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Abstract

Background: Circular RNAs (circRNAs) play vital roles in non-small cell lung cancer
(NSCLC) progression. Our research analyzed the role of circ_0110498 on the cisplatin
(DDP) resistance of NSCLC.

Methods: Cell glycolysis was analyzed by measuring glucose consumption and lactate
production. Protein expression was determined by western blot analysis. The expression
of circ_0110498, microRNA (miR)-1287-5p and RBBP4 was detected by RT-qPCR assay.
Cell counting kit-8, colony formation and transwell assays, together with flow cytometry
were conducted to analyze cell DDP resistance, proliferation, metastasis and apoptosis.
Results: Circ_0110498 expression was elevated in DDP-resistant NSCLC tissues and
cells. Circ_0110498 silencing not only suppressed the DDP resistance of NSCLC cells
by inhibiting cell growth, metastasis and glycolysis, but also enhanced the DDP sensi-
tivity of NSCLC tumors. MiR-1287-5p was sponged by circ_0110498, and its inhibitor
also reversed the effect of circ_0110498 silencing on the DDP resistance of NSCLC
cells. MiR-1287-5p interacted with RBBP4, and RBBP4 overexpression partly reversed
the inhibitory effect of miR-1287-5p on the DDP resistance of NSCLC cells.
Conclusion: Circ_0110498 facilitated DDP resistance partly through mediating the
miR-1287-5p/RBBP4 signaling in NSCLC.
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cell malignant behaviors and chemoresistance by targeting
NER signaling.” A previous study found that circ_0110498

Lung cancer is a common fatal cancer, accounting for 18.4%
of cancer-associated deaths worldwide,' among which non-
small cell lung cancer (NSCLC) is the main pathological sub-
type.” Cisplatin (DDP) is a platinum-based antitumor drug,
which is widely used in NSCLC treatment as the major adju-
vant method following surgery.” However, the development
of DDP resistance limits its therapeutic efficacy.* Hence, illus-
trating the mechanism behind DDP resistance is essential to
provide new effective therapeutic strategies for NSCLC.
Accumulating evidence demonstrates that circular RNAs
(circRNAs) are vital regulators in carcinogenesis, including
NSCLC. For instance, circ_0001869 had been found to pro-
mote NSCLC malignant properties by the miR-638/FOSL2
axis.” Circ_0001946 has been reported to suppress NSCLC

facilitated NSCLC cell glycolysis and proliferation abilities
by targeting miR-515-5p/HDGF signaling.” However, the
role of circ_0110498 in NSCLC chemoresistance is still
largely unknown.

CircRNAs can act as microRNAs (miRNAs) molecular
sponges.” MiRNAs are implicated in regulating cancer pro-
gression and chemoresistance.”'’ By bioinformatic predic-
tion, miR-1287-5p has been found to be a possible target of
circ_0110498. MiR-1287 plays an antitumor role in NSCLC.
For example, circ_0016760 aggravated NSCLC development
through mediating the miR-1287/GAGE1 axis,'' and
circ_0026134 facilitated NSCLC development by sponging
miR-1256."% In this study, we tested the target relationship
between circ_0110498 and miR-1287-5p. MiRNAs can
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regulate cell biological behaviors by binding to messenger
RNAs (mRNAs)."> RBBP4 was predicted as a potential
downstream gene of miR-1287-5p by the TargetScan data-
base. A previous study showed that RBBP4 facilitated
NSCLC cell growth and metastasis.'* In this study, we tested
the binding relationship between RBBP4 and miR-1287-5p.

Here, we first analyzed the role of circ_0110498 in regu-
lating the DDP resistance of NSCLC. Subsequently, the
interaction and potential mechanism among miR-1287-5p,
circ_0110498, and RBBP4 were explored.

METHODS
Clinical specimens

NSCLC specimens (DDP-resistant: n = 30; DDP-sensitive:
n = 24) and adjacent healthy specimens (n = 54) were har-
vested at The First Affiliated Hospital of Zhengzhou Univer-
sity. This study was approved by the Ethics Committee of
The First Affiliated Hospital of Zhengzhou University. All
the participants signed their written informed consent.

Cell cultivation

NSCLC cell lines (A549 and H1299) and human bronchial
epithelioid cell line 16HBE were purchased from BNCC
(Beijing). A549/DDP and HI1299/DDP cells were con-
structed as described in a previous study.'” Cells were culti-
vated in RPMI-1640 (Hyclone) with 10% FBS (Hyclone)
and 1% penicillin/streptomycin (Invitrogen).

Analysis of cell glycolysis
Cell glycolytic rate was assessed through analyzing glucose

consumption and lactate production using a commercial
glucose/lactate assay kit (BioVision).

Western blot assay

Protein samples were obtained with RIPA buffer
(Beyotime). Samples were loaded onto 10% separating gel
and blotted to PVDF membrane. The membrane was
labeled with the specific primary antibodies (Abcam),
including anti-HK2 (ab209847), anti-LDHA (ab101562),
anti-RBBP4 (ab92344), and anti-f-actin (ab8226). After
labeling with the respective secondary antibody, protein sig-
nal was detected via ECL reagent (Beyotime).

RT-qPCR

RNA extracted by TRIzol reagent (Invitrogen) was reverse
transcribed using a Prime-Script RT master mix kit
(Takara). Thermal cycling reaction was implemented using
SYBR Green (Takara) and specific primers (Table 1). The
fold change was analyzed by the 2~ **“" method. For RNase
R treatment, 2 pg RNAs were mixed with 6 U RNase R and
a quantitative reverse transcription PCR (RT-qPCR) assay
was performed. RNAs in nucleus and cytoplasm were
extracted using PARIS kit (Invitrogen) according to the pro-
tocol of a previous study."®

Oligonucleotides, plasmids, and transfection

Small interference (si)RNA of circ_0110498 (si-
circ_0110498), short hairpin (sh)RNA of circ_0110498 (sh-
circ_0110498), miR-1287-5p mimics, miR-1287-5p inhibitor
(anti-miR-1287-5p), RBBP4 ectopic expression plasmid
(RBBP4), and controls were synthesized by GenePharma.

Cell counting kit-8 (CCKS8) assay

A cell counting kit-8 (CCK8) assay was adopted to assess
cell chemoresistance and proliferation capacity. NSCLC

TABLE 1 Specific primers in the RT-qPCR assay
Gene Direction Sequence
circ_0110498 forward 5-TCAGCAAGATGGAAAGAATGG-3'
reverse 5'-CACTTGCTGCAGTTTGTGGT-3
MAGI3 forward 5'-CCCCCAGGGATGGAGAAGTA-3
reverse 5'-AGAAGTTTCCATCATATGTCCCAC-3'
miR-1287-5p forward 5'-GCGGTGCTGGATCAGTGG-3
reverse 5'-CAGTGCAGGGTCCGAGGTAT-3'
RBBP4 forward 5'-CCGACAAGGAAGCCTTCGAC-3
reverse 5'-TCACTGTCGTAGTGTGACGC-3'
GAPDH forward 5'-TATGATGACATCAAGAAGGTGGT-3'
reverse 5'-TGTAGCCAAATTCGTTGTCATAC-3
U6 forward 5'-GCTTCGGCAGCACATATACTAAAAT-3

reverse

5'-CGCTTCACGAATTTGCGTGTCAT-3
Abbreviation: RT-qPCR, quantitative reverse transcription PCR
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FIGURE 2 Circ_0110498 expression is elevated in DDP-resistant non-small cell lung cancer (NSCLC) tissues and cell lines. (a) The expression of
circ_0110498 was determined in 54 pairs of NSCLC tissues and adjacent normal tissues by quantitative reverse transcription PCR (RT-qPCR) assay. (b) The
expression of circ_0110498 in DDP-sensitive NSCLC tissues (n = 24) and DDP-resistant NSCLC tissues (n = 30) was analyzed by RT-qPCR. (c) The level of
circ_0110498 was examined in parental NSCLC cell lines, DDP-resistant NSCLC cell lines, and 16HBE cell line by RT-qPCR. (d and e) RNase R treatment.

(fand g) Subcellular localization assay. *p < 0.05

cells were seeded onto 96-well plates. After the indicated
treatment, 20 pl CCK8 solution (Beyotime) was pipetted
to the wells and the cells were incubated for 4 h. The
optical density at 450 nm was detected.

Colony formation assay

Cells were dispersed in the medium at low density. Cell sus-
pension was added to a 12-well plate. NSCLC cells were

cultivated for 2 weeks, and the colonies were immobilized,
stained and counted.

Transwell assays

Uncoated transwell chambers (Corning) were adopted to ana-
lyze cell migration, and chambers coated with Matrigel
(Corning) were utilized to assess cell invasion. Transfected cells
(transwell migration assay: 2 x 10* cells/well; transwell invasion
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assay: 8 x 10* cells/well) with serum-free medium were added
to the upper chambers. After 24 h, migrated or invaded cells
were dyed using crystal violet, and cells were counted at 100 x.

Flow cytometry

NSCLC cells were seeded onto six-well plates. After the indi-
cated transfection, NSCLC cells were dyed with Annexin
V-FITC and PI (BestBio). The apoptotic cells were captured
via the flow cytometer.

Xenograft tumor model

A cell inoculation method was used for constructing the
animal model. A total of 24 BALB/c nude mice were

arbitrarily divided into four groups (n 6 in each
group): sh-NC + PBS group (mice were inoculated with
A549/DDP cells stably expressing sh-NC followed by the
administration of PBS), sh-NC + DDP group (mice
were inoculated with A549/DDP cells stably expressing
sh-NC followed by the administration of DDP), sh-
circ_0110498 + PBS group (mice were inoculated with
A549/DDP cells stably expressing sh-circ_0110498 fol-
lowed by the administration of PBS), and sh-
circ_0110498 + DDP group (mice were inoculated with
A549/DDP cells stably expressing sh-circ_0110498 fol-
lowed by the administration of DDP). Tumor volume
was analyzed every 7 days. After 28 days, the mice were
sacrificed and tumor weight was recorded. The proce-
dures were endorsed by the Animal Ethics Committee
of The First Affiliated Hospital of Zhengzhou
University.
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FIGURE 3 Circ_0110498 knockdown elevates the DDP sensitivity and suppresses the malignant behaviors of non-small cell lung cancer (NSCLC) cells.

(a) Cell counting kit-8 (CCK8) assay was performed to analyze the ICs, value of DDP. (b-1) A549/DDP and H1299/DDP cells were transfected with si-NC,
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tissues. *p < 0.05

Dual-luciferase reporter assay

Circinteractome software was utilized to establish the association
between circ_0110498 and miRNAs, and TargetScan database
was adopted to establish miR-1287-5p-mRNAs associations.
The sequence of circ_0110498 or RBBP4 (wild-type or mutant)
was inserted into pmirGLO vector. WT-circ_0110498, MUT-
circ_0110498, WT-RBBP4 3’ UTR, and MUT-RBBP4 3’ UTR
were introduced into NSCLC cells with miR-1287-5p or miR-
NC. The luciferase activities were examined.

RIP assay

Magna RNA immunoprecipitation (RIP) kit was utilized in
this assay. Cell extracts were incubated with magnetic beads
labeled with AGO?2 antibody or IgG antibody. The enriched
RNAs were analyzed by RT-qPCR.

Statistical analysis

Data were analyzed by GraphPad Prism software and
expressed as mean + SD. Student’s t-test and ANOVA were
utilized to analyze the differences. p < 0.05 was considered
statistically significant.

RESULTS

Glycolytic metabolism is enhanced in DDP-
resistant NSCLC cells

Accumulating evidence has revealed an association between
glycolytic metabolism and chemoresistance.'””'® The glyco-
lytic metabolism of DDP-resistant NSCLC cells was signifi-
cantly enhanced, as evidenced by the increased glucose
consumption and lactate production (Figure la-d). More-
over, the expression of HK2 and LDHA was markedly ele-
vated in DDP-resistant NSCLC cells (Figure le).

Circ_0110498 expression is elevated in DDP-
resistant NSCLC tissues and cells

Circ_0110498 expression was significantly upregulated in
NSCLC tissues (n = 54) (Figure 2a), and was elevated in
DDP-resistant NSCLC tissues (n = 30) (Figure 2b).
Circ_0110498 level was increased in parental NSCLC cells
relative to 16HBE cells, and its expression was elevated in
DDP-resistant NSCLC cells (Figure 2c). Circ_0110498
expression was unaffected upon RNase R digestion
(Figure 2d, e). Similar to GAPDH, circ_0110498 was
majorly localized in the cytoplasm (Figure 2f, g).
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FIGURE 5

miR-1287-5p is a target of circ_0110498. (a) Circ_0110498-miRNA interactions were predicted, and the putative binding sites between

circ_0110498 and miR-1287-5p are shown. (b) The transfection efficiency of miR-1287-5p mimics in A549/DDP and H1299/DDP was analyzed by
RT-qPCR. (c and d) Dual-luciferase reporter assay. (e and f) RNA immunoprecipitation (RIP) assay. (g) Quantitative reverse transcription PCR (RT-qPCR)
was performed to measure the expression of miR-1287-5p in non-small cell lung cancer (NSCLC) tissues (n = 54) and adjacent normal tissues (n = 54).

(h) The level of miR-1287-5p was examined in DDP-sensitive NSCLC tissues (n = 24) and DDP-resistant NSCLC tissues (n = 30) by RT-qPCR. (i) The level
of miR-1287-5p was determined by RT-qPCR. (j) The transfection efficiency of anti-miR-1287-5p was assessed by RT-qPCR. (k) RT-qPCR assay was
conducted to measure the expression of miR-1287-5p in transfected NSCLC cells. *p < 0.05

Circ_0110498 knockdown elevates the DDP
sensitivity of NSCLC cells

The ICs, value of DDP was notably elevated in A549/DDP
and HI1299/DDP cells (Figure 3a). We silenced
circ_0110498 using si-circ_0110498#1 or Si-
circ_0110498#2 to analyze the role of circ_0110498 in the
DDP sensitivity of NSCLC. RT-qPCR assay showed that
the transfection efficiencies of si-circ_0110498#1 and si-
circ_0110498#2 were both high in NSCLC cells
(Figure 3b). Circ_0110498 knockdown reduced the ICsq
value of DDP (Figure 3c). Circ_0110498 silencing signifi-
cantly repressed the OD value after 72-h transfection
(Figure 3d, e), demonstrating that circ_0110498 silencing
suppressed NSCLC cell proliferation. Circ_0110498 silenc-
ing decreased the number of colonies, migrated cells and
invaded cells (Figure 3g, h). Cell apoptosis was notably
triggered in si-circ_0110498-transfected group (Figure 3i).
Circ_0110498 knockdown markedly restrained glucose
uptake, lactate production, HK2 and LDHA expression in
NSCLC cells (Figure 3j-1).

Circ_0110498 silencing elevates the DDP
sensitivity of NSCLC tumor

DDP treatment suppressed tumor volume, size and weight,
and these effects were further restrained in sh-
circ_0110498 + DDP group (Figure 4a-c). Circ_0110498
expression was notably decreased in the tumor tissues of
sh-circ_0110498 + PBS group and sh-circ_0110498
-+ DDP group compared with their corresponding control
groups (Figure 4d). In addition, immunohistochemical
(IHC) staining results showed that the positive cells of pro-
liferation markers Ki67 and PCNA were reduced in the
tumor  tissues of  sh-circ_0110498 + DDP  group
(Figure 4 e).

MiR-1287-5p is sponged by circ_0110498
The possible miRNA targets of circ_0110498 was pre-

dicted using Circinteractome software. Among all the pre-
dicted targets, we selected miR-142-3p,"” miR-145-5p,*
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FIGURE 6 Circ_0110498 knockdown suppresses the DDP resistance of non-small cell lung cancer (NSCLC) cells by upregulating miR-1287-5p.
(a-j) A549/DDP and H1299/DDP cells were transfected with si-circ_0110498 alone or together with anti-miR-1287-5p. (a) Cell counting kit-8 (CCK8) assay.
(b-d) CCKS8 assay and colony formation assay. (e and f) Transwell assay. (g) Flow cytometry. (h and i) The glucose consumption or lactate production were

analyzed using a commercial glucose/lactate assay kit. (j) Western blot assay. *p < 0.05

miR-149,>'  miR-331-3p,”> miR-1287-5p,'"'*  miR-
515-5p,>* and miR-873-3p>* for further experiments. The
expression of miR-149, miR-1287-5p, miR-515-5p, and
miR-873-3p was upregulated in circ_0110498-silenced
NSCLC cells, especially miR-1287-5p (Figure S1A, B).
Therefore, we further assessed the target relationship
between circ_0110498 and miR-1287-5p. The putative
binding sites between circ_0110498 and miR-1287-5p are
shown in Figure 5a. High transfection efficiency of miR-
1287-5p mimics was verified by RT-qPCR (Figure 5b).
MiR-1287-5p overexpression reduced the luciferase activ-
ity of WT-circ_0110498 vector (Figure 5c, d). Both
circ_0110498 and miR-1287-5p were pulled down when
using AGO2 antibody (Figure 5e, f). MiR-1287-5p expres-
sion was reduced in NSCLC tissues (Figure 5g) and was
negatively correlated with circ_0110498 expression
(Figure S2A). Furthermore, miR-1287-5p level was
decreased in DDP-resistant NSCLC tissues (Figure 5h).
MiR-1287-5p expression was downregulated in DDP-
resistant NSCLC cells (Figure 5i). In addition, we
confirmed that the knockdown efficiency of anti-miR-
1287-5p was high (Figure 5j). In H1299/DDP and A549/
DDP cells transfected with si-circ_0110498#1 and
anti-miR-1287-5p, we found that circ_0110498 silencing
upregulated miR-1287-5p expression, and anti-miR-
1287-5p reduced this effect (Figure 5k).

Circ_0110498 knockdown suppresses the DDP
resistance of NSCLC cells by miR-1287-5p

We then analyzed whether circ_0110498 sponged miR-
1287-5p to regulate NSCLC cell DDP resistance via rescue
experiments. With the transfection of anti-miR-1287-5p,
the ICsq value of DDP was partly rescued (Figure 6a). Cell
proliferation was partly recovered in si-circ_0110498 and
anti-miR-1287-5p cotransfected group (Figure 6b-d). Also,
circ_0110498 knockdown induced suppressive effects on
cell migration and invasion were partly diminished by
silencing miR-1287-5p (Figure 6e, f). Circ_0110498
silencing-induced cell apoptosis was partly attenuated by
miR-1287-5p inhibitor (Figure 6g). Circ_0110498 silencing
inhibited the glucose consumption and lactate production,
which were alleviated by anti-miR-1287-5p (Figure 6h, i).
The introduction of anti-miR-1287-5p also partly rescued
HK2 and LDHA expression in circ_0110498-silenced cells
(Figure 6]).

RBBP4 is targeted by miR-1287-5p

The bioinformatic software TargetScan was utilized to pre-
dict the possible mRNA targets of miR-1287-5p. Among all
the predicted targets, we selected six mRNAs due to their
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high expression characteristic or oncogenic role in NSCLC,
including FOSL2,> NOVA2® RBBP4,'"* COROIC*
CCND1,” and RASAL2.*® After overexpressing miR-
1287-5p, we found that the expression of RBBP4, COROIC,
and CCND1 was reduced, especially RBBP4 (Figure S1C, D).
The potential binding sites between miR-1287-5p and RBBP4
are shown in Figure 7a. The luciferase activity was notably
reduced in WT-RBBP4 3" UTR group following the overex-
pression of miR-1287-5p (Figure 7b, c). RIP assay further
confirmed the interaction between miR-1287-5p and RBBP4
(Figure 7d, e). The mRNA and protein expression of RBBP4

was upregulated in NSCLC tumor tissues (Figure 7f, g). The
level of RBBP4 mRNA was negatively correlated with miR-
1287-5p level (Figure S2B), and positively correlated with
circ_0110498 level (Figure S2C). The mRNA and protein
expression of RBBP4 was elevated in DDP-resistant NSCLC
tissues (Figure 7h, i). RBBP4 protein expression was increased
in DDP-resistant NSCLC cell lines (Figure 7j). The transfec-
tion efficiency of RBBP4 plasmid was significant in NSCLC
cells (Figure 7k). MiR-1287-5p mimic reduced RBBP4 protein
expression, and its protein level was rescued by RBBP4 over-
expression (Figure 71).
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MiR-1287-5p plays a tumor suppressor role in
NSCLC cells partly by RBBP4

MiR-1287-5p overexpression reduced the DDP resistance of
NSCLC cells, and RBBP4 plasmid recovered this effect
(Figure 8a). MiR-1287-5p overexpression inhibited cell pro-
liferation ability, which was overturned by the overexpres-
sion of RBBP4 (Figure 8b-d). MiR-1287-5p overexpression
suppressed cell migration and invasion, and the addition of
RBBP4 plasmid partly rescued cell metastasis (Figure 8e, f).
MiR-1287-5p overexpression induced cell apoptosis, while
this effect was overturned by RBBP4 overexpression
(Figure 8g). MiR-1287-5p overexpression inhibited cell gly-
colysis, and the addition of RBBP4 plasmid partly recovered
this effect (Figure 8h-j).

Circ_0110498 silencing reduces RBBP4
expression partly by miR-1287-5p

Circ_0110498 silencing reduced the mRNA and protein
expression of RBBP4, and anti-miR-1287-5p partly rescued
this effect (Figure 9a-d). These results suggested that
circ_0110498 indirectly regulated RBBP4 expression by
serving as miR-1287-5p sponge in NSCLC cells. To clarify
the functional correlation between circ_0110498 and
RBBP4 in NSCLC, we performed rescue experiments.
Circ_0110498 silencing suppressed the DDP resistance of
NSCLC cells, which were largely reversed by overexpres-
sing RBBP4 (Figure S3A-J). In addition, we detected
circ_0110498, miR-1287-5p and RBBP4 expression in
A549 and H1299 cells treated with or without DDP, and
confirmed that circ_0110498 and RBBP4 were significantly
upregulated, while miR-1287-5p was markedly downregu-
lated in A549 and HI1299 cells treated with DDP
(Figure S4A-C).

DISCUSSION

Accumulating evidence have previously reported the
“miRNA sponge” role of circRNAs in regulating multiple
pathological processes.*** Here, we aimed to explore the
role of circ_0110498 in the DDP resistance of NSCLC and
its associated mechanism. A previous study demonstrated
that circ_0110498 promoted NSCLC cell glycolysis and pro-
liferation.” Consistent with a former study, circ_0110498
expression was elevated in NSCLC tissues. Moreover,
circ_0110498 level was increased in DDP-resistant NSCLC
tissues and cells. Circ_0110498 knockdown suppressed cell
DDP resistance by inhibiting cell growth, metastasis, and
glycolysis. In vivo experiments illuminated that
circ_0110498 silencing markedly enhanced the DDP sensi-
tivity of NSCLC tumors.

Most circRNAs are localized in the cytoplasmic frac-
tion of eukaryotic cells in the form of exon cyclization.™
Here, we confirmed that circ_0110498 was majorly

localized in the cytoplasm of NSCLC cells. To investigate
the mechanism by which circ_0110498 promoted the
DDP resistance of NSCLC cells, we intended to seek the
miRNA targets of circ_0110498. MiR-1287-5p was verified
to be sponged by «circ_0110498. As for NSCLC,
circ_0016760 contributed to NSCLC progression via
absorbing miR-1287.'! In addition, circ_0026134 sponged
miR-1287 to aggravate NSCLC progression.'” In this,
miR-1287-5p mimic restrained the DDP resistance of
NSCLC cells. In addition, the regulation of circ_0110498
silencing on the DDP resistance of NSCLC cells were
partly counteracted by miR-1287-5p inhibitor, revealing
that circ_0110498 knockdown suppressed NSCLC pro-
gression partly by sponging miR-1287-5p.

RBBP4 was validated as a downstream target of miR-
1287-5p. A previous study demonstrated that RBBP4 over-
expression promoted NSCLC progression, confirming the
oncogenic role of RBBP4 in NSCLC."* The role of RBBP4
on the chemotherapy of cancer patients has also been
reported. RBBP4 silencing elevated temozolomide sensitivity
of glioblastoma cells by targeting DNA repair-related pro-
teins.”’ Here, miR-1287-5p suppressed cell DDP resistance
partly by downregulating RBBP4 expression, suggesting that
RBBP4 might be a novel target to overcome the chemoresis-
tance of NSCLC. Furthermore, we confirmed that
circ_0110498 sponged miR-1287-5p to positively regulate
RBBP4.

In summary, circ_0110498 facilitated the DDP resistance
of NSCLC via promoting cell growth, metastasis and glycol-
ysis by miR-1287-5p/RBBP4 pathway. Circ_0110498/miR-
1287-5p/RBBP4 axis might be a novel therapeutic target for
overcoming the DDP resistance of NSCLC.
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