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Background: Exosomal circular RNAs (circRNAs) can act as biomarkers and play crucial 
roles in colorectal cancer (CRC) and radiosensitivity. The aim of this study was to explore 
the functions and regulatory mechanism of exosomal circRNA intraflagellar transport 80 
(circ_IFT80) in tumorigenesis and radiosensitivity of CRC.
Methods: Exosomes were detected using transmission electron microscopy (TEM). Protein 
levels were determined by Western blot assay. The expression of circ_IFT80, microRNA-296- 
5p (miR-296-5p) and musashi1 (MSI1) was measured by quantitative real-time polymerase 
chain reaction (qRT-PCR). Cell cycle distribution, cell apoptosis, and cell proliferation were 
detected by flow cytometry and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay, respectively. Colony formation assay was used to determine the radiosensitivity 
of cells. The interaction between miR-296-5p and circ_IFT80 or MSI1 was verified by dual- 
luciferase reporter assay. A xenograft tumor model was established to explore the role of 
exosomal circ_IFT80 in vivo.
Results: Circ_IFT80 was upregulated in exosomes derived from CRC patient serum and 
CRC cells. Exosomal circ_IFT80 or circ_IFT80 overexpression facilitated tumorigenesis by 
increasing cell proliferation and reducing apoptosis, and inhibited radiosensitivity via pro-
moting colony formation and inhibiting apoptosis. Additionally, circ_IFT80 acted as 
a sponge of miR-296-5p, and miR-296-5p reversed the effects of circ_IFT80 on tumorigen-
esis and radiosensitivity. Moreover, MSI1 was a direct target of miR-296-5p. Furthermore, 
miR-296-5p overexpression inhibited tumorigenesis and promoted radiosensitivity by down-
regulating MSI1. Exosomal circ_IFT80 also accelerated tumor growth in vivo.
Conclusion: Exosomal circ_IFT80 promoted tumorigenesis and reduced radiosensitivity by 
regulating miR-296-5p/MSI1 axis, which might provide a novel avenue for treatment of 
CRC.
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Introduction
Colorectal cancer (CRC) is a common malignant tumor, ranking the third in 
incidence and the second in mortality worldwide.1 Despite great advances in 
treatment, the overall survival of CRC patients remains unsatisfactory.2 Radiation 
therapy is an important clinical treatment for CRC, but acquired radioresistance 
during radiotherapy is still a major clinical obstacle to achieve successful 
treatment.3,4 Hence, it is urgent to unveil the underlying mechanisms of CRC and 
find novel ways to improve the radiosensitivity of CRC.
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Exosomes are a class of 30–100 nm sized extracellular 
vesicles that originate from endosomal multivesicular bodies.5 

Almost all types of cells, including cancer cells, can generate 
exosomes.6 Exosomes have received widespread attention due 
to their multiple functions in modulating cell-to-cell commu-
nication. Exosomes exert their physiological roles through the 
exchange of biomolecules such as proteins, DNAs, lipids, 
circular RNAs (circRNAs), microRNAs (miRNAs) and 
mRNA among different cells.7,8 Exosomes transported from 
stroma or tumor cells have been shown to be indispensable in 
all stages of cancer progression and play a vital role in regulat-
ing radiosensitivity.9,10

CircRNAs are a special type of non-coding RNAs 
(ncRNAs) that form continuous covalently closed-loops with-
out 5ʹ-end cup and 3ʹ-end ploy A tail.11 Currently, growing 
evidence has suggested that circRNAs are more stable and 
difficult to degrade in response to the RNA exonuclease due to 
their closed-loop structures.12 Currently, increasing evidence 
has indicated that circRNAs can function as pivotal mediators 
in regulating the progression of diverse cancers, including 
CRC.13 CircRNAs have been suggested to be stable in exo-
somes, and these circRNAs can act as messengers of inter-
cellular communication, thereby regulating the function of 
target cells.14 It has been reported that exosomal circRNAs 
have potential applications as disease biomarkers and new 
therapeutic targets.14 CircRNA intraflagellar transport 80 
(circ_IFT80) is derived from IFT80 gene and located at chr3:-
160073800–160099506, which acts as an oncogene in CRC.15 

However, the roles of exosomal circ_IFT80 in tumorigenesis 
and radiosensitivity of CRC remain poorly understood.

MiRNAs are a group of small (about 22 nucleotides) 
ncRNAs that negatively regulate their target genes via 
directly combining with 3ʹuntranslated regions (3ʹUTR) 
of target mRNAs.16,17 Crucial roles of miRNAs in CRC 
progression and response to radiosensitivity have been 
proposed in recent years.18,19 Previous studies showed 
that miR-296-5p acted as a tumor suppressor in multiple 
cancers, including CRC.20–22 However, the roles and 
underlying mechanism of miR-296-5p in tumorigenesis 
and radiosensitivity of CRC are still largely unknown.

Musashi1 (MSI1) is a neural RNA-binding protein that 
plays a critical role in regulating cell differentiation.23 

Previous studies have shown that MSI1 acts as a tumor 
promoter in multiple cancers.24,25 In addition, MSI1 
knockdown can sensitize colon cancer cells to radiation 
therapy.26 Furthermore, MSI1 was found to be overex-
pressed in CRC.27 Nevertheless, there is no report on the 

connections among exosomal circ_IFT80, miR-296-5p and 
MSI1 in tumorigenesis and radiosensitivity of CRC.

In this research, we separated exosomes from CRC 
patient serum. Circ_IFT80 and negative control (Vector) 
were loaded into exosomes by electroporation and then co- 
cultured with CRC cells to investigate the biological func-
tions of exosomal circ_IFT80 in cell proliferation, cell 
cycle, apoptosis, and radiosensitivity. Moreover, the rela-
tionships among circ_IFT80, miR-296-5p and MSI1 were 
also studied in CRC cells.

Materials and Methods
Serum Collection
Blood samples were obtained from 15 CRC patients and 9 
healthy control subjects at The Seventh Affiliated Hospital, 
Sun Yat-sen University. Blood samples were collected and 
centrifuged at 1600 g for 10 min at room temperature, fol-
lowed by a second centrifugation at 12,000 g for 10 min at 4° 
C to remove cell debris. After that, the serum supernatant was 
transferred to RNase free tube, and then stored in −80°C. This 
research has been authorized by the ethics committee of The 
Seventh Affiliated Hospital, Sun Yat-sen University, which 
was in accordance with the Declaration of Helsinki Principles. 
Informed consent was acquired from each participant.

Cell Culture and Transfection
Human colonic epithelial cells (FHC) and CRC cells 
(SW480 and SW620) were purchased from Bena Culture 
Collection (Beijing, China). These cells were cultured in 
Dulbecco’s modified eagle medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) containing 10% fetal bovine serum 
(FBS, Invitrogen). All cells were maintained in constant 
temperature incubator with 5% CO2 at 37°C.

Circ_IFT80 overexpression vector (circ_IFT80), miR- 
296-5p mimic (miR-296-5p), miR-296-5p inhibitor (anti- 
miR-296-5p), MSI1-overexpressing plasmid (MSI1), and 
their negative controls (Vector, miR-NC, anti-miR-NC, 
and pcDNA) were obtained from Genechem (Shanghai, 
China). Transient transfection was performed by 
Lipofectamine 3000 Reagent (Invitrogen).

Exosome Isolation and Incubation with 
CRC Cells
The collected serum samples were subjected to centrifuga-
tion at 3000g for 15 min to eliminate cells and cellular 
debris. Exosomes from serum samples were isolated using 
ExoQuick precipitation kit (SBI, System Biosciences, 
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Mountain View, CA) following the manufacturer’s instruc-
tions. Gene Pulser X Electroporator (Bio-Rad, Hercules, 
CA, USA) was used to electroporate circ_IFT80 or Vector 
into exosomes as previously described.28 Briefly, exo-
somes (3 μg) and circ_IFT80 or Vector were mixed in 
electroporation buffer (400 μL) at 4°C. After electropora-
tion at 350 V and 150 μF in a 4-mm cuvette, the mixture 
was then incubated for 30 min at 37°C to ensure the 
exosome membrane was fully recovered. For incubation 
of exosomes with SW480 and SW620 cells, these cells 
were co-inoculated into a 12-well plate and exosomes 
containing circ_IFT80 or Vector were added to per well. 
SW480 and SW620 cells were collected after incubation 
for indicated time for further analysis.

Transmission Electron Microscopy (TEM)
The exosomes were resuspended in phosphate-buffered 
saline (PBS; Beyotime, Shanghai, China) and then placed 
on a sheet of parafilm. After that, a carbon-coated copper 
grid was floated on the drop at room temperature for 5 
min. Next, copper grid with exosomes adsorbed was then 
suspended in 2% phosphotungstic acid (pH 7.0, Sangon 
Biotech, Shanghai, China) for 5 seconds, and then excess 
liquid was carefully drained off. The morphology and 
ultrastructure of exosomes were subsequently observed 
with JEM-1400 (JEOL, Akishima, Japan) at 100 kV.

Western Blot Assay
Total protein was extracted by RIPA lysis buffer 
(Beyotime). The protein samples were denatured by heat-
ing at 100°C for 3–5 min, and then quantified by BCA 
protein assay kit (Abcam, Cambridge, UK). After that, 
protein samples (about 30 μg/lane) were loaded onto 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE). Next, the gels were transferred to polyviny-
lidene fluoride membranes (PVDF; Invitrogen). After 
blocking with 5% non-fat milk (Sangon Biotech), these 
membranes were then incubated for 12 h at 4°C with 
primary antibodies. The primary antibodies including 
TSG101 (1:500, ab30871), CD63 (1:1000, ab118307), 
CD9 (1:500, ab223052) B-cell lymphoma-2 (Bcl-2; 
1:1000, ab59348), BCL2-associated X protein (Bax; 
1:500, ab53154), MSI1 (1:1000, ab154497), and GAPGH 
(1:2000, ab37168) were purchased from Abcam. 
Subsequently, these membranes were continuously probed 
with secondary antibody (ab205718, 1:4000, Abcam). At 
last, protein bands were detected using enhanced chemilu-
minescence reagent (Tanon, Shanghai, China).

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Total exosomal RNAs were obtained using the exoRNeasy 
Midi Kit (Qiagen, Valencia, CA, USA). Total RNA from 
cells was isolated by TRIzol reagent (Invitrogen). Next, 
complementary DNA (cDNA) was synthesized by One 
Step PrimeScript cDNA Synthesis Kit (Takara, Tokyo, 
Japan) or miRNA cDNA synthesis kit (Ribobio, 
Guangzhou, China). Then, qRT-PCR reactions were per-
formed on ABI Prism 7900HT (Applied Biosystems, 
Foster city, CA, USA) using a SYBR Premix Ex Taq II 
(Takara). In this study, primers used for amplification were 
listed as follows: circ_IFT80, 5ʹ-TATGGGATAGTTA 
CGGCCGC-3ʹ (sense) and 5ʹ-TGGGATGCTCAT 
GAGGTTGT-3ʹ (anti-sense); IFT80, 5ʹ-AGCAGGCAAG 
CAGCTAATCA-3ʹ (sense) and 5ʹ-CTCCAGCAATC 
TGAGTGCCA-3ʹ (anti-sense); miR-296-5p, 5ʹ-GTATC 
CAGTGCAGGGTCCGA-3ʹ (sense) and 5ʹ-CGACGA 
GGGCCCCCCCT-3ʹ (anti-sense); MSI1, 5ʹ-GCTCGACT 
CCAAAACAATTGACC-3ʹ (sense) and 5ʹ-GGCTGAGCT 
TTCTTACATTCCAC-3ʹ (anti-sense); U6, 5ʹ-CTCGC 
TTCGGCAGCACATATACT-3ʹ (sense) and 5ʹ-ACGCTTC 
ACGAATTTGCGTGTC-3ʹ (anti-sense); glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH), 5ʹ-GGAGA 
AGCTGAGTCATGGGT-3ʹ; (sense) and 5ʹ- GGTGGGA 
GATCTGGTTTCCG-3ʹ (anti-sense). The expression of 
genes was calculated by 2-ΔΔCt method. U6 or GAPDH 
was used as an internal reference.

Actinomycin D Treatment
Actinomycin D (2 mg/mL, Sigma-Aldrich, St. Louis, MO, 
USA) was added into cells to block transcription, followed 
by RNA extraction. At last, the expression levels of 
circ_IFT80 and IFT80 mRNA were tested using qRT- 
PCR analysis.

Flow Cytometry
For analysis of cell cycle progression, cells were collected 
after treatment for 48 h, and then fixed with 70% ice-cold 
ethanol (Beyotime) at −20°C for 12 h. Next, the fixed cells 
were subsequently incubated with propidium iodide (PI; 
Sangon Biotech) and RNase A (Sangon Biotech) in the 
darkness for 15 min. At last, cell cycle distribution was 
determined by flow cytometer (Partec AG, Arlesheim, 
Switzerland). For the cell apoptosis analysis, cells were 
collected at 48 h post-treatment, and resuspended in 400 
μL of binding buffer. Next, the cells were then incubated 
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with 5 µL of Annexin V-fluorescein isothiocyanate (FITC) 
and 10 µL of PI (Sangon Biotech) in the darkness for 20 
min. The apoptotic cells were analyzed by flow cytometry.

Cell Proliferation Assay
Cell proliferation was measured by 3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide (MTT; Beyotime). 
In brief, 100 μL of cell suspension was seeded into 96-well 
plates. Twenty microliters of MTT was added to per well at 
different time points. After incubation for 3–4 h, the super-
natant was discarded and then 150 μL of methyl sulfoxide 
solution (DMSO; Beyotime) was added to dissolve for-
mazan product. The absorbance at 570 nm was determined 
by microplate reader (Bio-Rad).

Irradiation Treatment
Cells (SW480 and SW620) were treated with different 
doses of radiation (0, 2, 4, and 6Gy) by a linear accelerator 
(Varian, Palo Alto, CA, USA) at a dose rate of 3.5 Gy/min.

Colony Formation Assay
Treated cells (SW480 and SW620) were seeded into six- 
well plates and the medium was refreshed every 3 days. 
After 2 weeks of incubation, the colonies were fixed with 
4% paraformaldehyde (Beyotime). After that, the colonies 
were stained with crystal 0.1% violet (Beyotime). The 
number of colonies (one colony > 50 cells) was counted 
using a microscope (Leica, Wetzlar, Germany). Cell survi-
val fraction was calculated as previously described.29

Bioinformatics Prediction and 
Dual-Luciferase Reporter Assay
The putative binding sequence of miR-296-5p and 
circ_IFT80 or MSI1 was predicted by circinteractome or 
starBase. The circ_IFT80 or MSI1 3ʹUTR fragments con-
taining binding sequence for miR-296-5p were synthesized 
and inserted into pmirGlO luciferase reporter vector 
(Promega, Madison, WI, USA), thereby generating wild- 
type luciferase reporter plasmid (circ_IFT80-WT or MSI1- 
WT). Meanwhile, the mutated binding sites were used for 
the mutant reporter (circ_IFT80-MUT or MSI1-MUT) in 
the same way. Afterward, SW480 and SW620 cells were 
co-transfected with miR-296-5p or miR-NC and the con-
structed reporter plasmid for 48 h. At last, the luciferase 
activity was examined by Dual-Luciferase Reporter assay 
system (Promega), followed by normalization to the 
Renilla luciferase.

Tumor Formation Assay in vivo
A total of 12 BALB/c nude mice (female, 5 weeks, weigh-
ing 18 ± 2 g) were purchased from Vital River Laboratory 
Animal Technology Co., Ltd (Beijing, China). SW480 
cells were subcutaneously injected into the right flank of 
nude mice. These mice were randomly separated into two 
groups (6 mice per group). One week later, the collected 
exosomes containing circ_IFT80 or Vector was subse-
quently injected into mice via the tail vein (5 μg/mouse) 
every 3 days. The volume of tumor was monitored with 
calipers every week, followed by calculation of tumor 
volume with the following equation: length × width2 × 
0.5. All mice were sacrificed 4 weeks later, and tumor 
samples were resected, weighted and collected for further 
analysis. The animal experiments were approved by the 
Animal Care and Use Committee of The Seventh 
Affiliated Hospital, Sun Yat-sen University, and performed 
according to the guidelines for laboratory animal welfare 
(GB/T 35892–2018).

Statistical Analysis
All data from at least 3 independent experiments were 
shown as the mean ± standard deviation (SD) and ana-
lyzed by Graphpad Prism version 6.0 software (GraphPad 
Software, La Jolla, CA, USA). The statistical differences 
between groups two or more groups were analyzed by 
Student’s t-test and one-way analysis of variance 
(ANOVA). Statistical significance was considered when 
P<0.05.

Results
Circ_IFT80 Was Upregulated in 
Exosomes from CRC Patient Serum and 
CRC Cells
Exosomes were extracted from the serum of CRC patients. As 
shown in Figure 1A, serum-derived exosomes were observed 
under a TEM and the diameter of vesicles was about 40–60 
nm, which was in consistent with the morphological charac-
teristics of exosomes. The levels of exosome protein markers 
(TSG101, CD63 and CD9) were detected by Western blot. 
Results showed that TSG101, CD63 and CD9 were all highly 
enriched in the isolated exosomes (Figure 1B). In addition, the 
results of qRT-PCR demonstrated that circ_IFT80 expression 
was significantly increased in serum-derived exosomes from 
CRC patients compared to those derived from healthy indivi-
duals (Figure 1C). Moreover, circ_IFT80 level was also 
enhanced in SW480 and SW620 cells compared to that in 
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FHC cells (Figure 1D). Actinomycin D assay revealed that the 
half-life of circ_IFT80 transcript exceeded 24 h, while that of 
the IFT80 mRNA displayed about 8 h (Figure 1E and F), 
suggesting that circ_IFT80 transcript was more stable than 
linear IFT80 mRNA transcript in SW480 and SW620 cells. 
These results suggested that exosomes were successfully iso-
lated from serum of CRC patients and circ_IFT80 was over-
expressed in CRC.

Exosomal circ_IFT80 Promoted 
Tumorigenesis and Decreased 
Radiosensitivity of CRC Cells
Circ_IFT80 or Vector was electroporated into exosomes 
to determine whether circ_IFT80 was successfully over-
expressed. The data revealed that circ_IFT80 was upre-
gulated in exosomes electroporated with circ_IFT80 
(Exo-circ_IFT80) compared to exosomes electroporated 
with Vector (Exo-Vector) (Figure 2A). As shown in 
Figure 2B, circ_IFT80 and Vector could be delivered 
into CRC cells through exosomes. The expression of 
circ_IFT80 in CRC cells co-cultured with Exo-circ 
_IFT80 or Exo-Vector was detected by qRT-PCR. 
Results showed that Exo-circ_IFT80 obviously increased 
the expression of circ_IFT80 in SW480 and SW620 cells 

compared to Exo-Vector group (Figure 2C). Flow cyto-
metry analysis showed that fewer cells were distributed 
in the G0/G1 phase in Exo-circ_IFT80 group, while more 
cells were distributed in S phase (Figure 2D and E). MTT 
assay indicated that Exo-circ_IFT80 increased SW480 
and SW620 cell proliferation (Figure 2F and G), indicat-
ing that Exo-circ_IFT80 promoted the proliferation by 
blocking the CRC cell cycle to S phase. SW480 and 
SW620 cells were incubated with Exo-circ_IFT80 or 
Vector and then irradiated with 0 Gy to 6 Gy to explore 
the effect of Exo-circ_IFT80 on radiosensitivity. It was 
also showed that Exo-circ_IFT80 increased the survival 
rate of SW480 and SW620 cells exposed to radiation 
(Figure 2H and I). Moreover, radiation-induced apoptosis 
was decreased by Exo-circ_IFT80 in SW480 and SW620 
cells (Figure 2J and K). Furthermore, the expression 
levels of apoptosis-related proteins Bcl-2 (anti-apoptotic 
molecule) and Bax (pro-apoptotic molecule) were ana-
lyzed by Western blot assay. As displayed in Figure 2L 
and M, Exo-circ_IFT80 increased the protein level of 
Bcl-2 while decreased the protein expression of Bax 
with or without irradiation. Taken together, these findings 
indicated that Exo-circ_IFT80 increased tumorigenesis 
and decreased radiosensitivity of CRC cells.

Figure 1 Circ_IFT80 was increased in exosomes from CRC patient serum and CRC cells. (A) Representative image of exosomes from of CRC patient serum was presented 
by TEM. (B) Western blot assay was used to detect the protein levels of TSG101, CD63 and CD9 in exosomes and exosome-free serum. (C) The expression of circ_IFT80 
was detected by qRT-PCR in serum exosomes from CRC patients and healthy individuals. (D) The expression of circ_IFT80 was analyzed by qRT-PCR in CRC cells (SW480 
and SW620) and FHC cells. (E and F) The expression levels of circ_IFT80 and linear IFT806 were determined after treatment of actinomycin D by qRT-PCR. *P<0.05.
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MiR-269-5p Was a Direct Target of 
circ_IFT80
It is well known that circRNAs can act as ceRNAs to 
upregulate mRNAs through binding with miRNAs.30 To 

investigate the underlying molecular mechanisms of 
circ_IFT80 in CRC. Target miRNAs of circ_IFT80 were 
screened by circinteractome. As presented in Figure 3A, 
binding sites were observed between circ_IFT80 and miR- 

Figure 2 Exosomal circ_IFT80 accelerated tumorigenesis and reduced radiosensitivity in CRC cells. (A) The expression of circ_IFT80 was measured by qRT-PCR in exosomes electroporated 
with circ_IFT80 or Vector. (B) A schematic diagram of exosomes from CRC patient serum electroporated with circ_IFT80 or Vector into CRC cells was shown. (C–M) SW480 and SW620 cells 
were incubated with exosomes electroporated with circ_IFT80 (Exo-circ_IFT80) or Vector (Exo-Vector). (C) The expression of circ_IFT80 was determined by qRT-PCR. (D and E) Flow 
cytometry analysis was used to determine cell cycle distribution. (F and G) MTT assay was applied to assess cell proliferation. (H and I) Colony formation assay was used to evaluate survival fraction 
in SW480 and SW620 cells exposed to different doses of radiation. (J and K) Flow cytometry analysis was applied to detect cell apoptosis in SW480 and SW620 cells treated with or without 
radiation. (L and M) Western blot assay was performed to analyze the protein levels of Bcl-2 and Bax in SW480 and SW620 cells treated with or without radiation. *P<0.05.
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296-5p, which indicated an interaction relationship. To 
verify the targeting relationship between circ_IFT80 and 
miR-296-5p, dual-luciferase reporter assay was conducted. 
As illustrated Figure 3B and C, the luciferase activity of 
circ_IFT80-WT was markedly decreased after transfected 
with miR-296-5p, but transfection of miR-296-5p did not 
affect the luciferase activity of circ_IFT80-MUT. 
Moreover, we found that miR-296-5p expression was 
reduced by overexpression of circ_IFT80 (Figure 3D), 
suggesting that miR-296-5p was negatively regulated by 
circ_IFT80. Furthermore, it was observed that miR-296-5p 
was lowly expressed in CRC cells (SW480 and SW620) 
compared to that in FHC cells (Figure 3E). Collectively, 
these data indicated that circ_IFT80 acted as a sponge of 
miR-296-5p.

Overexpressed circ_IFT80 Facilitated 
CRC Cell Progression and Reduced 
Radiosensitivity by Downregulating 
miR-296-5p
Given that circ_IFT80 acted as a sponge of miR-296-5p, 
rescue experiments were performed to explore whether miR- 
296-5p was involved in circ_IFT80-mediated cellular 

behaviors and radiosensitivity. The results showed that miR- 
296-5p expression was blocked by circ_IFT80 transfection, 
which was restored by miR-296-5p upregulation (Figure 4A). 
Flow cytometry analysis indicated that circ_IFT80 upregula-
tion blocked SW480 and SW620 cells at G1/G0 phase and 
increased the proportions of cells in S phase, which was 
reversed by overexpression of miR-296-5p (Figure 4B and 
C). MTT assay demonstrated that enforced expression of miR- 
296-5p abated the promotive effect of circ_IFT80 overexpres-
sion on cell proliferation (Figure 4D and E). Next, we explored 
the effect of circ_IFT80 and miR-296-5p on radiosensitivity. 
As shown in Figure 4F and G, survival rate was significantly 
higher in circ_IFT80-overexpressing cells than that in Vector 
group after irradiation treatment, which could be abolished by 
miR-296-5p upregulation. Moreover, elevation of circ_IFT80 
could reduce the apoptotic rate of SW480 and SW620 cells 
without or with radiation, which could be reversed by miR- 
296-5p upregulation (Figure 4H and I). Furthermore, upregu-
lated circ_IFT80 increased the expression of Bcl-2 protein and 
decreased the expression of Bax protein in SW480 and 
SW620 cells with or without radiation, while these effects 
were reversed by upregulated miR-296-5p (Figure 4J 
and K). Taken together, these results revealed that 
circ_IFT80 could regulate tumorigenesis and radiosensitivity 
by sponging miR-296-5p in CRC cells.

Figure 3 Circ_IFT80 acted as a sponge of miR-296-5p in CRC cells. (A) The binding sites between circ_IFT80 and miR-296-5p were predicted by circinteractome. (B and 
C) SW480 and SW620 cells were co-transfected with miR-296-5p or miR-NC and circ_IFT80-WT or circ_IFT80-MUT for 48 h, and the luciferase activity was assessed using 
dual-luciferase reporter assay. (D) The expression of miR-296-5p was analyzed by qRT-PCR in SW480 and SW620 cells transfected with Vector or circ_IFT80. (E) The level 
of miR-296-5p was examined by qRT-PCR in CRC cells (SW480 and SW620) and FHC cells. *P<0.05.
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MSI1 Was a Direct Target of miR-296-5p 
in CRC Cells
Growing evidence has shown that miRNAs exert their func-
tions through binding to 3ʹUTR of target mRNAs.31 The 
possible target genes of miR-296-5p were predicted by 
starBase. As shown in Figure 5A, 3ʹUTR of MSI1 had 
potential binding sites for miR-296-5p, suggesting that 
MSI1 might be a target of miR-296-5p. Next, the dual- 
luciferase reporter assay was performed to verify whether 
miR-296-5p could directly target bind to MSI1. The results 
showed that miR-296-5p overexpression led to an obvious 
decrease in the luciferase activity of MSI1-WT, but it did not 
affect the luciferase activity of MSI1-MUT (Figure 5B and 
C). The expression of miR-296-5p was increased by miR- 
296-5p transfection and decreased by anti-miR-296-5p 
(Figure 5D), indicating that miR-296-5p and anti-miR-296- 
5p were successfully transfected. Next, we explored the 
effect of miR-296-5p on the expression of MSI1. The results 
of qRT-PCR and Western blot demonstrated that overexpres-
sion of miR-296-5p inhibited the mRNA and protein expres-
sion of MSI1, which was reversed by anti-miR-296-5p 

(Figure 5E and F). In addition, it was found that MSI1 
mRNA and protein levels were both increased in SW480 
and SW620 cells compared to that in FHC cells (Figure 5G 
and H). These results indicated that miR-296-5p directly 
targeted MSI1 and negatively regulated MSI1 expression.

MiR-296-5p Overexpression Inhibited 
Tumorigenesis and Improved 
Radiosensitivity by Downregulating MSI1 
in CRC Cells
To further explore whether miR-296-5p functions were regu-
lated by MSI1, rescue assays were performed. The results of 
qRT-PCR and Western blot showed that overexpression of 
miR-296-5p reduced the expression of MSI1, which was 
restored by addition of MSI1 (Figure 6A and B). Moreover, 
miR-296-5p upregulation induced cell cycle arrest at G1/G0 
phase and inhibited cell proliferation, which could be abol-
ished by upregulating MSI1 (Figure 6C–F). Moreover, the 
inhibitory effect of miR-296-5p on survival rate was over-
turned by overexpression of MSI1 in SW480 and SW620 
cells treated with radiation (Figure 6G and H). Furthermore, 

Figure 4 Overexpression of circ_IFT80 promoted tumorigenesis and decreased radiosensitivity by downregulating miR-296-5p in CRC cells. SW480 and SW620 cells were 
transfected with Vector, circ_IFT80, circ_IFT80 + miR-NC, or circ_IFT80 + miR-296-5p. (A) The expression of miR-296-5p was examined by qRT-PCR. (B and C) Cell cycle 
distribution was determined using flow cytometry analysis. (D and E) MTT assay was performed to assess cell proliferation. (F and G) Cell survival fraction was measured by 
colony formation assay in SW480 and SW620 cells exposed to different doses of radiation. (H and I) Flow cytometry analysis was utilized to detect cell apoptosis in SW480 
and SW620 cells treated with or without radiation. (J and K) The protein levels of Bcl-2 and Bax were analyzed by Western blot assay in SW480 and SW620 cells treated 
with or without radiation. *P<0.05.
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upregulation of miR-296-5p increased apoptosis, miR-296- 
5p overexpression and radiation further promoted apoptosis 
in SW480 and SW620 cells, which could be abated by over-
expressed MSI1 (Figure 6I and J). Besides, MSI1 elevation 
also abolished the effects of miR-296-5p on Bcl-2 and Bax 
(Figure 6K and L). These above findings indicated that miR- 
296-5p exerted its functions by targeting MSI1.

Exo-circ_IFT80 Promoted Tumor 
Growth in vivo
Lastly, we attempted to unveil the impact of Exo-circ_IFT80 
on CRC tumor formation in nude mice. SW480 cells were 
injected subcutaneously into nude mice to form tumor 
masses. One week later, Exo-circ_IFT80 or Exo-Vector was 
subsequently injected into the mice every 3 days. Similar to 
the in vitro analysis, Exo-circ_IFT80 enhanced tumor volume 
and weight (Figure 7A and B). Moreover, the expression of 
circ_IFT80 was increased and miR-296-5p expression was 
decreased in tumor tissues from Exo-circ_IFT80 group com-
pared to control group (Figure 7C and D). In addition, Exo- 
circ_IFT80 increased the mRNA and protein expression of 

MSI1 in tumor tissues (Figure 7E and F). All findings indi-
cated that Exo-circ_IFT80 also accelerated tumor growth by 
regulating miR-296-5p and MSI1 in vivo.

Discussion
CRC is an aggressive malignant tumor with the high 
recurrence rate, which is increasingly threatening people’s 
health.32 Radiotherapy is one of the effective strategies for 
CRC treatment.33 Nevertheless, the effects of exosomal 
circRNAs on radiosensitivity of CRC cells have not been 
fully elucidated. The aim of our study was to investigate 
the influence of exosomal circ_IFT80 on tumorigenesis 
and radiosensitivity of CRC.

Exosomes can be excreted into peripheral blood and 
widely spread in human fluids such as saliva, urine, blood, 
and breast milk.34 Many studies have suggested that exo-
somes are involved in regulating the tumor-normal com-
munication in the tumor microenvironment.35,36 Exosomes 
have been suggested to play critical roles in the initiation, 
development and progression of cancer, as well as chemo-
sensitivity and radiosensitivity.37,38 The interest in using 
exosomes as a therapeutic carrier for the in vivo delivery 

Figure 5 MSI1 was a downstream target of miR-296-5p in CRC cells. (A) The binding sequence between MSI1 and miR-296-5p was predicted by starBase. (B and C) 
SW480 and SW620 cells were co-transfected with MSI1-WT or MSI1-MUT and miR-NC or miR-296-5p, and then the luciferase activity was measured through dual- 
luciferase reporter assay. (D and E) The expression levels of miR-296-5p and MSI1 mRNA was determined by qRT-PCR in SW480 and SW620 cells transfected with miR- 
NC, miR-296-5p, anti-miR-NC, or anti-miR-296-5p. (F) The protein abundance of MSI1 was detected by Western blot analysis in SW480 and SW620 cells transfected with 
miR-NC, miR-296-5p, anti-miR-NC, or anti-miR-296-5p. (G and H) The mRNA and protein expression of MSI1 in CRC cells (SW480 and SW620) and FHC cells were 
analyzed by qRT-PCR and Western blot analyses, respectively. *P<0.05.
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of circRNA has increased dramatically over the past few 
years, due to its lowered immunogenicity.39 Considered 
about their availability and stability, exosomal circRNAs 
have been proposed as a novel cancer diagnostic tool and 
have prognostic value.14,40 Moreover, exosomal circRNAs 
also play essential roles in CRC. For instance, exosomal 
circPACRGL contributed to the progression of CRC by 
regulating miR-142-3p/miR-506-3p-TGF-β1 axis.41 

Exosome-delivered hsa_circ_0005963 facilitated glycoly-
sis to induced chemoresistance by the miR-122/PKM2 
axis in CRC.42 A previous report showed that circ_IFT80 
expression was upregulated in CRC serum exosomes, 
CRC tissues and CRC cells, circ_IFT80 silencing 

repressed cell proliferation while accelerated apoptosis 
through miR-1236-3p/HOXB7 axis in CRC.15 However, 
the role of exosomal circ_IFT80 in tumorigenesis and 
radiosensitivity of CRC have not been reported. In this 
research, we found that circ_IFT80 was upregulated in 
serum-derived exosomes from CRC patients and CRC 
cells. Functionally, exosomal circ_IFT80 or circ_IFT80 
upregulation increased the proliferation of CRC cells via 
promoting cell cycle, and exosomal circ_IFT80 or 
circ_IFT80 overexpression reduced radiosensitivity by 
promoting survival and decreasing apoptosis, indicating 
that exosomal circ_IFT80 could promote tumorigenesis 
and suppress radiosensitivity in CRC cells.

Figure 6 MiR-296-5p suppressed tumorigenesis and increased radiosensitivity by targeting MSI1 in CRC cells. SW480 and SW620 cells were transfected with miR-NC, miR- 
296-5p, miR-296-5p + pcDNA, or miR-296-5p + MSI1. (A and B) MSI1 mRNA and protein expression were measured by qRT-PCR and Western blot analyses, respectively. 
(C and D) Cell cycle distribution was detected using flow cytometry analysis. (E and F) Cell proliferation was evaluated by MTT assay. (G and H) Colony formation assay 
was applied to determine cell survival fraction in SW480 and SW620 cells exposed to different doses of radiation. (I and J) Cell apoptosis was examined by flow cytometry 
analysis in SW480 and SW620 cells irradiated with 0 Gy or 6 Gy. (K and L) Western blot assay was conducted to detect the protein levels of Bcl-2 and Bax in SW480 and 
SW620 cells irradiated with 0 Gy or 6 Gy. *P<0.05.
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Mechanistically, circRNAs play a role in human malig-
nant tumors through competitively binding to miRNAs and 
regulating the expression of target genes.43 Subsequently, the 
underlying mechanism of how circ_IFT80 exerted its func-
tions was explored. Through bioinformatics analysis (circin-
teractome) and dual-luciferase reporter assay, miR-296-5p 
was found to be a target of circ_IFT80. MiR-296-5p has 
been suggested to play a tumor-suppressive role in many 
cancers. For example, Lee et al revealed that miR-296-5p 
functioned as a tumor suppressor via targeting PIK3R1 in 
prostate cancer.44 Moreover, Xu et al proved that miR-296- 
5p exerted the anti-tumor role in lung cancer by targeting 
PLK1.45 Furthermore, Zhang et al. pointed out that miR-296 
suppressed cell proliferation and facilitated cell apoptosis in 
CRC via regulating ARRB1-mediated AKT activation.46 

MiR-296-5p has also been reported to be associated with 
the resistance of laryngeal carcinoma to radiotherapy.47 In 
this study, miR-296-5p was lowly expressed in CRC cells. 
Additionally, miR-296-5p overexpression reversed the 
effects of circ_IFT80 on promoting cell proliferation and 
reducing radiosensitivity in CRC cell, suggesting 
circ_IFT80 exerted its functions by regulating miR-296-5p.

Previous studies have demonstrated that miRNAs partici-
pate in regulating cancer progression and radiosensitivity by 
binding to their target mRNAs.48,49 Next, the possible targets 
of miR-296-5p were predicted by starBase. Due to its tumor- 

promotive effect, MSI1 was selected as a candidate target gene 
of miR-296-5p. Then, we demonstrated that MSI1 was directly 
targeted by miR-296-5p. MSI1 has been reported to act as 
a diagnostic marker and potential therapeutic target in some 
cancers.50 Moreover, MSI1 is a critical regulator in tumorigen-
esis and progression of several cancers. For instance, Yang et al 
pointed out that upregulation of MSI1 weakened the anti- 
cancer role of miR-331 in gastric cancer.51 Gao et al stated 
that MSI1 was highly expressed in colon cancer tissues, and its 
downregulation inhibited the growth of colon cancer by target-
ing p21cip1.52 Moreover, Araujo et al revealed that MSI1 
could affect radioresistance via controlling DNA-protein 
kinase catalytic subunit in glioblastoma.53 Smith et al illu-
strated that MSI1 was upregulated in CRC tissue samples, 
miR-137 acted as a tumor-suppressive miRNA by targeting 
MSI1.27 In this research, MSI1 was found to be upregulated in 
CRC cells. Rescue assays indicated MSI1 upregulation abol-
ished the effects of miR-296-5p on reduction of tumorigenesis 
and enhancement of radiosensitivity in CRC cells. In addition, 
in vivo experiments demonstrated that exosomal circ_IFT80 
promoted tumor growth by inhibiting miR-296-5p and increas-
ing MSI1 expression.

In conclusion, our study revealed that exosomal 
circ_IFT80 cells could promote cell proliferation and cell 
cycle progression as well as decrease apoptosis and radiosen-
sitivity in CRC cells via regulating miR-296-5p/MSI1 axis. 

Figure 7 Exosomal circ_IFT80 facilitated tumor growth in vivo. SW480 cells were inoculated subcutaneously into the nude mice. 1 week later, Exo-circ_IFT80 or Exo- 
Vector was subsequently injected into mice. (A) Tumor volume was monitored every week. (B) Tumor weight was measured 4 weeks later. (C–E) The expression levels of 
circ_IFT80, miR-296-5p and MSI1 mRNA were determined by qRT-PCR in the collected tissues. (F) MSI1 protein abundance in the collected tissues was detected by 
Western blot assay. *P<0.05.
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Our study not only provided novel insight into the roles of 
exosomes in CRC but also offered a promising biomarker for 
the diagnosis or treatment for CRC.

Highlights
● Exosomal circ_IFT80 was upregulated in CRC.
● Exosomal circ_IFT80 enhanced tumorigenesis and 

inhibited radiosensitivity by downregulating miR-296- 
5p.

● MiR-296-5p suppressed tumorigenesis and improved 
radiosensitivity by targeting MSI1.

● MiR-296-5p could directly bind to circ_IFT80, and 
MSI1 was a target of miR-296-5p.
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