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Background: The dysregulated circular RNAs (circRNAs) are relevant to the development 
of non-small cell lung cancer (NSCLC). Nevertheless, the function and mechanism of 
circRNA zinc finger protein 609 (circZNF609) in NSCLC development remain uncertain.
Methods: Sixty-two NSCLC patients were recruited. circZNF609, microRNA-623 (miR- 
623) and forkhead box M1 (FOXM1) abundances were measured via quantitative reverse 
transcription polymerase chain reaction or Western blot. Cell viability, apoptosis, migration 
and invasion were analyzed via cell counting kit-8 (CCK8), flow cytometry, caspase3 
activity, transwell assay and Western blot. The interaction between miR-623 and 
circZNF609 or FOXM1 was analyzed via dual-luciferase reporter analysis, RNA immuno-
precipitation and pull-down. The function of circZNF609 on cell growth in vivo was tested 
via xenograft model.
Results: circZNF609 abundance was enhanced in NSCLC tissues and cells. High expres-
sion of circZNF609 indicated the lower overall survival. circZNF609 interference 
restrained cell viability, migration and invasion and increased apoptosis. miR-623 was 
targeted via circZNF609. FOXM1 was targeted via miR-623 and regulated via 
circZNF609. miR-623 knockdown or FOXM1 overexpression mitigated the role of 
circZNF609 silence in NSCLC development. circZNF609 knockdown decreased NSCLC 
xenograft tumor growth.
Conclusion: circZNF609 knockdown repressed NSCLC development via regulating miR- 
623 and FOXM1.
Keywords: non-small cell lung cancer, circZNF609, FOXM1, miR-623

Introduction
Non-small cell lung cancer (NSCLC) accounts for a large proportion of lung cancer 
which is the leading cause of cancer death.1 Although the research on NSCLC has 
made great progress, the outcomes of patients remain poor.2 Thus, exploring new 
target for the therapy of NSCLC is of importance.

Circular RNAs (circRNAs) are a group noncoding RNAs formed via back- 
splicing, which are relevant to multiple cancer cell processes.3 CircRNAs have 
vital roles in pathogenesis, diagnosis and treatment of NSCLC.4 The dysregulated 
circRNAs are relevant to NSCLC cell proliferation, migration and invasion.5 The 
circRNA zinc finger protein 609 (circZNF609) is derived from ZNF609 gene, and 
functions as an oncogene via promoting cell growth and metastasis in multiple 
cancers, including renal carcinoma, breast cancer and nasopharyngeal carcinoma.6–8 
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Nevertheless, how and whether circZNF609 participates in 
NSCLC development remain poorly understood.

The crosstalk of circRNA/microRNA (miRNA)/mRNA 
in competing endogenous RNA (ceRNA) network is an 
important mechanism in NSCLC.9 The aberrantly 
expressed miRNAs are associated with the development 
and treatment of NSCLC.10 MiR-623 has been reported 
that could reduce tumor growth and metastasis in human 
cancers, such as gastric cancer, pancreatic cancer and 
hepatocellular carcinoma.11–13 Moreover, miR-623 could 
repress NSCLC progression via targeting Ku80 and inac-
tivating the extracellular signal-related kinase (ERK)/c-Jun 
N-terminal kinase (JNK) pathway.14 Nevertheless, whether 
miR-623 is required for circZNF609 in NSCLC develop-
ment is unclear.

Forkhead box M1 (FOXM1) is required for cell pro-
liferation and usually overexpressed in various cancers.15 

FOXM1 plays key roles in the regulation of many patho-
logical processes in pulmonary disorders, including lung 
cancer.16,17 The overexpressed FOXM1 predicts the poor 
survival of NSCLC patients.18 Furthermore, FOXM1 facil-
itates cell proliferation, migration and invasion in 
NSCLC.19 The bioinformatics analysis predicts miR-623 
might act as a crosstalk for circZNF609 and FOXM1. 
Hence, we hypothesize that circZNF609 might regulate 
miR-623/FOXM1 axis to participate in NSCLC 
development.

In this research, we detected circZNF609 expression in 
NSCLC and assessed the function of circZNF609 on 
NSCLC development. Additionally, we explored the inter-
action network of circZNF609/miR-623/FOXM1 axis in 
NSCLC cells.

Materials and Methods
Samples Acquisition
Sixty-two NSCLC patients were recruited from 4th 
People’s Hospital of Zibo. The inclusion criteria were as 
follows: all subjects received the surgical resection at our 
hospital and were pathological diagnosed with NSCLC; 
patients did not receive other therapy before tissue resec-
tion; patients had complete clinicopathological data, which 
are shown in Table 1. The NSCLC tumor tissues and para- 
tumor normal control (NC) tissues (5-cm away from 
tumors) were collected and stored at −80°C. A 60-month 
follow-up was performed, and the overall survival was 
analyzed according to the median value of circZNF609. 
Every patient signed written informed consent. The 

research was permitted via the ethics committee of 4th 
People’s Hospital of Zibo and executed on the principles 
of the Helsinki Declaration.

Cell Culture
Human NSCLC cell lines Calu-3, Calu-6, A549 and 
H1299 cells and the human bronchial cell line HBE1 
cells were purchased from Procell (Wuhan, China) and 
grown in RPMI-1640 medium (Thermo Fisher, Waltham, 
MA, USA) plus 10% fetal bovine serum (Gibco, Grand 
Island, NY, USA) and 1% penicillin/streptomycin (Thermo 
Fisher) at 37°C and 5% CO2.

Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR)
The RNA was isolated and extracted by Trizol reagent 
(Thermo Fisher) following the instructions as previously 
reported.20 Next, the RNA was applied to cDNA generation 
via the specific reverse transcription kit (Thermo Fisher). 
Subsequently, the generated cDNA was utilized for qRT- 
PCR. The primers (Genscript, Nanjing, China) included: 
circZNF609 (hsa_circ_0000615) (sense, 5’-TGAGTGTCGC 
CTGCTAAAGA-3’; antisense, 5’-CCCCCAGCTTTCC 
TATTTTC-3’), FOXM1 (sense, 5’-CCTTCTGGACCA 
TTCACCCC-3’; antisense, 5’-TTCGGTCGTTTCTGCTG 
TGA-3’), miR-623 (sense, 5’-ATCCCTTGCAGGGGCTG 
TTGGGT-3’; antisense, 5’-AACGCTTCACGAATTTGCGT 
-3’), U6 (sense, 5’-AATTGGAACGATACAGAGAAGATT 
AGC-3’; antisense, 5’-TATGGAACGCTTCACGAATTTG 
-3’), and GAPDH (sense, 5’-GAATGGGCAGCCGTTA 
GGAA-3’; antisense, 5’-AAAAGCATCACCCGGAGGAG 
-3’). U6 or GAPDH was used as a reference. The relative 
RNA abundance was calculated via 2−ΔΔCt method.21

Vector and Oligonucleotide Construct 
and Cell Transfection

The FOXM1 overexpression vector was constructed by insert-
ing the full-length sequence of FOXM1 into pcDNA3.1 vector 
(Thermo Fisher), with the empty vector as corresponding 
control. The shRNA for circZNF609 (sh-circZNF609#1, 5’- 
AGUCUGAAAAGCAAUGAUGUU-3’; sh-circZNF609#2, 
5’-GUCUGAAAAGCAAUGAUGUUG-3’; sh-circZNF60 
9#3, 5’-CAAGUCUGAAAAGCAAUGAUG-3’), miR-623 
mimic (5’-AUCCCUUGCAUUUUCUGUUGGGU-3’), 
miR-623 inhibitor (anti-miR-623, 5’-ACCCAACAGCC 
CCUGCAAGGGAU-3’), corresponding controls (sh-NC, 5’- 
AAGACAUUGUGUGUCCGCCTT-3’; miR-NC, 5’- 
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UUCUCCGAACGUGUCACGUTT-3’; anti-NC, 5’-UGC 
AGUAUGCAGAGUUAGGUAUA-3’) were formed from 
GenePharma (Shanghai, China). Lipofectamine 2000 
(Thermo Fisher) was enforced to transfect. 

Cell Viability
Cell viability was checked via cell counting kit-8 (CCK8). 
1 × 104 A549 and H1299 cells were added into 96-well 
plates and maintained for 72 h. Then, 10 μL of CCK8 
solution (Beyotime, Shanghai, China) was infused and 
cultured for 3 h. The wavelength was detected at 450 nm 
through a microplate reader (Bio-Rad, Hercules, CA, 

USA). The cell viability was displayed as a percentage 
relative to the control group.

Cell Apoptosis
Cell apoptosis was assessed via apoptotic rate and cas-
pase3 activity. Cell apoptotic rate was discerned via flow 
cytometry with Annexin V-FITC apoptosis kit (Thermo 
Fisher). 2 × 105 A549 and H1299 cells were added in 
6-well plates and maintained for 72 h. Subsequently, 
cells were interacted with Annexin V-FITC binding buffer 
and dyed with Annexin V-FITC and PI. The apoptotic rate 
was estimated through a flow cytometer (Agilent, 
Hangzhou, China).

For caspase3 activity assay, 1 × 104 A549 and H1299 
cells were moved into 96-well plates and nurtured for 72 
h. Then, collected cells were used for detection of cas-
pase3 activity via the caspase3 activity assay kit (Sigma, 
St. Louis, MO, USA) following the instructions.

Transwell Analysis
Cell migration and invasion were tested via transwell 
analysis using transwell chamber (BD, Franklin Lakes, 
NJ, USA). For migration analysis, 1 × 105 A549 and 
H1299 cells in serum-free medium were placed in the 
upper chambers, and the medium plus 10% serum was 
added into lower chambers. Cells were incubated for 24 
h, and then dyed with 0.1% crystal violet (Beyotime), 
followed via observation under a microscope (magnifica-
tion ×100; Nikon, Tokyo, Japan) with 5 random fields. For 
invasion analysis, the upper chambers were precoated with 
Matrigel (BD). 5 × 105 A549 and H1299 cells in serum- 
free medium were added in the upper chambers, and the 
other procedures were like the migration analysis.

Western Blot
The protein was dissociated by RIPA buffer (Beyotime), 
and the quality was analyzed via a BCA kit (Solarbio). 
The proteins were loaded on SDS-PAGE and transferred to 
nitrocellulose membranes (Bio-Rad). After blocking with 
5% bovine serum albumin (Solarbio), the membranes were 
interacted with primary and secondary antibodies (Abcam, 
Cambridge, MA, USA), including: anti-matrix metallopro-
teinase 9 (MMP9) (ab38898, 1:300 dilution), anti-MMP2 
(ab97779, 1:2000 dilution), anti-FOXM1 (ab226928, 
1:3000 dilution), GAPDH (ab9485, 1:2000 dilution) and 
IgG conjugated via HRP (ab205718, 1:10000 dilution). 
GAPDH acted as a loading reference. After exposing to 
ECL reagent (Beyotime), the blots were visualized and 

Table 1 Correlation Between circZNF609 Expression and the 
Clinicopathological Features of NSCLC Patients

Characteristics Cases 
(n)

circZNF609 
Expression

P-value

High (n = 
31)

Low (n = 
31)

Gender 0.349

Male 49 23 26
Female 13 8 5

Age (years) 0.587
< 60 42 20 22

≥60 20 11 9

Smoking status 0.303

Smokers 36 20 16

No-smokers 26 11 15

Histological type 0.812

Adenocarcinoma
34 16 18

Squamous cell 

carcinoma

21 12 9

Large cell 7 3 4

Differentiation 0.602
Well/ 

Moderate

38 18 20

Poor 24 13 11

Lymph node 
metastasis

0.022*

No 29 10 19

Yes 33 21 12

TNM stages 0.041*

I/II 24 13 21
III 28 18 10

Note: *P <0.05. 
Abbreviation: TNM, tumor-node-metastasis.
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then analyzed by Image J software (NIH, Bethesda, 
MD, USA).

Dual-Luciferase Reporter Analysis, RNA 
Immunoprecipitation and Pull-Down
The target correlation of miR-623 and circZNF609 or 
FOXM1 was predicted via CircInteractome or 
TargetScan. The wild-type (circZNF609-WT or FOXM1- 
WT) or mutant luciferase reporter vectors (circZNF609- 
MUT or FOXM1-MUT) were generated via inserting the 
corresponding sequence of circZNF609 or FOXM1 con-
taining wild-type or mutant complementary sites of miR- 
623 in the pmirGlO vectors (Promega, Madison, WI, 
USA) via endonuclease sites Nhe I and Xba I. These 
constructed vectors and miR-623 mimic or miR-NC were 
transfected into A549 and H1299 cells for 24 h. The 
luciferase activity was detected via dual-luciferase analysis 
system (Promega) and a GloMax 20/20 Luminometer 
(Promega).

RIP analysis was performed using a Magna RIP kit 
(Sigma). 1 × 107 A549 and H1299 cells were lysed and 
interacted with anti-Ago2-conjugated magnetic beads for 8 
h. IgG was used as a negative control, and input acted as 
a positive control. The immunoprecipitated RNA was 
extracted, and abundance levels of miR-623 and 
circZNF609 were tested via qRT-PCR.

RNA pull-down analysis was administrated with 
a Magnetic RNA-Protein Pull-Down kit (Thermo Fisher). 
A549 and H1299 cells were transfected with the biotiny-
lated miR-623 (Bio-miR-623) or negative control (Bio- 
NC) generated via GenePharma for 24 h. Next, cells 
were lysed and interacted with magnetic beads conjugated 
via streptavidin for 8 h. The RNA on the beads was 
extracted, and the abundance of the enriched RNA was 
tested via qRT-PCR.

Xenograft Experiment
BALB/c nude mice (5-week-old, male) were provided via 
Charles River (Beijing, China), and arbitrarily divided into 
two groups (n=6/group): sh-circZNF609#1 group (subcuta-
neous injection with 5 × 106 H1299 cells with stable trans-
fection of sh-circZNF609#1) or sh-NC group (subcutaneous 
injection with 5 × 106 H1299 cells with stable transfection of 
sh-NC). The tumor size was monitored every 7 days, and 
volume was counted via 1/2 × length × width2. After 35 
days, mice were euthanized via 5% isoflurane. Tumor tissues 
were weighed and then used for detection of circZNF609, 

miR-623 and FOXM1 expression. The experiment was per-
formed in line with the National Institutes of Health guide 
for the care and use of Laboratory animals (NIH 
Publications No. 8023, revised 1978), and assented via the 
Animal Ethical Committee of 4th People’s Hospital of Zibo 
in line with the National Institutes of Health.

Statistical Analysis
The experiments were performed 3 times, unless other-
wise indicated. The overall survival of patients was gen-
erated and analyzed via Kaplan-Meier plot and Log-rank 
test. The results were expressed as mean ± standard 
deviation (SD). The association between circZNF609 
expression and clinical data was investigated by χ2 test. 
The prognostic indicators were analyzed by 
a multivariate Cox regression analysis. The difference 
was compared via Student’s t-test or ANOVA with 
Tukey’s test by GraphPad Prism 7 (GraphPad Inc., La 
Jolla, CA, USA). P<0.05 was regarded as significant.

Results
circZNF609 Expression is Increased in 
NSCLC
circZNF609 level was examined in NSCLC tissues 
(n=62). Results exhibited that circZNF609 abundance 
was evidently up-regulated in NSCLC tissues compared 
with NC samples (Figure 1A). Furthermore, circZNF609 
level was detected in NSCLC cell lines and control 
HBE1 cells. As displayed in Figure 1B, circZNF609 
expression was higher in Calu-3, Calu-6, A549 and 
H1299 cells than HBE1 cells. Besides, the overall sur-
vival of patients was analyzed according to the median 
value of circZNF609 expression. circZNF609 high 
expression group (n = 31) exhibited the lower survival 
than low expression group (P<0.01) (Figure 1C). 
Moreover, high expression of circZNF609 was asso-
ciated with lymph node metastasis and tumor-node- 
metastasis (TNM) (P<0.05), but not with gender, age, 
smoking, histological type and differentiation (Table 1). 
Additionally, lymph node metastasis [P= 0.037; hazard 
ratio (HR)= 1.816; 95% confidence interval (CI)= 1.-
356–2.432] and high expression of circZNF609 (P= 
0.023; HR= 2.120; 95% CI= 1.121–4.123) were inde-
pendent predictors of poor overall survival of NSCLC 
(Table 2). A549 and H1299 cells with relative higher 
expression of circZNF609 were used for further 
experiments.
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circZNF609 Knockdown Suppresses Cell 
Viability, Migration and Invasion and 
Promotes Apoptosis
To analyze the function of circZNF609 in NSCLC, A549 
and H1299 cells were transfected with sh-circZNF609#1 
-#3 or sh-NC. The transfection efficacy of sh- 
circZNF609#1-#3 was confirmed in Figure 2A, and sh- 
circZNF609#1 with the relative highest efficacy was used 
for further experiments. circZNF609 knockdown markedly 
decreased the viability of A549 and H1299 cells 
(Figure 2B). Furthermore, circZNF609 silence obviously 
promoted cell apoptosis via increasing apoptotic rate and 
caspase3 activity (Figure 2C and D). In addition, 
circZNF609 interference markedly restrained the abilities 
of migration and invasion (Figure 2E and F). Besides, 
circZNF609 down-regulation significantly declined the 
protein levels of MMP9 and MMP2 in the two cell lines 
(Figure 2G). These data suggested that circZNF609 silence 
repressed NSCLC development.

miR-623 is Targeted via circZNF609
To explore the potential mechanism, the targets of circZNF609 
were predicted by CircInteractome. The top 5 miRNAs (miR- 
1224-3p, miR-1231, miR-1233, miR-149, miR-623) with 

highest predicted scores were selected (Figure 3A). 
Moreover, the influence of circZNF609 knockdown on their 
expression was investigated in A549 and H1299 cells. miR- 
623 expression was changed most by circZNF609 silence 
(Figure 3B and C). Hence, miR-623 was selected for further 
experiments. The predicted binding sequence of circZNF609 
and miR-623 was shown in Figure 3D. To identify this predic-
tion, the luciferase reporter vectors circZNF609-WT and 
circZNF609-MUT were constructed. The data of dual- 
luciferase reporter analysis showed that miR-623 overexpres-
sion evidently declined the luciferase activity of circZNF609- 
WT, while it showed little impact on the luciferase activity of 
circZNF609-MUT (Figure 3E and F). Furthermore, the results 
of RNA pull-down displayed that there were amount of 
circZNF609 enriched via miR-623 (Figure 3G). Additionally, 
both circZNF609 and miR-623 were enriched in the same 
complex via Ago2 (Figure 3H and I). These data indicated 
that miR-623 was targeted via circZNF609.

FOXM1 is Regulated via miR-623 and 
circZNF609
To further analyze the potential mechanism, the targets of miR- 
623 were predicted. After the analyses of the top 100 mRNAs 
that were upregulated in NSCLC via GEPIA (http://gepia. 
cancer-pku.cn/), we found there were 34 mRNAs that were 
predicted both in lung adenocarcinoma (LUAD) and lung 
squamous cell carcinoma (LUSC). Moreover, only 6 mRNAs 
might be targeted by miR-623 according to the prediction of 
TargetScan (Figure 4A). In addition, the results of RNA pull- 
down analysis showed that FOXM1 had the highest enrich-
ment level (Figure 4B). Hence, FOXM1 was selected as 
a potential of miR-623 for further experiments. The predicted 
complementary sequence of miR-623 and FOXM1 is exhib-
ited in Figure 4C. To validate this prediction, the luciferase 
reporter vectors FOXM1-WT and FOXM1-MUT were con-
structed. The results of dual-luciferase reporter analysis 

Figure 1 circZNF609 expression in NSCLC. (A) circZNF609 abundance was detected in NSCLC tissues and normal control (NC). n = 62. (B) circZNF609 level was 
measured in Calu-3, Calu-6, A549, H1299 and HBE1 cells. (C) The overall survival of patients was analyzed in circZNF609 high and low expression group (n = 31). *P<0.05, 
**P<0.01, ***P<0.001.

Table 2 Multivariate Analysis for Factors Related to Overall 
Survival Using the Cox Proportional Hazard Model

Characteristics Univariate Analysis

P HR 95% CI

Lymph node metastasis 0.037* 1.816 1.356–2.432

TNM stages 0.219 0.684 0.354–1.321
CircZNF609 expression 0.023* 2.120 1.121–4.123

Note: *P <0.05. 
Abbreviations: TNM, tumor-node-metastasis; HR, hazard ratio; CI, confidence 
interval.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1033

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://www.dovepress.com
http://www.dovepress.com


displayed that miR-623 addition markedly declined the luci-
ferase activity of FOXM1-WT, but it did not change the 
luciferase activity of FOXM1-MUT (Figure 4D and E). In 
addition, FOXM1 expression was evidently decreased via 
miR-623 overexpression (Figure 4F and G). Besides, the 
influence of circZNF609 and miR-623 on FOXM1 abundance 
was assessed. The transfection effectivity of anti-miR-623 was 
confirmed in Figure 4H. Moreover, FOXM1 abundance in 
A549 and H1299 cells was significantly reduced via 
circZNF609 silence, which was restored by miR-623 knock-
down (Figure 4I and J). These results indicated that 
circZNF609 could target FOXM1 via miR-623.

miR-623 Knockdown or FOXM1 
Overexpression Weakens the Influence 
of circZNF609 Interference on Cell 
Viability, Apoptosis, Migration and 
Invasion
To explore whether miR-623 and FOXM1 were required 
for circZNF609 in NSCLC development, A549 and 

H1299 cells were transfected with sh-NC, sh- 
circZNF609#1, sh-circZNF609#1 + anti-NC, anti-miR 
-623, vector or FOXM1 overexpression vector. The 
transfection efficacy of FOXM1 overexpression vector 
was validated in Figure 5A. Moreover, miR-623 knock-
down or FOXM1 overexpression attenuated silence of 
circZNF609-mediated viability reduction in A549 and 
H1299 cells (Figure 5B). Additionally, miR-623 knock-
down or FOXM1 overexpression weakened interference 
of circZNF609-induced cell apoptosis via reducing the 
apoptotic rate and caspase3 activity (Figure 5C and D). 
Furthermore, miR-623 knockdown or FOXM1 overex-
pression mitigated knockdown of circZNF609-mediated 
inhibition of migration and invasion (Figure 5E and F). 
Besides, miR-623 knockdown or FOXM1 overexpres-
sion abolished down-regulation of circZNF609- 
mediated reduction of MMP9 and MMP2 expression in 
the two cell lines (Figure 5G-I). These results indicated 
that circZNF609 knockdown repressed NSCLC develop-
ment via regulating miR-623 and FOXM1.

Figure 2 The effect of circZNF609 knockdown on NSCLC cell viability, apoptosis, migration and invasion. (A) The level of circZNF609 was measured in cells with 
transfection of sh-circZNF609#1, #2, #3 or sh-NC. (B) Cell viability was analyzed via CCK8 in cells transfected with sh-circZNF609#1 or sh-NC. (C) Cell apoptotic rate 
was detected by flow cytometry in cells transfected with sh-circZNF609#1 or sh-NC. (D) Caspase3 activity was measured in cells transfected with sh-circZNF609#1 or sh- 
NC. (E and F) Cell migration and invasion were examined through transwell analysis in cells transfected with sh-circZNF609#1 or sh-NC. (G) The protein levels of MMP9 
and MMP2 were detected by Western blot in cells transfected with sh-circZNF609#1 or sh-NC. *P<0.05, **P<0.01.
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circZNF609 Knockdown Reduces 
NSCLC Xenograft Tumor Growth
To test the function of circZNF609 in NSCLC development 
in vivo, H1299 cells with transfection of sh-circZNF609#1 or 
sh-NC were used to establish the xenograft model, and then 
the mice were divided into sh-circZNF609#1 or sh-NC group. 
At 35 days after cell injection, tumor volume and weight were 
evidently decreased in sh-circZNF609#1 group in comparison 
to sh-NC group (Figure 6A and B). In addition, the abun-
dances of circZNF609, miR-623 and FOXM1 in tumor tissues 
were detected. As displayed in Figure 6C-E, circZNF609 and 
FOXM1 levels were markedly reduced, and miR-623 expres-
sion was increased in sh-circZNF609#1 group in comparison 
to sh-NC group. These data suggested that circZNF609 silence 
decreased NSCLC cell growth in vivo.

Discussion
NSCLC is the major subtype of lung cancer, and the 
prognosis of patients remains poor.22 The circRNAs act 
as important biomarkers in the progression of NSCLC.23 

Our study aims to test the function of mechanism of 
circZNF609 in NSCLC development and found that 
circZNF609 knockdown plays a tumor-suppressive role 
in NSCLC, which might be associated with miR-623/ 
FOXM1 axis.

In this research, we first detected the high level of 
circZNF609 in NSCLC, and found that it was associated 
with the lower overall survival. These findings elucidated 
that circZNF609 was dedicated to the malignancy of 
NSCLC. To explore the function of circZNF609 on 
NSCLC development, we performed the loss-of- 

Figure 3 The association between circZNF609 and miR-623. (A) The targets of circZNF609 (hsa_circ_0000615) were predicted by CircInteractome, and top 5 miRNAs 
were selected according to the score. (B and C) miR-1224-3p, miR-1231, miR-1233, miR-149, miR-623 levels were detected in cells with transfection of sh-circZNF609#1or 
sh-NC. (D) The target sequence of circZNF609 and miR-623. (E and F) Luciferase activity was tested in cells with transfection of circZNF609-WT, circZNF609-MUT and 
miR-623 mimic or miR-NC. (G) circZNF609 abundance was measured after RNA pull-down. (H and I) miR-623 and circZNF609 levels were detected after RIP analysis. * 
for P<0.05, **P<0.01, ***P<0.001.
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function experiments using the shRNA for circZNF609. 
We found that circZNF609 knockdown suppressed 
NSCLC cell development via inhibiting cell viability, 
migration and invasion and promoting apoptosis, which 
was also in agreement with the carcinogenic role of 
circZNF609 in renal carcinoma, breast cancer and naso-
pharyngeal carcinoma.6–8 This implied that circZNF609 
might be used as an important target for treatment of 
NSCLC.

The ceRNA regulatory network is a major mechanism 
addressed by circRNA via competing with miRNA in 

NSCLC.24 Hence, our study analyzed and explored the 
targeted miRNA of circZNF609. The increasing reports 
have validated that miR-138-5p, miR-145-5p and miR- 
150-5p could function as the crosstalk of circZNF609 
and the targeted genes.6–8 In this research, we identified 
an additional target miR-623. Previous study disclosed that 
miR-623 could suppress cell proliferation via targeting 
cyclin D1 in gastric cancer.11 Moreover, miR-623 could 
inhibit cell migration and invasion via targeting MMP1 in 
pancreatic cancer.12 In addition, miR-623 could repress 
cell proliferation and invasion via decreasing X-ray repair 

Figure 4 The relevance between miR-623 and FOXM1. (A) The top 100 of upregulated mRNAs in NSCLC were analyzed by GEPIA, and the targets of miR-623 were 
predicted by TargetScan. (B) The enrichment levels of 6 predicted targets of miR-623 were detected after RNA pull-down analysis. (C) The target sequence of miR-623 and 
FOXM1. (D and E) Luciferase activity was checked in cells with transfection of FOXM1-WT, FOXM1-MUT and miR-623 mimic or miR-NC. (F and G) FOXM1 abundance 
was detected in cells with transfection of miR-623 mimic or miR-NC. (H) miR-623 expression was appraised in cells with transfection of anti-miR-623 or anti-NC. (I and J) 
FOXM1 expression was gauged in cells with transfection of sh-NC, sh-circZNF609#1, sh-circZNF609#1 + anti-NC or anti-miR-623. *P<0.05, **P<0.01.
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cross complementing 5 (XRCC5) in hepatocellular 
carcinoma.13 These reports all indicated the anti-tumor 
role of miR-623 in many cancers. Importantly, Wei et al 
reported that miR-623 could reduce cell proliferation and 
metastasis via decreasing Ku80 in lung adenocarcinoma, 
a major type of NSCLC.14 Similarly, we identified the role 
of miR-623 in NSCLC via reversing the role of 
circZNF609, which also indicated that miR-623 was 
responsible for the regulatory effect of circZNF609 on 
NSCLC development.

Next, we further explored the potential circRNA/ 
miRNA/mRNA axis in this study and validated that 
FOXM1 was targeted via miR-623. Besides, we found that 
FOXM1 abundance was regulated via circZNF609 and 
reversed via miR-623, indicating that circZNF609 could 
target FOXM1 via competitively binding with miR-623 in 
NSCLC cells. Previous studies reported that FOXM1 was 
highly expressed in NSCLC and associated with the poor 
survival.18,25,26 A former report using integrated network 

analysis proposed FOXM1 contributed to NSCLC cell 
proliferation.27 Zhao et al suggested that FOXM1 could 
promote NSCLC cell growth and metastasis via regulating 
its downstream cyclin D1 and MMP2.28 Yuan et al showed 
that FOXM1 regulated NSCLC cell proliferation and metas-
tasis via target of LINC00339/miR-145 axis.29 Moreover, 
Wang et al showed that FOXM1 targeted via miR-216b 
was participated in the proliferation, migration and invasion 
of NSCLC.19 These reports all suggested the oncogenic role 
of FOXM1 in NSCLC. Similarly, we also found this func-
tion, revealed via abolishing the suppressive effect of 
circZNF609 knockdown on NSCLC development. Thus, 
we concluded the importance of circZNF609/miR-623/ 
FOXM1 network in NSCLC development. The animal 
model is significant to mimic the complexity of microenvir-
onment in human cancers, including NSCLC.30,31 To explore 
the potential function of circZNF609 in NSCLC develop-
ment in vivo, H1299 cells with relative highest expression of 
circZNF609 were used to establish the xenograft model. By 

Figure 5 The effect of miR-623 and FOXM1 on circZNF609-mediated NSCLC progression. (A) FOXM1 level was detected in A549 and H1299 cells with transfection of 
FOXM1 overexpression vector or the empty vector. Cell viability (B), apoptotic rate (C), caspase3 activity (D), metastasis (E–F), and protein of MMP9 and MMP2 (G–I) 
were assessed in cells with transfection of sh-NC, sh-circZNF609#1, sh-circZNF609#1 + anti-NC, anti-miR-623, vector or FOXM1 overexpression vector. *P<0.05, 
**P<0.01.
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establishing this model, we found that circZNF609 knock-
down could attenuate NSCLC cell growth in vivo. This 
further unraveled the anti-cancer function of circZNF609 
silence in NSCLC.

Overall, circZNF609 interference restrained NSCLC 
development, possibly via regulating miR-623 and 
FOXM1 in a ceRNA crosstalk. This study indicates 
a new target for treatment of NSCLC.
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