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Cisplatin resistance and malignant behaviors of lung cancer
cells are promoted by circ_0002360 via targeting miR-6751-3p
to regulate the expression of ZNF300
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Abstract
Background: Circular RNAs (circRNAs) are key regulators in oncogenesis and
chemoresistance of human cancers. Herein, we focused on the roles of circ_0002360
in regulating lung cancer progression and cisplatin (DDP) resistance.
Methods: The detection of circ_0002360, microRNA-6751-3p (miR-6751-3p) and
zinc finger protein 300 (ZNF300) was conducted via reverse transcription-quantitative
polymerase chain reaction assay. Cell sensitivity was determined using cell counting
kit-8 assay. Proliferation detection was performed by colony formation assay and EdU
assay. The migrated cells were examined via transwell assay. Cell apoptosis analysis
was carried out through flow cytometry and caspase 3 activity assay. Western blot was
used to examine the protein levels. Target interaction was confirmed through dual-
luciferase reporter assay and RNA immunoprecipitation assay. Circ_0002360 function
in vivo was performed via xenograft tumor assay.
Results: Circ_0002360 was overexpressed in DDP-resistant lung cancer tissues and
cells. Silencing circ_0002360 inhibited DDP resistance, proliferation and migration but
enhanced apoptosis of DDP-resistant cells. Circ_0002360 could elevate ZNF300 expres-
sion. DDP resistance and lung cancer progression were also impeded by ZNF300 down-
regulation. ZNF300 overexpression reversed the function of circ_ 0002360 knockdown
in DDP-resistant lung cancer cells. The regulation of circ_0002360 for ZNF300 was
achieved by sponging miR-6751-3p. Circ_0002360 promoted DDP resistance in xeno-
graft mice through mediating the miR-6751-3p/ZNF300 axis.
Conclusion: Circ_0002360 targeted miR-6751-3p to regulate ZNF300 level, thus ele-
vating DDP resistance and promoting the malignant progression of lung cancer cells.
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INTRODUCTION

Lung cancer is a common type of cancer worldwide, with an
estimated 2 million new cases and 1.76 million death cases
each year.1 Chemotherapy remains the central treatment
strategy for lung cancer at different stages, but cancer cells
are inclined to become resistant to therapeutic drugs.2 Cis-
platin (DDP) is a platinum-based chemotherapy which acts
as a first-line treatment drug for lung cancer patients.3 Nev-
ertheless, its clinical application has been limited by drug

resistance and other remedial countermeasures are therefore
necessary.4

Non-coding RNAs (ncRNAs) are associated with
chemoresistance in various kinds of human cancers, includ-
ing lung cancer.5 The closed-loop circular RNAs (circRNAs)
can lead to gene level changes through functioning as
molecular sponges for small microRNAs (miRNAs), thus
inducing the regulation of cancer biology and tumor
resistance.6–8 For instance, Xu et al. showed that circ_
0002874/miR-1273f/MDM2 regulated paclitaxel resistance
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in lung cancer.9 Zhu et al. stated that circRNA_103809 pro-
moted the resistance to DDP of lung cancer cells via miR-
377-3p-mediated GOT1 alteration.10

Hsa_circ_0002360 (circ_0002360) has been indicated to be
highly expressed and play a key role in tongue squamous cell
carcinoma.11 In addition, circ_0002360 was found to be
upregulated and implicated in the progression of lung adeno-
carcinoma via miR-3620-5p/PHF19 pathway.12 However, the
effect of circ_0002360 on chemoresistance of lung cancer
remains unclear. Zinc finger protein 300 (ZNF300) is a typical
zinc finger protein with promoting effects on aggressive behav-
iors and DDP resistance in lung cancer cells.13 MicroRNA-
6751 (miR-6751) was revealed to elevate chemosensitivity in
DDP-resistant ovarian cancer cell lines.14 The involvement of
miR-6751-3p in lung cancer is unknown. Moreover, the associ-
ation among circ_0002360, miR-6751-3p and ZNF300 in regu-
lating DDP resistance requires further research.

Herein, circ_0002360 was hypothesized to regulate
ZNF300 expression through miR-6751-3p sponging effect.
The purpose of this study was to investigate the regulatory
mechanism of circ_0002360 in lung cancer progression and
DDP resistance.

METHODS

Patient samples

A total of 50 paired tumor tissues and normal controls
(NC) were collected from lung cancer patients (n = 50) of
the Central Hospital of Yongzhou. A total of 27 patients
with DDP therapy had recurrent disease, and tumor tissues
were considered as the DDP-resistant (Tumor-R) group.
Twenty-three patients had not received any therapy, and
tumor tissues were considered as the DDP-sensitive
(Tumor-S) group. This study was performed based on the
informed consent of these patients and permitted by the
Ethics Committee of the Central Hospital of Yongzhou.

Cell culture and transfection

Lung cancer cells (A549, H1299) and chemoresistant cells
(A549/DDP, H1299/DDP) were provided by BioVector
NTCC Inc. Dulbecco’s modified Eagle medium (DMEM;
Gibco) with a complement of 10% fetal bovine serum (FBS;
Gibco) and 1% antibiotics (Gibco) was prepared. Then,
10 μg/ml DDP (Sigma) was added to the culture media of
resistant cells to maintain drug resistance. Cells were cul-
tured with the mixed solution in 5% CO2 at 37�C.

Lentiviral vectors of short hairpin RNAs (shRNAs)
targeting circ_0002360 or ZNF300 (sh-circ_0002360,
sh-ZNF300) and shRNA control vector (sh-NC) were syn-
thesized by Ribobio. ZNF300 sequence was inserted into the
pcDNA vector (Invitrogen) to construct the pcDNA-
ZNF300 vector (ZNF300). The mimic and inhibitors for
miR-6751-3p or miRNA controls (miR-6751-3p, anti-miR-
6751-3p, miR-NC, anti-NC) were purchased from Ribobio.
Then, 70% confluent DDP-resistant cells were conducted
with transfection of these vectors or RNAs using
lipofectamine 3000 (Invitrogen).

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) assay

The collected tissues and cells were lysed for RNA extraction
using TRI reagent (Sigma), then reverse transcription
for complementary DNA (cDNA) was performed via a
QuantiTect reverse transcription kit (Qiagen). The amplified
reaction was completed by QuantiTect SYBR green PCR kit
(Qiagen) as per the manufacturer’s guidelines. Data calcula-
tion was conducted by the 2�ΔΔCt method,15 and
glyceraldehyde-phosphate dehydrogenase (GAPDH) or U6
was applied for level normalization. The sequences of all
primers are shown in Table 1. In addition, RNA was isolated
from the nucleus and cytoplasm via PARI Kit (Invitrogen).
The levels of circ_0002360, U6 and GAPDH were then
detected through RT-qPCR.

Cell counting kit-8 (CCK-8) assay

The cells were treated with DDP for 24 h, followed by incu-
bation in a 10 μl/well CCK-8 solution (Beyotime). After 2 h,
absorbance in a microplate reader was measured at 450 nm.
Half inhibitory concentration (IC50) was defined as the con-
centration of DDP at 50% cell viability.

Colony formation assay

We then seeded 12-well plates with 200 transfected cells/
well. After culture for 14 days, 0.1% crystal violet (Sigma)
was exploited for colony staining at 25�C, and 15 min later,
the stained colonies were counted using Image J soft-
ware (NIH).

T A B L E 1 Primer sequences used for RT-qPCR

Name Primers for PCR (50-30)

hsa_circ_0002360 Forward CACTCCACTGCCTTTAACCCT

Reverse GGGCCCATCCACTGTGATTTT

ZNF300 Forward TGTGACAGCGGTTCCCATTA

Reverse CCATGTGGAGGAGGGATCAT

miR-6751-3p Forward GCCGAGACTGAGCCTCTCTCT

Reverse CTCAACTGGTGTCGTGGAGT

RUNX1 Forward GGAAGTCAACCTCTGCTGCT

Reverse TCGGACCACAGAGCACTTTC

GAPDH Forward GACAGTCAGCCGCATCTTCT

Reverse GCGCCCAATACGACCAAATC

U6 Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT
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EdU assay

At 24 h post-transfection, proliferation capacity was exam-
ined via an EdU imaging detection kit (KeyGEN). Cells were
labeled with EdU solution and nuclei were stained with
diamidine phenylindole (DAPI; Sigma), followed by image
acquisition via a fluorescence microscope (Olympus). EdU
incorporation was expressed as the percentage of EdU and
DAPI merged cells.

Transwell assay

The Transwell chamber (Corning Inc.) was inoculated with
1 � 104 cells and 500 μl medium in the upper and lower
chambers, respectively. After the chamber was incubated for
24 h, the migrated cells in the bottom were colored with
0.1% crystal violet (Sigma) and counted using an inverted
microscope (Olympus). The images were saved at 100�
magnification.

Flow cytometry

Annexin V Apoptosis Kit (Beyotime) was exploited for apo-
ptosis analysis of transfected cells. Then, 200 μl binding

buffer was employed to resuspend cells, followed by staining
of 2 � 105 cells with 10 μl Annexin V-fluorescein isothiocy-
anate (FITC) and propidium iodide (PI). Twenty minutes
later, apoptotic cells were observed under the flow cytometer
(BD Biosciences). Cell apoptosis rate was indicated by apo-
ptotic cells/total cells � 100%.

Caspase 3 activity assay

Cell apoptosis was further evaluated by Caspase 3 activity
assay kit (Beyotime). Transfected cells were lysed in 100 μl
lysis buffer for 15 min on the ice, then centrifuged with
15 000�g at 4�C for 10 min. Then, cell supernatant was
transferred for caspase 3 activity detection according to the
manufacturer’s instructions.

Western blot

Whole cell lysis assay kit (KeyGen) and BCA protein assay
kit (KeyGen) were employed for extraction of total proteins
and detection of protein concentration, respectively.
Protein examination was carried out as previously stated.16

The antibodies including antimultidrug resistance
associated protein 1 (anti-MRP1; Abcam, ab230948, 1:1000),

F I G U R E 1 Upregulation of circ_0002360 in DDP-resistant lung cancer samples and cells. (a) The dysregulated circRNA was screened by online
datasets. (b–d) The expression level of circ_0002360 in GSE158695, GSE112214 and GSE101586. (e,f) Circ_0002360 was quantified by RT-qPCR in lung
cancer samples (e) and DDP-resistant samples (f). (g) The level of circ_0002360 was detected by RT-qPCR in A549, A549/DDP, H1299, and H1299/DDP
cells. (h) IC50 of DDP was determined by CCK-8 assay in parental and DDP-resistant lung cancer cells. (i) The genic information of circ_0002360. (j,k) The
localization of circ_0002360 was analyzed by RT-qPCR in cytoplasm and nucleus of A549/DDP and H1299/DDP cells. *p < 0.05
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F I G U R E 2 Silencing circ_0002360 reduced DDP resistance and suppressed malignant phenotypes of DDP-resistant lung cancer cells. A549/DDP and
H1299/DDP cells were transfected with sh-NC or sh-circ_0002360. (a) RT-qPCR was applied to determine the circ_0002360 and RUNX1 levels. (b) A CCK-8
assay examined IC50 of DDP. (c,d) Colony formation assay (c) and EdU assay (d) were applied to analyze cell proliferation. (e) Transwell assay was applied
to evaluate cell migration. (g,h) Flow cytometry (g) and caspase 3 activity (h) were applied to assess cell apoptosis. (i,j) Western blot was applied to measure
the protein levels of MRP1, P-gp and Bax. *p < 0.05

F I G U R E 3 Circ_0002360 positively regulated the level of ZNF300. (a–b) ZNF300 mRNA expression was assayed using RT-qPCR in lung cancer tissues
(a) and tumor-R tissues (b). (c) The linear relation between circ_0002360 and ZNF300 was analyzed using Pearson’s correlation coefficient. (d) TCGA data showed
the upregulation of ZNF300 in LUAD and LUSC. (e,f) ZNF300 protein level was determined by western blot in tumor-S and tumor-R samples (e), as well as in
parental and resistant lung cancer cells (f). (g) Transfection efficiency of ZNF300 was assessed by western blot in A549/DDP and H1299/DDP cells. (h) Western
blot was used for protein analysis of ZNF300 in sh-NC, sh-circ_0002360, sh-circ_0002360 + vector and sh-circ_0002360 + ZNF300 groups. *p < 0.05
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anti-P-glycoprotein P (anti-p-gp; Abcam, ab170904,
1:1000), anti-Bcl-2 associated � (anti-Bax; Abcam,
ab182733, 1:1000), anti-ZNF300 (Abcam, ab202965,
1:1000), anti-β-actin (Abcam, ab8227, 1:1000), anti-rabbit
IgG, HRP-linked antibody (Abcam, ab205718, 1:5000) were
examined. The blots were visualized by ECL Substrate Kit
(Abcam), followed by protein analysis via Image J soft-
ware (NIH).

Dual-luciferase reporter assay

The pmirGLO plasmid (Promega) was cloned with wild-type
(WT) circ_0002360 and ZNF300 30UTR sequences to gener-
ate WT-circ_0002360 and WT-ZNF300 30UTR. The mutant-
type (MUT) plasmids MUT-circ_0002360 and MUT-
ZNF300 30UTR were constructed as the negative controls.
The cotransfection of luciferase plasmid and miR-NC or
miR-6751-3p was performed for 48 h, then A549/DDP and
H1299/DDP cells were harvested for luciferase intensity anal-
ysis using dual-luciferase reporter detection kit (Promega).

RNA immunoprecipitation (RIP) assay

The interaction between targets was validated via Magna
RIP RNA-binding protein immunoprecipitation kit
(Millipore) following the provided guidelines. Anti-
immunoglobulin G (anti-IgG) served as the negative control
for anti-argonaute-2 (anti-Ago2). The magnetic beads were
washed and total RNA was extracted for gene expression
detection via RT-qPCR.

Tumor xenograft assay

BALB/c male nude mice were subcutaneously injected with
1 � 106 sh-NC or sh-circ_0002360 transfected H1299/DDP
and A549/DDP cells, with six mice in each group. Mice were
subsequently treated with 2 mg/kg DDP every two days.
Tumor volume was determined weekly using the formula:
length � width2 � 0.5, then tumors were dissected from the
euthanatized mice after 28 days. RNA or protein level detec-
tion was carried out through RT-qPCR and western blot.

F I G U R E 4 ZNF300 downregulation inhibited DDP resistance and lung cancer progression. A549/DDP and H1299/DDP cells were performed with
transfection of sh-NC or sh-ZNF300. (a) RT-qPCR was conducted for ZNF300 protein detection. (b) CCK-8 assay was conducted for measuring the IC50 of
DDP. (c,d) Colony formation assay (c) and EdU assay (d) were conducted for proliferation examination. (e) Transwell assay was conducted for assessment of
migration. (g,h) Flow cytometry (g) and caspase 3 activity (h) were conducted for determination of apoptosis. (i,j) Western blot was conducted for protein
analysis of MRP1, P-gp and Bax. *p < 0.05
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The protein levels of Ki67 (Abcam, ab15580) and ZNF300
(Abcam, ab202965) were examined via immunohistochem-
istry (IHC) assay.17 In addition, tumor growth was moni-
tored in a xenograft model of H1299 + PBS, H1299
+ DDP, H1299/DDP + PBS and H1299/DDP + DDP
groups, as well as A549 + PBS, A549 + DDP, A549/DDP
+ PBS and A549/DDP + DDP groups. The mice were pro-
vided by Vital River Laboratory Animal Technology Co.,
Ltd. The protocols were authorized by the Animal Ethical
Committee of the Central Hospital of Yongzhou.

Statistical analysis

Three replicates were carried out in the experiments of
this study. The relationship was analyzed via Pearson’s
correlation coefficient. Data were revealed as the
mean � standard deviation, followed by data analysis
using SPSS 22.0 (SPSS Inc.). Through the analysis of Stu-
dent’s t-test and analysis of variance (ANOVA) followed
by Tukey’s test, the significant difference (p < 0.05) was
evaluated.

F I G U R E 5 Circ_0002360 acted in DDP-resistant lung cancer cells via upregulating ZNF300. Transfection of sh-NC, sh-circ_0002360, sh-circ_0002360
+ vector and sh-circ_0002360 + ZNF300 was performed in A549/DDP and H1299/DDP cells. (a) IC50 of DDP was determined through CCK-8 assay. (b,c)
The proliferation ability was examined through colony formation assay (b) and EdU assay (c). (d) The migration potential was analyzed through transwell
assay. (e,f) Cell apoptosis was assessed through flow cytometry (e) and caspase 3 activity (f). (g,h) MRP1, P-gp and Bax levels were detected through western
blot. *p < 0.05
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RESULTS

Upregulation of circ_0002360 in DDP-resistant
lung cancer samples and cells

The dysregulated circRNAs were screened through the
online datasets. Circ_0002360 is a mutual circRNA from
GSE158695, GSE112214 and GSE101586 (Figure 1a). Three
datasets showed that the expression level of circ_0002360
was markedly increased in lung cancer tissues relative to the
normal controls (Figure 1b–d). Also, the upregulation of
circ_0002360 in 50 lung cancer samples relative to the nor-
mal samples (Figure 1e) was detected. In addition,
circ_0002360 expression was higher in tumor-R tissues
compared with tumor-S tissues (Figure 1f). Circ_0002360
was also upregulated in A549 and H1299 cells contrasted to
BEAS-2B cells, as well as in A549/DDP and H1299/DDP
cells contrasted to A549 and H1299 cells (Figure 1g). IC50
of DDP has been indicated to be elevated in A549/DDP and
H1299/DDP cells compared to that in A549 and H1299
cells, suggesting the DDP resistance in A549/DDP and
H1299/DDP cells (Figure 1h). Circ_0002360 is produced
from exon5 and exon 6 of RUNX family transcription factor
1 (RUNX1) with spliced sequence length of 297 bp
(Figure 1i). By comparison with the distribution of U6 and
GAPDH in nucleus and cytoplasm, circ_0002360 was affi-
rmed to be localized in the cytoplasm of A549/DDP and
H1299/DDP cells (Figure 1j,k). All these data implied that
circ_0002360 might be an important regulator in DDP-
resistant lung cancer.

Silencing circ_0002360 reduced DDP resistance
and suppressed malignant phenotypes of DDP-
resistant lung cancer cells

Transfection of sh-circ_0002360 downregulated the
circ_0002360 level but had no significant expression change
of RUNX1 in A549/DDP and H1299/DDP cells, relative to
transfection of sh-NC (Figure 2a). IC50 of DDP was
decreased in sh-circ_0002360-transfected cells in contrast
with sh-NC-transfected cells (Figure 2b). The results of col-
ony formation assay (Figure 2c) and EdU staining assay
(Figure 2d) demonstrated the inhibitory regulation of
circ_0002360 in cell proliferation ability. The migrated cells
were significantly reduced in the sh-circ_0002360 group
compared with the sh-NC group (Figure 2e,f). The apoptosis
rate by flow cytometry (Figure 2g) and caspase 3 activity by
caspase 3 assay (Figure 2h) showed that circ_0002360 inhi-
bition accelerated cell apoptosis. The resistance proteins
(MRP1 and P-gp) were inhibited and apoptosis protein
(Bax) was upregulated, as indicated in the results of
circ_0002360 knockdown in A549/DDP and H1299/DDP
cells (Figure 2i,j). Hence, DDP resistance and cell progres-
sion were impeded after downregulation of circ_0002360.

Circ_0002360 positively regulated the level of
ZNF300

ZNF300 mRNA expression was enhanced in lung cancer tis-
sues relative to normal tissues (Figure 3a) and tumor-R

F I G U R E 6 Circ_0002360 modulated ZNF300 level via targeting miR-6751-3p. (a) The miRNAs were screened through Venn diagram from circBank
and Targetscan. (b) miR-6124, miR-889-5p, miR-6751-3p and miR-4679 levels were examined by RT-qPCR in sh-NC or sh-circ_0002360-transfected A549/
DDP and H1299/DDP cells. (c) The target binding sites between circ_0002360 or ZNF300 and miR-6751-3p. (d) The efficiencies of miR-6751-3p and anti-
miR-6751-3p were assessed via RT-qPCR. (e,f) Dual-luciferase reporter assay (e) and RIP assay (f) were performed to identify the interaction between
circ_0002360 or ZNF300 and miR-6751-3p. (g,h) RT-qPCR was used for miR-6751-3p quantification in lung cancer tissues (g) and tumor-R samples (h). (i,j)
Pearson’s correlation coefficient was used for linear analysis between miR-6751-3p and circ_0002360 (i) and ZNF300 (j). (k) The miR-6751-3p level was
examined using RT-qPCR in A549/DDP and H1299/DDP cells. (l) ZNF300 protein detection was performed through western blot after transfection of sh-
NC, sh-circ_0002360, sh-circ_0002360 + anti-NC and sh-circ_0002360 + anti-miR-6751-3p. *p < 0.05
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tissues relative to tumor-S tissues (Figure 3b). Pearson’s cor-
relation coefficient analysis showed that circ_0002360 level
was positively associated with ZNF300 mRNA level
(r = 0.7563, p < 0.0001) in tumor-R samples (Figure 3c). The
TCGA dataset showed that ZNF300 was highly expressed in
lung adenocarcinoma (LUAD) and lung squamous cell carci-
noma (LUSC) samples (Figure 3d). Also, the protein expres-
sion of ZNF300 was increased in the Tumor-R group
(Figure 3e) and DDP-resistant lung cancer cells (Figure 3f), in
contrast to the Tumor-S group and the parental lung cancer
cells. ZNF300 was overexpressed by transfection of ZNF300
(relative to the vector group) in A549/DDP and H1299/DDP
cells (Figure 3g). Knockdown of circ_0002360 induced the
obvious downregulation of ZNF300 protein level, which was
eliminated by ZNF300 transfection in A549/DDP and
H1299/DDP cells (Figure 3h). These results confirmed that
circ_0002360 resulted in the positive regulation of ZNF300.

ZNF300 downregulation inhibited DDP
resistance and lung cancer progression

The role of ZNF300 was then explored in DDP-resistant
lung cancer cells. The protein level of ZNF300 was reduced
in the sh-ZNF300 group in contrast with the sh-NC group
(Figure 4a). After ZNF300 was downregulated, IC50 of DDP
(Figure 4b) and cell proliferation ability (Figure 4c,d) were
shown to be repressed in A549/DDP and H1299/DDP cells.
Silencing ZNF300 in A549/DDP and H1299/DDP cells
induced the inhibition of migration capacity (Figure 4e) and
acceleration of apoptosis (Figure 4g,h). MRP1 and P-gp pro-
tein levels were downregulated, while Bax protein expression
was elevated in the sh-ZNF300 group, relative to the sh-NC
group (Figure 4i,j). Taken together, ZNF300 promoted
chemoresistance and oncogenesis in DDP-resistant lung
cancer cells.

F I G U R E 7 Circ_0002360 regulated DDP resistance in H1299/DDP xenograft mice via miR-6751-3p/ZNF300 axis. H1299/DDP xenograft model of the
DDP + sh-NC or DDP + sh-circ_0002360 group was established in mice. (a) Tumor volume was measured every 7 days. (b) Tumor images of each group.
(c) Tumors were weighed. (d) circ_0002360, miR-6751-3p and ZNF300 levels in tissues were determined using RT-qPCR. (e) ZNF300, MRP1 and p-gp
protein levels were examined by western blot. (f) Ki67 and ZNF300 protein levels were analyzed via IHC assay. *p < 0.05
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Circ_0002360 acted in DDP-resistant lung
cancer cells via upregulating ZNF300

Given the same function of circ_0002360 and ZNF300 in
regulating DDP resistance and cancer progression, we fur-
ther studied whether circ_0002360 function was related to
ZNF300. A549/DDP and H1299/DDP cells were trans-
fected with sh-circ_0002360, sh-circ_0002360 + ZNF300
and the control groups. The sh-circ_0002360-induced
inhibitory effects on IC50 of DDP (Figure 5a), proliferation
(Figure 5b,c) and migration (Figure 5d) were abrogated by
transfection of ZNF300. Also, overexpression of ZNF300
attenuated the enhancement of apoptosis (Figure 5e,f) and
changes of protein markers (MRP1, P-gp, Bax) (Figure 5g,
h) caused by sh-circ_0002360. Thus, the regulatory role of
circ_0002360 was partly attributed to the upregulation of
ZNF300.

Circ_0002360 modulated ZNF300 level via
targeting miR-6751-3p

Circbank and Targetscan were used to search the target
miRNAs by circ_0002360 and ZNF300. As shown in
Figure 6a, there were four miRNAs (miR-6124, miR-889-5p,
miR-6751-3p, miR-4679) predicted by the software. Only miR-
6751-3p was significantly upregulated by knockdown of
circ_0002360 in A549/DDP and H1299/DDP cells (Figure 6b).
Then, miR-6751-3p was selected for target research. The bind-
ing sites between circ_0002360 or ZNF300 and miR-6751-3p
are shown in Figure 6c. The efficiencies of miR-6751-3p and
anti-miR-6751-3p transfection were evident in A549/DDP and
H1299/DDP cells (Figure 6d). The luciferase activities of WT-
circ_0002360 and WT-ZNF300 30UTR groups were
suppressed by miR-6751-3p upregulation, while no effect was
detected in the MUT-circ_0002360 and MUT-ZNF300 30UTR

F I G U R E 8 Circ_0002360 regulated DDP resistance in A549/DDP xenograft mice by miR-6751-3p/ZNF300 axis. A549/DDP xenograft model of the
DDP + sh-NC or DDP + sh-circ_0002360 group was established in mice. (a–c) Tumor volume (a) and weight (b,c) were measured. (d) Circ_0002360, miR-
6751-3p and ZNF300 levels in tissues were examined by RT-qPCR. (e) ZNF300, MRP1 and p-gp protein detection was performed by western blot. (f) IHC
assay was used for protein analysis of Ki67 and ZNF300 in tumor tissues. *p < 0.05
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groups (Figure 6e). The levels of circ_0002360, miR-6751-3p
and ZNF300 were higher in the anti-Ago2 group than those in
the anti-IgG group (Figure 6f). Hence, circ_0002360 or
ZNF300 could interact with miR-6751-3p. The miR-6751-3p
expression was downregulated in lung cancer tissues relative to
normal tissues (Figure 6g), and significant downregulation was
found in tumor-R samples compared with tumor-S samples
(Figure 6h). Linear analysis demonstrated that circ_0002360
had a negative relationship (r = �0.5134, p = 0.0001) with
miR-6751-3p (Figure 6i) and miR-6751-3p was also negatively
related to ZNF300 (r = �0.5508, p < 0.0001) (Figure 6j). In
comparison with A549 and H1299 cells, miR-6751-3p level
was reduced in A549/DDP and H1299/DDP cells (Figure 6k).
Moreover, anti-miR-6751-3p transfection relieved the sh-
circ_0002360-mediated protein expression inhibition of
ZNF300 inA549/DDP and H1299/DDP cells (Figure 6l). These
results suggested that circ_0002360 targeted miR-6751-3p to
affect the ZNF300 level.

Circ_0002360 regulated DDP resistance in
xenograft mice the miR-6751-3p/ZNF300 axis

The effect of DDP on tumor growth and drug resistance of
DDP-resistant cells was assessed in mice models. The results
indicated that DDP significantly inhibited tumor volume
and weight of H1299 and A549 xenograft models, and
DDP-induced tumor growth inhibition was attenuated in
H1299/DDP and A549/DDP models due to drug resistance
(Figure S1). The influence of circ_0002360 on DDP resis-
tance in vivo was then studied further. Tumor volume
(Figure 7a) and weight (Figure 7b,c) were inhibited in the
DDP + sh-circ_0002360 group in contrast with the DDP +
sh-NC group, showing that circ_0002360 knockdown
enhanced DDP sensitivity in mice. RT-qPCR showed that
circ_0002360 and ZNF300 levels were downregulated but
miR-6751-3p was upregulated in tumor tissues of the DDP
+ sh-circ_0002360 group relative to the DDP + sh-NC
group (Figure 7d). The protein detection by western blot
manifested that circ_0002360 inhibition resulted in the
expression reduction of ZNF300, MRP1, P-gp (Figure 7e).
Also, the IHC assay suggested that Ki67 and ZNF300 pro-
tein levels were downregulated in the DDP + sh-
circ_00002360 group compared with the DDP + sh-NC
group (Figure 7f). Meanwhile, the xenograft model of A549/
DDP cells showed that sh-circ_0002360 reduced DDP resis-
tance in mice by affecting miR-6751 and ZNF300 levels
(Figure 8). Overall, silencing circ_0002360 repressed DDP
resistance by targeting the miR-6751-3p/ZNF300 axis
in vivo.

DISCUSSION

The emergence of chemoresistance has resulted in adverse
impacts on therapeutic outcomes of cancers.18 In this study,
we found that circ_0002360 knockdown could suppress

drug resistance and malignant development via acting on
the miR-6751-3p/ZNF300 molecular pathway in DDP-
resistant lung cancer cells.

CircRNAs are functional molecules which are involved
in a variety of biological behaviors, such as tumor occur-
rence, metastasis, and chemoresistance.19 The expression
reduction of circFoxo3 has been reported to improve cell
survival, migration and docetaxel resistance in prostate can-
cer.20 CircAMOTL1 exerted an important effect on pacli-
taxel resistance of breast cancer cells,21 and circ-FBXW7
attenuated the resistance against oxaliplatin in colorectal
cancer.22 DDP is one of the most frequently used therapeu-
tic agents in human cancers.23 In this study, circ_0002360
level was higher in resistant samples and cells compared to
sensitive controls. Furthermore, cellular experiments dem-
onstrated that silencing circ_0002360 repressed DDP resis-
tance, cell growth and migration while accelerated cell
apoptosis. Circ_0002360 was related to DDP resistance and
lung cancer progression, and circ_0002360 level inhibition
could enhance sensitivity of DDP.

ZNF300 plays a pivotal role in the embryonic develop-
ment of mammalians. Wang et al. discovered that ZNF300
upregulation contributed to the growth and metastasis of
cervical cancer cells in vitro.24 Yu et al. reported that
ZNF300 increased chemoresistance of non-small cell lung
cancer (NSCLC) cells to DDP.13 In accordance with this
report, our data confirmed that downregulation of ZNF300
restrained DDP resistance and progressive cell behaviors.
Thus, ZNF300 is an important gene in generating DDP
resistance of lung cancer.

Interestingly, circ_0002360 could regulate the level of
ZNF300 in a positive way and overexpression of ZNF300
partly abolished the resistance inhibition induced by silence
of circ_0002360. The functions of circ_0002360 in
chemoresistance and carcinogenesis were correlated with
the expression change of ZNF300 in lung cancer. CircRNAs
are known to serve as miRNA inhibitors to mediate gene
levels in biological regulation of lung cancer.25 Circ_0001361
has been found to be dependent on the miR-525-5p/VMA21
axis to promote tumorigenesis and progression of lung ade-
nocarcinoma.26 Interfering circ_00014130 reduced
chemoresistance and malignance in docetaxel-resistant
NSCLC cells through interacting with the miR-545-3p/
YAP1 network.27 Additionally, circRNA_103809/miR-
377-3p/GOT1 axis affected chemosensitivity of DDP in lung
cancer cells.10 This study identified miR-6751-3p as a possi-
ble miRNA between circ_0002360 and ZNF300. As
expected, circ_0002360 or ZNF300 could combine with
miR-6751-3p and ZNF300 level was increased by
circ_0002360/miR-6751-3p interaction axis. Given that
circ_0002360 functioned in DDP-resistant cell lines by
increasing ZNF300 level, circ_0002360/miR-6751-3p/
ZNF300 was considered to be implicated in DDP resistance
and tumor development in lung cancer.

An in vivo assay also showed that circ_0002360 regu-
lated DDP susceptibility and tumor growth in mice through
modulating the miR-6751-3p and ZNF300 levels. However,

DING ET AL. 995



the reverted experiments of miR-6751-3p and ZNF300 for
circ_0002360 remain to be performed in a future study. It is
necessary to support the conclusion that circ_0002360 medi-
ated DDP resistance in lung cancer via the miR-6751-3p/
ZNF300 axis.

In conclusion, circ_0002360 downregulation inhibited
chemoresistance and oncogenesis of DDP-resistant lung
cancer through targeting miR-6751-3p/ZNF300 axis. The
current study provides first-hand information for
circ_0002360 function and circ_0002360/miR-6751-3p/
ZNF300 axis in regulating DDP resistance of lung cancer,
thus contributing to understanding the molecular mecha-
nism of chemoresistance in lung cancer.
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