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Circular RNA F-box and WD repeat domain containing 7 (circ-FBXW7) has been revealed to be involved in the tumori-
genesis of colorectal cancer (CRC). Exosomes are critical mediators of intercellular communication. However, the role of 
exosomal circ-FBXW7 in the CRC oxaliplatin resistance remains unknown. Cell viability, apoptosis, motility, and drug 
efflux were measured by the cell counting kit-8 assay, flow cytometry, transwell assay, and atomic absorption spectropho-
tometry, respectively. The expression of circ-FBXW7 and microRNA (miR)-18b-5p was detected using the quantitative real-
time polymerase chain reaction. Western blot was used to determine multidrug resistance protein 1 (MRP1), myeloid cell 
leukemia-1 (MCL-1), CD9, CD63, Caspase3, E-cadherin, and N-cadherin. Exosomes were isolated and captured using the 
ultracentrifugation method and transmission electron microscopy. The interaction between circ-FBXW7 and miR-18b-5p 
was confirmed by dual-luciferase reporter assay and RNA immunoprecipitation assay. In vivo experiments were conducted 
using the murine xenograft model. Our results showed that circ-FBXW7 was decreased in oxaliplatin-resistant CRC patients 
and cells. circ-FBXW7 was secreted by circ-FBXW7-transfected FHC cells and could be transferred to resistant CRC cells 
through the exosome secretion. Subsequently, in vitro and in vivo studies demonstrated exosomal circ-FBXW7 led resistant 
cells sensitive to oxaliplatin, increased the oxaliplatin-induced apoptosis, inhibited oxaliplatin-induced epithelial-mesen-
chymal transition, and suppressed oxaliplatin efflux. miR-18b-5p was increased in oxaliplatin-resistant CRC patients and 
cells and was confirmed to be a target of circ-FBXW7. Immediately, the rescue assay showed exosome-mediated transfer of 
circ-FBXW7 enhanced oxaliplatin sensitivity by binding to miR-18b-5p in vitro and in vivo. To conclude, the circ-FBXW7 
delivery by exosomes could ameliorate chemoresistance to oxaliplatin in CRC by directly binding to miR-128-3p, suggesting 
a promising therapeutic strategy for oxaliplatin-resistant CRC patients. 
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Colorectal cancer (CRC) is the third most common 
solid malignancy and the fourth-highest leading cause of 
cancer-related mortality worldwide [1]. With the improve-
ment in early diagnosis and multimodality treatment, 
the average survival time of advanced CRC has roughly 
doubled; however, the patients still die within three years 
[2, 3]. Currently, oxaliplatin-based chemotherapy is one of 
the therapeutically efficacious strategies for CRC therapy, 
however, obvious resistance to oxaliplatin has been emerged 
in CRC, thereby leading to treatment failure [4]. Therefore, 
extensive efforts on developing novel therapeutic approaches 
for CRC chemoresistance are required.

Exosomes are extracellular vesicles with a diameter 
ranging from 50 nm to 100 nm and can be secreted by a wide 
range of cell types, including cancer cells [5]. Exosomes are 
considered as mediators of tumor communication that can 

transfer and exchange their cargoes, such as protein, DNA, 
microRNA (miRNA), mRNA, and circular RNA (circRNA), 
between tumor cells and extracellular microenvironment 
[6–8], thereby performing various functions, such as the 
regulation of immune response [9], cell metabolism [10], 
metastasis, angiogenesis, and the conference of drug resis-
tance [11] in cancers. Moreover, exosomes relative stably 
present in almost circulating body fluid, such as blood, 
urine, saliva, cerebrospinal fluid, etc., and can transit 
biological barriers, like the blood-brain barrier [12]. Based 
on these features, it has been suggested that exosomes will 
be useful for the noninvasive diagnostic and therapeutic of 
cancers [13].

circRNAs are one of the conserved RNA transcripts with 
covalently closed loop structures, which make them resistant 
to regular mechanisms of linear RNAs decay [14]. Increasing 
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evidence has revealed that circRNAs play important roles in 
many cancers by involving in the regulation of cell growth, 
differentiation, metastasis, apoptosis, and drug resistance 
[15, 16]. Recently, circRNAs acted as one of the novel objects 
that have also been evaluated in CRC and many circRNAs, 
like circRNA102958 [17], circ-ITGA7 [18], were reported to 
be implicated in the tumorigenesis and progression of CRC. 
CircRNAs may be a potential therapeutic target for CRC. 
CircRNA-F-box and WD repeat domain containing 7 (circ-
FBXW7) is a novel functional circRNA and has been recently 
recognized as a tumor suppressor to suppress tumorigenesis 
and progression in CRC [19]. Therefore, we assumed that 
circ-FBXW7 might regulate drug resistance and cell progres-
sion in CRC.

In this study, we attempted to evaluate the roles as well 
as the underlying molecular mechanism of exosome-trans-
mitted circ-FBXW7 in the oxaliplatin-resistant in CRC, 
which may shed light on the development of potential 
therapy for oxaliplatin-resistant CRC.

Patients and methods

Patients and specimens. A total of 56 CRC tissues were 
obtained from patients who underwent surgical resection 
at the Affiliated Zhuzhou Hospital Xiangya Medical College 
CSU and were stored at –80 °C until used. All patients 
were diagnosed by histopathological examination and only 
received oxaliplatin-based neoadjuvant chemotherapy prior 
to surgery. The patients were classified into oxaliplatin-
resistant group (resistant-CRC, n=30) and -sensitive group 
(sensitive-CRC, n=26). Whether the patients were sensi-
tive to oxaliplatin was screened according to radiology and 
solid tumor response assessment, patients with symptoms 
worsening, new lesions emergence, or ≥25% of tumors 
regenerating on imaging evaluation are oxaliplatin-resis-
tant patients, otherwise sensitive patients. This study was 
permitted by the Ethics Committee of the Affiliated Zhuzhou 
Hospital Xiangya Medical College CSU and written informed 
consent was collected from all subjects.

Cell culture. Human CRC cell line (SW480 and HCT116), 
normal colon (FHC) cells, and 293T cells were obtained from 
the Shanghai Academy of Life Science (Shanghai, China) 
and maintained in the Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, Carlsbad, CA, USA) supplemented with 10% 
fetal bovine serum and 1% penicillin/streptomycin (Gibco) 
in 5% CO2 at 37 °C. SW480 and HCT116 cells were used to 
generate oxaliplatin (oxa) resistant cells named SW480/OxR 
and HCT116/OxR as previously described [20]. For exosome 
co-cultures, 2 μg/ml of exosomes were incubated with the 
recipient cells (6×105) in the culture medium.

Cells viability assay. Cell Counting Kit-8 (CCK-8) assay 
was used to analyze cell viability. The cells were seeded into 
96-well plates at a density of 5,000 cells/well and treated 
with oxaliplatin at indicated concentrations. After that, 10 μl 
CCK-8 solution was added to each well for 2 h. Subsequently, 

the optical density (OD) at 450 nm was determined by a 
microplate reader at the indicated time points. Besides that, 
the half-maximal inhibitory concentration (IC50) value of 
drugs was assessed according to the relative survival curve.

Cell apoptosis assay. Apoptotic cells were measured using 
Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) apoptosis detection kit (BD Biosciences, San 
Jose, CA, USA) following the standard protocol. In brief, 
cells treated with 30 μM oxaliplatin were resuspended with 
binding buffer and then stained with 5 μl FITC annexin  V 
and 10 μl PI. Finally, the apoptotic rate was analyzed by 
FlowJo software.

Cell migration and invasion assays. For migration assay, 
cells were seeded on the top chambers with serum-free 
DMEM. Then the lower chambers were filled with serum-
containing DMEM. After 24 h incubation, cells on the 
lower face of the membranes were fixed and stained. Finally, 
migrated cells were counted with a microscope. For invasion 
assay, the top chambers were pre-coated with the matrigel 
(BD Biosciences) and the rest of the experiment was similar 
to the steps of cell migration.

Total cellular oxaliplatin and DNA-bound quantitative 
platinum (Pt) assay. For the content of intracellular Pt, cells 
treated with 30 μM oxaliplatin for 24 h were lysed using 0.1% 
Triton-X-100 and 0.2% nitric acid overnight. Next, the lysate 
was analyzed using atomic absorption spectrometry and the 
protein was quantified by a BCA method. For DNA-binding 
Pt content, DNeasy Blood & Tissue Kits (Qiagen, Valencia, 
CA, USA) was used to isolate DNA following the standard 
protocol, and then the isolated DNA was determined by 
the NanoDrop spectrophotometer. Finally, the same DNA 
hydrolysate was sent for Pt analysis using atomic absorption 
spectrometry.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was exacted using miRNeasy Micro 
Kit (Qiagen) from cells and exosomes. Then total RNA was 
reversely transcribed into complementary DNA (cDNA) 
using the Prime Script RT Master Mix (Applied Biosystems, 
Foster City, CA, USA). After that, qRT-PCR was performed 
with SYBR-Green PCR Master Mix Kit (Qiagen). Fold 
changes were analyzed by the 2–ΔΔCt method and normalized 
by glyceraldehyde 3-phosphate dehydrogenase (GADPH) 
or U6 small nuclear B noncoding RNA (U6). The specific 
primer sequences were presented as follows: circ-FBXW7: F 
5’-ACTGGAAAGTGACTCTGGGA-3’, R 5’-TACTGGGGC-
TAGGCAAACAA-3’; miR-18b-5p: F 5’-TGTGCAAATC-
CATGCAAAACTGA-3’, R 5’-GTGCAGGGTCCGAGGT-3’; 
GADPH: F 5’-GATATTGTTGCCATCAATGAC-3’, R 5’-TT- 
GATTTTGGAGGGATCTCG-3’; U6: F 5’-CTCGCTTCG-
GCAGCACA-3’, R 5’-ACGCTTCACGAA-TTTGCGT-3’.

Cell transfection. The miR-18b-5p mimic and negative 
control (miR-NC) were purchased from RIBOBIO (Guang-
zhou, China). The empty vector (Vector), pcDNA3.1-Circ-
FBXW7 overexpression vector (Circ-FBXW7) were synthe-
sized by Genepharma (Shanghai, China). The transfection of 
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oligonucleotides was performed using Lipofectamine™ 3000 
transfection reagent (Invitrogen, Carlsbad, CA, USA).

Exosome (exo) isolation. Exosomes were isolated from 
FHC cell culture media by the ultracentrifugation method. 
Cell culture fluid was centrifuged at 3,000 g for 30 min at 
4 °C to remove cellular debris/dead cells. Next, the resulting 
supernatant was further centrifuged at 100,000 g for 70 min 
at 4 °C and followed by filtering using 0.22 μm filtration to 
concentrate the exosome-containing solution. After washing 
with PBS, the supernatant was centrifuged at 100,000 g for 70 
min again. Finally, cell exosomes were collected.

Transmission electron microscopy (TEM). 10 ml 
exosome pellets were dropped on the carbon-coated copper 
grid and incubated for 5 min at 37 °C, and then subjected to 
2% phosphotungstic acid solution for 2 min. After washing 
with PBS 3 times, the prepared samples were captured using a 
transmission electron microscope (JEOL, Akishima, Japan).

Electroporation of circ-FBXW7 into exosomes. circ-
FBXW7 was encapsulated in exosomes using the Gene 
Pulser X Electroporator (Bio-Rad, Hercules, CA, USA). In 
brief, 50 nmol circ-FBXW7 overexpression vector and 10 μg 
exosomes were gently mixed in 200 μl electroporation buffer 
at 4 °C. After electroporation at 350 V and 150 μF, the mixture 
was incubated for 30 min at 37 °C to ensure the recovery of 
exosome membranes. Recovery was determined by TEM as 
described above.

Western blot. Proteins were extracted using RIPA lysis 
buffer (Beyotime, Beijing, China) and quantified by the 
bicinchoninic acid (BAC) method following the standard 
protocol. Then extracted proteins were separated on sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, trans-
ferred onto a polyvinylidene fluoride membrane, and blocked 
with 5% non-milk. After that, the membrane was incubated 
with primary antibodies against multidrug resistance protein 
1 (MRP1) (1:1000, ab233383, Abcam, Cambridge, MA, 
USA), myeloid cell leukemia-1 (MCL-1) (1:5000, ab32087, 
Abcam), CD9 (1:5000, ab68418, Abcam), CD63 (1:2000, 
ab68418, Abcam), cleaved caspase-3 (1:1000, ab13847, 
Abcam), E-cadherin (E-cad) (1:1000, ab15148, Abcam), 
N-cadherin (N-cad) (1:1000, ab18203, Abcam), and GAPDH 
(1:10000, ab181602, Abcam), followed by the incubation 
with HRP-conjugated secondary antibody (1:1000, ab9482, 
Abcam). The protein bands were visualized using the chemi-
luminescence chromogenic substrate (Beyotime).

Dual-luciferase reporter assay. The circ-FBXW7 
possessing wild-type (WT) or mutant (MUT) binding 
sequences of miR-18b-5p was cloned into the pmiR-RB-
Report (Promega, Shanghai, China), respectively. Subse-
quently, these constructed vectors were co-transfected into 
SW480 and HCT116 cells with miR-18b-5p mimics or 
miR-NC using Lipofectamine™ 3000 (Invitrogen). Lastly, a 
dual-luciferase assay kit (Promega) was used to detect the 
luciferase activity.

RNA immunoprecipitation (RIP) assay. RIP assay was 
performed using the Magna RNA immunoprecipitation kit 

(Millipore, Billerica, MA, USA). SW480 and HCT116 cells 
were lysed in RIP buffer and then the lysate was incubated 
with magnetic beads coated with anti-Ago2 or IgG antibody. 
Finally, purified RNA was analyzed by qRT-PCR.

Xenograft experiments in vivo. Five-week-old athymic 
BALB/c nude mice (n=18) were obtained from Jinan Pengyue 
Animal Center (Jinan, China). HCT116/OxR cells were 
subcutaneously inoculated into the flanks of the nude mice. 
After inoculation for 7 days, the same amounts of Vector-
exo, circ-FBXW7-exo, or PBS were intratumorally injected 
with oxaliplatin twice weekly. Subsequently, the tumor size in 
mice was detected every week. The mice were sacrificed after 
7 weeks, and the tumor masses were weighted and harvested 
for further molecular analysis. The animal experiments were 
approved by the Ethics Committee of the Affiliated Zhuzhou 
Hospital Xiangya Medical College CSU.

Statistical analysis. Data were expressed as the mean ± 
standard deviation (SD) and analyzed by GraphPad Prism 7 
software (GraphPad Inc., San Diego, CA, USA). Significant 
differences between different groups were analyzed using 
Student’s t-test or one-way analysis of variance (ANOVA). The 
correlation analysis was performed using Spearman’s correla-
tion test. A p-value <0.05 suggested a statistical significance.

Results

Oxaliplatin resistance promotes cell viability, invasion, 
migration, drug efflux, and suppresses cell apoptosis in 
CRC. The influences of oxaliplatin resistance on CRC cells 
were detected. Results exhibited that resistant cells had a 
poor response to oxaliplatin compared with parental cells, 

Table 1. Clinicopathological characteristics of patients in the study.

Characteristics n
Patients

p-valueSensitive  
(n, %)

Resistant 
(n, %)

Age (years)
<60 23 9 14 0.4216
≥60 33 17 16

Gender
Male 27 12 15 0.7952
Female 29 14 15

TNM stage
I+II 31 20 11 0.0033*

III+IV 25 6 19
Lymph node metastasis 0.0005*

Yes 39 12 27
No 17 14 3

Tumor recurrence 0.0426*

Yes 40 15 25
No 16 11 5

Circ-FBXW7 expression
High 32 8 24 0.0003*

Low 24 18 6
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was lower in oxaliplatin-resistant CRC patients and resistant 
CRC cells than that in controls (Figures 2A, 2B). Moreover, 
the chemoresistance to oxaliplatin in CRC was correlated 
with advanced TNM stages, lymph node metastasis, tumor 
recurrence, and higher circ-FBXW7 expression (Table 1). 
Subsequently, FHC cells were transfected with circ-FBXW7 
or Vector, and a significant increase of circ-FBXW7 expres-
sion was observed in circ-FBXW7-transfected FHC cells 
(Over-Circ-FBXW7-FHC) compared to vector-transfected 
FHC cells (Vector-FHC) (Figure 2C). After that, exosomes in 
the culture supernatant of these transfected FHC cells, named 
circ-FBXW7-exo and Vector-exo, were extracted. TEM 
analysis showed the morphology (round-shaped vesicles) 
and size (100±60 nm) of exosomes, and western blot showed 
the enrichment of exosomal markers CD9 and CD63 in 
exosomes (Figure 2D), suggesting the successful isolation of 
exosomes from the cell culture supernatant. What’s more, the 

reflected by the enhancement of cell viability and IC50 
(Figure 1A) as well as the decrease of drug-induced apoptotic 
cells (Figure 1B). Moreover, SW480/OxR and HCT116/OxR 
showed high migration and invasion compared to their 
parental cells (Figure 1C). In the meanwhile, Pt analysis in 
cells treated with 30 μM oxaliplatin for 24 h suggested total 
intracellular Pt and DNA-bound Pt was significantly lower in 
resistant cells than in parental cells (Figures 1D, 1E).

circ-FBXW7 is secreted by circ-FBXW7-transfected 
FHC cells and can be transferred to resistant CRC cells 
through exosome secretion. The previous study has reported 
circ-FBXW7 to be involved in the tumorigenesis of CRC [19], 
and cell-secreted exosomes and their contents can be inter-
nalized by surrounding cells [21]. Herein, we investigated 
the biological function of exosome-transmitted circ-FBXW7 
in CRC cell oxaliplatin resistance. Firstly, the expression of 
circ-FBXW7 was measured and results showed circ-FBXW7 

Figure 1. Oxaliplatin resistance promotes cell viability, invasion, migration, drug efflux, and suppresses cell apoptosis in CRC. A) The CCK-8 assay 
was used to detect cell viability and IC50 in parental and resistant cells in the treatment of oxaliplatin at indicated concentrations. B) The apoptosis of 
parental and resistant cells treated with 30 μM oxaliplatin was analyzed using flow cytometry. C) The migration and invasion abilities in parental and 
resistant CRC cells were determined by the transwell assay. D) The accumulation of Pt was examined in parental and resistant cells after treatment with 
30 μM oxaliplatin for 24 h. *p<0.05
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expression of circ-FBXW7 was higher in exosomes isolated 
from Over-Circ-FBXW7-FHC cells than that isolated from 
Vector-FHC cells (Figure 2E). After that, SW480/OxR and 
HCT116/OxR cells were co-cultured with circ-FBXW7-exo, 
we observed that circ-FBXW7 was obviously upregulated 
in resistant cells after co-incubation with circ-FBXW7-exo; 
besides, a corresponding increase of circ-FBXW7 expres-
sion in SW480/OxR and HCT116/OxR cells was found 
with the prolonged incubation (Figure 2F). Altogether, we 
confirmed Over-Circ-FBXW7-FHC cells could effectively 
secrete exosomes harboring circ-FBXW7, which were able to 
transfer to CRC resistant cells.

Intercellular transfer of circ-FBXW7 by exosomes 
enhances oxaliplatin sensitivity in vitro. We further 
explored whether exosome-transferred circ-FBXW7 
could regulate chemoresistance in resistant cells. Subse-
quently, we discovered exosome-transferred circ-FBXW7 
led SW480/OxR and HCT116/OxR cells to be sensitive to 
oxaliplatin, as illustrated by the decrease of cell viability 
(Figure 3A) and drug-resistance associated protein expres-
sion of MRP-1 and MCL-1 in resistant cells (Figure 3G), 
as well as by the increase of drug-induced apoptotic cells 
(Figure  3B) and cleaved caspase-3 protein (Figure 3G). 
Moreover, circ-FBXW7-exo inhibited the migration 

Figure 2. circ-FBXW7 is secreted by circ-FBXW7-transfected FHC cells and can be transferred to resistant CRC cells through exosome secretion. A, 
B) The expression of circ-FBXW7 in oxaliplatin-resistant and oxaliplatin-sensitive CRC patients, as well as in parental and resistant CRC cells was 
detected using qRT-PCR. C) The expression of circ-FBXW7 in FHC cells transfected with circ-FBXW7 or Vector was detected using qRT-PCR. D) The 
image of exosomes was captured by TEM. D) The expression levels of exosomal markers CD9 and CD63 were measured by western blot. E) The levels 
of circ-FBXW7 in exosomes derived from FHC cells transfected with circ-FBXW7 or Vector were determined using qRT-PCR. F) qRT-PCR was per-
formed to analyze the level of circ-FBXW7 in resistant CRC cells co-maintained with different incubation times of circ-FBXW7-exo. *p<0.05
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Figure 3. Intercellular transfer of circ-FBXW7 by exosomes enhances oxaliplatin sensitivity in vitro. circ-FBXW7 was transferred into the SW480/
OxR and HCT116/OxR cells by exosomes. A) Cell viability was detected using the CCK-8 assay in resistant cells treated with oxaliplatin at indicated 
concentrations. B) The apoptosis of resistant cells treated with 30 μM oxaliplatin was analyzed using flow cytometry. Migration (C) and invasion (D) of 
SW480/OxR and HCT116/OxR cells were examined using the transwell assay. E, F) The accumulation of Pt was analyzed in resistant cells treated with 
30 μM oxaliplatin for 24 h. G) Western blot was used to measure the level of N-cad, E-cad, cleaved caspase-3, MRP-1, and MCL-1. *p<0.05

Figure 4. circ-FBXW7 is a sponge of miR-18b-5p in CRC cells. A, B) The expression of miR-18b-5p in oxaliplatin-resistant and oxaliplatin-sensitive 
CRC patients, as well as in parental and resistant CRC cells was detected using qRT-PCR. C) The correlation between miR-18b-5p and circ-FBXW7 was 
analyzed using Spearman’s correlation test. D) The putative binding site between miR-18b-5p and circ-FBXW7 was presented. E, F) The interaction 
between miR-18b-5p and circ-FBXW7 was confirmed using the dual-luciferase reporter assay and RIP assay. *p<0.05
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and invasion of SW480/OxR and HCT116/OxR cells by 
suppressing EMT, reflected by the decrease of N-cad expres-
sion but the increase of E-cad expression (Figures 3C, 3D, 
3G). Meanwhile, the total intracellular Pt and DNA-bound 
Pt levels were markedly upregulated in circ-FBXW7-exo-
incubated SW480/OxR and HCT116/OxR cells (Figures 3E, 
3F). Taken together, these results suggested the intercellular 
transfer of circ-FBXW7 by exosomes reversed oxaliplatin 
resistance in CRC cells in vitro.

circ-FBXW7 is a sponge of miR-18b-5p in CRC cells. It 
has been reported that circRNAs can function as sponges of 
miRNAs to affect the expression of miRNAs, thus regulating 
the development of cancers [22]. In this study, miR-18b-5p 
was found to be elevated in oxaliplatin-resistant CRC 
patients and resistant CRC cells compared with that in 
controls (Figures 4A, 4B). Meanwhile, a negative correla-
tion between circ-FBXW7 and miR-18b-5p was observed 
(Figure 4C). Thus, we assumed that circ-FBXW7 might be a 

Figure 5. Exosome-mediated transfer of circ-FBXW7 spreads oxaliplatin sensitivity by binding to miR-18b-5p. SW480/OxR and HCT116/OxR cells 
were transfected with miR-NC or miR-18b-5p mimic after co-cultured with Vector-exo or circ-FBXW7-exo. A) The expression of miR-18b-5p was 
measured using qRT-PCR in SW480/OxR and HCT116/OxR cells. B) Cell viability was detected using the CCK-8 assay in resistant cells treated with 
oxaliplatin at indicated concentrations. C) Flow cytometry analysis of resistant cell apoptosis treated with 30 μM oxaliplatin was conducted. The tran-
swell assay was used to examine the migration (D) and invasion (E) of SW480/OxR and HCT116/OxR cells. *p<0.05
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sponge of miR-18b-5p in CRC cells. According to the bioin-
formatics analysis of the starBase 2.0 program, miR-18b-5p 
was identified to contain the putative binding sites of circ-
FBXW7 (Figure 4D). Subsequently, a dual-luciferase reporter 
assay was conducted and the reduction of luciferase activity 
in 293T cells co-transfected with circ-FBXW7-WT and 
miR-18b-5p mimic confirmed the interaction between circ-
FBXW7 and miR-18b-5p (Figure 4E). Furthermore, the RIP 
assay further verified the direct interaction between circ-
FBXW7 and miR-18b-5p with the significant enrichment of 
circ-FBXW7 and miR-18b-5p in SW480/OxR and HCT116/
OxR cells after Ago2 RIP, while there were no changes in 
response to IgG RIP (Figure 4F). These data indicated circ-
FBXW7 directly bound to miR-18b-5p in CRC cells.

Exosome-mediated transfer of circ-FBXW7 spreads 
oxaliplatin sensitivity by binding to miR-18b-5p. Based 
on the relationship between circ-FBXW7 and miR-18b-5p, 
we further investigated whether is circ-FBXW7/miR-18b-5p 
responsible for the oxaliplatin resistance in CRC cells. 
SW480/OxR and HCT116/OxR cells were transfected with 
miR-NC or miR-18b-5p mimic after co-cultured with 
Vector-exo or circ-FBXW7-exo. Then we found miR-18b-5p 
was suppressed by exosomal circ-FBXW7 but was rescued by 
following miR-18b-5p mimic transfection (Figure 5A). After 
that, results showed the introduction of miR-18b-5p mimic 
greatly reversed exosomal circ-FBXW7-induced drug sensi-
bility to oxaliplatin (Figure 5B), the promotion of apoptosis 

(Figure 5C), the suppression of migration and invasion 
(Figures 5D, 5E), and the accumulation of Pt (Figures 
6A, 6B) in SW480/OxR and HCT116/OxR cells. What’s 
more, western blot analysis suggested that overexpressed 
miR-18b-5p obviously attenuated exosomal circ-FBXW7-
mediated inhibition on the protein of MRP-1, MCL-1, and 
N-cad, as well as the promotion on the protein of cleaved 
caspase-3 and E-cad in CRC resistant cells (Figure  6C), 
further indicating miR-18b-5p reversed exosomal circ-
FBXW7-induced drug sensibility to oxaliplatin. In all, these 
results demonstrated that exosomal circ-FBXW7 could 
weaken oxaliplatin resistance by sponging miR-18b-5p in 
CRC resistant cells.

Exosomal circ-FBXW7 suppresses oxaliplatin resis-
tance in vivo. We further detected the effects of exosomal 
circ-FBXW7 on oxaliplatin-mediated tumor growth in vivo. 
As shown in Figures 7A and 7B, exosomal circ-FBXW7 inhib-
ited tumor volume and weight of oxaliplatin-resistant mice. 
Additionally, the expression of circ-FBXW7 was increased 
whereas miR-18b-5p was decreased in circ-FBXW7-exo 
tumor tissues (Figure 7C). Besides that, western blot showed 
the inhibition of MRP-1, MCL-1, and N-cad expression, 
as well as the promotion of cleaved caspase-3 and E-cad 
expression in circ-FBXW7-exo oxaliplatin-resistant masses 
(Figure  7D). Therefore, exosomal circ-FBXW7 amelio-
rated oxaliplatin resistance in vivo by partially regulating 
miR-18b-5p.

Figure 6. Exosomal circ-FBXW7 weakens the oxaliplatin resistance by sponging miR-18b-5p in CRC resistant cells. A, B) The accumulation of Pt was 
analyzed in resistant cells after treated with 30 μM oxaliplatin for 24 h. C) Western blot was used to measure the level of N-cad, E-cad, cleaved caspase-3, 
MRP-1, and MCL-1. *p<0.05
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Discussion

Growing findings suggest that circRNAs play impor-
tant roles in the homeostasis of cancer cells [23]. Besides 
that, the implication of circRNAs in relation to chemoresis-
tance in many types of cancers has also been reported. For 
example, Zhao et al. revealed that circ-Cdr1as ameliorated 
cisplatin resistance in ovarian cancer by modulating the 
miR-1270/SCAI network [24]. Liang et al. found out that 
circ-KDM4C inhibited tumorigenesis and contributed to 
doxorubicin resistance in breast cancer by regulating PBLD 
through miR-548p suppression [25]. Luo et al. demonstrated 
that circRNA_101505 enhanced cisplatin toxicity in hepato-
cellular carcinoma cells by promoting NOR1 by regulating 
miR-103 [26]. Thus, circRNAs may be useful markers for 
chemoresistance.

Up to date, the resistance of chemotherapy in CRC has 
also become a burden to effectively treat the disease. Never-
theless, some circRNAs have been revealed to associate 
with the chemoresistance of CRC. For instance, Xiong et al. 
uncovered that 71 circRNAs were differentially expressed 

in 5-FU chemoradiation-resistant CRC cells, and among 
these, circ_0000504 was found to upregulate STAT3 by 
modulating the miR-485-5p expression, thus promoting 
chemoradiation-resistance in CRC [27]. In addition, Abu 
et al. also identified that multiple circRNAs were differen-
tially expressed between chemoresistant and chemosen-
sitive CRC cells to 5-FU and oxaliplatin, and circ_32883 
was a promising biotarget for chemoresistant CRC [28]. 
Therefore, circRNAs are also potential targets to overcome 
chemoresistance in CRC. Besides that, based on the charac-
teristics of exosomes exchanging their contents in tumor 
cells and microenvironment [6–8], exosomes have also 
been considered as promising targets for antitumor therapy 
in CRC. For example, exosome-transmitted miR-128-3p 
sensitized oxaliplatin-resistant CRC cells to oxaliplatin [29]. 
LncRNA CCAL transferred from cancer-related fibroblasts 
by exosomes accelerated CRC cells resistance to oxaliplatin 
[30]. Exosomal Wnts derived from cancer-associated fibro-
blasts inhibited chemosensitivity in CRC [31]. However, 
large-scale identifications of exosomal circRNA in CRC cell 
chemoresistance were not yet reported.

Figure 7. Exosomal circ-FBXW7 suppresses oxaliplatin resistance in vivo. A) Tumor volume was measured every week. B) Tumor weight was measured 
after 7 weeks. C) The expression of circ-FBXW7 and miR-18b-5p was detected by qRT-PCR. D) Protein expression of MRP-1, MCL-1, Caspases-3, E-
cad, and N-cad was evaluated by western blot. *p<0.05
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In this study, we found circ-FBXW7 was lowly expressed 
in oxaliplatin-resistant CRC patients and cells. Subsequently, 
circ-FBXW7 was confirmed to be secreted by circ-FBXW7-
transfected FHC cells and could be transferred to resistant 
CRC cells through exosome secretion. Based on these results, 
in vitro and in vivo studies were conducted and demonstrated 
that exosomal circ-FBXW7 led resistant cells to become 
sensitive to oxaliplatin, increased the oxaliplatin-induced 
apoptosis, promoted oxaliplatin-mediated EMT inhibi-
tion, and suppressed oxaliplatin efflux. Thus, the exosomal 
transfer of circ-FBXW7 may help to improve the chemosen-
sitivity in CRC.

It has been reported that circRNAs contain multiple types 
and quantities of miRNAs binding sites, which allow them 
to specifically sponge to miRNAs to affect miRNAs activity, 
thus regulating the development of cancers [22]. miR-18b-5p 
is a functional miRNA. For example, miR-18b-5p acted as 
a target of ZFPM2-AS1 to be involved in the promotion of 
cells in lung adenocarcinoma [32]. LncRNA AC073284.4 
suppressed cell EMT and migration in breast cancer by 
directly interacting with miR-18b-5p [33]. Additionally, a 
recent study indicated miR-18b-5p was highly expressed 
in CRC and was a potential biomarker for poor prognosis 
[34]. However, the exact roles of miR-18b-5p in CRC 
chemoresistance remain unclear. In this study, miR-18b-5p 
was increased in oxaliplatin-resistant CRC patients and 
cells. Then using the bioinformatics analysis, miR-18b-5p 
was identified to be a target of circ-FBXW7. Immediately, 
the rescue assay showed the exosome-mediated transfer of 
circ-FBXW7 enhanced oxaliplatin sensitivity by binding to 
miR-18b-5p in vitro and in vivo.

In conclusion, our study illustrated that exosome-trans-
mitted circ-FBXW7 could ameliorate the chemoresistance to 
oxaliplatin in CRC cells by sponging miR-18b-5p, indicating 
a promising therapeutic strategy for the treatment of oxalipl-
atin-resistant CRC patients.
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