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Abstract. To investigate the changes of circular (circ)RNA 
circCD151 expression in lung cancer tissues and cells and its 
effects on proliferation, migration and invasion of lung cancer 
cells. The relative expression levels of circCD151 in lung 
cancer tissues and lung cancer cells (A549 and NCI‑H292) 
were determined by reverse transcription‑quantitative PCR. 
The effects of silencing or upregulation of circCD151 on the 
activity and clonal forming ability of A549 and NCI‑H292 cells 
were detected by CCK‑8 and cloning formation experiments. 
Transwell invasion assay detected the effects of silencing or 
upregulation of circCD151 on the migration and invasion 
ability of A549 and NCI‑H292 cells. The regulatory effect 
of circCD151 on miR‑30d‑5p was detected by dual luciferase 
reporter gene. The relative expression level of circCD151 in lung 
cancer tissues was significantly higher compared with that in 
adjacent tissues. The relative expression level of circCD151 in 
A549 and NCI‑H292 cells was significantly higher compared 
with that in human lung epithelial cells. In A549 and NCI‑H292 
cells, silencing circCD151 decreased cell activity and clonal 
formation ability and invasion ability was also significantly 
decreased. circCD151 was upregulated in A549 and NCI‑H292 
cells and the activity and clonal formation ability of A549 and 
NCI‑H292 cells were significantly increased and the invasion 
ability was also significantly increased. Double luciferase 
reporter assay confirmed the ceRNA regulatory mechanism 
of circCD151/miR‑30d‑5p/GLI2. In the present study, in vivo 
and in vitro functional studies demonstrated that circCD151 
may promote the proliferation, invasion and cell stemness 
of lung cancer cells. Further molecular mechanism studies 
demonstrated that circCD151 could promote the malignant 

proliferation of lung adenocarcinoma by targeting miR‑30d‑5p 
and upregulating GLI2 expression. From the perspective 
of circRNA, the present study will provide new clues to the 
pathogenesis and prognostic judgment of lung adenocarci‑
noma and provide a new target for clinical treatment.

Introduction

Non‑small‑cell lung cancer (NSCLC) is the commonest 
lung malignant tumor worldwide, with a high incidence and 
mortality rate, ranking first among all malignant tumors (1‑3). 
Therefore, it is necessary to further explore the function of the 
new gene and its precise mechanism in the malignant progres‑
sion of lung cancer (4‑6).

Circular (circ)RNAs are special non‑coding RNAs that 
connect the 3' and 5' ends to form a closed circular struc‑
ture (7,8). CircRNAs are abundant, conserved and stabile in 
the cytoplasm. Increasing evidence suggests that circRNAs 
may serve an important role in the occurrence and develop‑
ment of cancers, including lung adenocarcinoma, and may 
be a novel marker of cancer (9). The role of circRNA in lung 
cancer has been the subject of a number of studies, but as a 
biomarker and its mechanism of action remains to be eluci‑
dated. Jiang et al (10) demonstrated that hsa_circ_0007385 
is involved in the occurrence and development of NSCLC 
and is expected to become a potential marker and diagnosis 
and treatment target. Zhang et al (11) demonstrated that hsa_
circ_0014130 is closely related to NSCLC and can be used 
as a biomarker of NSCLC. Yao et al (12) confirmed that the 
expression level of hsa_circ_100876 is increased in NSCLC 
tissues and Kaplan‑Meier survival analysis demonstrated that 
the overall survival rate of patients with high expression of 
hsa_circ_100876 was shorter. The results of Wei et al (13) 
showed that circCD151 can promote tumor progression and 
immune evasion by regulating the miR‑370‑3p/CXCL12 axis 
of melanoma. However, the role of circCD151 in lung cancer 
has not been reported.

MicroRNAs (miRNAs/miRs) are a type of non‑coding 
RNA with a length of ~22nt (14,15), which directly degrade 
and inhibit protein synthesis and regulate post‑transcriptional 
gene expression level through complete or incomplete comple‑
mentary binding with target mRNA 3'UTR (16). miRNAs have 
been shown to regulate a variety of physiological and patho‑
logical processes, such as cell differentiation, cell proliferation 
and tumor formation (17,18). Some miRNAs can participate 
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directly in the formation of human tumors, such as lung 
cancer, craniocerebral tumor, liver cancer, colorectal cancer 
and lymphoma. miRNAs can be used as both oncogenes and 
tumor suppressor genes to participate in multiple signaling 
pathways of human tumor formation (19,20). Therefore, the 
study of specific miRNA function provides a new direction for 
tumor treatment and prevention (21).

A number of studies have found that abnormal activation of 
the Hh signaling pathway is closely related to the occurrence 
of liver cancer and the maintenance of malignant biological 
characteristics (22‑24). Glioma cancer related gene homolo‑
gous protein 2 (GLI2) is one of the signal pathways of terminal 
transcription factors. GLI2 transfers extracellular Hh to the cell 
nucleus, which, combined with the downstream gene promoter 
regions, starts the transcription of target genes, including Gli1; 
the Hh signaling pathway serves a very important role (25,26).

The purpose of the present study was to investigate the 
expression of circCD151 in lung cancer tissues and cells and its 
effect on proliferation, migration and invasion of lung cancer 
cells. The regulatory effect of circCD151 on miR‑30d‑5p/GLI2 
axis was also investigated.

Materials and methods

Clinical patient information. Samples of 20 cases of lung 
adenocarcinoma and normal tissues around the carcinoma 
(>5 cm away from the tumor) were collected from October 
2020 to January 2021. All specimens were taken from 
hospital thoracic surgery lobectomy and confirmed by post‑
operative pathology for the patients with lung adenocarcinoma 
(~Ⅰ‑Ⅲ  A period). There were 10  males and 10  females, 
aged ~51‑78 (63.11±6.31) years. Cancer staging was based on 
the American Cancer Federation's Cancer Staging Guidelines, 
8th edition (27,28). The specimens were immediately frozen in 
liquid nitrogen and stored at ‑80˚C. None of the patients had 
received radiation or chemotherapy before surgery and had no 
history of malignant tumor. The present study was approved 
by the medical Ethics Committee of Tianjin First Central 
Hospital (approval no. TJ202008096). All patients signed 
informed consent.

Cell culture. Human normal lung epithelial cell BEAS‑2B, 
lung cancer cell lines A549, NCI‑H460, NCI‑H292, 95‑D 
were purchased from the American Type Culture Collection. 
All cells were subcultured in RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.). RPMI‑1640 was supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.), 100 U/ml penicillin and 100 mg/l streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.). Human normal bronchial 
epithelial cells BEAS‑2B were subcultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum, 100 U/ml penicillin and 100 mg/l streptomycin. 
Incubation was at  37˚C and 5%  CO2. The fresh medium 
was changed every 2‑3 days and the confluence of cells was 
>75% for cell passage.

Cell transfection. Plasmid transfection was performed with 
Lipofectamine® 2000 according to the manufacturer's protocol 
(Invitrogen; Thermo Fisher Scientific, Inc.). Transfection 
was initiated when cell confluence reached 80%. A549 and 

NCI‑H292 cells were divided into two groups: One group was 
transfected with 2.5 µg pcDNA.3.1 empty vector and the other 
was transfected with 2.5 µg pcDNA.3.1 circCD151‑expression 
vector (Guangzhou Geneseed Biotech Co., Ltd.). Following 
24 h of transfection at 37˚C with 5% CO2, the cells were 
subcultured at a dilution ratio of 1:5. After transfection for 
48 h, the transfection efficiency was determined by reverse 
transcription‑quantitative PCR (RT‑qPCR). Follow‑up experi‑
ments were performed 48 h after transfection.

miRNAs and small interfering RNAs (siRNAs/si) were 
purchased from Shanghai GenePharma Co. Ltd. RNAiMAX 
transfection reagent (Thermo Fisher Scientific, Inc.), and 
50  pmol miR‑mimics‑negative control (NC; 5'‑UUG​UAC​
UAC​ACA​AAA​GUA​CUG‑3'), 50 pmol miR‑30d‑5p mimics 
(5'‑UGU​AAA​CAU​CCC​CGA​CUG​GAA​G‑3'), 50  pmol 
miR‑inhibitor‑NC (5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'), 
50  pmol miR‑30d‑5p inhibitor (5'‑CUU​CCA​GUC​GGG​
GAU​GUU​UAC​A‑3') were mixed separately and subsequent 
operations were carried out according to the kit instructions 
to transfect miRNAs into the cells. Following 48 h of cell 
transfection, the transfection efficiency was determined using 
RT‑qPCR and subsequent experiments were performed.

The siRNAs were transfected into cells following the same 
method; that is, 50 pmol si‑NC (5'‑UUC​UCC​GAA​CGU​GUC​
ACG​U‑3'), 50  pmol si‑circCD151 (5'‑CAC​TTG​TAG​AGC​
AGA​ATT​C‑3') or 50 pmol si‑GLI2 (5'‑GAC​AUG​AGC​UCC​
AUG​CUC​A‑3') were transfected into cells using RNAiMAX. 
Follow‑up experiments were performed 48 h after transfection.

Separating the nucleus and cytoplasm. The nucleus and cyto‑
plasm were separated using a nuclear/cytoplasmic separation 
kit (Thermo Fisher Scientific, Inc.). Cells (5x106) were taken 
and centrifuged at 500 x g at 4˚C for 2‑3 min to collect the 
cells. The cells were washed twice with cold PBS. Cold extract 
A (200 µl) was added to the cell precipitation, mixed well 
and agitated over ice for 30 min then centrifuged for 5 min 
at 1,200 x g at 4˚C. The supernatant was aspirated into another 
clean precooled centrifuge tube to obtain the cytoplasmic 
component. The precipitate (nuclear component) was washed 
once with PBS, then centrifuged at 4˚C for 5 min at 2,000 x g 
and the supernatant was discarded. The precipitate was resus‑
pended with 200 µl storage solution B and stored for later use 
or directly used for experiments.

CCK 8 experiments. A549 and NCI‑H292 cell suspen‑
sion was inoculated in 96‑well plates with 5 multiple wells, 
~3,000 cells/well/100 µl in each group. The culture plates were 
placed in an incubator for pre‑culture (37˚C, 5% CO2). CCK8 
detection reagent (10 µl) was added to each well and incubated 
in an incubator for 4 h at 37˚C with 5% CO2. The absorbance 
at 450 nm was measured with a microplate reader and the OD 
value of each well was determined.

Transwell experiment. Matrigel was diluted with blank 
medium (1:3). The diluted Matrigel was added to the supe‑
rior compartment surface of the membrane at the bottom of 
the Transwell compartment. Matrigel was polymerized into 
gel at 37˚C for 30 min. DMEM complete medium (0.6 ml) 
containing 10% FBS was added into the Transwell chamber. 
The prepared transfected cell suspension (1.0x106/ml) of 
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20 µl was absorbed and added to 200 µl serum‑free DMEM 
culture. After mixing well 200 µl was absorbed into the upper 
chamber, which was incubated for 48 h in an incubator at 37˚C 
and 5% CO2. Any cells that had not been passed through the 
upper chamber were wiped off with a cotton swab. The lower 
chamber was washed with PBS and fixed with 4% paraformal‑
dehyde for 15 min at room temperature. After removing the 
fixing solution, the chamber was cleaned with PBS once and 
0.1% crystal violet was used for staining at room temperature 
for 15 min. Then, the staining solution was removed and the 
cells in the lower compartment were washed with PBS for 
2‑3 times and left to dry naturally at room temperature. The 
culture plates were placed under an inverted microscope and 
3 fields of each filter membrane were randomly selected for 
examination and imaging.

RT‑qPCR. Reverse transcription and RT‑qPCR followed the 
manufacturer's instructions. Total RNA was extracted from 
tissues and cells using TRIzol® reagent (Thermo  Fisher 
Scientific, Inc.). RNA was reversely transcribed into cDNA using 
the Prime‑Script one‑step RT‑PCR kit (Takara Biotechnology 
Co., Ltd.). LightCycler® 480 SYBR Green I Master mix (Roche 
Diagnostics) was used to detect the expression of each gene on 
an ABI PRISM 7300 detection system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The primer sequences used for 
the qPCR were as follows: circCD151 forward: 5'‑CAC​TTG​
TAG​AGC​AGA​ATT​CTC‑3', reverse: 5'‑CGT​TGA​ACT​CAC​
CCA​TCC​TGG‑3'; miR‑30d‑5p forward: 5'‑UGU​AAA​CAU​
CCC​CGA​CUG​GAA​G‑3', reverse: 5'‑TGT​AAA​CAT​CCC​CGA​
CTG​GAA​GA‑3'; GLI2 forward: 5'‑gag​gga​tcc​gcc​ctc​
acc​tcc​atc​aat‑3', reverse: 5'‑gag​gaa​ttc​cta​ggt​
cat​cat​gtt​cag​g‑3'; SOX2 forward: 5'‑GCC​GAT​GTG​
AAA​CTT​TTG​TCG‑3', reverse: 5'‑GGC​AGC​GTG​ACT​TAT​
CCT​TCT‑3; CD44 forward: 5'‑TTG​CAG​TCA​ACA​GTC​GAA​
GAA​G‑3', reverse: 5'‑CCT​TGT​TCA​CCA​AAT​GCA​CCA‑3'; 
Oct4 forward: 5'‑CTT​GCT​GCA​GAA​GTG​GGT​GGA​GGA​
A‑3', reverse: 5'‑CTG​CAG​TGT​GGG​TTT​CGG​GCA‑3'; Nanog 
forward: 5'‑AAT​ACC​TCA​GCC​TCC​AGC​AGA​TG‑3', reverse: 
5'‑TGC​GTC​ACA​CCA​TTG​CTA​TTC​TTC‑3'; U6 forward: 
5'‑CTC​GCT​TCG​GCA​GCA​CAT​ATA​CT‑3', reverse: 5'‑ACG​
CTT​CAC​GAA​TTT​GCG​TGT​C‑3'; GAPDH forward: 5'‑GGT​
ATG​ACA​ACG​AAT​TTG​GC‑3', reverse 5'‑GAG​CACA​GGG​
TAC​TTT​ATT​G‑3'. U6 and GAPDH were used as reference 
genes. Reverse transcription conditions were 16˚C for 30 min, 
50˚C for 30 min, 75˚C for 15 min and 4˚C for use. PCR condi‑
tions were 10 min at 95˚C, 15 sec at 95˚C and 60 sec at 60˚C 
for 40 cycles. A total of three parallel samples were provided 
for each 20 µl system. U6 RNA was used as the internal stan‑
dard for normalization. The relative expression of gene levels 
were quantified using the 2‑ΔΔCq method and normalized to the 
internal reference gene (29).

Clone formation experiment. The low soluble point agarose 
solution was prepared with distilled water. The temperature 
was maintained at  40˚C after autoclave sterilization. The 
agarose was mixed with 2X medium in a ratio of 1:1. Then 
3 ml of the mixture was added to a plate with a diameter of 
6 cm. After it cooled and solidified, the agar was placed in 
the incubator (37˚C) for later use. Cells of each group were 
inoculated in 6‑well plates with 1x103 cells per well. Visible 

cell colonies were formed after ~2 weeks of culture. After 
washing with PBS three times and fixing with 75% ethanol 
for 30 min at room temperature, the cells were stained with 
1% crystal violet for 10 min at room temperature. After PBS 
washing, images were captured using an optical microscope 
(Nikon Corporation) in five randomly selected fields of view 
Three replicates were used for each experiment and the average 
of the three replicates was calculated.

StarBase and TargetScan analysis. In this study, the StarBase 
database (http://starbase.sysu.edu.cn) was used to analyze the 
binding sites of circCD151 and miR‑30d‑5p. The TargetScan 
7.2 database (http://www.targetscan.org/vert_72) was used to 
analyze the binding sites between miR‑30d‑5p and GLI2.

Double luciferase reporter gene assay. Binding sites between 
circCD151 and miR‑30d‑5p were predicted using StarBase. 
Binding sites between GLI2 and miR‑30d‑5p were predicted 
using TargetScan. The luciferase reporter vectors, psiCHECK2
‑circCD151‑wild‑type (WT), psiCHECK2‑circCD151‑mutant 
(MT), psiCHECK2‑GLI2‑WT and psiCHECK2‑GLI2‑MT (all 
Promega Corporation), were co‑transfected with miR‑30d‑5p 
mimics and miR‑NC respectively using Lipofectamine. 
Following 48 h of cell transfection, the relative luciferase 
activity was detected using a Dual‑Luciferase Reporter assay 
system (Promega Corporation). The ratio of the luminescence 
intensity of Renilla luciferase to that of firefly luciferase 
reflected the binding force.

Statistical analysis. The data were presented as mean ± stan‑
dard deviation and analyzed using SPSS  17.0 software 
(SPSS, Inc.). Each group of experiment was repeated three 
times. One‑way ANOVA and Tukey's post hoc test was used to 
test the data of variables between groups. Student's t‑test test 
was used to compare the variable data between the two groups. 
Paired Student's t‑test was used for tumor and adjacent normal 
tissues. P<0.05 was considered to indicate a statistically 
significant difference.

Results

circCD151 is upregulated in NSCLC. RT‑qPCR results demon‑
strated that circCD151 was upregulated in NSCLC cell lines to 
different degrees compared with normal lung epithelial cell 
BEAS‑2B (Fig. 1A, P<0.05). The expression of circCD151 was 
then evaluated in NSCLC tissues. The results demonstrated 
that the expression of circCD151 was significantly upregulated 
in NSCLC tissues compared with that in adjacent tissues 
(Fig. 1B, P<0.01). These results suggest that circCD151 may 
serve an oncogene role in NSCLC. Further tests revealed that 
circCD151 was mainly expressed in the cytoplasm (Fig. 1C).

Silencing circCD151 inhibits the activity, invasion and 
clonal formation of NSCLC cells. Since circCD151 was 
upregulated in NSCLC, siRNA weas used to knock down 
circCD151 expression to evaluate its biological function. First, 
RT‑qPCR results demonstrated that circCD151 siRNA inhib‑
ited A549 and NCI‑H292 cells significantly (Fig. 2A and B). 
The results of cck‑8 demonstrated that the activity of A549 
and nci‑h292 cells after transfection with si‑circCD151 for 
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72 h was significantly lower than that of the control group 
(Fig.  2C  and D ) (P<0.05). Colony formation test results 
demonstrated that the number of colony formation in the 
si‑circCD151 transfection group was significantly lower than 
that in the control group (Fig. 2E and F; P<0.01). Transwell 
was further used to evaluate the ability of cell invasion. The 
results demonstrated that the number of invaded cells in the 
si‑circCD151 transfection group was significantly lower than 
that in the control group (Fig. 2G and H; P<0.01). RT‑qPCR 
was used to detect the changes in the expression levels of 
SOX2, CD44, OCT4 and Nanog in A549 and NCI‑H292 cells 
after circCD151 knockdown. Results demonstrated that the 
expression levels of SOX2, CD44, OCT4 and Nanog were 
decreased in A549 and NCI‑H292 cells after circCD151 
knockdown (Fig. 2I‑L).

circCD151 targeted regulation of miR‑30d‑5p expression. 
StarBase was used to predict that miR‑30d‑5p might be a 
target gene for circCD151; the forecast sequence is demon‑
strated in Fig. 3A. Results of the dual‑luciferase reporter gene 
demonstrated that overexpression of miR‑30d‑5p could reduce 
the luciferase activity of wild‑type circCD151, while co‑trans‑
fection of miR‑30d‑5p mimics and the circCD151‑MUT 
vector mutated at the targeted site led to loss of the inhibitory 
effect of miR‑30d‑5p on luciferase activity (Fig. 3B and C). 
The expression level of miR‑30d‑5p in lung cancer cell 
lines after circCD151 knockdown was detected by qPCR. 
The results demonstrated that the knockdown of circCD151 
significantly promoted the expression of miR‑30d‑5p, while 
the overexpression of circCD151 inhibited the expression of 

miR‑30d‑5p (Fig. 3D and E). Detection results of circCD151 
overexpression efficiency is presented in Fig. S1. Clinical 
specimens of 20 patients with lung cancer were tested and 
it was found that miR‑30d‑5p was lowly expressed in lung 
cancer tissues compared with the para‑cancer control group 
(Fig. 3F). Therefore, miR‑30d‑5p was the direct target gene 
of circCD151 and circCD151 could negatively regulate the 
expression of miR‑30d‑5p.

GLI2 is the target gene of miR‑30d‑5p. Target genes of 
miR‑30d‑5p were predicted with TargetScan and it was found 
that GLI2 was the candidate target gene of miR‑30d‑5p 
(Fig. 4A). Subsequently, luciferase reporter gene validation 
experiments were used to find that miR‑30d‑5p can inhibit 
luciferase activity of wild type GLI2, but had no inhibitory 
effect on mutant GLI2 (Fig. 4B). Further investigation revealed 
that miR‑30d‑5p could negatively regulate the expression of 
GLI2. RT‑qPCR was used to detect the effects of miR‑30d‑5p 
knockdown on the expression of GLI2 mRNA and the results 
demonstrated that miR‑30d‑5p knockdown could significantly 
promote the expression level of GLI2 in lung cancer cells. 
The overexpression of miR‑30d‑5p inhibited the expression of 
GLI2 (Fig. 4C‑F). Then, 20 lung cancer patients were tested 
and it was found that GLI2 was highly expressed in lung cancer 
tissues (Fig. 4G) compared with the para‑cancer control group. 
The above experimental results demonstrated that GLI2 was 
the target gene of miR‑30d‑5p and miR‑30d‑5p could nega‑
tively regulate the expression of GLI2. In addition, RT‑qPCR 
was used to detect the changes in the expression of GLI2 in 
A549 and NCI‑H292 cells after circCD151 knockdown. The 

Figure 1. circCD151 is upregulated in lung cancer patients and lung cancer cell lines. (A) circCD151 was upregulated in lung cancer cell lines. (B) qPCR was 
used to detect the expression of circCD151 in tumor tissues and adjacent tissues of lung cancer patients. (C) Subcellular fractionation experiment to determine 
the cellular location of circCD151. RT‑qPCR data demonstrated that circCD151 was mainly located in the cytoplasm. Data are presented as the means ± stan‑
dard deviation. **P<0.01. Circ, circular RNA; q, quantitative; RT, reverse transcription.
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results demonstrated that GLI2 expression was decreased 
in A549 and NCI‑H292 cells after circCD151 knockdown 
(Fig. 4H).

circCD151 promotes malignant progression of lung cancer 
through miR‑30d‑5p/GLI2 molecular axis. First, RT‑qPCR 
was used to detect the influence of circCD151 overexpression 

or circCD151+miR‑30d‑5p overexpression on GLI2 expres‑
sion. The results demonstrated that the overexpression 
of circCD151 upregulated GLI2 expression in A549 and 
NCI‑H292 cells compared with the control group. However, 
following transfection with circCD151+miR‑30d‑5p mimics, 
the expression of GLI2 was significantly lower compared 
with that of circCD151 transfection only (Fig. 5A and B). At 

Figure 2. Knockdown of circCD151 inhibits the malignant behavior of lung cancer cells. Detection of circCD151 expression level in (A) A549 and (B) NCI‑H292 
cell lines. CCK‑8 detected the effect of circCD151 on the proliferation of (C) A549 and (D) NCI‑H292 cell lines. Clone formation to test the effect of circCD151 
on the colony formation ability of (E) A549 and (F) NCI‑H292 cell lines. Transwell detection of the influence of circCD151 on the invasion ability of (G) A549 
and (H) NCI‑H292 cell lines. (I) SOX2, (J) CD44, (K) Oct4 and (L) Nanog expression following circCD151 knockdown in A549 and NCI‑H292 cells. Data 
are presented as the means ± standard deviation. **P<0.01. Circ, circular RNA; si, short interfering, NC, negative control.
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the same time, CCK‑8 was used to detect the proliferation 
ability of cells. The results demonstrated that overexpression 
of circCD151 significantly upregulated the proliferation of 
A549 and NCI‑H292 cells. However, after the simultaneous 
overexpression of circCD151+miR‑30d‑5p, the cell prolif‑
eration ability decreased (Fig. 5C and D). Transwell results 
demonstrated that overexpression of circCD151 significantly 
upregulated the invasion ability of A549 and NCI‑H292 
cells. However, after the simultaneous overexpression of 
circCD151+miR‑30d‑5p, the cell invasion ability was reduced 
(Fig. 5E and F). Therefore, the overexpression of circCD151 
promoted the malignant progression of lung cancer by 
targeting miR‑30d‑5p and upregulating GLI2.

GLI2 knockdown reverses the oncogenic activity of circCD151. 
Verification results of siRNA GLI2 knockdown efficiency is 
presented in Fig. S2. After the overexpression of circCD151 
or circCD151+siGLI2 was detected by RT‑qPCR, the expres‑
sion level of GLI2 was observed to change. The results 

demonstrated that overexpression of circCD151 could upregu‑
late GLI2 expression. However, following transfection with 
circCD151+si‑GLI2, the expression of GLI2 was significantly 
decreased (Fig. 6A and B). The proliferation of cells was then 
tested by CCK‑8. The results demonstrated that overexpression 
of circCD151 significantly upregulated the proliferation of 
A549 and NCI‑H292 cells. However, after circCD151+si‑GLI2 
was overexpressed at the same time, the proliferation ability of 
the cells decreased (Fig. 6C and D). Results of clone formation 
experiments demonstrated that overexpression of circCD151 
could increase the clonal formation capacity of A549 and 
NCI‑H292 cells. However, after the simultaneous overexpres‑
sion of circCD151+si‑GLI2, the cell clonal formation ability 
decreased (Fig. 6E and F). Transwell results demonstrated 
that overexpression of circCD151 significantly upregulated 
the invasion ability of A549 and NCI‑H292 cells. However, 
after simultaneous overexpression of circCD151+si‑GLI2, cell 
invasion ability decreased (Fig. 6G and H). Therefore, GLI2 
knockdown reduced the oncogenic activity of circCD151.

Figure 3. circCD151 targets miR‑30d‑5p. (A) circCD151 target binding site information for miR‑30d‑5p. Dual luciferase assay of (B) A549 and (C) NCI‑H292 
cells. Detection of the effect of circCD151 on the expression level of miR‑30d‑5p in (D) A549 and (E) NCI‑H292 cells. (F) Detection of the expression level 
of miR‑30d‑5p in adjacent and lung cancer tissues. Data are presented as the means ± standard deviation. **P<0.01. Circ, circular RNA; miR, microRNA; 
si, short interfering, NC, negative control; WT, wild type; MUT, mutant.
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Discussion

CircRNAs, as competitive endogenous RNAs or miRNAs 
sponges, regulate variable splicing or transcription and the 
expression of parental genes  (30). As miRNAs sponges, 
circRNAs may serve a major role in the progression of lung 
cancer by regulating the expression of oncogenes and/or tumor 
suppressor genes  (31). However, little is known about the 
molecular mechanism of the positive or negative relationship 
between circRNAs and miRNAs in lung cancer (32,33).

The role of circRNA in lung cancer has been widely studied, 
but as a biomarker its mechanism of action still need to be 
further clarified (34,35). Zhu et al (36) first used microarray 
chip technology to screen circRNA in lung adenocarcinoma 

tissue and found that the expression of nearly 60 circRNA 
molecules is changed. It was further confirmed that the upreg‑
ulation of hsa_circ_0013958 expression is closely related to 
the proliferation and metastasis of cancer cells. Zhao et al (37) 
screened 357 differentially expressed circRNAs by sequencing 
and analysis of tumor samples and adjacent normal tissues of 
4 patients with early lung adenocarcinoma.

The present study found that circCD151 was upregulated 
to different degrees in lung cancer tissues and cell lines by 
RT‑qPCR. circCD151 may serve the role of oncogene in lung 
cancer and is a potential tumor marker. In this study, we 
focused on the biological function of the novel circCD151 in 
lung cancer. The reasons for selecting circCD151 in this study 
are based on a series of analysis results. The present study 

Figure 4. miR‑30d‑5p targets GLI2. (A) GLI2 locus information for miR‑30d‑5p targets. (B) Dual luciferase assay. Verification of the transfection efficiency 
of miR‑30d‑5p in (C) A549 and (D) NCI‑H292 cells. miR‑30d‑5p inhibits the expression of GLI2 in (E) A549 and (F) NCI‑H292 cells. (G) GLI2 reverse 
transcription‑quantitative PCR detection of lung cancer tissues. (H) Detection results of GLI2 expression following circCD151 knockdown in A549 and 
NCI‑H292 cells. Data are presented as the means ± standard deviation. **P<0.01. miR, microRNA; Circ, circular RNA; NC, negative control; WT, wild type; 
MUT, mutant.
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Figure 5. circCD151 promotes the proliferation, migration and invasion of lung cancer through the miR‑30d‑5p/GLI2 axis. Reverse transcription‑quantitative 
PCR detection of GLI2 expression in (A) A549 and (B) NCI‑H292 following overexpression of circCD151 and co‑transfection of miR‑30d‑5p mimics. CCK‑8 
experiment to detect cell proliferation ability of (C) A549 cells and (D) NCI‑H292 cells overexpressing circCD151 and co‑transfected with miR‑30d‑5p 
mimics. Transwell assay to detect cell invasion ability of (E) A549 and (F) NCI‑H292 cells overexpressing circCD151 and co‑transfected with miR‑30d‑5p 
mimics. Data are presented as the means ± standard deviation. *P<0.05; **P<0.01. Circ, circular RNA; miR, microRNA; NC, negative control.
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Figure 6. Downregulation of GLI2 reverses the tumor phenotype caused by overexpression of circCD151. A. Reverse transcription‑quantitative PCR detection 
of GLI2 expression in (A) A549 and (B) NCI‑H292 following different treatments. CCK‑8 detection of the proliferation rate of (C) A549 and (D) NCI‑H292 
cells following different treatments. Clone formation test the effect of different treatments on the stemness of (E) A549 and (F) NCI‑H292 cells. Transwell 
assay to detect the migration rate of (G) A549 and (H) NCI‑H292 cells following different treatments. Data are presented as the means ± standard deviation. 
**P<0.01. Circ, circular RNA; si, short interfering; NC, negative control.
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used StarBase to predict that circCD151 could combine with 
miR‑30d‑5p. GLI2 was further predicted to be the target gene 
of miR‑30d‑5p by using TargetScan. Finally, dual luciferase 
reporter gene assay confirmed the existence of the ceRNA 
regulation mechanism of circCD151/miR‑30d‑5p/GLI2 in lung 
cancer.

The present study found that circCD151 was downregu‑
lated following knockdown, suggesting that circCD151 may 
be involved in the malignant progression of lung cancer by 
regulating GLI2. Furthermore, circCD151 indirectly regulated 
GLI2 expression through the adsorption of miR‑30d‑5p. 
Studies have shown that microRNA serves an important role 
in the occurrence and development of a variety of tumors, 
including the invasion and metastasis of tumors  (38‑40). 
One of them, miR‑30d, has been shown to have a significant 
anticancer effect. In the tumor tissues of patients with esopha‑
geal squamous cell carcinoma, the expression of miR‑30d is 
significantly lower compared with normal tissues. Following 
the overexpression of miR‑30d in tumor cells, the growth, 
migration and invasion ability of cells were significantly 
reduced. In addition, miR‑30d can also inhibit PI3K/Akt and 
MEK/ERK signaling pathways, resulting in corresponding 
biological functions (41‑45). In the present study, miR‑30d‑5p 
was found to have a tumor suppressive effect. Overexpression 
of miR‑30d‑5p could reverse the oncogenic effect of circCD151.

GLI2 is a key factor in Hh signaling mediated tumor 
proliferation, apoptosis resistance, angiogenesis and invasion 
and metastasis (46). Studies have shown that by interfering 
GLI2 expression and downregulating downstream target 
gene transcription with RNAi technology, the proliferation 
and metastasis of liver cancer, prostate cancer and basal cell 
carcinoma can be inhibited  (47‑49). In the present study, 
RT‑qPCR analysis demonstrated that the expression levels 
of GLI2 mRNA in lung cancer tissues were significantly 
higher compared with adjacent tissues. Knockdown of 
GLI2 reversed the cancer‑promoting effect of circCD151. 
Cyclin D1 is a key protein regulating G1/S phase transforma‑
tion, which can cause DNA replication and division (50,51). 
Studies have shown that the expression of CyclinD1 and Bax 
decreases and the expression of Bcl‑2 increases following 
GLI2 gene silencing (52,53). It was hypothesized that the 
expression of cyclin D1 was decreased after GLI2 silencing 
and the tumor cells had cycle arrest, which might be in the G1 
phase, leading to prolonged cell doubling time. The cell cycle 
was prolonged and the ability to proliferate was decreased. 
The increased ratio of anti‑apoptotic Bcl‑2 to pro‑apoptotic 
Bax induces downstream apoptotic cascade effect, promotes 
cell apoptosis and ultimately leads to weakened cell growth 
ability (54).

The findings of the present study and the investigation of 
the function of circCD151, may provide further reference for 
the treatment of lung cancer. The advancement of gene therapy 
vectors and the development of pharmaceutical engineering 
are expected to develop a highly effective and feasible inter‑
vention against circCD151. Further research directions include 
the development of novel non‑viral gene vectors with higher 
transfection efficiency.

There are also shortcomings in the present study. The 
expression of circRNA is regulated by a variety of factors. 
The present study only observed that circCD151 was highly 

expressed in lung cancer cells and tissues, but the upstream 
regulatory factor of circCD151 remains to be elucidated. As 
an important pro‑cancer factor, GLI2 serves an important role 
in the development of lung cancer and the downstream regula‑
tory signaling pathway of GLI2 also requires further study.

In summary, circCD151 was significantly increased in lung 
cancer tissues and cells. Silencing the circCD151 gene in A549 
and NCI‑H292 cells inhibited the proliferation, migration 
and invasion of A549 and NCI‑H292 cells. The upregulated 
expression of circCD151 could promote the proliferation, 
migration and invasion of A549 and NCI‑H292 cells. These 
results indicated that circCD151 serves an important role in 
the development and progression of lung cancer. Mechanism 
studies showed that circCD151 promoted cancer by regulating 
miR‑30d‑5p/GLI2 axis.
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