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Circ_0001821 knockdown suppresses growth, metastasis, and
TAX resistance of non-small-cell lung cancer cells by regulating
the miR-526b-5p/GRKS5 axis
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vestigated the functional effects of circ_0001821 on cellular behaviors of NSCLC cells

(miR)-526b-5p, and G protein-coupled receptor kinase 5 (GRK5) was determined by
quantitative real-time polymerase chain reaction or Western blot assay. Clonogenicity
in NSCLC cells was detected via colony formation assay. Cell migration and invasion
were monitored by Transwell assay. Cell sensitivity to paclitaxel (TAX) evaluated by
Cell Counting Kit-8 assay. Cell apoptosis was assessed by flow cytometry, caspase-3
activity, and caspase-9 activity. The targeted relationship between miR-526b-5p and
circ_0001821 or GRK5 was confirmed by dual-luciferase reporter or RNA pull-down
assay. Moreover, the role of circ_0001821 in vivo was examined by xenograft model
assay. The results presented that the expression of circ_0001821 and GRK5 was in-
creased, while miR-526b-5p expression was decreased in NSCLC tissues and cells.
Circ_0001821 knockdown reduced colony formation ability and metastasis ability but
enhanced TAX sensibility and apoptosis of NSCLC cells, which was attenuated by miR-
526b-5p inhibition or GRK5 overexpression. Circ_0001821 targeted miR-526b-5p,
and miR-526b-5p targeted GRK5. Circ_0001821 could upregulate GRK5 expression
by sponging miR-526b-5p. Depletion of circ_0001821 also blocked tumor growth in
vivo. In conclusion, the depletion of circ_0001821 inhibited NSCLC progression, at
least in part, by modulating the miR-526b-5p/GRKS5 axis.
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INTRODUCTION

As one of the most frequently diagnosed malignancies and primary
causes of cancer-related death, non-small-cell lung cancer (NSCLC)
consists of lung squamous cell carcinoma (LUSC), lung adenocarci-
noma (LUAD), and large-cell lung carcinoma (LULC) and occupies
about 85% of lung cancers all over the world.! During the past two
decades, targeted therapies and immunotherapies for NSCLC have
developed a lot and benefited much to patients. However, overall
survival rate of advanced or metastatic NSCLC remains not optimis-

2 Paclitaxel (TAX) is an efficient antitumor drug and affects cell
cycle and autophagy of NSCLC cells.>* In addition, the occurrence of
chemoresistance is a critical barrier undermining the curative effects
of NSCLC patients.”
NSCLC metastasis and TAX resistance is urgently needed.

Hence, clarifying the mechanisms underlying

Circular RNAs (circRNAs) are a group of noncoding RNA mol-
ecules, harboring special covalently closed continuous structure
and numerous potential functions in human diseases.® Mounting
evidence suggests that circRNAs have close association with
tumor development and serve as diagnostic markers and thera-
For example, circ-ZKSCAN1 (hsa_circ_0001727)

was reported to be an important positive regulator of NSCLC de-

peutic targets.7

velopment.® Enforced expression of circ_0002483 could suppress
proliferation and invasion but promote TAX sensibility of NSCLC
cells.” High expression of circ_0074027 or circRNA ARHGAP10 in-
dicates an unfavorable prognosis of NSCLC patients.'®!! Located
at chr8:128902834-128903244, hsa_circ_0001821 (also named as
hsa_circ_000006) was reported to be upregulated in both LUAD and
LUSC tissues.? However, the role of circ_0001821 in NSCLC pro-
gression is still uncertain.

MicroRNAs (miRNAs) are short noncoding RNAs, with only
about 22 nucleotides in length, and play vital roles in regulating gene
expression posttranscriptionally.13 Functional miRNAs are gener-
ally dysregulated in NSCLC, acting tumor-suppressive or tumor-
promotive roles, thus affecting NSCLC development.!* MiRNAs
are also involved in regulating drug resistance in NSCLC. Previous
research reported the tumor-suppressive property of miR-526b in
hepatocellular carcinoma.® The suppressive effects of miR-526b
on breast cancer cell growth and metastasis were detected, high-
lighting its potential to be a therapeutic target of breast cancer.'” In
NSCLC, miR-526b was manifested to suppress cell proliferation and
tumor growth.*® Here, we found that circ_0001821 harbor binding
sites with miR-526b-5p, predicted by circinteractome. Whether miR-
526b-5p involved in circ_0001821-mediated NSCLC development
needs to be investigated.

G protein-coupled receptor kinase 5 (GRK5), a kind of serine/
threonine kinase, could respond to intracellular diverse stimuli and
regulate signaling pathways. Interestingly, it has dual roles in tumor
growth.' In thyroid cancer, GRK5 inactivated G protein-coupled re-
ceptors (GPCRs) to block tumor growth.?’ On the contrary, GRK5
promoted the progression of prostate cancer and renal cell carci-
noma.?t%2 Additionally, the oncogenic role of GRK5 was also dis-
closed in NSCLC.?% Apart from this, deficiency of GRK5 expression

was reported to increase the sensibility of cervical cancer cells and
breast cancer cells TAX.?* starBase 3.0 predicted that GRK5 was a
possible target of miR-526b-5p. We then explored the association of
GRKS5 with circ_0001821-mediated NSCLC progression.

In the present study, the upregulation of circ_0001821 was iden-
tified in NSCLC tissues and cells. Its role in NSCLC development in
vitro and in vivo was investigated, and the functional mechanism of
circ_0001821 was further addressed to understand the develop-
ment of NSCLC.

2 | MATERIALS AND METHODS

2.1 | Collection of clinical specimens

Prior to sample collection, we obtained the permission from the
Ethics Committee of the Jingmen No. 2 People's Hospital. Sixty-five
NSCLC patients enrolled at Jingmen No. 2 People's Hospital from
2014 to 2015 were subjected to resection of tumor tissues and adja-
cent normal tissues after their submission of written informed con-
sents. Later, these 65 patients were followed up from date of sample

collection until death or ending date of this study.

2.2 | Cell culture and transient transfection

Human bronchial epithelial cells 16HBE (CL-0249; Procell) and
NSCLC cells, including A549 (ATCC® CCL-185; American Type
Culture Collection), H3122 (CBP60133; Cobioer), H1975 (ATCC®
CRL-5908), and H2342 (ATCC® CRL-5941) cells, were maintained
in Dulbecco's Modified Eagle Medium (HyClone) containing 10%
(v/v) fetal bovine serum (Beyotime) and 1% penicillin/streptomycin
(Transgen) at 37°C in a humidified atmosphere including 5% CO, and
95% air.

Short hairpin RNA (shRNA) specially targeting circ_0001821
(sh-circ) was introduced into A549 and H3122 cells to silence
circ_0001821, with sh-NC as negative control. To upregulate or
downregulate miR-526b-5p, miR-526b-5p mimic (miR-526b-5p)
or miR-526b-5p inhibitor (anti-miR-526b-5p) was transfected into
A549 and H3122 cells, with miR-NC or anti-NC as negative control.
To overexpress GRKS5, its overexpression plasmid (GRK5) was intro-
duced into A549 and H3122 cells, with pcDNA as negative control.
Above reagents were supplied by RIBOBIO Co. Ltd. Transfection
assay was conducted by employing Lipofectamine 3000 (Invitrogen)
for 48 h.

2.3 | qRT-PCR assay

To isolate total RNA, clinical specimens or cells were mixed
with TRIzol Reagent (Invitrogen), followed by RNA detection
with NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific). Then, RNA was subjected to reverse transcription
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into complementary DNA (cDNA) using RevertAid RT Reverse
Transcription kit (Thermo Fisher Scientific) or TagMan MicroRNA
Reverse Transcription Kit (Thermo Fisher Scientific) and quanti-
tative real-time polymerase chain reaction (QRT-PCR) assay with
GoScript Reverse Transcription System (Promega) or TagMan
MicroRNA Assays (Thermo Fisher Scientific). Relative expression
of circ_0001821, miR-526b-5p, and GRK5 was assessed by 2744¢t
method, and p-actin (for circ_0001821 and GRKS5) or Ué (for miR-
526b-5p) served as internal control. All primers involved in gRT-

PCR assay were listed in Table 1.

2.4 | Colony formation assay

After transfection, about 500 A549 or H3122 cells were plated into
six-well plates and maintained at routine condition for 15 days. After
discarding medium, generated cell colonies were rinsed with PBS,
fixed with 4% paraformaldehyde, stained with crystal violet reagent

(Beyotime), and counted using Image J software (NIH).

2.5 | Transwell assay

The current assay was employed to evaluate tumor cell metastasis.
For migration analysis, transfected A549 and H3122 cells (1 x 10°)
were harvested and resuspended into the top chambers (8-um pores;
BD Biosciences) containing medium without serum. Meanwhile, the
lower ones were added with complete medium. At 24 h post routine
culture, cells migrated through the polycarbonic membrane were
fixed with paraformaldehyde and stained with crystal violet solution,
then counted under an inverted microscope in five randomly chosen
fields. As for invasion detection, transfected NSCLC cells (4 x 10°)
were inoculated into the top chambers enveloped with Matrigel (BD

Biosciences), the rest procedures were same to migration analysis.

2.6 | CCK-8 assay

To assess the sensibility of NSCLC cells to paclitaxel (TAX), Cell
Counting Kit-8 (CCK-8) assay was performed. In brief, transfected
A549 and H3122 cells were seeded into 96-well plates and admin-
istered with TAX at different concentrations (0, 2.5, 5, 10, 20, 40,
and 80 nM). After 48-h treatment, 10-pl CCK-8 solution (Beyotime)

was added and incubated for 2 h. Subsequently, a microplate reader

TABLE 1 Primers used for gPCR assay
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(Bio-Rad) was utilized to measure the absorbance at 450 nm to draw
survival curves, followed by the computation of 50% inhibitory con-
centration (IC50).

2.7 | Determination of cell apoptosis

After transfection, A549 and H3122 cells were disposed by TAX
at different concentrations for 48 h (9.37 nM for transfected A549
cells and 7.44 nM for transfected H3122 cells). Flow cytometry
assay was applied to monitor cell apoptosis exploiting an Annexin
V-fluorescein isothiocyanate (FITC) Apoptosis Detection kit (BD
Biosciences). Treated cells were harvested and double stained with
Annexin V-FITC and propidium iodide (PI) in the absence of light.
Apoptotic A549 and H3122 cells were determined using a flow cy-
tometer (BD Biosciences) and analyzed Cell Quest 6.0 software.
Apoptotic rate indicates the percentage of cells at quadrant Annexin
V-FITC + and Pl - or +.

The activity of caspase-3 and caspase-9 was measured utiliz-
ing a commercial kit (ab219915; Abcam). According to the protocol
booklet supplied by the manufacturer, treated A549 and H3122
cells inoculated into 96-well plates were incubated with 10x test
compounds in PBS for 4 h; then, loading solution (mixture of Assay
Buffer and caspase-3 substrate or caspase-9 substrate) was added
to react for 1 h in the dark. Then, the caspase activity was evaluated
by monitoring the fluorescence increase (Ex/Em =535/620 nm [red]
for caspase-3 and Ex/Em =370/450 nm [blue] for caspase-9) using a
fluorescence microplate reader.

2.8 | Targeted relationship prediction and
validation

The potential target genes of circ_0001821 and miR-526b-5p were
forecasted by circinteractome (https://circinteractome.nia.nih.gov),
circBank (http://www.circbank.cn/), and starBase 3.0 (http://starb
ase.sysu.edu.cn/), respectively.

For dual-luciferase reporter assay, fragmentary sequence of
circ_0001821 or GRK5 3'-untranslated region (3'UTR) that harbor-
ing the binding position with miR-526b-5p was inserted into the psi-
CHECK-2 vector (Promega Corp.) to synthesize wide-type luciferase
reporter plasmids, circ_0001821 WT and GRK5 WT. Meanwhile,
mutant-type ones (circ_0001821 MUT and GRK5 MUT) were es-
tablished after mutating the binding sits to the complementary

Gene Forward primer (5’ -3’) Reverse primer (5’ =3’)
circ_0001821 CCCCGACTCTTCCTGGTGAA CAGGCACAGCCATCTTGAGG
miR-526b-5p CTCTTGAGGGAAGCACT GAACATGTCTGCGTATCTC
GRK5 GCCACATTAGGATCTCAGACCTG GTACCTCTGGTTGTTCAGGACC
B-Actin CAAGAGATGGCCACGGCTGCT TCCTTCTGCATCCTGTCGGCA

ué CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT


https://circinteractome.nia.nih.gov
http://www.circbank.cn/
http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/
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sequences using GENEART Site-Directed Mutagenesis System nude mice (4-5 weeks old, male) purchased from Shanghai SLAC
(Thermo Fisher Scientific). Generated luciferase reporter plasmid Laboratory Animal Co., Ltd. were subcutaneously inoculated with
was cotransfected into A549 and H3122 cells with miR-NC or miR- A549 cells (2 x 106) stably transfected with sh-NC or sh-circ, which
526b-5p using Lipofectamine 3000. Forty-eight hours later, lucifer- were raised at specific pathogen-free (SPF) condition supplemented

ase density was examined by Dual-Luciferase Reporter detection with enough food and water. Additionally, the mice were intraperi-
System (Promega Corp.). toneally injected with DMSO (5 mg/kg) or TAX on at 1, 8, 15, and

RNA pull-down assay was also employed to verify the targeted 22 days post inoculation (n = 5). Seven days after inoculation, size of
relationship between circ_0001821 and miR-526b-5p. Initially, A549 formed tumors was recorded once a week and calculated using the

cells were transfected with Biotin-labeled miRNAs (50 nM, RIBOBIO formula: 5 x length x width?. Twenty-eight days later, all mice were
Co. Ltd.) using Lipofectamine 3000, including biotinylated miR- killed to resect tumors, for weight, gRT-PCR assay and Western blot
526b-5p (Bio-miR-526b-5p-WT), its mutant (Bio-miR-526b-5p-MUT, analysis. Animal studies were performed in compliance with the

binding sites were mutated to the complementary sequences), and ARRIVE guidelines and the Basel Declaration. All animals received
negative control (Bio-miR-NC). Cells were collected after 48 h and humane care according to the National Institutes of Health (USA)
lysed in lysis buffer (Ambion). Generated cell lysate was subjected to guidelines.

incubation with M-280 streptavidin magnetic beads (Invitrogen) that

pre-enveloped with RNase-free bovine serum albumin and yeast

tRNA. At last, bound RNA was purified exploiting TRIzol Reagent 2.11 | Statistical analysis

for gRT-PCR assay.
All data were generated form triplicate experiments, processed using
GraphPad Prism 7 (GraphPad Inc.) and exhibited as mean + standard

2.9 | Western blot assay deviation (SD). Overall survival rate of NSCLC patients was analyzed
exploiting the Kaplan-Meier method with log-rank test. Difference

The present assay was used to detect the protein level of GRKS5, analyses were implemented by Student's t test or one-way analy-

with -actin as loading control. 16HBE, H1975, or H2342 cells were sis of variance followed by Tukey's test. A p value less than .05 was

lysed in RIPA buffer (Beyotime) to extract protein samples, followed identified to be significantly different.

by quantification utilizing a bicinchoninic acid assay (BCA) kit. Then,

40-pg samples were subjected to separation through sodium do-

decyl sulfate (SDS)-polyacrylamide gels (PAGE) and transfer onto 3 | RESULTS

polyvinylidene difluoride membranes (Thermo Fisher Scientific).

The membranes were then blocked in skim milk, incubated with pri- 3.1 | Circ_0001821 was upregulated in NSCLC

mary antibody against GRK5 (ab64943; Abcam) or B-actin (ab8227; tissues and cells

Abcam) then incubated with secondary antibody (ab205718;

Abcam). Finally, protein signals were activated by feat of a chemi- In order to explore the functional role of circ_0001821 in NSCLC
luminescence assay kit (Thermo Fisher Scientific) and analyzed ex- progression, we firstly detected the expression of circ_0001821
ploiting Quantity One software. in NSCLC tissues and matched normal tissues. Data from qRT-

PCR assay showed that circ_0001821 expression in NSCLC tissues
(n = 65) was higher than that in normal tissues (n = 65) (Figure 1A).
210 | Xenograft mode in nude mice After sample collection, all of these 65 NSCLC patients were followed
up. According to the median expression value of circ_0001821 in
Experiments conducted in animals were approved by the Ethics NSCLC tissues, 65 NSCLC patients were divided into circ_0001821
Committee of the Jingmen No. 2 People's Hospital. BALB/c high group (n = 32) and circ_0001821 low (n = 33) group. Results
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FIGURE 1 Circ_0001821 was upregulated in non-small-cell lung cancer (NSCLC) tissues and cells. (A) Quantitative real-time polymerase
chain reaction (QRT-PCR) assay for the relative expression of circ_0001821 in NSCLC tissues (n = 65) and normal tissues (n = 65). (B) Overall
survival rate of NSCLC patients with high or low circ_0001821 expression. (C) gRT-PCR assay for the relative expression of circ_0001821 in
16HBE, A549, H3122, H1975, and H2342 cells. **p < .01
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revealed that patients in circ_0001821 high group exhibited lower
overall survival rate (p = .02) (Figure 1B). As expect, circ_0001821
was highly expressed in NSCLC cells (A549, H3122, H1975, and
H2342 cells) relative to 16HBE cells (Figure 1C). Taken together,
circ_0001821 was upregulated in NSCLC tissues and cells.

3.2 | Circ_0001821 knockdown inhibited
growth and metastasis but facilitated TAX
sensibility and apoptosis of NSCLC cells

In view of the dysregulation of circ_0001821 in NSCLC tissues and
cells, we performed loss-of-function assay to assess the influence
of circ_0001821 on the behaviors of NSCLC cells. As illustrated in
Figure 2A, circ_0001821 expression in A549 and H3122 cells ex-
hibited a remarkable reduction due to transfection with sh-circ, sh-
NC serving as negative control. Colony formation assay disclosed
that depletion of circ_0001821 efficiently inhibited clonogenicity in
NSCLC cells (Figure 2B). Circ_0001821 knockdown also repressed
cell migrated and invasive abilities of NSCLC cells, as demonstrated
by Transwell assay (Figure 2C and D). Following CCK-8 assay was
conducted to examine the TAX sensibility of NSCLC cells. The data
suggested that circ_0001821 knockdown significantly reduced the
IC50 of A549 cells to TAX (16.88) in contrast to cells transfected
with sh-NC (9.37). Likewise, IC50 of H3122 cells with circ_0001821

knockdown (12.24) was lower than that of cells transfected
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with sh-NC (7.44). In other words, A549 and H3122 cells with
circ_0001821 knockdown had an elevated TAX sensibility compared
with cells transfected with sh-NC (Figure 2E and F). Flow cytometry
witnessed the circ_0001821 knockdown-induced enhanced apopto-
sis in NSCLC cells (Figure 2G). Caspase family is the key regulator of
apoptosis, including extracellular effector caspase-3 and intracellu-
lar initiator caspase—9.25 Here, commercial kits were used to measure
the activities of caspase-3 and caspase-9. As shown in Figure 2H, de-
ficiency of circ_0001821 expression apparently improved caspase-3
activity and caspase-9 activity in NSCLC cells. Above results indi-
cated that circ_0001821 knockdown inhibited NSCLC cell growth
and metastasis, while facilitated TAX sensibility and apoptosis.

3.3 |
5p

Circ_0001821 acted as a sponge of miR-526b-

Here, circinteractome, starBase, and circBank were utilized to
search the possible miRNA directly interacted with circ_0001821.
Venn diagram showed that only miR-526b-5p was predicted
by all tools (Figure S1A). MiR-526b-5p was thus used as a can-
didate in this study, and the binding site between circ_0001821
and miR-526b-5p was shown in Figure 3A. A549 and H3122 cells
with miR-526b-5p overexpression were successfully constructed,
with miR-NC as control (Figure 3B). To validate the prediction,

dual-luciferase reporter assay and RNA pull-down assay were
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FIGURE 4 Interference of miR-526b-5p could attenuate the effects of circ_0001821 knockdown on non-small-cell lung cancer (NSCLC)
cells. (A) Quantitative real-time polymerase chain reaction (QRT-PCR) assay for the relative expression of miR-526b-5p in A549 and H3122
cells transfected with anti-NC or anti-miR-526b-5p. (B-H) A549 and H3122 cells were transfected with sh-NC, sh-circ, sh-circ + anti-NC, or
sh-circ + anti-miR-526b-5p. (B) Colony formation assay for the clonogenicity in transfected cells. (C and D) Transwell assay for the migration
and invasion of transfected cells. (E) CCK-8 assay for the IC50 of transfected cells to TAX. (F-H) Transfected A549 cells were disposed

with 9.37 nM TAX for 48 h, and transfected H3122 cells were disposed with 7.44 nM for 48 h. (F) Flow cytometry for the apoptotic rate of
treated cells. (G and H) Measurement of caspase-3 activity and caspase-9 activity in treated cells. **p < .01

performed. As exhibited, gain of miR-526b-5p triggered about that circ_0001821 was pulled down by biotinylated miR-526b-5p
60% reduction in the luciferase activity of A549 and H3122 cells (Bio-miR-526b-5p-WT), rather than the mutated oligo (Figure 3E).
cotransfected with circ_0001821 WT, while it had no significant Then, qRT-PCR assay was implemented to evaluate the expres-
effect on that of cells cotransfected with circ_0001821 MUT sion of miR-526b-5p in NSCLC cells. We found that miR-526b-5p
(Figure 3C and D). Results from RNA pull-down assay indicated expression was declined in A549 and H3122 cells when compared
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with 16HBE cells (Figure 3F). And circ_0001821 knockdown re-
markably increased miR-526b-5p expression in A549 and H3122
cells (Figure 3G). To sum up, circ_0001821 could target miR-
526b-5p in NSCLC cells.

3.4 | Inhibition of miR-526b-5p could attenuate the
effects of circ_0001821 knockdown on NSCLC cells

Having known that circ_0001821 could target miR-526b-5p
in NSCLC cells, we then explored the role of miR-526b-5p in
circ_0001821 knockdown-induced NSCLC cells. gRT-PCR assay
manifested that transfection with anti-miR-526b-5p prominently
decreased expression of miR-526b-5p in A549 and H3122 cells,
with anti-NC as control (Figure 4A). What is more, circ_0001821
knockdown induced the repressed clonogenicity (Figure 4B), cell
migration, and invasion in NSCLC cells (Figure 4C and D), as well as
elevated TAX sensibility (Figure 4E), apoptosis (Figure 4F), caspase-
3 activity (Figure 4G), and caspase-9 activity (Figure 4H) in NSCLC

cells were all attenuated by miR-526b-5p downregulation. Taken
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together, circ_0001821 knockdown inhibited growth and metasta-
sis, while facilitated TAX sensibility and apoptosis of NSCLC cells
by sponging miR-526b-5p.

3.5

| MiR-526b-5p targeted GRK5 in NSCLC cells

Subsequently, we further explored the mechanism by which miR-
526b-5p working through in NSCLC cells. starBase was utilized to
find the target genes of miR-526b-5p, and numerous genes were ob-
tained. Then, we examined the expression of these genesin A549 and
H3122 cells with miR-526b-5p enrichment, and we found that GRK5
expression was significantly depleted by miR-526b-5p enrichment
(Figure S1B and C). The binding site between GRK5 3'UTR and miR-
526b-5p was shown in Figure 5A. To verify above prediction, dual-
luciferase reporter assay was conducted. As shown in Figure 5B and
C, luciferase activity of A549 and H3122 cells cotransfected with
miR-526b-5p and GRK5 WT was obviously declined compared with
cells cotransfected with miR-NC and GRK5 WT, while luciferase ac-
tivity of cells in GRK5 MUT group was changeless. The expression
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FIGURE 5 MiR-526b-5p targeted GRK5 in non-small-cell lung cancer (NSCLC) cells. (A) The binding sites between miR-526b-5p and
GRKS5 predicted by starBase. (B and C) Dual-luciferase reporter assay for the luciferase activity of A549 and H3122 cells cotransfected with
miR-NC or miR-526b-5p and GRK5 WT or GRK5 MUT. (D and E) Quantitative real-time polymerase chain reaction (qQRT-PCR) and Western
blot assay for the relative expression of (D) GRK5 mRNA and (E) GRKS5 protein in 16HBE, A549, and H3122 cells. (F and G) gRT-PCR and
Western blot assays for the relative expression of (F) GRK5 mRNA and (G) GRKS5 protein in A549 and H3122 cells transfected with anti-NC,
anti-miR-526b-5p, miR-NC, or miR-526b-5p. (H and 1) gRT-PCR and Western blot assays for the relative expression of (H) GRK5 mRNA and (I)
GRKS5 protein in A549 and H3122 cells transfected with sh-NC, sh-circ, sh-circ + anti-NC, or sh-circ + anti-miR-526b-5p. **p < .01
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of GRK5 mRNA was markedly increased in tumor tissues compared
with that in normal tissues (Figure S2A). Besides, high GRK5 expres-
sion was related with relatively higher overall survival of NSCLC
patients within 5 years (Figure S2B). qRT-PCR and Western blot as-
says uncovered the upregulation of GRK5 in NSCLC cells relative to
16HBE cells at mRNA (Figure 5D) and protein (Figure 5E) levels, re-
spectively. We also observed that the interference of miR-526b-5p
could upregulate GRK5 expression in NSCLC cells, while overex-
pressed miR-526b-5p evidently downregulated GRK5 expression
(Figure 5F and G). In addition, circ_0001821 knockdown induced the
downregulation of GRK5 expression in A549 and H3122 cells, which
was almost reversed by the interference of miR-526b-5p (Figure 5H
and ). Therefore, miR-526b-5p could target GRK5 in NSCLC cells.

3.6 | Reintroduction of GRK5 attenuated the
effects of circ_0001821 knockdown on NSCLC cells

Above findings, circ_0001821 could target miR-526b-5p and miR-
526b-5p could target GRK5 in NSCLC cells, we further investi-
gated the impact of GRK5 on circ_0001821 knockdown-induced
NSCLC cells. First, A549 and H3122 cells with GRK5 overexpres-
sion were established by transfection with GRKS5, with pcDNA as
control, which was demonstrated by qRT-PCR and Western blot
assays (Figure 6A and B). Western blot showed that the expression

of GRK5 was depleted in A549 and H3122 cells transfected with
sh-circ_0001821 but partially repressed in cells transfected with
sh-circ_001821 + GRKS5 (Figure S3). Enforced expression of GRK5
efficiently recovered the circ_0001821 knockdown-induced the
inhibited clonogenicity (Figure 6C), reduced migrated and inva-
sive abilities (Figure 6D and E) of A549 and H3122 cells, as well
as increased TAX sensibility (Figure 6F), apoptosis (Figure 6G),
caspase-3 activity (Figure 6H), and caspase-9 activity (Figure 6l)
in NSCLC cells. Collectively, circ_0001821 knockdown inhibited
growth and metastasis, while facilitated TAX sensibility and apop-
tosis of NSCLC cells by downregulating GRK5 expression.

3.7 | Depletion of circ_0001821 suppressed tumor
growth in vivo

At last, the role of circ_0001821 in vivo was studied through
xenograft assay. A549 cells stably expressing sh-NC or sh-circ
were subcutaneously injected into nude mice, followed by inocu-
lation with DMSO or TAX. As shown in Figure 7A-C, TAX treat-
ment or circ_0001821 knockdown significantly inhibited the
size and weight of tumors formed in nude mice when compared
with the corresponding control group. In addition, circ_0001821
knockdown aggravated the inhibitory effect of TAX. Moreover,
gRT-PCR and Western blot assays proved that the TAX treatment
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Introduction of GRK5 could also relieve the effects of circ_0001821 knockdown on non-small-cell lung cancer (NSCLC) cells.

(A and B) Quantitative real-time polymerase chain reaction (qQRT-PCR) and Western blot assays for the relative expression of (A) GRK5
mRNA and (B) GRKS5 protein in A549 and H3122 cells transfected with pcDNA or GRKS5. (C-1) A549 and H3122 cells were transfected with
sh-NC, sh-circ, sh-circ + pcDNA, or sh-circ + GRK5. (C) Colony formation assay for the clonogenicity in transfected cells. (D and E) Transwell
assay for the migrated and invasive abilities of transfected cells. (F) CCK-8 assay for the IC50 of transfected cells to TAX. (G-I) Transfected
A549 cells were disposed with 9.37 nM TAX for 48 h, and transfected H3122 cells were disposed with 7.44 nM for 48 h. (G) Flow cytometry
for the apoptotic rate of treated cells. (H and I) Measurement of caspase-3 activity and caspase-9 activity in treated cells. **p < .01
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FIGURE 7 Depletion of circ_0001821 (A)
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FIGURE 8 A diagram illustrated the
summary of all findings in this study
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or circ_0001821 knockdown induced the downregulation of
circ_0001821 (Figure 7D) and GRK5 (Figure 7F and G) and the up-
regulation of miR-526b-5p (Figure 7E) in tumors generated in nude
mice in contrast to the control group. In summary, circ_0001821

knockdown blocked tumor growth in vivo.

4 DISCUSSION

Dysregulated circRNAs are closely associated with the diverse
malignant behaviors of NSCLC cells and have potential to be bio-
markers for NSCLC diagnosis, prognosis, and therapy.?® Here, we

01821f miR-526b—5pl
/
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investigated the function of a dysregulated circRNA, circ_0001821,
in NSCLC development. Deficiency of circ_0001821 expression re-
sulted in inhibitory effects on growth, metastasis, TAX resistance,
and tumorigenesis of NSCLC in vitro and in vivo.

Kong et al. alleged that circ_0001821 was downregulated in
gastric cancer tissues and whole-blood samples, and its expression
was inversely correlated with tumor depth and lymph node metas-
tasis (LNM) of patients.27 Moreover, they found that circ_0001821
was significantly upregulated in colorectal cancer (CRC) tissues but
not upregulated in breast cancer or lung cancer tissues compared
with matched normal tissues, suggesting the organ specificity of
circ_0001821.% Furthermore, Wang et al. reported the upregulation
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of circ_0001821 in both LUAD and LUSC tissues, and circ_0001821
had potential to be diagnostic biomarker of NSCLC patients.!?
Likewise, we detected the upregulation of circ_0001821 in both
NSCLC tissues and cells, and higher expression of circ_0001821 in-
dicated lower overall survival rate of NSCLC patients, implying its
potential function in NSCLC progression. We could conclude from
our data that circ_0001821 knockdown repressed colony forma-
tion ability, metastasis ability, and TAX resistance of NSCLC cells in
vitro, as well as blocked tumor growth in vivo, indicating the tumor-
promoting role of circ_0001821 in NSCLC.

Functionally, endogenous circRNAs could act as sponges of miR-
NAs, repressing their function and activity, so as to regulate multiple
biological processes.?® A previous study disclosed that circ_0001821
(circPVT1) acted as a sponge of miR-125 family to promote the pro-
liferation of gastric cancer cells,?? suggesting that circ_0001821
played functions partially through the circRNA/miRNA pathway.
Hence, circinteractome was used to seek the miRNAs directly in-
teracted with circ_0001821, and miR-526b-5p was found to have
binding region with circ_0001821. Following dual-luciferase re-
porter and RNA pull-down assays validated the target relationship
between miR-526b-5p and circ_0001821. MiR-526b-5p was pre-
viously reported to be an antitumor factor in hepatocellular carci-

noma, breast cancer, osteosarcoma, and cervical cancer,¢17:3031

as
well as in NSCLC.*8 Zhang et al. demonstrated the downregulation of
miR-526b in NSCLC tissues, and its expression was correlated with
poor outcomes of NSCLC patients; gain of miR-526b significantly in-
hibited NSCLC cell proliferation and tumor growth.18 Here, we also
detected the downregulation of miR-526b-5p in NSCLC cells. And
silencing of miR-526b-5p efficiently attenuated the circ_0001821
knockdown-induced repressed impact on NSCLC cell growth, me-
tastasis ability, and TAX resistance.

MiRNAs were said to perform crucial roles in NSCLC by target-
ing multiple tumor-related effector genes.32 In this project, we used
starBase 3.0 to predict the potential target genes of miR-526b-5p,
and 3'UTR of GRKS5 could bind to miR-526b-5p, followed by confir-
mation via dual-luciferase reporter assay. GRK5 participated in patho-
logic conditions of human cancers and exerted dual role.? In NSCLC,
GRKS5 was highly expressed in NSCLC tissues, and its high expression
was correlated with bad prognosis of NSCLC patients. Besides, GRK5
could positively regulate NSCLC cell proliferation, migration, and tum-
origenesis.?® Also, we observed the upregulation of GRK5 in NSCLC
cells. Exogenous introduction of GRK5 largely weakened the inhibi-
tory effects of circ_0001821 knockdown on NSCLC cell growth, me-
tastasis ability, and TAX resistance. Above results suggested the role
of circ_0001821/miR-526b-5p/GRKS5 in NSCLC progression.

In conclusion, circ_0001821 was significantly upregulated in
NSCLC tissues and cells. Depletion of circ_0001821 could suppress
growth and metastasis but promote TAX sensibility and apoptosis of
NSCLC cells in vitro, as well as block tumor growth in vivo. Additionally,
we testified that oncogenic role of circ_0001821 was attributed to its
regulation on miR-526b-5p/GRK5 axis, at least in part (Figure 8). Our
findings might provide a potential target for NSCLC therapy.
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