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Radioresistance is an important cause of cancer treatment failure. Circular RNAs (circRNAs) play crucial roles in cancer 
development, including the radioresistance. This research aimed to determine the function and related mechanism of 
circ_0086720 in the radioresistance of non-small cell lung cancer (NSCLC). The expression of circ_0086720, miR-375, 
and Spindlin 1 (SPIN1) was measured using a quantitative real-time polymerase chain reaction (qRT-PCR). Cell survival 
fraction was analyzed using colony formation assay, and cell apoptosis was monitored by flow cytometry assay. The activities 
of caspase 3 and caspase 9 were assessed using the corresponding commercial kits. The protein levels of SPIN1 and γH2AX 
were detected by western blot. Bioinformatics analysis was performed to predict the targets of circ_0086720 and miR-375. 
Dual-luciferase reporter assay, RNA immunoprecipitation (RIP) assay, and RNA pull-down assay were conducted to validate 
the interaction between miR-375 and circ_0086720 or SPIN1. The animal model was constructed to ascertain the role of 
circ_0086720 in vivo. The expression of circ_0086720 and SPIN1 was increased in the radioresistant NSCLC tissues, while 
miR-375 expression was decreased. The circ_0086720 knockdown sensitized NSCLC cells to the radiation to further inhibit 
cell survival and induce cell apoptosis. Circ_0086720 targeted miR-375 and suppressed miR-375 expression, and miR-375 
bound to SPIN1 to impair SPIN1 expression. miR-375 deficiency or SPIN1 overexpression could attenuate circ_0086720 
knockdown-mediated radiosensitivity. The circ_0086720 knockdown also enhanced radiosensitivity to further block tumor 
growth in vivo. To conclude, circ_0086720 downregulation enhanced the sensitivity of NSCLC to radiation by regulating the 
miR-375/SPIN1 axis, contributing to the improvement of the radiotherapies in NSCLC. 
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Lung cancer is still the most common and prevalent malig-
nant tumor, which is an important cause of threat to people’s 
survival [1]. NSCLC is the main subtype of lung cancer, 
accounting for more than 85% of all lung cancer cases [2]. 
Radiotherapy is currently the main non-surgical treatment 
for NSCLC and destroys the DNA of tumor cells, leading to 
cell death [3]. However, the efficacy of radiotherapy is limited 
because of acquired radioresistance during the treatment, 
leading to a poor prognosis [4–6]. Accumulating evidence 
shows that biomarkers, such as non-coding RNAs (ncRNAs), 
play a substantial role in the prediction of radioresistance 
[7]. Therefore, exploring the mechanism of radiotherapy 
resistance and identifying new therapeutic targets will help 
improve the effectiveness of radiotherapy.

Circular RNAs (circRNAs), a class of ncRNAs, generate 
from precursor mRNAs by “back-splicing” [8]. CircRNAs are 
different from linear mRNAs due to their unique closed-loop 
structure without 5’ end cap and a 3’ end tail [9]. Therefore, 
they have higher stability compared to linear RNAs and are 

more suitable as biomarkers in different human diseases [10]. 
Recently, circRNAs were reported to be dysregulated in radio-
resistant and radiosensitive tumor tissues and play functions 
in radioresistance in various cancers [11, 12], such as 
circ_0001313 in colon cancer [13], circ_100367 in esophageal 
squamous cell carcinoma [14], and circ_000543 in nasopha-
ryngeal carcinoma [15]. In NSCLC, numerous circRNAs 
were documented to promote or suppress cancer progression 
[16, 17]. However, related research of circRNAs in radiore-
sistance in NSCLC is still lacking. A previous study provided 
several differently expressed circRNAs between radioresistant 
and radiosensitive esophageal cancer cells, and circ_0086720 
(circRNA_104763), deriving from UBAP2, was one of the 
upregulated circRNAs in radioresistant esophageal cancer 
(EC) cells compared with that in radiosensitive EC cells [11]. 
It is worth exploring whether circ_0086720 has abnormal 
expression and special function in radioresistant NSCLC.

microRNAs (miRNAs) are a cluster of short and conser-
vative ncRNAs and play important roles in tumor initia-
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tion, development, and inhibition [18]. Studies indicated 
that miRNAs were associated with radiotherapy and novel 
targeted therapy [19]. miR-375 was demonstrated to be 
downregulated in NSCLC and act as a tumor suppressor to 
block NSCLC progression [20]. However, its role in radio-
resistance of NSCLC is lacking. Spindlin 1 (SPIN1) is one 
membrane of the SPIN/SSTY family and closely associ-
ated with spindle organization and chromosomal stability 
[21]. Recently, SPIN1 acted as an oncogene to promote the 
development of various cancers and was regarded as an ideal 
biomarker in cancer treatment [22]. Besides, SPIN1 overex-
pression was always linked to enhanced chemoresistance in 
cancers [23]. However, little is known of SPIN1 action in 
NSCLC radioresistance and relevant mechanism.

At present, we distinguished the expression of circ_0086720 
in radioresistant and radiosensitive NSCLC tissues. Loss-
function experiments were performed to investigate the 
function of circ_0086720 in radioresistance in NSCLC cells 
and mice models. In addition, the interaction of miR-375 and 
circ_0086720 or SPIN1 was validated. This paper intended 
to provide a potential mechanism of circ_0086720 in under-
standing NSCLC development with radioresistance.

Patients and methods

Tissues. Tumor specimens and adjacent normal tissue 
specimens were collected from 52 NSCLC patients recruited 
from the Affiliated Hospital of the Hebei University of 
Engineering. All patients were pathologically diagnosed with 
NSCLC and did not receive any chemotherapy or radio-
therapy before. After receiving radiotherapy, the radiotherapy 
response was evaluated to determine the radiotherapy resis-
tance and sensitivity. That was, the tumor volume reduc-
tion rate less than 30% was considered to be radioresistant, 
and tumor volume reduction rate > 30% was considered to 
be radiosensitive or partially sensitive. All specimens were 
collected during tumor resection, immediately placed in 
liquid nitrogen, and stored at –80 °C. All patients signed 
informed consent before surgery. This study was conducted 
with the approval of the Ethics Committee of the Affiliated 
Hospital of the Hebei University of Engineering.

Cell lines. NSCLC cells (A549 and H1299) and normal 
bronchial epitheliums (BEAS-2B) purchased from Procell 
Co., Ltd. (Wuhan, China) were cultured in 90% Roswell 
Park Memorial Institute 1640 (RPMI 1640; Procell Co., Ltd.) 
medium containing 10% fetal bovine serum (FBS, Procell 
Co., Ltd.) and bronchial epithelial cell growth medium 
(Procell Co., Ltd.) containing 10% FBS, respectively. All cells 
were maintained in the corresponding medium and placed at 
37 °C conditions containing 5% CO2.

Cell transfection. Small interference RNA targeting 
circ_0086720 (si-circ#1 and si-circ#2), short hairpin RNA 
lentiviral vector targeting circ_0086720 (sh-circ) and 
their negative control (si-NC or sh-NC) were assembled 
by GeneCopoeia (Guangzhou, China). miR-375 mimics 

(miR-375), inhibitors (anti-miR-375) and their negative 
controls (miR-NC and anti-NC) were purchased from 
Ribobio (Guangzhou, China), SPIN1 overexpression vector 
(oe-SPIN1), and its control (vector) were constructed using 
pcDNA3.1 overexpression vector by Ribobio. For cell trans-
fection, A549 and H1299 cells (1×106) were introduced with 
the above transfection using Lipofectamine 3000 Reagent 
(Invitrogen, Carlsbad, CA, USA).

Radiation treatment. Cells seeded into 96-well plates 
were exposed to 6-MV X-ray irradiation at a dose rate of 2 
Gy/min by a linear accelerator (Varian Medical Systems, Palo 
Alto, CA, USA), with a total dose of 0, 2, 4, or 8 Gy. After 24 
h, cells were collected for the following analyses.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was obtained using TRIzol reagent 
(Invitrogen) and subjected to reverse transcription using the 
First-Strand Synthesis SuperMix for qRT-PCR (Invitrogen) 
for circ_0086720 and SPIN1 or using the TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems, Foster City, 
CA, USA) for miR-375. Subsequently, qRT-PCR was carried 
out using the SYBR Green PCR master mix (Applied Biosys-
tems) in line with its protocol. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) served as an endogenous control 
to normalize circ_0086720 and SPIN1 expression, and U6 
served as an endogenous control for miR-375. The relative 
expression was assessed using the 2–ΔΔCt method. The primer 
sequences were: circ_0086720, F: 5’-AAGCCTCAGAAGC-
CAACTCC-3’ and R: 5’-GTCACTTCCATAAGCAGGC-
TCT-3’, miR-375, F: 5’-TGCGGTTTGTTCGTTCGGCT-3’ 
and R: 5’-CAGTGCAGGGTCCGAGGT-3’, SPIN1, F: 
5’-CAGAGCTGATGCAGGCCAT-3’ and R: 5’-ACTGGG-
TAACAGGGCCATTG-3’. GAPDH, F: 5’- TGCACCAC-
CAACTGCTTA-3’ and R: 5’-GGATGCAGGGATGAT-
GTTC-3’, U6, F: 5’-GCTTCGGCAGCACATATACTAAA-
AT-3’ and R: 5’- CGCTTCACGAATTTGCGTGTCAT-3’.

Colony formation assay. Cell survival fraction was deter-
mined by a colony-forming assay. Briefly, 1×105 cells with 
different transfection were plated into a 6-well plate and 
subjected to different doses of radiation (0, 2, 4, and 8 Gy). 
The plate was then placed into a 37 °C incubator for 12 d for 
colony formation. After that, the colonies were washed with 
phosphate-buffered saline (PBS), fixed with formaldehyde, 
and stained with crystal violet. The colony phenotype was 
observed under a microscope. A colony containing >50 cells 
was served as one colony. The survival fractions (SFs) were 
calculated following the equation: the number of colonies/
(number of plated cells × plating efficiency) [24].

Flow cytometry assay. Cells with different transfection 
were exposed to radiation. For apoptosis assay, cells were 
harvested at 24 h post-radiation and stained with Annexin 
V-fluorescein isothiocyanate (FITC) and propidium iodide 
(PI) using the Annexin V-FITC Apoptosis Detection Kit 
(Beyotime, Shanghai, China) according to the instructions. 
Flow cytometry assay was performed using a FACScan flow 
cytometer (BD Bioscience; San Jose, CA, USA).
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Caspase 3 and caspase 9 activity detection. Cells with 
different transfection and exposed to radiation were collected 
and washed with PBS. Then, the activities of caspase 3 and 
caspase 9 were detected using the Caspase 3 activity assay 
kit (Beyotime) and Caspase 9 activity assay kit (Beyotime), 
respectively. All procedures were conducted in agreement 
with the instructions.

Western blot. Western blot was performed to detect the 
expression of γH2AX (a marker of DNA damage and repair) 
and SPIN1. The isolated proteins were separated and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes. After 
incubation with block buffer, the membranes were exposed 
to the primary antibodies: anti-γH2AX (ab2893; Abcam 
Cambridge, MA, USA), anti-SPIN1 (ab118784; Abcam), and 
anti-GAPDH (ab9485; Abcam). After that, the membranes 
were exposed to goat anti-rabbit secondary antibody 
(ab205718; Abcam). Finally, the protein blots were emerged 
using the enhanced chemiluminescence plus (Beyotime).

Bioinformatics analysis. The target miRNAs were 
predicted using the Circinteractome (https://circinterac-
tome.nia.nih.gov/). The target mRNAs of miR-375 were 
predicted using the starBase (http://starbase.sysu.edu.cn/).

Dual-luciferase reporter assay. Wild-type and mutant 
nucleotide sequences (mutated at the binding site) of 
circ_0086720 and SPIN1 3’UTR were inserted into the 
pmirGLO vector (Promega, Madison, WI, USA) to generate 
luciferase reporter plasmids, naming as WT-circ_0086720, 
MUT-circ_0086720, WT-SPIN1 3’UTR, and MUT-SPIN1 
3’UTR, respectively. A549 and H1299 cells plated into 96-well 
plates were transfected with miR-375 (50 nM) or a miR-NC 
and WT-circ_0086720, MUT-circ_0086720, WT-SPIN1 
3’UTR, or MUT-SPIN1 3’UTR, respectively. Cells after 
transfection were incubated for 48 h and collected for lucif-
erase activity detection using the dual-luciferase reporter 
assay (Promega).

RNA immunoprecipitation (RIP) assay. RIP assay 
was conducted according to the experimental procedures 
from the EZ-Magna RIP kit (Millipore, Billerica, MA, 
USA). Antibodies against Argonaute 2 (Ago2; Abcam) and 
Immunoglobulin G (IgG; Abcam) were utilized for RIP. The 
immunoprecipitated RNAs were isolated, and qRT-PCR was 
performed in line with the abovementioned methods to 
detect the expression of circ_0086720 and miR-375.

RNA pull-down assay. miR-375 and miR-NC were 
labeled using biotin by Ribobio, terming as bio-miR-375 
and bio-miR-NC. A549 and H1599 cells were transfected 
with bio-miR-375 or bio-miR-NC and lysed in Lysis Buffer 
from the Pierce Magnetic RNA-Protein Pull-Down Kit 
(Thermo Fisher Scientific, Waltham, MA, USA). Then the 
lysates were reacted with streptavidin magnetic beads at 4 °C 
overnight. Finally, the bound RNAs were eluted and isolated 
for qRT-PCR assay to detect the expression of circ_0086720.

Tumor growth in vivo. Animal experimental procedures 
obtained the authorization of the Animal Care and Use 
Committee of the Affiliated Hospital of the Hebei University 

of Engineering. BALB/c nude mice (male, aged 4–6 weeks, 
n=15) were purchased from Vital River Laboratories (Beijing, 
China) and housed in standard conditions. A549 cells trans-
fected with sh-circ or sh-NC were cultured in culture medium 
to 70–80% density. The nude mice were randomly separated 
into three groups (n=5/group) and injected with a density of 
2×106 A549 cells (with sh-NC transfection for two groups and 
with sh-circ for one group) in the left flank. Tumor growth 
was monitored frequently until the tumor volume reached 
an average volume of 300 mm3. Then, a group of mice with 
sh-NC transfection and a group of mice with sh-circ trans-
fection were irradiated with a dose of 4 Gy once every day 
for 5 days. Tumor volume was measured once a week after 
radiation. At 28th day post-radiation, all mice were sacrificed 
by cervical dislocation and used for subsequent experiments. 
The tumor volume was calculated according to the formula: 
0.5 × length × width2.

Statistics analysis. Data were obtained from three 
independent biological experiments and processed using 
GraphPad Prism 7.0 software (GraphPad Prism, La Jolla, 
CA, USA). The results of the data were shown as the mean ± 
standard deviation. Differences between the two groups were 
analyzed by Student’s t-test. A one-way analysis of variance 
plus Tukey post hoc test was conducted to evaluate the differ-
ences among multiple groups. The expression correlations 
between miR-375 and circ_0086720 or SPIN1 in NSCLC 
tissues were assessed using Spearman’s correlation analysis. 
A p-value <0.05 represented statistically significant differ-
ence.

Results

Circ_0086720 was highly expressed in radioresistant 
NSCLC tissues, while miR-375 was weakly expressed. 
Circ_0086720 was generated from UBAP2 mRNA by back-
splicing, and the schematic was depicted to illustrate the 
generation of circ_0086720 (Figure 1A). The expression of 
circ_0086720 and miR-375 was detected in clinical tissues, 
and the data manifested that the expression of circ_0086720 
was strikingly increased in NSCLC tissues compared 
with normal tissues, while the expression of miR-375 was 
notably declined in NSCLC tissues compared with normal 
tissues (Figures 1B, 1C). Through the Spearman’s correla-
tion analysis, miR-375 expression was negatively correlated 
with circ_0086720 expression in NSCLC tissues (Figure 1D). 
Besides, higher expression of circ_0086720 was observed in 
radioresistant NSCLC tissues compared to radiosensitive 
NSCLC tissues, while the expression of miR-375 in radiore-
sistant NSCLC tissues was lower than that in radiosensitive 
NSCLC tissues (Figures 1E, 1F). These data suggested that 
circ_0086720 and miR-375 were dysregulated in NSCLC 
tissues, partially in radioresistant NSCLC tissues.

Circ_0086720 knockdown enhanced radiosensi-
tivity in NSCLC cells to inhibit colony formation and 
induce apoptosis. The expression of circ_0086720 was 
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(4 Gy) (Figure 2E). Additionally, the activities of caspase 3 
and caspase 9 were induced in 4 Gy radiation-treated cells, 
and si-circ#1 transfection further motivated their activities 
compared with si-NC transfection (Figures 2F, 2G). The 
expression of γH2AX was also promoted in 4 Gy radiation-
treated cells, and si-circ#1 transfection further strength-
ened its expression (Figure 2H). These data suggested that 
circ_0086720 knockdown could enhance radiosensitivity of 
NSCLC cells, inducing cell apoptosis.

miR-375 was a target of circ_0086720. Subsequently, we 
performed experiments to validate the interaction between 
circ_0086720 and miR-375. The expression of miR-375 was 
significantly declined in A549 and H1299 cells compared with 
that in BEAS-2B cells (Figure 3A). After obtaining miR-375 
from the bioinformatics tool (Circinteractome), the wild-
type sequence of circ_0086720 was mutated at the miR-375 
binding site to generate a mutant sequence of circ_0086720, 
and two sequences were inserted into the downstream of 
pmiRGLO vector to conduct dual-luciferase reporter assay 

also markedly elevated in A549 and H1299 cells compared 
with that in BEAS-2B cells (Figure 2A). We used siRNA 
to weaken circ_0086720 expression, and the efficiency of 
interference was detected by qRT-PCR. The data showed 
that circ_0086720 was significantly downregulated in A549 
and H1299 cells after transfection of si-circ#1 and si-circ#2 
(Figure 2B). The expression of circ_0086720 decreased more 
in cells transfected with si-circ#1 than with si-circ#2, thus 
cells transfected with si-circ#1 were used for the following 
experiments. A549 and H1299 cells were exposed to radiation 
(0, 2, 4, and 8 Gy), and the colony formation assay presented 
that the survival fraction of cells transfected with si-circ#1 
or si-NC was both declined in a dose-independent manner. 
Besides, the survival fraction was significantly lower in cells 
transfected with si-circ#1 compared to si-NC (Figures 2C, 
2D). Compared to no radiation, 4 Gy radiation significantly 
induced cell apoptosis, and the apoptosis rate was remark-
ably promoted in cells transfected with si-circ#1 compared 
to si-NC in A549 and H1299 cells exposed to radiation 

Figure 1. Circ_0086720 was upregulated in NSCLC tissues, while miR-375 was downregulated in NSCLC tissues. A) Schematic illustrated the genera-
tion of circ_0086720. B, C) The expression of circ_0086720 and miR-375 in NSCLC tissues (n=52) and normal tissues (n=52) was detected by qRT-PCR. 
D) The correlation between miR-375 expression and circ_0086720 expression in NSCLC tissues was analyzed by Spearman’s correlation analysis. E, 
F) The expression of circ_0086720 and miR-375 in radiosensitive (n=29) or radioresistant (n=23) NSCLC tissues was detected by qRT-PCR. *p<0.05
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(Figure 3B). The introduction of miR-375 notably reinforced 
the expression of miR-375 compared to miR-NC (Figure 3C), 
and miR-375 reintroduction significantly diminished the 
luciferase activity in A549 and H1299 cells transfected with 
WT-circ_0086720 but not MUT-circ_0086720 compared 
with the miR-NC introduction (Figure 3D). In addition, both 
circ_0086720 and miR-375 were abundantly detected in the 
Ago2 RIP group compared to the IgG RIP group (Figure 3E). 
Moreover, RNA pull-down assay uncovered that circ_0086720 

was substantially enriched by bio-miR-375 in A549 and 
H1299 cells but not bio-miR-NC (Figure 3F). Additionally, 
miR-375 expression was dramatically reinforced in cells after 
circ_0086720 knockdown (Figure 3G). All data disclosed 
that miR-375 was targeted by circ_0086720.

miR-375 deficiency reversed circ_0086720 knockdown-
mediated radiosensitivity in A549 and H1299 cells. The 
expression of miR-375 was prominently lessened in A549 
and H1299 cells transfected with anti-miR-375 compared 

Figure 2. Circ_0086720 knockdown strengthened radiosensitivity in vitro. A) The expression of circ_0086720 in BEAS-2B, A549, and H1299 cells was 
measured by qRT-PCR. B) The efficiency of circ_0086720 knockdown was checked by qRT-PCR. C, D) The effect of circ_0086720 on colony formation 
in radiation-treated A549 and H1299 cells was assessed by colony formation assay. E) Cell apoptosis was detected using a flow cytometry assay. F, G) 
The activities of caspase 3 and caspase 9 were monitored using the corresponding kits. H) The expression of γH2AX was measured by western blot. 
*p<0.05
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to anti-NC (Figure 4A). Then, A549 and H1299 cells were 
transfected with si-circ#1+anti-miR-375 or si-circ#1+anti-
NC to ascertain the interaction between circ_0086720 and 
miR-375. In A549 and H1299 cells exposed to radiation (0, 
2, 4, and 8 Gy), the survival fraction was substantially recov-
ered by si-circ#1+anti-miR-375 transfection compared with 
si-circ#1+anti-NC transfection (Figure 4B). Besides, si-circ#1 
transfection strengthened the effects of radiation to further 
promote cell apoptosis, however, anti-miR-375 reintroduc-
tion weakened these effects to diminish the apoptosis rate 
(Figure 4C). Caspase 3 and caspase 9 activities stimulated by 
radiation treatment were further promoted by circ_0086720 
knockdown but partly inhibited by simultaneous miR-375 
deficiency (Figure 4D, 4E). The expression of γH2AX also 
induced by radiation treatment was further activated by 
circ_0086720 knockdown but partly decreased by simulta-
neous miR-375 deficiency (Figure 4F). These data suggested 

that circ_0086720 knockdown enhanced radiosensitivity 
partly by enriching the expression of miR-375.

miR-375 bound to SPIN1, which was upregulated in 
radioresistant NSCLC tissues. We further identified the 
potential target mRNAs of miR-375 by starBase, and SPIN1 
was one of the targets of miR-375. The wild-type sequence 
of SPIN1 3’UTR (harboring miR-375 binding site) and 
the mutant sequence of SPIN1 3’UTR (harboring mutated 
miR-375 binding site) were inserted into the pmiRGLO 
vector (Figure 5A), and the data from dual-luciferase 
reporter assay showed that miR-375 reintroduction promi-
nently reduced the luciferase activity in A549 and H1299 cell 
with WT-SPIN1 3’UTR transfection but not MUT-SPIN1 
3’UTR transfection (Figures 5B, 5C). Besides, SPIN1 expres-
sion was weakened in A549 and H1299 cells after miR-375 
enrichment but significantly promoted in cells after miR-375 
deficiency (Figures 5D, 5E). The expression of SPIN1 was 

Figure 3. miR-375 was a target of circ_0086720. A) The expression of miR-375 in BEAS-2B, A549, and H1299 cells was detected by qRT-PCR. B) The 
binding site between circ_0086720 and miR-375 was obtained from the bioinformatics tools (Circinteractome). C) The expression of miR-375 in A549 
and H1299 cells transfected with miR-375 or miR-NC was detected by qRT-PCR. D) Dual-luciferase reporter assay, E) RIP assay and F) RNA pull-down 
assay was performed to validate the interaction between circ_0086720 and miR-375. G) The expression of miR-375 in cells transfected with si-circ#1 
or si-NC was detected by qRT-PCR. *p<0.05
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aberrantly upregulated in A549 and H1299 cells compared 
with BEAS-2B cells (Figure 5F), and SPIN1 expression was 
also elevated in NSCLC tissues (n=52) compared to normal 
tissues (n=52) (Figure 5G, 5H). Moreover, the expression 
of SPIN1 was significantly higher in radioresistant NSCLC 
tissues (n=23) compared to radiosensitive NSCLC tissues 
(n=29) (Figure 5I, 5J). Furthermore, miR-375 expression 
was negatively correlated with SPIN1 expression in NSCLC 
tissues (Figure 5K). These data manifested that SPIN1 was 
a target of miR-375, and SPIN1 was highly expressed in 
NSCLC tissues, particularly in radioresistant NSCLC tissues.

SPIN1 overexpression reversed circ_0086720 knock-
down-mediated radiosensitivity in A549 and H1299 
cells. The expression of SPIN1 was impaired in A549 and 
H1299 cells transfected with si-circ#1+anti-NC compared to 
si-NC+anti-NC but substantially restored in cells transfected 
with si-circ#1+anti-miR-375 compared to si-circ#1+anti-
NC (Figure 6A), suggesting that circ_0086720 knock-
down diminished the expression of SPIN1 by regulating 
miR-375. Then, we increased the expression of SPIN1 to 
perform rescue experiments. The expression of SPIN1 was 
significantly reinforced in cells transfected with oe-SPIN1 

Figure 4. miR-375 deficiency attenuated the enhancement effect of circ_0086720 knockdown on radiosensitivity. A) The expression of miR-375 in A549 
and H1299 cells transfected with anti-miR-375 or anti-NC was detected by qRT-PCR. B) Colony formation assay determined colony formation abil-
ity in different doses of radiation-treated A549 and H1299 cells with si-circ#1+anti-miR-375 or si-circ#1+anti-NC transfection. In A549 and H1299 
cells exposed to 0 or 4 Gy radiation and transfected with si-NC+anti-NC, si-circ#1+anti-miR-375 or si-circ#1+anti-NC, C) cell apoptosis was assessed 
by flow cytometry assay. D, E) The activities of caspase 3 and caspase 9 were measured using the corresponding kits. F) The expression of γH2AX was 
examined using western blot. *p<0.05
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compared to vector (Figure 6B). In A549 and H1299 cells 
treated with radiation (0. 2, 4, and 8 Gy), the decreased 
survival fraction caused by circ_0086720 knockdown was 
substantially restored by the reintroduction of oe-SPIN1 
(Figure 6C). In addition, 4 Gy radiation treatment-induced 
cell apoptosis was further stimulated in cells transfected 
with si-circ#1+vector compared to si-NC+vector but largely 

suppressed in cells transfected with si-circ#1+oe-SPIN1 
compared to si-circ#1+vector (Figure 6D). The activities of 
caspase 3 and caspase 9 were further reinforced in the 4 Gy+si-
circ#1+vector group compared to the 4 Gy-si-NC+vector 
group but partially suppressed in the 4 Gy+si-circ#1+oe-
SPIN1 group compared to the 4 Gy+si-circ#1+vector group 
(Figures 6E, 6F). The expression of γH2AX displayed the 

Figure 5. SPIN1 was bound by miR-375. A) The binding site between miR-375 and SPIN1 was analyzed by starBase. B, C) Dual-luciferase reporter assay 
was conducted to validate the interaction between miR-375 and SPIN1. D, E) The expression of SPIN1 in A549 and H1299 cells transfected with miR-
375 or anti-miR-375 was detected by western blot. F) The expression of SPIN1 in BEAS-2B, A549, and H1299 cells was detected by western blot. G, H) 
The expression of SPIN1 in NSCLC tissues (n=52) and normal tissues (n=52) was detected by qRT-PCR and western blot. I, J) The expression of SPIN1 
in radioresistant (n=23) or radiosensitive (n=29) NSCLC tissues was detected by qRT-PCR and western blot. K) The correlation between miR-375 and 
SPIN1 was analyzed by Spearman’s correlation analysis. *p<0.05
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same tendency as caspase 3 and caspase 9 activities in A549 
and H1299 cells with different transfection (Figure 6G). These 
data expressed that circ_0086720 knockdown enhanced the 
radiosensitivity by lessening SPIN1 expression by mediating 
miR-375.

Circ_0086720 knockdown increased radiosensitivity 
in vivo. A549 cells transfected with sh-circ or sh-NC were 
implanted into nude mice to allow tumor growth. The irradi-
ation (4 Gy) was implemented when tumor volume reached 
300 mm3. After radiation, the body weight of mice among 
three groups had no significant difference, suggesting all 
mice grew normally (Figure 7A). Tumor volume was signifi-
cantly reduced compared to that without radiation, and 
circ_0086720 knockdown further declined tumor volume 
and bodyweight (Figure 7B). After 28 d, tumor tissues were 
removed. The representative images of tumors are shown 
in Figure 7C, and tumor weight in the sh-circ group was 
notably lower than that in the sh-NC group (Figure 7D). All 

data showed that circ_0086720 knockdown enhanced radio-
sensitivity to further block tumor growth.

Discussion

The biological complexity and heterogeneity of cancers 
make certain types of tumors often resistant to radiation 
therapy [25]. Cancer radiation resistance is associated with 
enhanced local invasion, metastasis, and poor prognosis [26]. 
Therefore, elucidating the biological characteristics of radia-
tion resistance is essential to ensure the effectiveness of radia-
tion therapy. A large number of previous studies have intro-
duced that long non-coding RNAs (lncRNAs) and miRNAs 
involved in the radioresistance of human cancers, including 
cervical cancer, breast cancer, and NSCLC [27–29]. However, 
few studies demonstrated the function of circRNAs in radio-
resistance of cancers. Shuai et al. stated that circ_0000285 
regulated the radiosensitivity of nasopharyngeal carci-

Figure 6. SPIN1 overexpression weakened the enhancement effect of circ_0086720 knockdown on radiosensitivity. A) The expression of SPIN1 in 
A549 and H1299 cells transfected with si-NC+anti-NC, si-circ#1+anti-miR-375, and si-circ#1+anti-NC was measured by western blot. B) The expres-
sion of SPIN1 in cells transfected with oe-SPIN1 or vector was measured by western blot. A549 and H1299 cells transfected with si-NC+vector, si-
circ#1+vector or si-circ#1+oe-SPIN1 and exposed to radiation (0, 2, 4, and 8 Gy), C) cell survival fraction was detected using colony formation assay. 
D) Cell apoptosis was checked using a flow cytometry assay. E, F) The activities of caspase 3 and caspase 9 were assessed using the corresponding kits. 
G) The expression of γH2AX was examined by western blot. *p<0.05
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noma and served as a prognostic indicator [30]. Wang et al. 
addressed that circ_0001313 was remarkably upregulated in 
colon cancer cells treated with radiation, and circ_0001313 
silence enhanced radiosensitivity to block cell viability and 
colony formation [13]. Su et al. utilized circRNA microarray 
to identify differently expressed circRNAs in radioresistant 
esophageal cancer cells and parental cells, and circ_0086720 
was highly expressed in radioresistant esophageal cancer 
cells [11], hinting that circ_0086720 might play a vital role 
in radioresistance of esophageal cancer. However, the exact 
functions of circ_0086720 were not evaluated in any cancers. 
In our study, we, for the first time, explored the function 
of circ_0086720 in NSCLC cells with radiation treatment 
and found that circ_0086720 knockdown could reinforce 
radiosensitivity to further impair cell survival and induce 
cell apoptosis. Moreover, the similar role of circ_0086720 
that enhanced radiosensitivity was also identified in vivo, 
indicating its role in radiotherapy resistance.

CircRNA-miRNA-mRNA network is a widely recognized 
mode of action in cancer progression [31]. We deduced that 
circ_0086720 also functioned as a competing endogenous 
RNA (ceRNA) by targeting downstream miRNAs. Through 
bioinformatics analysis, a dual-luciferase reporter assay, RIP, 
and RNA pull-down assay, miR-375 was validated as a target 
of circ_0086720. miR-375 was reported to be downregu-
lated in NSCLC [32]. Consistently, our study also proved 
that miR-375 expression was lessened in NSCLC tissues and 

decreased more in radioresistant NSCLC tissues. Previous 
studies also introduced that miR-375 could promote the 
radiosensitivity of cervical cancer cells and oral squamous 
cell carcinoma by targeting downstream mRNAs [33, 34]. 
In agreement with these findings, we found that miR-375 
downregulation attenuated circ_0086720 knockdown-
induced radiosensitivity of NSCLC cells, indicating that 
miR-375 also mediated radioresistance in NSCLC.

SPIN1 was targeted by miR-375 and aberrantly upregu-
lated in radioresistant NSCLC tissues. Further analysis discov-
ered that the expression of SPIN1 was declined in NSCLC 
cells with circ_0086720 knockdown, while the reintroduc-
tion of miR-375 inhibitor increased SPIN1 expression. A 
previous study declared that SPIN1 expression was elevated 
in NSCLC tissues and cells, and overexpression of SPIN1 
aggravated NSCLC development, leading to poor prognosis 
[35]. Besides, the similar role of SPIN1 was also mentioned 
in various cancers, including breast cancer and glioma, and 
SPIN1 restoration enhanced adriamycin resistance in breast 
cancer cells [23, 36]. Our data for the first time explored the 
role of SPIN1 in radioresistance and proposed that SPIN1 
overexpression enhanced radioresistance suppressed by 
circ_0086720 knockdown in NSCLC cells, thus promoting 
cell survival and repressing cell apoptosis.

Collectively, our study mainly disclosed that circ_0086720 
knockdown could strengthen the radiosensitivity of NSCLC 
by targeting the miR-375/SPIN1 pathway. This paper first 

Figure 7. Circ_0086720 knockdown enhanced radiosensitivity in vivo. A549 cells transfected with sh-circ or sh-NC were injected into nude mice fol-
lowed by the radiation (0 or 4 Gy). A, B) Body weight of mice and tumor volume were measured once a week after radiation treatment. C) After 28 d, 
tumor nodes were removed and photographed. D) Tumor weight was measured at 28 d post-radiation. *p<0.05
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explored the role of circ_0086720 in radioresistance of 
NSCLC and provided an underlying regulatory mechanism 
for circ_0086720, implying that circ_0086720 might be used 
as an indicator of NSCLC radiotherapy.
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