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Abstract
Background: Non-small cell lung cancer (NSCLC) is one of the cancers with a high 
mortality rate. CircRNAs have emerged as an important regulatory factor in tumori-
genesis in recent years. However, the detailed regulatory mechanism of a circular RNA 
cullin 2 (hsa_circ_0018189; hsa_circ_0018189) is still unclear in NSCLC.
Methods: RNA levels of hsa_circ_0018189, microRNA (miR)-656–3p, and Solute car-
rier family seven member 11 (SLC7A11, xCT) were analyzed by real-time quantita-
tive reverse transcription-polymerase chain reaction (RT-qPCR), and protein level was 
assessed by Western blot and immunohistochemical assay. Enzyme-linked immuno-
sorbent assay was conducted to detect cell glutamine metabolism. Effects of hsa_
circ_0018189 on cell proliferation, apoptosis, migration, and invasion were analyzed 
by corresponding assays. Luciferase reporter assay and RNA-immunoprecipitation 
assay confirmed the target relationship between miR-656-3p and hsa_circ_0018189 
or xCT. The in vivo function of hsa_circ_0018189 was verified by xenograft mouse 
models.
Results: Hsa_circ_0018189 abundance was overexpressed in NSCLC cells and sam-
ples. Deficiency of hsa_circ_0018189 lowered NSCLC cell proliferative, migrating, 
invading, and glutamine metabolism capacities, and hsa_circ_0018189 silencing in-
hibited the growth of tumors in vivo. Hsa_circ_0018189 could up-regulate xCT by 
sponging miR-656-3p. And miR-656-3p downregulation or xCT overexpression partly 
overturned hsa_circ_0018189 knockdown or miR-656-3p mimic-mediated repression 
of NSCLC cell malignancy.
Conclusion: Hsa_circ_0018189 drove NSCLC growth by interacting with miR-656-3p 
and upregulating xCT.
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1  |  BACKGROUND

Non-small cell lung cancer (NSCLC) is a typical type of lung cancer.1,2 
NSCLC can be further subdivided into adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma, depending on the histo-
logical differences among the NSCLC subtypes.3–5 The main risk 
for NSCLC is smoking.6 Its poor prognosis and recurrence rate pose 
great challenges to the treatment of NSCLC.7,8 Therefore, the re-
search on NSCLC has also become a hot topic today.

Circular RNAs (circRNAs), a class of single-stranded RNA molecules 
with closed loop structures, have become the focus of RNA and tran-
scriptome research.9 In fact, circRNAs can be divided into non-coding 
circRNAs and coding circRNAs.10,11 Because of their unique structure, 
they exhibit high stability and resistance to exonucleases.12 More and 
more studies on circRNAs in NSCLC have proved the action of circRNAs 
in the occurrence and development of NSCLC.13–15 Hsa_circ_0018189 
was suggested to exert a significant function in NSCLC,16 but its spe-
cific functional mechanism has not been described.

MiRNA adjusts post-transcriptional gene expression.17,18 MiRNAs, 
are key actors in a variety of biological processes, and their disorders 
have been linked to many diseases, including cancer and autoimmune dis-
eases.19–21 Dysregulation of miRNAs is common in NSCLC, and miRNAs 
have been suggested to participate in the regulation of the occurrence, 
progression, and metastasis of NSCLC by regulating target genes.22 
Therefore, a string of studies has been conducted to explore the func-
tional mechanism of miRNAs in NSCLC, which will also provide the pos-
sibility for miRNAs to become a diagnostic and therapeutic tool.23,24 The 
functional mechanism of miR-656-3p in NSCLC is not well understood, 
which makes it of great interest to us.

Solute carrier family seven member 11 (SLC7A11), also named as 
xCT, is a cystine and glutamate anti-transporter that can transport 
cystine into cells and export glutamate at the same time.25,26 It has 
been reported that elevated xCT expression and glutamate release 
are commonly detected in cancer cells.27 xCT has a vital function in 
the progression of NSCLC, but its specific regulatory mechanism has 
rarely been reported.

Accordingly, the research was to clarify the changes in hsa_
circ_0018189, miR-656-3p, and xCT in NSCLC, and their relation-
ships and functions will be explored. These studies will provide 
theoretical support for future diagnosis and treatment of NSCLC.

2  | MATERIAL AND METHODS

2.1  |  Clinical samples

NSCLC tumor tissues (N = 90) and adjacent normal tissues (N = 90) 
were gathered from patients with NSCLC who were diagnosed at 
Nanping First Hospital Affiliated to Fujian Medical University. The 
Declaration of Helsinki was referenced in experiments involv-
ing human samples. Prior to surgery, the patient was informed 
and signed informed consent. The experiment was also approved 
and supported by the Ethics Committee of Nanping First Hospital 

Affiliated to Fujian Medical University. The tumor tissues were re-
moved and preserved at −80°C.

2.2  |  Cell culture and transfection

The BEAS2B cell line (CRL-9609™, ATTC, Manassas, VA) and NSCLC cell 
lines HCC44 (CBP61182, COBIOER, Nanjing, China) and A549 (CBP60084, 
COBIOER) were cultured with RPMI-1640 (Sigma-Aldrich, St. Louis, MO) or 
F12K supplemented with 10% fetal bovine serum (FBS, GIBCO, Carlsbad, 
CA) in a humidified incubator containing 5% CO2 at 37°C.

Three small interfering RNAs si-hsa_circ_0018189#1, si-hsa_
circ_0018189#2, si-hsa_circ_0018189#3, and negative control (si-
NC), miR-656-3p inhibitor and inhibitor NC, miR-656-3p mimic and 
negative control mimic (mimic NC), pcDNA and pcDNA-xCT, short 
hairpin RNA targeting hsa_circ_0018189 (sh-hsa_circ_0018189), 
and negative control (sh-NC) were synthesized and purchased from 
Sangon Biotech (Shanghai, China). The Lipofectamine 3000 reagent 
(Invitrogen, Carlsbad, CA) was utilized for transfection according to 
production instructions.

2.3  |  Real-time quantitative reverse transcription-
polymerase chain reaction and validation of circular 
characteristics

The TRIzol® Reagent (Invitrogen) was utilized for isolation of total 
RNA. Complementary DNA (cDNA) was synthesized using First-
Strand cDNA Synthesis Kit (Takara, Dalian, China). SYBR® Premix 
DimerEraser Kit (Takara, Dalian, China) was utilized to detect rela-
tive expression. The 2−ΔΔCt method28 was applied to process relative 
expression and β-actin or U6 was applied for standardization.29,30 
The primers are shown in Table 1.

The extracted total RNA was digested by adding 10 μl RNase 
R for subsequent analysis. Meanwhile, cells were treated with 

TA B L E  1 Primers sequences used for PCR

Name Primers for PCR (5'-3')

hsa_circ_0018189 
(circCUL2)

Forward TTGCAAAGCACCTGAACTGC

Reverse CTCGGAGCAGCATTCGGATA

SLC7A11 Forward AAGGTGCCACTGTTCATCCC

Reverse TGTTCTGGTTATTTTCTCCGACA

miR-656-3p Forward GCCGAGAATATTATACAGTCA

Reverse CTCAACTGGTGTCGTGGAG

miR-888-5p Forward GCCGAGTACTCAAAAAGCTGT

Reverse CTCAACTGGTGTCGTGGAG

β-actin Forward CTTCGCGGGCGACGAT

Reverse CCACATAGGAATCCTTCTGACC

U6 Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT

CUL2 Forward TGGTGCCTGGCAAGGAATTT

Reverse ATTCCAACATGACCACGGCT



    | 3 of 12CAI et al.

actinomycin D for 0, 4, 8, 12, and 24 h, respectively, and RNA was 
extracted for subsequent analysis.

2.4  | Glutamine metabolism analysis

Glutamine metabolism was assessed by intracellular levels of glu-
tamine, glutamate, and α-KG. In 6-well plates, the transfected 
cells were fed. After 24 h, the intracellular correlation levels were 

determined and analyzed using ELISA kits (Beyotime, Shanghai, 
China) including glutamine, glutamate, and α-KG according to the 
instructions.

2.5  |  Cell Counting Kit-8 assay

In 96-well plates, the transfection of cells was cultured for 24 h, and 
10 μl Cell Counting Kit-8 (CCK8, Beyotime, Shanghai, China) reagent 

F IGURE  1 Upregulation of hsa_circ_0018189 expression was acquired in NSCLC. (A) RT-qPCR analyzed hsa_circ_0018189 abundance 
in NSCLC tissues and normal tissues; (B) Hsa_circ_0018189 abundance in BEAS2B, A549, and HCC44 cells; (C) The location and structure 
of hsa_circ_0018189 were shown; (D) After RNase R digestion, RT-qPCR was conducted to analyze hsa_circ_0018189 and linear CUL2 
expression; (E) After the cells were treated with actinomycin D for 0, 4, 8, 12, and 24 h, RT-qPCR was conducted to detect hsa_circ_0018189 
and linear CUL2 expression; (F) The localization of circCUL2 in NSCLC cells was analyzed by subcellular fractionation with RT-qPCR analysis. 
*p < .05
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was added to each well to hatch for 24, 48, and 72 h. Then, optical 
density (OD) was recorded at 450 nm by a microplate reader.

2.6  |  5-ethynyl-2′-deoxyuridine assay

Cell proliferative capacity was estimated with the EdU Staining 
Proliferation Kit (Abcam, Cambridge, UK). After transfection, the 
cells were continued to be cultured in 6-well plates, and 10 μl EdU 
(5-ethynyl-2′-deoxyuridine) reagent was added into the cells for fur-
ther incubation for 2 h. Then, the medium was discarded. The cells 
were stained with the stain for 30 min. Then DAPI was applied for 
staining for 20 min. Finally, the cells were cleaned and observed and 
analyzed under a microscope.

2.7  |  Cell apoptosis analysis

Cell apoptotic rate was estimated with an Annexin V-FITC/PI 
Staining Kit (Roche, Switzerland) on a flow cytometry (Beckman 
Coulter; Kraemer Boulevard, CA) following the processes offered by 
the manufacturer.

2.8  |  Cell migration and invasion analysis

The cells were prepared into cell suspension. For the migration exper-
iment, transfected cells resuspended in 200 μl of serum-free medium 
were complemented in the upper chamber. For the invasion experi-
ment, transfected cells were complemented in the upper chamber 

F IGURE  2 Silencing of hsa_circ_0018189 could inhibit glutamine metabolism, proliferation, migration, and invasion, while promote cell 
apoptosis in NSCLC cells. (A) The transfection efficiency of si-hsa_circ_0018189#1, si-hsa_circ_0018189#2, and si-hsa_circ_0018189#3 
were analyzed by RT-qPCR in A549, and HCC44 cells; (B-D) ELISA assay analyzed glutamine metabolism after transfection of si-NC or si-
hsa_circ_0018189#1; (E) Cell viability in the above cells was analyzed by CCK8 assay; (F) Cell proliferation was analyzed by EdU assay; (G) 
Cell apoptosis was analyzed by flow cytometry assay; (H and I) Cell migration and invasion were analyzed by Transwell assay; (J) Proteins of 
E-cadherin and Vimentin were measured. *p < .05
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pre-coated with matrigel (Corning, New York, Madison). 500 μl of 
medium containing 10% FBS was complemented in the lower cham-
ber. Twenty-four hours later, cells that migrated or invaded were fixed 
with 4% paraformaldehyde and then stained with crystal violet for 
30 min. Cells were counted using an inverted microscope.

2.9  | Western blot

RIPA lysis buffer (Beyotime, Shanghai, China) supplemented 
with protease inhibitors (Roche, Switzerland) was used to isolate 
total protein from NSCLC tissues and cells. After treatment, pro-
teins were separated by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis. The isolated protein was then transferred 
onto PVDF (Millipore, Billerica, MA) membrane, and then, the 
protein-carrying membranes were probed with a primary antibody 
against E-cadherin (ab1416 at a dilution of 1:50, Abcam), Vimentin 
(ab8069, 1  μg/ml, Abcam), β-actin (ab8226, 1  μg/ml, Abcam), or 
xCT (ab175186 at a dilution of 1:1000, Abcam) for 2  h at room 

temperature, followed by incubation with a secondary antibody. 
Finally, the ECL Kit (Beyotime, Shanghai, China) was used for band 
observation and analysis.

2.10  |  Luciferase reporter assay and RNA-
immunoprecipitation assay

The sequences of hsa_circ_0018189 and 3'untranslated region of 
xCT (xCT 3'UTR) containing the wild-type (wt) miR-656-3p bind-
ing site were cloned into pmirGLO Expression vectors (Promega, 
Madison, WI), and the mutant type (mut) miR-656-3p binding 
site was performed based on the hsa_circ_0018189 wt and xCT 
3'UTR wt vectors via QuikChange II Site-Directed Mutagenesis Kit 
(Stratagene, Santa Clara, CA). Co-transfection of wt/mut reporter 
vector and miR-656-3p mimic or mimic NC was performed. The 
transfected cells were collected and fully lysed, followed by low-
temperature and high-speed centrifugation to collect the superna-
tant, which was then plated into the 96-well plate in triplicate for the 

F IGURE  3 Hsa_circ_0018189 acted as a miR-656-3 sponge. (A) Starbase and circinteractome showed the predicted target miRNAs 
for hsa_circ_0018189; (B and C) RNA levels of miR-656-3p and miR-888-5p were determined after transfection of si-NC or si-hsa_
circ_0018189#1; (D) The binding sites of hsa_circ_0018189 and miR-656-3p; (E and F) Luciferase reporter assay and RIP assay were utilized 
to analyze the interaction of hsa_circ_0018189 and miR-656-3p in 293 T cells; (G) RT-qPCR was used to analyze miR-656-3p level in NSCLC 
tissues and normal tissues; (H) Pearson correlation coefficient was used to analyze the correlation of miR-656-3p and hsa_circ_0018189; 
(I) RT-qPCR was used to analyze miR-656-3p expression in BEAS2B, A549 and HCC44 cells. *p < .05
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measurement of the luciferase activity using the luciferase reporter 
system (Promega).

RIP-Assay Kit (Millipore) was used to perform RIP assay as per the 
manufacturer's instructions. After the beads were cleaned with clean-
ing buffer, pre-diluted anti-IgG (Abcam) or anti-Ago2 (Abcam) solution 
was added to them and incubated at low temperature for 2 h. Cells 
were fully lysed after 48 h of transfection. The supernatant was in-
cubated with the beads conjugated with antibodies at 4°C overnight. 
Then, the beads were collected by centrifugation at low temperatures 
and low speeds. RNA samples cleared from the beads were used for 
subsequent analysis of hsa_circ_0018189 and miR-656-3p.

2.11  |  Xenograft mice model

All procedures and animal experiments were approved by the 
Animal Ethics Committee of Nanping First Hospital Affiliated 
to Fujian Medical University. A549 cells stable expressing sh-
hsa_circ_0018189 or sh-NC were subcutaneously injected into 
four-week-old BALB/c nude mice (Vital River Laboratory Animal 

Technology [Beijing, China]). Tumor volumes (0.5 × (width)2 × length) 
were measured every week for four weeks, and tumor weights were 
analyzed after the mice were euthanized.

2.12  |  Immunohistochemistry assay

Freshly removed tissues were paraffin sectioned, dewaxed, and re-
paired, followed by incubation with 0.3% hydrogen peroxide. After 
incubation with a primary antibody (ki-67 or xCT) and a secondary 
horseradish peroxidase antibody, color was developed using DAB 
solution. Each sample selected five fields for observation.

2.13  |  Statistical analysis

All data were statistically examined by GraphPad 7.0. All the data 
were presented as mean ± standard deviation (SD). p < .05 was con-
sidered statistically significant. We used a two-tailed Student's t 
test (two groups) and one-way or two-way analysis of variance with 

F IGURE  4 MiR-656-3p could restore the effect of hsa_circ_0018189 knockdown on NSCLC progression. (A) MiR-656-3p abundance 
was detected after transfection of inhibitor NC and miR-656-3p inhibitor; (B-K) Cells were transfected with si-NC, si-hsa_circ_0018189#1, 
si-hsa_circ_0018189#1 + inhibitor NC, or si-hsa_circ_0018189#1 + miR-656-3p inhibitor. (B) MiR-656-3p expression was estimated after 
transfection; (C-E) ELISA assay analyzed glutamine metabolism after transfection; (F and G) Cell proliferation was determined; (H) Cell 
apoptosis was assessed after transfection; (I and J) Cell migrating and invading abilities were analyzed; (K) E-cadherin and Vimentin protein 
levels were determined. *p < .05
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Tukey's post hoc test (more than two groups) to compare significant 
differences.

3  |  RESULTS

3.1  | Upregulation of hsa_circ_0018189 expression 
was detected in NSCLC

Firstly, we analyzed the expression of hsa_circ_0018189 in NSCLC 
samples. Hsa_circ_0018189 was observed to be boosted in NSCLC 
samples (Figure 1A). Meanwhile, compared with BEAS2B, circLUC2 

abundance was boosted in A549 and HCC44 cells (Figure  1B). 
Subsequently, we found that hsa_circ_0018189 was located at 
chr10 chromosome and was derived from the exons 6–12 of 
CUL2 mRNA (Figure  1C). We then verified the circular structure 
of hsa_circ_0018189. Also, hsa_circ_0018189 abundance was not 
significantly changed but linear CUL2 was reduced in A549 and 
NCC44 cells with RNase R treatment (Figure 1D). Additionally, hsa_
circ_0018189 abundance had no difference after actinomycin D 
treatment (Figure 1E). Subcellular fractionation with RT-qPCR analy-
sis showed that hsa_circ_0018189 was mainly distributed in the cy-
toplasm of NSCLC cells (Figure 1F). In short, hsa_circ_0018189 was 
significantly upregulated in NSCLC.

F IGURE  5 There was a target relationship between miR-656-3p and xCT. (A) The binding sites of miR-656-3p and xCT; (B) Luciferase 
reporter assay tested the luciferase activities of xCT 3'UTR wt and xCT 3'UTR mut in 293 T cells after transfection of mimic NC or miR-
656-3p mimic; (C) RNA levels of xCT in NSCLC samples; (D) Protein levels of xCT in NSCLC samples; (E) The correlation of miR-656-3p and 
xCT mRNA expression levels in NSCLC samples; (F) Protein levels of xCT in BEAS2B, A549, and HCC44 cells; (G) Protein levels of xCT were 
estimated after transfection of si-NC, si-hsa_circ_0018189#1, si-hsa_circ_0018189#1 + inhibitor NC, or si-hsa_circ_0018189#1 + miR-656-
3p inhibitor. *p < .05
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3.2  | Hsa_circ_0018189 knockdown suppressed 
glutamine metabolism, cell proliferation, migration,  
and invasion, while enhanced cell apoptosis in 
NSCLC cells

At first, we verified the action of hsa_circ_0018189 knockdown, and 
the results suggested that si-hsa_circ_0018189#1 caused the great-
est silencing efficiency of hsa_circ_0018189 in both cells (Figure 2A). 
Hence, we used si-hsa_circ_0018189#1 to exhibit the next experi-
ments. We found that knockdown of hsa_circ_0018189 could in-
hibit glutamine metabolism (Figure  2B, C, and D). CCK8 assay and 
EdU assay confirmed that lowered hsa_circ_0018189 expression 

restrained cell proliferation of A549 and HCC44 cells (Figure 2E, F). In 
addition, cell apoptosis was increased after hsa_circ_0018189 knock-
down (Figure  2G). Transwell assay results proved that si-CUL2#1 
could suppress cell migration and invasion of A549 and HCC44 cells 
(Figure  2H, I). E-cadherin and Vimentin are mesenchymal markers 
commonly used in scientific research for epithelial–mesenchymal 
transformation (EMT). Knockdown of hsa_circ_0018189 promoted 
E-cadherin level and retrained protein level of Vimentin in A549 and 
HCC44 cells (Figure 2J). We also constructed the hsa_circ_0018189 
overexpression plasmid, as shown in Figure  SS1. In contrast, hsa_
circ_0018189 overexpression elevated glutamine metabolism, facili-
tated cell proliferation, migration, invasion, and lowered cell apoptosis 

F IGURE  6 Overexpression of xCT could recover miR-656-3p-urged impacts on NSCLC progression. (A) Protein levels of xCT protein 
were tested after transfection of pcDNA and pcDNA-xCT; (B) MiR-656-3p abundance was determined after transfection of miR-656-3p 
mimic and mimic NC; (C) Protein levels of xCT were detected after transfection mimic NC, miR-656-3p mimic, miR-656-3p mimic+pcDNA, or 
miR-656-3p mimic+pcDNA-xCT; (D-F) Glutamine metabolism in the above cells was analyzed; (G and H) Cell proliferation in the above cells 
was estimated; (I) Cell apoptosis in the above cells was detected; (J and K) Cell migration and invasion in the above cells were determined; (L) 
E-cadherin and Vimentin protein levels in the above cells were measured. *p < .05



    | 9 of 12CAI et al.

in NSCLC cells (Figure SS1B-I). Consistently, hsa_circ_0018189 over-
expression elevated Vimentin protein levels and lessened E-cadherin 
protein levels (Figure SS1J and K). All in all, these data implied that 
hsa_circ_0018189 promoted the progression of NSCLC.

3.3  | Hsa_circ_0018189 was identified as a miR-
656-3p molecular sponge

Starbase and circinteractome analysis found that miR-656-3p and 
miR-888-5p were the most promising targets for hsa_circ_0018189 
(Figure 3A). Hsa_circ_0018189 silencing resulted in an elevation in 
miR-656-3p expression level (Figure 3B, C), which was chosen for 
subsequent research. By using the Starbase database, we predicted 
the existence of targeted binding sites between hsa_circ_0018189 
and miR-656-3p (Figure 3D). Luciferase reporter assay and RIP assay 
demonstrated the interaction between hsa_circ_0018189 and miR-
656-3p in 293 T cells (Figure  3E, F). MiR-656-3p expression was 
lower in NSCLC tissues (Figure  3G). Pearson correlation analysis 
showed that hsa_circ_0018189 and miR-656-3p were negatively 
correlated with each other in NSCLC tumors (Figure 3H). MiR-656-3p 

abundance was lower in A549 and HCC44 cells (Figure 3I). All find-
ings testified that hsa_circ_0018189 could target miR-656-3p.

3.4  | Hsa_circ_0018189 sponged miR-656-3p to 
promote cell glutamine metabolism and malignancy in 
NSCLC cells

The silencing effect of miR-656-3p was significant by miR-656-3p 
inhibitor (Figure  4A). Knockdown of hsa_circ_0018189-mediated 
elevation of miR-656-3p could be restored after miR-656-3p silenc-
ing (Figure 4B). Deficiency of miR-656-3p could relieve the function 
of si-hsa_circ_0018189#1 on glutamine metabolism (Figure  4C–
E). The results of CCK8 assay and EdU assay also expounded that 
miR-656-3p silencing recover si-hsa_circ_0018189#1-caused 
repression of A549 and HCC44 cell proliferation (Figure  4F, G). 
Moreover, transfection of miR-656-3p inhibitor attenuated the role 
of si-hsa_circ_0018189#1 on cell apoptosis, migration, and invasion 
(Figure 4H, I, and J). E-cadherin and Vimentin proteins expression 
were influenced by si-hsa_circ_0018189#1, while miR-656-3p could 
abolish the influence (Figure  4K). Taken together, the evidence 

F IGURE  7 Knockdown hsa_circ_0018189 could inhibit the growth of tumors in vivo. (A) The tumor volumes were measured at 1, 2, 3, 
and 4 weeks; (B) Tumor weights were tested; (C) RNA levels of hsa_circ_0018189, miR-656-3p, and xCT in xenograft tumor tissues were 
analyzed; (D) Protein levels of xCT in xenograft tumor tissues were determined; (E) IHC analysis of ki-67 and xCT protein levels in xenograft 
tumor tissues. *p < .05
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implied that hsa_circ_0018189 could interact with miR-656-3p to 
reinforce NSCLC cell glutamine metabolism and malignancy.

3.5  | MiR-656-3p directly interacted with xCT

Using the TargetScan, we revealed that xCT 3'UTR harbored puta-
tive target sequences for miR-656-3p (Figure  5A). Luciferase re-
porter experiment suggested that in 293 T cells, miR-656-3p could 
reduce the luciferase activity of wild-type xCT 3'UTR group, while 
there was no significant difference in mutant xCT 3'UTR (Figure 5B), 
confirming the targeting relationship between miR-656-3p and xCT. 
The mRNA and protein levels of xCT were predominantly raised 
in NSCLC rather than in normal tissues (Figure 5C, D). xCT mRNA 
expression in NSCLC samples was negatively correlated with miR-
656-3p (Figure 5E). Besides, xCT protein levels were upregulated in 
A549 and HCC44 cells (Figure 5F). Additionally, xCT expression was 
decreased after knockdown of hsa_circ_0018189, while miR-656-3p 
downregulation could restore the function of si-hsa_circ_0018189#1 
on xCT expression in A549 and HCC44 cells (Figure 5G). In sum-
mary, our findings elucidated that miR-656-3p could target xCT, and 
hsa_circ_0018189 could regulate the expression of xCT by acting as 
a sponge of miR-656-3p in NSCLC.

3.6  | MiR-656-3p could inhibit cell glutamine 
metabolism and malignancy by reducing xCT 
expression in NSCLC

Introduction of xCT upregulated xCT protein levels in A549 and 
HCC44 cells (Figure  6A). MiR-656-3p abundance was increased 
after transfection of miR-656-3p mimic (Figure  6B). The lowered 
xCT protein levels urged by miR-656-3p overexpression were recov-
ered after xCT introduction (Figure 6C). Besides, xCT upregulation 
impaired the role of miR-656-3p mimic on factors associated with 
glutamine metabolism (Figure 6D, E and F). Beyond that, CCK8 assay 
and EdU assay analysis manifested that introduction of pcDNA-xCT 
weakened the action of miR-656-3p on A549 and HCC44 cell pro-
liferation and apoptosis (Figure 6G, H, and I). The lowered migrating 
and invading capacities driven by miR-656-3p were lessened after 
xCT overexpression (Figure 6J, K). Moreover, miR-656-3p-mediated 
changes in E-cadherin and Vimentin protein levels were recovered 
by co-transfection of xCT and miR-656-3p (Figure  6L). In a word, 
the effect of miR-656-3p could be impaired by xCT in regulating the 
processes of NSCLC cells.

3.7  | Hsa_circ_0018189 could regulate tumor 
growth in mouse models

The A549 cells stable expressing sh-hsa_circ_0018189 were sub-
cutaneously injected into the nude mice. Tumor volume expression 

in mice was measured. Hsa_circ_0018189 knockdown inhibited 
tumor volume (Figure 7A). The results showed that knocking down 
hsa_circ_0018189 reduced tumor volume (Figure 7B). RNA levels of 
hsa_circ_0018189 and xCT were downregulated in xenograft tumor 
tissues from the sh-hsa_circ_0018189 group, but miR-656-3p ex-
pression was increased (Figure 7C). Western blot analysis suggested 
that xCT protein was decreased in xenograft tumor tissues with hsa_
circ_0018189 silence (Figure 7D). IHC analysis revealed that ki-67 
and xCT levels were reduced in xenograft tumor tissues with hsa_
circ_0018189 silence (Figure 7E). All data exposed that knockdown 
of hsa_circ_0018189 could inhibit the growth of tumors in vivo.

4  | DISCUSSION

NSCLC is one of the cancers with high mortality in the world.31 The 
treatment of NSCLC has made great progress in the continuous de-
velopment of science and technology condition.32 However, poor 
prognosis is still a difficult problem in the treatment of lung cancer 
today. The functional mechanism of circRNAs in many cancers has 
been confirmed.33 The high level of hsa_circ_0018189 in tissues and 
cells of NSCLC aroused our interest in the detailed functional mech-
anism of hsa_circ_0018189 in NSCLC. In the present research, we 
confirmed that hsa_circ_0018189 was highly expressed in NSCLC 
tissues and cells, which led us to speculate that the upregulation 
of hsa_circ_0018189 might be a key factor leading to tumorigen-
esis. Further investigation found that cell proliferation, migration, 
invasion, and glutamine metabolism were inhibited under hsa_
circ_0018189 knockdown condition, but cell apoptosis was signifi-
cantly induced. In mouse xenograft experiments, hsa_circ_0018189 
knockdown lessened NSCLC cell growth in vivo. These results pre-
liminarily confirmed that hsa_circ_0018189 could promote the de-
velopment of NSCLC.

The regulatory role of hsa_circ_0018189 in NSCLC has been con-
firmed, but its specific mechanism has not been reported,16 so we did 
further exploratory experiments. Starbase prediction revealed that 
miR-656-3p might interact with hsa_circ_0018189. Further experi-
ments confirmed that hsa_circ_0018189 functioned as a miR-656-3p 
sponge molecular. Low level of miR-656-3p has been reported in vari-
ous tumors, such as hepatocellular carcinoma, nasopharyngeal cancer, 
and colorectal cancer.34–36 A previous study exhibited that miR-656-3p 
was downregulated in NSCLC samples and cell lines, and miR-656-3p 
overexpression lessened cell malignancy.37 In this research, we also 
verified the downregulation of miR-656-3p in NSCLC samples and 
cell lines, and the reduced miR-656-3p expression was able to restore 
the effects of si-hsa_circ_0018189#1 on NSCLC progression. These 
results confirmed that hsa_circ_0018189 could promote the develop-
ment of NSCLC cells by targeting miR-656-3p.

The role of xCT as an intermediate glutamate transporter in 
NSCLC had also been well reported.38 In our experiment, xCT abun-
dance was significantly upregulated in NSCLC cells and samples, and 
miR-656-3p could target xCT. At the same time, it was also confirmed 
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that hsa_circ_0018189 could regulate xCT expression through miR-
656-3p. Further studies confirmed that miR-656-3p inhibited tum-
origenicity of cells by reducing the expression of xCT. Combining 
the research results, our study verified the targeting relationship 
between miR-656-3p, hsa_circ_0018189, and xCT in NSCLC for 
the first time. In conclusion, our study excavated a new regulatory 
pathway in the development of NSCLC by exploring the regulatory 
mechanism of new circRNA-miRNA-mRNA. Our study also provided 
new ideas for future drug development of NSCLC.

5  |  CONCLUSION

In our study, hsa_circ_0018189 could regulate tumorigenicity of 
NSCLC through serving as a miR-656-3p sponge molecular and sub-
sequently mediating xCT expression, which might be a potential tar-
get for the treatment of NSCLC.
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