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Abstract

Background: Circular RNAs (circRNAs) serve as critical regulators in the chemore-
sistance of human cancers, including non-small cell lung cancer (NSCLC). We aimed
to explore the role of hsa_circ_0011298 (circ_0011298) and its mechanism in Taxol
resistance of NSCLC.

Methods: Circ_0011298, microRNA-486-3p (miR-486-3p), and CRABP2 mRNA ex-
pression were determined using gRT-PCR. EdU and MTT assays were used to detect
cell proliferation. Cell cycle distribution and cell apoptosis were detected by flow cy-
tometry. Cell migratory and invasive abilities were detected using transwell assay.
Cellular glycolysis was determined by specific kits. Protein levels were examined by
western blot. Dual-luciferase reporter and RIP assays were performed to confirm the
relationship between miR-486-3p and circ_0011298 or CRABP2. Xenograft mice
model was established to confirm the function of circ_0011298 in vivo.

Results: Circ_0011298 was overexpressed in Taxol-resistant NSCLC cells and tissues.
Circ_0011298 knockdown enhanced Taxol sensitivity by decreasing cell proliferation,
migration, invasion, and glycolysis and inducing apoptosis and cell cycle arrest in Taxol-
resistant NSCLC cells. Circ_0011298 was a sponge of miR-486-3p, and the impact of
circ_0011298 silencing on Taxol resistance was rescued by miR-486-3p inhibition.
Moreover, miR-486-3p directly targeted CRABP2, and miR-486-3p inhibited Taxol
resistance by targeting CRABP2. Furthermore, circ_0011298 regulated CRABP2 ex-
pression through targeting miR-486-3p. Importantly, circ_0011298 interference el-
evated Taxol sensitivity of NSCLC in vivo.

Conclusion: Circ_0011298 elevated Taxol resistance of NSCLC by sponging miR-
486-3p and upregulating CRABP2, providing a possible circRNA-targeted therapy for
NSCLC.
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1 | INTRODUCTION

Lung cancer is a common and aggressive cancer, and non-small cell
lung cancer (NSCLC) is the major type of lung cancer.>? Although
tremendous efforts have been made in NSCLC treatment, the sur-
vival rate for patients remains poor.® Taxol (also known as paclitaxel)
is identified as an effective first-line chemotherapy drug for many
cancers, including NSCLC.* Nevertheless, many NSCLC patients
have developed Taxol resistance or even multiple-drug resistance
during chemotherapy, leading to treatment failure.® Hence, it is es-
sential to clarify the mechanism of Taxol resistance in NSCLC and
identify a new therapeutic method that can sensitize Taxol-resistant
NSCLC cells to Taxol.

Circular RNAs (circRNAs) are featured by covalent closed loops
with neither 5'-end cap nor 3'-end poly (A) tailé. Recently, many
circRNAs are involved in the regulation of pathological processes
and multiple cellular activities.”® Growing evidence has revealed
that some circRNAs have essential roles in NSCLC by acting as
tumor suppressors or promoters.g’10 Moreover, circRNAs play
key roles in Taxol resistance of many cancers. For example, circ-
CELSR1 promoted tumor growth and Taxol resistance in breast
cancer.!* Circ-PVT1 knockdown inhibited paclitaxel resistance in
gastric cancer cells via increasing cell apoptosis and suppressing
proliferation and invasion.!? A previous study has shown that hsa_
circ_0011298 (circ_0011298; chr1:32050751-32051086) is de-
rived from tubulointerstitial nephritis antigen like 1 (TINAGL1) gene
and overexpressed in Taxol-resistant NSCLC cells, 3 suggesting that
circ_0011298 might be associated with the resistance of NSCLC to
Taxol. Nevertheless, the precise function of circ_0011298 and its
regulatory mechanism in Taxol resistance of NSCLC have not been
reported.

CircRNAs can serve as microRNA (miRNA) sponges or competi-
tive endogenous RNAs (ceRNAs) by competitively binding to miRNA
response elements, thereby regulating target gene expression.**!®
Dysregulation of miRNAs is closely related to cancer development
and chemoresistance.'®Y” MiR-486-3p serves as a tumor-suppressive
miRNA in lung cancer.’® Nevertheless, the function of miR-486-3p
and the connection between miR-486-3p and circ_0011298 in Taxol
resistance of NSCLC are still unclear. It is widely acknowledged that
miRNAs can regulate various physiological and biological processes via
binding with target mRNAs, resulting in the expression suppression
and function restriction of mRNAs.!” CRABP2 plays a promotional
role in lung cancer progression.’’ However, whether CRABP2 can be
directly targeted by miR-486-3p and its function in Taxol resistance of
NSCLC have not been studied.

In this study, we detected circ_0011298 expression in Taxol-
resistant NSCLC cells and tissues and explored its role in Taxol resis-
tance of NSCLC. Additionally, the relationships among circ_0011298,
miR-486-3p, and CRABP2 were explored in Taxol resistance of
NSCLC. The aim of our work was to provide promising strategies for
the Taxol-resistant NSCLC patients.

2 | MATERIALS AND METHODS

2.1 | Specimen collection

NSCLC tissues (n = 65) and corresponding normal tissues (n = 65)
were acquired from NSCLC patients at Dongguan Hospital of
Guangzhou University of Chinese Medicine. Based on the response
of patients with NSCLC to Taxol, these tissues were divided into two
groups: Taxol-sensitive (n = 35) and Taxol-resistant groups (n = 30),
and were promptly frozen in liquid nitrogen. Informed consent was
acquired from all enrolled SCLC patients. This research was permit-
ted by the Research Ethics Committee of Dongguan Hospital of

Guangzhou University of Chinese Medicine.

2.2 | Cell culture and transfection

NSCLC cells (A549 and H1299) were commercially provided by
COBIOER. All cells were grown in RPMI-1640 medium (Invitrogen)
containing 10% FBS (Invitrogen) and maintained in standard condi-
tions (37, 5% CO,). The corresponding Taxol-resistant NSCLC cells
(A549/Taxol and H1299/Taxol) were generated via exposing the
parental cells (A549 and H1299) to increasing doses of Taxol (Sigma-
Aldrich). Then, Taxol (50 nM) was added into the culture medium to
maintain a resistant phenotype.

Short-hairpin RNA targeting circ_0011298 (si-circ_0011298#1
and si-circ_0011298#2) and shRNA control (sh-NC), mimics or in-
hibitor of miR-486-3p (miR-486-3p and anti-miR-486-3p) and
matched control (miR-NC or anti-NC), CRABP2-overexpressing vec-
tor (CRABP2), and corresponding control (vector) were commercially
provided by GenePharma. Cells were introduced with the plasmid

or/and oligonucleotide by Lipofectamine 3000 reagent (Invitrogen).

2.3 | Quantitative real-time reverse transcription-
polymerase chain reaction (qRT-PCR)

After extraction of RNA with Trizol reagent (Invitrogen), the syn-
thesis of first-strand cDNA was conducted using M-MLV Reverse
Transcriptase kit (Promega) or miScript I RT kit (Invitrogen).
Next, qRT-PCR reaction was manipulated with SYBR Green PCR
Master Mix kit (Invitrogen). Primer sequences: circ_0011298 (F,
5'-CACTGCCCCAACAGCTATGT-3'; R, 5-GAAGGGGTAGCAGTGG
TCAG-3'); TINAGL1 (F, 5'-CCTCTTGACCAAGGCAACTGTG-3'; R,
5'-GGTGTCACAAGACAGCAGGTTC-3');miR-486-3p(F,5'-GTATGAC
GGGGCAGCTCAGTA-3'; R, 5'-CAGTGCGTGTCGTGGAGT-3'); miR-
616 (F, 5'-GCCGAGAGTCATTGGAGGGT -3'; R, 5'-CAGTGCGTGT
CGTGGAGT-3'); CRABP2 (F, 5'-TTGAGGAGCAGACTGTGGATGG-3';
R,5'-GTTCTCTGGTCCACGAGGTCTT-3'); GAPDH (F,5'-GTCTCCTCT
GACTTCAACAGCG-3'; R, 5'-ACCACCCTGTTGCTGTAGCCAA-3');
and U6 (F,5'-CTCGCTTCGGCAGCACATATACT-3';R,5'-ACGCTTCAC
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GAATTTGCGTGTC-3'). The levels of genes were evaluated with
2725 method and normalized to U6 (for miRNA) or GAPDH (for
circRNA/mRNA).

24 | 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide (MTT) assay

MTT assay was applied to analyze cell viability and IC50 value of
Taxol. Cell suspension (100 uL) was inoculated into 96-well plates.
After treatment with Taxol or transfection with oligonucleotide or/
and vector, MTT (5 mg/ml; 10 ul; Solarbio) reagent was placed into
per well and further incubated for 3-4 h. DMSO (200 pl; Sigma-
Aldrich) was added into per well after removing the medium. The
absorbance was detected with a microplate reader at 490 nm.

IC50 value of Taxol was calculated using the relative survival curve.

2.5 | CircRNA identification

Circ_0011298 and TINAGL1 were amplified with oligo (dT),4 or ran-
dom primers. At last, qRT-PCR was conducted to confirm whether
circ_0011298 contained poly (A) tail.

Total RNA was treated with or without RNase R (Seebio) for 0.5 h
at 37°C. Next, circ_0011298 and TINAGL1 mRNA levels were as-
sessed by qRT-PCR.

For Actinomycin D assay, Actinomycin D (Sigma-Aldrich) was
added to cells for blocking transcription. Thereafter, qRT-PCR was
used to detect circ_0011298 and TINAGL1 mRNA expression.

2.6 | Subcellular fraction assay

Cytoplasm and nucleus fractions were isolated with PARIS™ kit
(Invitrogen). Circ_0011298, U6 (as a nucleus control) and GAPDH (as
a cytoplasm control) levels were assessed by gRT-qPCR.

2.7 | 5-ethynyl-20-deoxyuridine (EdU) assay
KFluor488 EdU kit (KeyGene, Nanjing, China) was used to test DNA
synthesis and cell proliferation. In short, A549/Taxol and H1299/Taxol
cells were seeded into a 12-well plate. After transfection, cells were
then treated with EdU solution (50 pM) for 2 h and fixed with 4%
paraformaldehyde for 20 min. Next, 0.5% TritonX-100 was sued to
permeabilize cells, and then cells were stained with Click-It reaction in
a dark place for 0.5 h. Afterwards, cell nucleus was stained with DAPI.
Finally, cells were observed using a fluorescence microscope (Leica).

2.8 | Flow cytometry analysis

For cell cycle assay, A549/Taxol and H1299/Taxol cells were col-
lected after transection and fixed in ethanol (70%; Beyotime) for

12 h at -20°C. After fixation, the cells were harvested via centrifu-
gation, followed by addition of propidium iodide (Pl; KeyGene) and
RNase A (Beyotime). FACScan® flow cytometry was employed to
detect cell cycle distribution.

For detection of cell apoptosis, the transfected cells were har-
vested. After suspending in binding buffer (0.5 ml), cells were labeled
with Annexin V-FITC and Pl (Beyotime), followed by measurement of

apoptotic cells with FACScan® flow cytometry.

2.9 | Transwell assay

The transwell chambers were employed to evaluate cell invasive and
migratory capacities. The only difference was that the top cham-
bers were coated with Matrigel for detecting cell invasion. In brief,
serum-free medium (200 ul) containing transfected cells (A549/
Taxol and H1299/Taxol) was seeded into the upper chamber. In the
bottom compartment, complete medium (600 pl) was used as a che-
moattractant. Twenty-four hours later, the invaded/migrated cells
were fixed in methanol, dyed using crystal violet, and examined by

microscopy (Leica).

2.10 | Glycolysis detection

Apo SENSOR ADP/ATP Ratio Assay kit (BioVision), Glucose Assay
kit (BioVision), and Lactate Assay kit (BioVision) were used to detect
ATP/ADP ratio, glucose uptake, and lactate production, respectively,
following the manufacturer's protocol.

2.11 | Western blot assay

Total protein was extracted by RIPA lysis buffer (Keygen). After de-
tection of protein concentration, extracted protein was separated
with SDS-PAGE (Beyotime). After transferring onto PVDF mem-
branes (Millipore), the membranes were blocked in non-fat dried
milk (Yili). After that, the membranes were probed with unique pri-
mary antibodies: KI67 (ab181255; 1:5000; Abcam), Bax (ab32503;
1:3000; Abcam), multidrug resistance protein (MRP1; ab76464;
1:1000; Abcam), CRABP2 (ab181255; 1:3000; Abcam), and B-actin
(ab8226; 1:1000; Abcam), and then secondary antibody was used
for combination with primary antibodies. At last, the combined sig-

nals were detected by ECL reagent (Abcam).

2.12 | Dual-luciferase reporter assay

The relationship between miR-486-3p and circ_0011298 or CRABP2
was predicted by Circular RNA Interactome or TargetScan. The frag-
ments of circ_0011298 or CRABP2 containing miR-486-3p-binding
sequence or not were inserted into pmirGLO vector (GenePharma) to
form wild-type reporter vector (circ_0011298 WT and CRABP2 3'UTR
WT) and mutated reporter vector (circ_0011298 MUT, CRABP2
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FIGURE 1 High expression of circ_0011298 was detected in Taxol-resistant NSCLC cells and tissues. A, Circ_0011298 expression was
detected using qRT-PCR in Taxol-resistant NSCLC cells (A549/Taxol and H1299/Taxol) and parental cells (A549 and H1299). B, IC50 of Taxol
in Taxol-resistant NSCLC cells was measured by MTT assay. C, Circ_0011298 level in normal, Taxol-sensitive NSCLC, and Taxol-resistant
NSCLC tissues was determined. D and E, Crc_0011298 and TINAGL1 mRNA levels were detected by gqRT-PCR after reverse transcription
with oligo (dT),4 primers and random primers in Taxol-resistant NSCLC cells. F-I, After treatment with RNase R or Actinomycin D, qRT-

PCR was used to measure circ_0011298 and linear TINAGL1 levels in Taxol-resistant NSCLC cells. J, The localization of circ_0011298 was

determined in the nuclear and cytosolic fractions. *p < 0.05

3'UTR MUT). Next, cells were introduced with reporter vector and
miR-NC/miR-486-3p for 48 h. The luciferase activities were detected
using Dual-Luciferase Reporter Assay System (Promega).

2.13 | RNA immunoprecipitation (RIP) assay
EZ-Magna RIP kit (Millipore) was utilized to conduct RIP assay.
Briefly, cells were harvested and lysed using RIP lysis buffer, and cell
extracts were then treated with magnetic beads previously binding
to human antibody against immunoglobulin G (Anti-IgG; as a con-
trol) or Argonaute2 (Anti-Ago2). Subsequently, the RNA in the im-
munoprecipitates was extracted for detection of miR-486-3p and
circ_0011298 enrichment by qRT-PCR.

2.14 | Tumor formation assay in vivo

The following work was approved by the Animal Care and Use
Committee of Dongguan Hospital of Guangzhou University of Chinese
Medicine. BALB/c nude mice (6-week-old, male, n = 12, weighing 20-
25 g) were commercially provided by Vital River. Briefly, A549/Taxol
cells (1 x 109, circ_0011298 downregulating or control) were inocu-
lated into nude mice. Seven days later, these mice were intraperito-
neally administrated with 3 mg/kg of Taxol every 3 days. The tumor
volume was measured using a caliper every 7 days. Thirty-five days
later, the mice were killed for subsequent analysis.

2.15 | Immunohistochemistry (IHC)

Tumor tissues were fixed in formalin solution (10%) and embedded
in paraffin, followed by cutting into 4-pm-thick section. Afterwards,

these sections were probed with the primary antibody: CRABP2
(ab181255; 1:100; Abcam) or Ki67 (ab15580; 1:200; Abcam). Next,
these sections were incubated with secondary antibody (ab171870;
1:2000; Abcam). After staining with diaminoaniline (DAB; Maxim,
Fuzhou, China) and counterstaining with hematoxylin (Maxim), the

sections were observed using a microscopy (Leica).

2.16 | Statistical analysis

All data in our research were expressed as the mean + standard de-
viation from at least three independent experiments and analyzed by
GraphPad Prism. Student's t-test or ANOVA was used for calculating
significant differences. The correlations among circ_0011298, miR-
486-3p, and CRABP2 were analyzed using spearman's correlation
coefficient analysis. The significance was determined when p< 0.05.

3 | RESULTS
3.1 | Circ_0011298 was upregulated in Taxol-
resistant NSCLC

Circ_0011298 level was increased in Taxol-resistant NSCLC cells
(A549/Taxol and H1299/Taxol) compared to parental cells (A549
and H1299) (Figure 1A). Next, cells were exposed to different doses
of Taxol and then MTT was used to measure IC50. As expected,
IC50 value of Taxol in Taxol-resistant NSCLC cells was higher than
that in parental cells (Figure 1B), confirming the production of Taxol
resistance. Similarly, circ_0011298 level was demonstrated to be
increased in Taxol-sensitive NSCLC tissues relative to normal tis-
sues, and circ_0011298 level was higher in Taxol-resistant NSCLC
tissues than that in Taxol-sensitive NSCLC tissues (Figure 1C).
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Next, we analyzed the characteristics of circ_0011298 in A549/
Taxol and H1299/Taxol cells. Circ_0011298 level was decreased
when oligo(dT),, primers were used (Figure 1D,E), indicating the
absence of a poly (A) tail for circ_0011298. Circ_0011298 was re-
sistant to RNase R (Figure 1F,G), suggesting the cyclic structure of
circ_0003998. The half-life of TINAGL1 mRNA transcript was about
8 h, while the half-life of circ_0011298 transcript exceeded 24 h
(Figure 1H,1), implying that circ_0011298 transcript was more stable.
Subsequently, the localization of circ_0011298 in Taxol-resistant
NSCLC cells was detected. Circ_0011298 was demonstrated to be
primarily located in the cytoplasm (Figure 1J).

3.2 | Circ_0011298 knockdown elevated Taxol
sensitivity in Taxol-resistant NSCLC cells

Lose-of-function experiments were performed in Taxol-resistant
NSCLC cells to explore the role of circ_0011298. Circ_0011298 level
was reduced in cells by transfection with sh-circ_0011298#1 and
sh-circ_0011298#2, and circ_0011298 expression was lower after
transfection with sh-circ_0011298#1 thanssi-circ_0011298#2 group;
however, transfection of sh-circ_0011298#1 or sh-circ_0011298#2
could not affect the mRNA expression of TINAGL1 (Figure 2A,B).
Therefore, we choose sh-circ_0011298#1 for further research. MTT
and EdU analyses demonstrated that circ_0011298 silencing de-
creased cell viability and DNA synthesis in Taxol-resistant NSCLC
cells (Figure 2C-E), revealing that circ_0011298 interference sup-
pressed cell proliferative ability. Circ_0011298 downregulation
increased GO/G1 phase and reduced S phase (Figure 2F,G). In ad-
dition, circ_0011298 knockdown caused significant apoptosis in
Taxol-resistant NSCLC cells (Figure 2H). A549/Taxol and H1299/
Taxol cell migration and invasion were repressed by downregula-
tion of circ_0011298 (Figure 2l,J). Moreover, IC50 value of Taxol
was decreased in A549/Taxol and H1299/Taxol after deficiency of
circ_0011298 (Figure 2K). Glycolysis can promote cancer progres-
sion. Next, the effect of circ_0011298 on glycolysis was studied.
Downregulation of circ_0011298 suppressed glycolysis via reducing
glucose uptake, lactate production, and ATP/ADP ratio (Figure 2L-N).
The protein expression of Kié7 (a proliferation marker), Bax (a pro-
apoptotic molecule), and MRP1 (drug resistance-associated protein)
was then measured. As presented in Figure 20,P, circ_0011298 si-
lencing inhibited Ki67 and MRP1 protein levels and increased Bax

protein abundance.

3.3 | Circ_0011298 was a sponge of miR-486-3p

CircRNA can act as a sponge for miRNA.?! MiR-486-3p and miR-616
were found to have higher prediction scores by using Circular RNA
Interactome scores. Next, miR-486-3p and miR-616 levels were
explored in normal tissue samples and resistant/sensitive NSCLC
tissues specimens, and we demonstrated that miR-486-3p level
was reduced in Taxol-sensitive NSCLC tissue samples in contrast

to normal tissue samples and miR-486-3p level further decreased
in Taxol-resistant NSCLC tissues; however, miR-616 expression
presented an opposite effect (Figure 3A). Hence, miR-486-3p was
chosen for further study. The predicted binding sequence between
circ_0011298 and miR-486-3p was displayed in Figure 3B. MiR-
486-3p expression was remarkably elevated after introduction with
miR-486-3p and reduced after introduction with anti-miR-486-3p
(Figure 3C), suggesting that transfection efficiency was high. As
shown in Figure 3D,E, upregulation of miR-486-3p led to a reduc-
tion in the luciferase intensity of circ_0011298 WT, but this change
was not found in circ_0011298 MUT group. MiR-486-3p and
circ_0011298 were obviously enriched in Ago2 group with respect
to IgG group (Figure 3F,G). Additionally, miR-486-3p expression was
found to be reduced in Taxol-resistant NSCLC cells relative to pa-
rental cells (Figure 3H). Likewise, miR-486-3p expression was de-
clined in Taxol-sensitive NSCLC tissues, and its expression was lower
in Taxol-resistant NSCLC tissues (Figure 3l). An inverse correlation
between circ_0011298 and miR-486-3p expression was observed
in Taxol-resistant NSCLC tissues (Figure 3J). Furthermore, we ob-
served that circ_0011298#1 transfection increased miR-486-3p
level, which was reversed by anti-miR-486-3p co-transfection
(Figure 3K).

3.4 | Circ_0011298 silencing repressed Taxol
resistance in Taxol-resistant NSCLC cells via
upregulating miR-486-3p

To explore the association between circ_0011298 and miR-486-3p
in regulating Taxol resistance, rescue assays were performed. MTT
and EdU assays indicated that miR-486-3p suppression abrogated
the repressive effect of circ_0011298 interference on proliferation
(Figure 4A-C). Moreover, circ_0011298 downregulation-caused cell
cycle arrest and apoptosis were relieved via anti-miR-486-3p rein-
troduction (Figure 4D-F). Also, the inhibiting effects of circ_0011298
downregulating on migration and invasion were counteracted by
decreasing miR-486-3p (Figure 4G,H). Furthermore, the influence
of circ_0011298 interference on decrease in IC50 value of Taxol,
glucose uptake, lactate production, and ATP/ADP ratio was neutral-
ized via inhibiting miR-486-3p (Figure 41-L). MiR-486-3p reduction
reversed the effects of circ_0011298 deficiency on decreasing Ki67
and MRP1 protein expression and increasing Bax protein expression
(Figure 4M,N).

3.5 | CRABP2 was targeted by miR-486-3p

By searching for TargetScan, the downstream target for miR-
486-3p was explored. As presented in Figure 5A, CRABP2
possessed the possible binding sequence for miR-486-3p. MR-
486-3p overexpression showed a dramatic suppression in the lu-
ciferase activity of CRABP2 3'UTR WT but not CRABP2 3'UTR
MUT (Figure 5B,C). GEPIA showed that CRABP2 expression was
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FIGURE 2 Circ_0011298 knockdown sensitized Taxol-resistant NSCLC cells to Taxol. A and B, Circ_0011298 and TINAGL1 mRNA

levels were detected in Taxol-resistant NSCLC cells introduced with sh-NC, sh-circ_0011298#1, or sh-circ_0011298#2. C-P, Taxol-resistant
NSCLC cells were introduced with sh-NC or sh-circ_0011298#1. C and D, MTT assay was used to measure cell viability. (E) DNA synthesis
was determined by EdU analysis. F-H, Flow cytometry analysis was performed to analyze cell cycle process and apoptosis. | and J, Transwell
assay was performed to detect cell migratory and invasive abilities (x100). K, IC50 of Taxol was assessed using MTT assay. L-N, Glucose
uptake, lactate consumption, and cellular ATP/ADP ratio were assessed using corresponding kits. O and P, Western blot was conducted to
analyze Ki6é7, Bax, and MRP1 protein levels. *p < 0.05
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FIGURE 3 MiR-486-3p was sponged by circ_0011298. A, The expression of miR-486-3p and miR-616 (potential target miRNAs of
circ_0011298) was determined in normal, Taxol-sensitive NSCLC, and Taxol-resistant NSCLC tissues. B, The putative binding sites of miR-
486-3p and circ_0011298 were exhibited. C, MiR-486-3p expression was measured in Taxol-resistant NSCLC cells introduced with miR-NC,
miR-486-3p, anti-NC, or anti-miR-486-3p. D and E, Taxol-resistant NSCLC cells were co-introduced with circ_0011298 WT/MUT and
miR-NC/miR-486-3p, and the luciferase activity was detected. F and G, Circ_0011298 and miR-486-3p enrichment were determined by RIP
assay in Taxol-resistant NSCLC cells. H, Detection of miR-486-3p level in Taxol-resistant NSCLC cells and parental cells. |, MiR-486-3p level
was tested in normal, Taxol-sensitive NSCLC, and Taxol-resistant NSCLC tissues. J, The correlation between circ_0011298 and miR-486-3p
in Taxol-resistant NSCLC tissues was analyzed. K, MiR-486-3p level was measured in Taxol-resistant NSCLC cells introduced with sh-NC,
sh-circ_0011298#1, sh-circ_0011298#1+anti-NC, or sh-circ_0011298#1+anti-miR-486-3p. *p < 0.05

upregulated in both LUAD and LUSC tissues relative to normal expression (Figure 5L,M), suggesting that circ_0011298 sponged
tissues, and patients in high CRABP2 expression group showed miR-486-3p to positively modulate CRABP2 expression.

poor survival (Figure 5D,E). The levels of CRABP2 mRNA and

protein were increased in Taxol-sensitive NSCLC tissues; moreo-

ver, its expression was higher in Taxol-resistant NSCLC tissues 3.6 | MiR-486-3p targeted CRABP2 to increase
(Figure 5F,I). In addition, CRABP2 mRNA expression was inversely Taxol sensitivity in Taxol-resistant NSCLC cells
associated with miR-486-3p expression and positively correlated

with circ_0011298 level in Taxol-resistant tissues (Figure 5G,H). As illustrated in Figure 6A, CRABP2 protein expression was in-

Moreover, an enhancement in CRABP2 protein level was de- creased by transfection of CRABP2 in Taxol-resistant NSCLC cells,
tected in Taxol-resistant NSCLC cells relative to parental cells indicating a high transfection efficiency. To elucidate whether miR-
(Figure 5J). Upregulation of miR-486-3p could reduce CRABP2 486-3p exerted its roles via targeting CRABP2 in Taxol-resistant
protein expression in Taxol-resistant NSCLC cells (Figure 5K). NSCLC cells, rescue experiments were performed. Enhancement
Downregulation of circ_0011298 reduced the protein expression of miR-486-3p reduced cell proliferative ability in Taxol-resistant

of CRABP2, which was neutralized by decreasing miR-486-3p NSCLC cells, which was abated by elevating CRABP2 (Figure 6B-D).
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FIGURE 4 Circ_0011298 knockdown enhanced Taxol sensitivity in Taxol-resistant NSCLC cells by targeting miR-486-3p. A-N, A549/
Taxol and H1299/Taxol cells were transfected with sh-NC, sh-circ_0011298#1, sh-circ_0011298#1+anti-NC, or sh-circ_0011298#1+anti-
miR-486-3p. A-C, Cell proliferation was analyzed. D-F, Cell cycle distribution and cell apoptosis were detected. (G and H) Cell migratory and
invasion capacities were evaluated. |, IC50 value of Taxol was examined. (J-L) Glucose uptake, lactate consumption, and cellular ATP/ADP
ratio were determined. M and N, Kié7, Bax, and MRP1 protein levels were analyzed. *p < 0.05

Enforced expression of miR-486-3p arrested cells in GO/G1 phase
and increased cell apoptosis as well as inhibited migratory and inva-
sive abilities, which could be reversed by overexpression of CRABP2
(Figure 6E-I). MiR-486-3p overexpression reduced the IC50 value
of Taxol and glycolysis in Taxol-resistant NSCLC cells, but these
changes were counteracted by CRABP2 elevation (Figure 6J-M).
Meanwhile, restoration of miR-486-3p led to reduction in the pro-
tein levels of Ki67 and MRP1 and promotion in Bax protein expres-
sion, which was counteracted by upregulating CRABP2 (Figure 6N).

3.7 | Circ_0011298 downregulation enhanced
Taxol sensitivity of NSCLC in vivo

The volume of tumor in Taxol+sh-circ_0011298#1 group grew slower
than that in Taxol+sh-NC group (Figure 7A). Figure 7B showed the

representative photographs of the tumors. In addition, Taxol treatment
and circ_0011298 knockdown reduced tumor volume compared with
Taxol treatment alone (Figure 7C). Moreover, circ_0011298 expression
and CRABP2 mRNA and protein expression were reduced and miR-
486-3p expression was enhanced in Taxol+sh-circ_0011298#1 group
relative to Taxol+sh-NC group (Figure 7D,E). IHC analysis showed
that Taxol treatment and circ_0011298 downregulation decreased
CRABP2 and Ki67 expression compared to Taxol+sh-NC group
(Figure 7F). Collectively, circ_0011298 deficiency repressed Taxol re-
sistance of NSCLC in vivo.

4 | DISCUSSION

Although Taxol-based chemotherapy is particularly effective in

most cancer cases, the acquisition of Taxol resistance is a major
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FIGURE 5 MiR-486-3p directly interacted with CRABP2. A, The predicted binding sites between CRABP2 and miR-486-3p were
presented. B and C, The relationship between CRABP2 and miR-486-3p was verified by dual-luciferase reporter assay. D and E, GEPIA
database showed CRABP2 expression in tumor and normal tissue samples, and the survival rate for patients with high and low CRABP2
expression. F, CRABP2 mRNA expression was determined in normal, Taxol-sensitive NSCLC, and Taxol-resistant NSCLC tissues. G and H,
The correlation between CRABP2 and miR-486-3p or circ_0011298 in Taxol-resistant NSCLC tissues was analyzed. | and J, CRABP2 protein
expression was examined in normal tissues, Taxol-sensitive NSCLC tissues, Taxol-resistant NSCLC tissues, Taxol-resistant NSCLC cells, and
parental cells. K, The protein expression of CRABP2 was examined in Taxol-resistant NSCLC cells after transfection with miR-NC/miR-486-
3p. Land M, CRABP2 protein expression was measured in Taxol-resistant NSCLC cells after introduction with sh-NC, sh-circ_0011298#1,
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obstacle for cancer treatment.??23 In this research, we confirmed
that circ_0011298 interference reduced the resistance of Taxol-
resistant NSCLC cells through regulating miR-486-3p/CRABP2 axis.

Many circRNAs have been gradually identified in various
diseases, including cancers.’* Several circRNAs are dysregu-
lated and involved in regulation of Taxol resistance in NSCLC.
For example, circ_ZFR augmented the Taxol resistance and pro-
gression of NSCLC by modulating KPNA4/miR-195-5p axis.?®
Circ_0011292 was upregulated in NSCLC, and accelerated tum-
origenesis and Taxol resistance in NSCLC by regulating TRIM65
and sponging miR—379—5p.26 In addition, hsa_circ_0002874 silenc-
ing could reverse Taxol resistance in NSCLC.?” In this research,
the influence of circ_0011298 on Taxol resistance was explored

in Taxol-resistant NSCLC cells. Herein, circ_0011298 was over-
expressed in Taxol-resistant NSCLC cells and tissues, which was
in line with former research.'® Functionally, circ_0011298 knock-
down sensitized Taxol-resistant NSCLC cells to Taxol through in-
hibiting cell growth, cell cycle progression, invasion, migration,
and glycolysis and inducing apoptosis. Importantly, circ_0011298
downregulation could block tumor growth to improve Taxol sen-
sitivity in NSCLC in vivo. Our data revealed that circ_0011298 in-
creased the resistance of NSCLC to Taxol.

Many studies have suggested that circRNAs located in the cy-
toplasm can exert their functions by interacting with miRNAs to re-
lease mRNAs that are targeted by miRNAs.2® Here, circ_0011298
was demonstrated to be primarily located in the cytoplasm. Hence,
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FIGURE 6 Upregulation of miR-486-3p inhibited Taxol resistance by downregulating CRABP2 in Taxol-resistant NSCLC cells. A, The
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E-G, Cell cycle distribution and cell apoptosis were detected. H and I, Cell migration and invasion were measured. J, The IC50 of Taxol was
calculated by MTT assay. K-M, Glucose uptake, lactate consumption, and ATP/ADP ratio were examined. N, Ki67, Bax, and MRP1 protein

levels were determined. *p < 0.05

circ_0011298 might promote Taxol resistance of NSCLC through di-
rectly binding to miRNAs. In our study, circ_0011298 was first verified
to interact with miR-486-3p. MiR-486-3p is able to function as a sup-
pressor in some cancers and is related to drug resistance. For instance,
Jietal. disclosed that miR-486-3p expression was reduced in sorafenib-
resistant hepatocellular carcinoma cells and miR-486-3p-targeted
FGFR4 could overcome sorafenib resistance.?’ Wu et al. declared
that miR-486-3p could improve temozolomide sensitivity through
targeting MGMT in glioblastoma.®® Moreover, Pan et al. claimed that
miR-486-3p showed a low abundance in lung cancer, and upregula-
tion of miR-486-3p suppressed lung cancer cell viability, invasion, and
migration.18 We wondered whether miR-486-3p could regulate Taxol
sensitivity of NSCLC. Low abundance of miR-486-3p in Taxol-resistant

NSCLC cell lines and tissue samples was observed. MiR-486-3p reduc-
tion could revere the suppressing influence of circ_0011298 down-
regulation on Taxol resistance, indicating that circ_0011298 regulated
Taxol sensitivity through targeting miR-486-3p.

Next, we further explored the possible targets for miR-486-3p.
Ourdatarevealed that CRABP2 was directly targeted by miR-486-3p,
and circ_0011298 sponged miR-486-3p to upregulate CRABP2 ex-
pression. Many researches have suggested that CRABP2 is involved
in regulation of the drug sensitivity in several cancers.>%® In addi-
tion, Favorskaya et al. reported that CRABP2 mRNA level was ele-
vated in NSCLC samples.34 Moreover, Kim et al. proved that plasma
CRABP2 level was increased in NSCLC patients.®> More importantly,
Wu et al. suggested that CRABP2 silencing limited the metastasis



WU ET AL. 110f 12
WILEY- 2"
(A) (B) ©)
a - Taxol+sh-NC M Taxoksh-NC
E 8007 -= Taxol+sh-circ_0011298#1 5 1-07 B Taxol+sh-circ_0011298#1
"o 600 - . £ 0.8 %*
* % 0.6
_g 400- $
> . :6 0.4
'5 200+ WTTW g 0.2
5 o F 0.0
= 7 14 21 28 35 Taxol+  Taxol+sh- .
Days sh-NC circ_0011298#1
(D) (E)
Il Taxol+sh-NC - Il Taxol+sh-NC
41 B Taxol+sh-circ_0011298#1 o S 1.5, B Taxol+sh-circ_0011298#1
< - cRABP2 WD Wm0 O
Z 1 - o *
o3 g
Y B-actin W sw— O 10
> 2
S £ Taxol + + g0
S g 2 £ 05
8 > 11 sh-NC + - £
sh-circ_0011298#1 - + & o
0- 2 0.0-
c'\\’c_001 A ?\,\S\R-ASG'?’p (:,RABP2
(F) CRABP2 Ki67

Taxol+sh-NC Taxol+sh-circ_0011298#1
..~“:;,L .GQ- -a':ﬂ"w’t,!{, ‘n,z .,‘ { ,":\ 0 ; B a7y ;
"

N LY s ¥ 3 \ viig Ve /Y . . 1
Eh Tyt 454 .ﬂ,. y % 2 P
A IR Ny £
g o o d &4
&N AV o '
o4

Taxol+sh-NC
: IR,

Taxol+sh-circ_0011298#1

o

o ove
.«
®, .

FIGURE 7 Circ_0011298 interference increased Taxol sensitivity of NSCLC in vivo. A, Tumor volume was recorded every 7 days. B,
Images of the tumors were displayed. C, After 35 days inoculation, tumor weight was examined. D, Circ_0011298, miR-486-3p, and
CRABP2 mRNA levels were determined. E, CRABP2 protein abundance was detected. F, IHC analysis was used to examine CRABP2 and

Ki67 expression. *p < 0.05

and growth of lung cancer cells.?’ In our research, CRABP2 was
overexpressed in Taxol-resistant NSCLC tissue samples and cell
lines. CRABP2 overexpression neutralized miR-486-3p-mediated
improvement of Taxol sensitivity in Taxol-resistant NSCLC cells, im-
plying that miR-486-3p exerted its function in Taxol resistance of
NSCLC cells by targeting CRABP2.

In conclusion, circ_0011298 was overexpressed in Taxol-resistant
NSCLC, and circ_0011298 enhanced Taxol resistance by sponging
miR-486-3p and upregulating CRABP2. Our research may provide a
new molecular mechanism for Taxol resistance and a possible circRNA-
targeted therapy for NSCLC patients with Taxol resistance.
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