a-5p in BC cells by dual-

luciferase reporter assay. DUSP7 is a member of

DUSP family which contains at least 11 members.

DUSP family is a group of MAP kinase (MAPK) inhi-

bitors, and they exerted their functions by dephosphor-

ylating MAPK (ERK1/2, JNK and p38). DUSP7 has

been identified as an oncogene in BC.20 Consistent

with the above findings, we found that DUSP7 played

an oncogenic role in BC. DUSP7 accumulation counter-

acted the promoting impacts of let-7a-5p overexpression

on PTX sensitivity and apoptosis and the suppressive

effects on the invasion and autophagy of PTX-resistant

BC cells. Western blot assay revealed that let-7a-5p

depletion reversed circ-ABCB10 intervention-mediated

down-regulation on the protein level of DUSP7 in

MCF-7/PTX and MDA-MB-231/PTX cells, suggesting

that DUSP7 was regulated by circ-ABCB10/let-7a-5p

axis in PTX-resistant BC cells.

We established a murine xenograft model to confirm

the function of circ-ABCB10 in vivo. The BC tumors were

significantly lesser in sh-circ-ABCB10 + PBS group and

sh-circ-ABCB10 + PTX group than that in sh-NC + PBS

group and sh-NC + PTX group, suggesting that circ-

ABCB10 knockdown restrained the growth of BC tumors

in vivo. Besides, BC tumors were the smallest in sh-circ-

ABCB10 + PTX combined treatment group.

In summary, circ-ABCB10 contributed to PTX resis-

tance of BC cells through up-regulating DUSP7 via spong-

ing let-7a-5p. Circ-ABCB10/let-7a-5p/DUSP7 axis might

provide new insight into developing an effective strategy

for the treatment of PTX-resistant BC patients.

Highlights
1. Circ-ABCB10 contributes to PTX resistance of BC

cells, and it promotes the invasion and autophagy

while impedes the apoptosis of PTX-resistant BC

cells.

2. Let-7a-5p could bind to circ-ABCB10 in BC cells.

3. DUSP7 is a direct target of let-7a-5p in BC cells.

4. Circ-ABCB10 contributes to PTX resistance of BC

cells through let-7a-5p/DUSP7 axis.
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