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Abstract 

Background: The underlying circular RNAs (circRNAs)-related competitive endogenous RNA (ceRNA) mechanisms of 
pathogenesis and prognosis in non-small cell lung cancer (NSCLC) remain unclear.

Methods: Differentially expressed circRNAs (DECs) in two Gene Expression Omnibus datasets (GSE101684 and 
GSE112214) were identified by utilizing R package (Limma). Circinteractome and StarBase databases were used to 
predict circRNA associated-miRNAs and mRNAs, respectively. Then, protein–protein interaction (PPI) network of 
hub genes and ceRNA network were constructed by STRING and Cytoscape. Also, analyses of functional enrich-
ment, genomic mutation and diagnostic ROC were performed. TIMER database was used to analyze the association 
between immune infiltration and target genes. Kaplan–Meier analysis, cox regression and the nomogram prediction 
model were used to evaluate the prognostic value of target genes. Finally, the expression of potential circRNAs and 
target genes was validated in cell lines and tissues by quantitative real-time PCR (qRT-PCR) and Human Protein Atlas 
(HPA) database.

Results: In this study, 15 DECs were identified between NSCLC tissues and adjacent-normal tissues in two GEO 
datasets. Following the qRT-PCR corroboration, 7 DECs (hsa_circ_0002017, hsa_circ_0069244, hsa_circ_026337, hsa_
circ_0002346, hsa_circ_0007386, hsa_circ_0008234, hsa_circ_0006857) were dramatically downregulated in A549 and 
SK-MES-1 compared with HFL-1 cells. Then, 12 circRNA-sponged miRNAs were screened by Circinteractome and Star-
Base, especially, hsa-miR-767-3p and hsa-miR-767-5p were significantly up-regulated and relevant to the prognosis. 
Utilizing the miRDB and Cytoscape, 12 miRNA-target genes were found. Functional enrichment, genomic mutation 
and diagnostic analyses were also performed. Among them, FNBP1, AKT3, HERC1, COL4A1, TOLLIP, ARRB1, FZD4 and 
PIK3R1 were related to the immune infiltration via TIMER database. The expression of ARRB1, FNBP1, FZD4, and HERC1 
was correlated with poor overall survival (OS) in NSCLC patients by cox regression and nomogram. Furthermore, the 
hub-mRNAs were validated in cell lines and tissues.

Conclusion: We constructed the circRNA-miRNA-mRNA network that might provide novel insights into the patho-
genesis of NSCLC and reveal promising immune infiltration and prognostic biomarkers.
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Introduction
Lung cancer is one of the most frequent diagnosed 
cancer and has the highest rate of mortality [1]. There 
are almost 1.8 million new cases and over 1.6 million 
deaths of lung cancer every year. Non-small cell lung 
cancer (NSCLC), accounts for approximately 80–85% 
of lung cancer, including lung squamous cell carcinoma 
(LUSC), lung adenocarcinoma (LUAD), and large cell 
carcinoma [2]. Despite the advances treatment of tar-
geted therapy and immunotherapy in NSCLC, the over-
all 5-year survival rate for patients remain poor [3]. 
Therefore, to reduce the enormous morbidity and mor-
tality, there is an urgent need to explore and elucidate 
the novel targets and molecular mechanism of NSCLC.

Recently, accumulating evidences have indicated 
that circular RNA (circRNA), a new class of endog-
enous RNA with covalent loop and formed by reverse 
splicing of precursor mRNA [4], served as key role to 
regulate the target genes’ expression [5–7]. CircRNAs 
have been widely reported in pathogenesis of various 
cancers, suggesting circRNAs may be better predic-
tive biomarkers and therapeutic targets [8, 9]. Particu-
larly, circRNAs can bind the miRNA response element 
(MRE) and negatively regulate their activity, by acting 
as miRNA sponge and competing endogenous RNA 
(ceRNA), which play master roles in circRNA-miRNA-
mRNA axis [10–12]. As far as NSCLC is concerned, 
hsa-circRNA-002178 was found to be upregulated and 
could act as a ceRNA via sponging miR-34 to induce 
PD1 expression in LUAD [13]. Zhou et  al. identified 
that circ-ENO1 could promote the glycolysis, prolifer-
ation, migration and EMT of LUAD cells by acting as 
a ceRNA to interact with miR-22-3p and its host gene 
ENO1 [14]. Nevertheless, understanding of the piv-
otal circRNA-miRNA-mRNA ceRNA networks associ-
ated significantly with carcinogenesis and progression 
of NSCLC remain very limited, and novel therapeu-
tic indicators and prognostic markers require further 
explored.

In the present study, we identified the differentially 
expressed circRNAs (DECs) between NSCLC tis-
sues and paired adjacent normal tissues in two Gene 
Expression Omnibus (GEO) datasets (GSE101684 and 
GSE112214). Furthermore, a potential ceRNA net-
work of circRNA-miRNA-mRNA regulatory axis in 
NSCLC was constructed and validated by a series of 
analyses in silico and experiments in  vitro. Moreover, 
we also built a prognosis model and analyzed the asso-
ciation between immunocytes infiltration and ceRNA 

networks. This approach may shed light on the molecu-
lar mechanism of initiation and progression of NSCLC, 
and provide novel potential diagnostic or prognostic 
biomarkers.

Materials and methods
Data acquisition
Two NSCLC datasets (GSE101684 and GSE112214) were 
acquired from the NCBIs Gene Expression Omnibus 
(GEO; http:// www. ncbi. nlm. nih. gov/ geo/). There were 
eight samples in GSE101684 (4 tumor tissue samples vs. 
4 adjacent normal tissue samples), and six samples in 
GSE112214 (3 tumor tissue samples vs. 3 normal tissue 
samples). GDC API (https:// portal. gdc. cancer. gov/) [15] 
was used to download the gene expression data, clinical 
data and mutation data of NSCLC patients.

Differential analysis for DECs
To obtain DECs related to the occurrence and develop-
ment of NSCLC, R package limma (version 3.44.3) [16] 
was used to perform differential analysis. DECs were 
identified by |log2FC|> 1 and P < 0.05. The results were 
displayed by volcano plot and heatmap.

CircBase analysis and cancer‑specific circRNA database 
(CSCD) analysis
CircBase (http:// cirba se. org/) [17] is a database which 
contains the sequencing data including large-scale cir-
cRNA to identify the novel circRNAs. In this study, we 
introduced the circBase database to obtain the mapping 
of candidate circRNAs and parental genes. CSCD (cancer 
specific circRNA database, http:// gb. whu. edu. cn/ CSCD/) 
[18] is a database of cancer-related circRNAs, which was 
used to obtain the structure loop diagram of candidate 
circRNAs.

Circular RNA interactome (CRI) analysis
Circular RNA Interactome Database (CRI, https:// circi 
ntera ctome. irp. nia. nih. gov/) [19] is a network tool for 
investigating circRNAs and circRNA-interacting proteins 
and miRNAs. The predicted miRNAs that may combine 
with the candidate circRNAs were directly collected from 
the CRI database. The miRNAs predicted by CSCD data-
base and CRI online were used as candidate DECs-binding 
miRNAs. Finally, the ceRNA network of circRNA-miRNA 
was visualized by Cytoscape (version 3.6.1) [20].

Keywords: circRNA, ceRNA network, Non-small cell lung cancer, Immune infiltration, Prognosis
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StarBase analysis and Kaplan–Meier plotter analysis
StarBase database (http:// starb ase. sysu. edu. cn/) [21] is 
an open-access platform that can predict the ncRNA‐
miRNA and miRNA‐mRNA regulatory networks and 
combine them to construct the ceRNA regulatory 
network. We utilized the StarBase V3.0 to analyze the 
expression level of miRNAs and target genes between 
lung cancer tissues (LUAD and LUSC) and normal tis-
sues. In addition, through the Kaplan–Meier plotter 
database (http:// kmplot. com/ analy sis/) [22], we evalu-
ated the prognostic value of DECs-interacting miRNAs 
and miRNA-target genes in lung cancer (LUAD and 
LUSC) related to OS. The main data source was The 
Cancer Genome Atlas database (TCGA; https:// tcga- 
data. nci. nih. gov/ tcga/). P < 0.05 was considered statisti-
cally significant.

Construction of PPI network and functional enrichment 
analysis
We used the miRDB database (http:// mirdb. org/) [23] 
to predict the target genes of miRNAs, and used the 
STRING database version 11.0 (https:// www. string- 
db. org/) [24] to construct the protein–protein inter-
action (PPI) network. The interacting gene pairs were 
downloaded from STRING database and visualized by 
Cytoscape (version 3.6.1) [20]. The hub gene of top 100 
was obtained by MCC method of cytohubb [25] and 
were imported into Cytoscape [20] to construct the 
protein–protein interaction (PPI) network. In addition, 
we used R package clusterProfiler (version 3.16.1) [26] 
to analyze the statistical enrichment of miRNA-target 
genes in GO and KEGG.

Immune infiltration analysis and ROC analysis
TIMER database (https:// cistr ome. shiny apps. io/ timer/) 
[27] can be used to systematically analyze the infiltra-
tion of immune cells in tumor tissues, and provide the 
infiltration level of six types of immunocytes (CD4 + T 
cell, CD8 + T cell, B cell, macrophage, neutrophil, den-
dritic cell). The TIMER (Version 1) database was used 
to analyze the immune infiltration of miRNA target 
genes in lung cancer (LUAD and LUSC) samples from 
TCGA data.

We also drew receiver operating characteristic curves 
(ROC curves) of target genes in lung cancer (LUAD 
and LUSC) by using R-package pROC (version 1.17.0.1) 
[28] to explore the diagnostic potential of target genes. 
Besides, R package maftools (Version 2.4.12) [29] were 
used to evaluate the mutation frequency of miRNA tar-
get genes in lung cancer.

Cox regression and prognostic nomogram
A univariate COX regression analysis was employed to 
identify the relationship between the target genes and 
patient’s OS by R package survival (Version 3.2.10) [30] 
and surviminer (Version 0.4.9) [31]. Then, multivari-
ate COX analysis was employed to screen independent 
prognostic factors, and R package forestplot [32] was 
used to draw the forest map.

Thereafter, we constructed the nomogram to predict 
the survival rates of NSCLC patients by R package RMS 
(version 6.2.0) [33] and survival (version 3.2.10) [30]. 
The target genes were analyzed by DCA (version 1.1). 
Finally, the prognosis model could calculate the risk 
score predicting the 3-year, 5-year and 10-year survival 
rates for patients.

Cells and culture conditions
Lung adenocarcinoma cells line (A549), lung squa-
mous carcinoma cells line (SK-MES-1), and normal 
lung fibroblast cell line (HFL1) were purchased from 
the Institute of Biochemistry and Cell Biology, Chi-
nese Academy of Sciences Shanghai. The A549 and SK-
MES-1 were cultured in RPMI-1640 medium (Gibco, 
USA) supplemented with 10% fetal bovine serum (FBS) 
and antibiotics (100  units/mL penicillin and 100  μg/
mL streptomycin). HFL1 was cultured in Ham’s F-12 K 
(Kaigh’s) medium (Invitrogen, USA) containing 10% 
FBS and antibiotics. RPMI 1640 medium, fetal bovine 
serum (FBS), penicillin, and streptomycin were pur-
chased from Gibco Life Technologies (Grand Island, 
NY, USA). All cells were incubated at 37  °C with 5% 
CO2 atmosphere.

Validation by quantitative real‑time PCR (qRT‑PCR) 
and Immunohistochemistry (IHC)
We used cell lines to verify the selected DECs and tar-
get genes by qRT-PCR. RNA extraction and reverse 
transcription were performed on cells in logarith-
mic growth with Trizol reagent (Life Technologies, 
Carlsbad, CA), and purified RNA was reverse tran-
scribed into cDNA using iScript cDNA synthesis 
kit (Bio-Rad Labs, Hercules, CA, USA). The experi-
ment was repeated 3 times independently, and the 
primer sequences are shown in Table  1 and Table  2. 
The Human protein Atlas (HPA, version 20.1, https:// 
www. prote inatl as. org/) [34] provides information on 
the tissue and cellular distribution of 24,000 human 
proteins. We examined the immunohistochemistry of 
target genes in normal lung tissues and NSCLC tissues 
(LUAD and LUSC).

http://starbase.sysu.edu.cn/
http://kmplot.com/analysis/
https://tcga-data.nci.nih.gov/tcga/
https://tcga-data.nci.nih.gov/tcga/
http://mirdb.org/
https://www.string-db.org/
https://www.string-db.org/
https://cistrome.shinyapps.io/timer/
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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Results
Differential expression analysis for circRNAs
In order to identify the potential circRNAs related to 
progression and carcinogenesis of NSCLC, differential 
expression analysis was performed between NSCLC tis-
sues and adjacent-normal lung tissues on two selected 
GEO datasets. There were 410 DECs in GSE101684, of 
which 236 were up-regulated, and 174 were down-regu-
lated; there were 149 DECs in GSE112214, of which 16 

were up-regulated and 133 were down-regulated, pre-
senting by volcano plot and heatmap (Fig.  1A–D). The 
two datasets of up-regulated DECs had no intersec-
tion with each other (Fig.  1E), while there were fifteen 
down-regulated DECs from the intersection of the two 
datasets (Fig.  1F), which were hsa_circRNA_102761, 
hsa_circRNA_103415, hsa_circRNA_103414, 
hsa_circRNA_101083, hsa_circRNA_103820, 
hsa_circRNA_100432, hsa_circRNA_102442, 
hsa_circRNA_103606, hsa_circRNA_102683, 
hsa_circRNA_102046, hsa_circRNA_102677, hsa_
circRNA_102678, hsa_circRNA_101066, hsa_cir-
cRNA_101213, hsa_circRNA_100850. The detailed 
information of these 15 candidate circRNAs from the 
circBase database, including circBase ID, genomic loca-
tion, and parental gene, was listed in Table  3. The struc-
ture visualization of circRNAs was shown in Fig. 2.

Prediction and analysis of circRNAs‑targeted miRNAs
Studies have shown that in the ceRNA network, circRNA 
can act as a miRNA sponge to regulate gene expression. 
Therefore, we used the CSCD database and the CRI 
database to predict potential binding miRNAs of DECs. 
A total of 14 miRNAs could be combined with the 15 
down-regulated circRNAs. To better visualization, cir-
cRNA-miRNA networks were constructed as shown in 
Fig. 3A.

Furthermore, the expression of 14 miRNAs in NSCLC 
(LUAD and LUSC) was analyzed by using starBase (Fig. 4, 
Additional files 1, 2: Figs. S1 and S2). The results showed 
that compared with normal tissues, hsa-miR-767-3p, hsa-
miR-767-5p and hsa-miR-278 were significantly up-regu-
lated in NSCLC samples. In addition, the Kaplan–Meier 
plotter analysis was used to evaluate the prognostic value 
of these 14 miRNAs in NSCLC (Fig.  4, Additional files 
3, 4: Figs. S3 and S4). Among the 14 miRNAs, only hsa-
miR-1276 in LUAD and hsa-miR-767 in LUSC showed a 
negative correlation with the prognosis and expression. 
Therefore, only two miRNAs (hsa-miR-767-3p, hsa-miR-
767-5p) were significantly up-regulated in lung cancer 
and were negatively associated with the survival time of 
NSCLC patients. They may the most potential candidates 
among all the circRNAs-targeted miRNAs in NSCLC.

Prediction of miRNA target genes
The miRDB database was utilized to predict the puta-
tive target genes of hsa-miR-767-3p and hsa-miR-
767-5p, and 1128 target genes were found. In order to 
explore the interaction between all target genes, we used 
STRING database to construct PPI network. A total of 
4538 pairs of miRNA‐target were obtained, and the top 
100 target genes in the network were defined as hub 
genes. Then, a miRNA-mRNA gene network composed 

Table 1 The primer sequences of circRNAs

circRNAs Primer sequence

hsa_circ_0001320 F: GGA GGA AGG ACA ATT ACC TG
R: CTG TGA AGC AGT GTG CGA AG

hsa_circ_0006857 F: CTC CTG TGG TCA GCC TTA CTG 
R: CTG TGG AGG GAG AGT CTT CAAC 

hsa_circ_0007386 F: CCT TTC AGT TTT CGG CGT GG
R: CAG GAC AAC GTG GAG AGA AC

hsa_circ_0008234 F: TGC TGC TGG AGG AGA ACC TG
R: CCC ACA TGC CTC TAC CAA TG

hsa_circ_0009043 F: CCC TCA TGT TGT AGT TTT C
R: CTG GAA CAT CTA GAG CAT ACC 

hsa_circ_0027033 F: CAT CTC AAA CCT CCC ACT GTC 
R: CTC TCC AAC ACC AAG GAC AG

hsa_circ_0029426 F: CGT GAA ACG TCA TTT GAC TGG 
R: GGT CGT TTT TCC AGT ACC 

hsa_circ_0043256 F: CTG TCC AGC CAG CCA GTA TC
R: CAT GTG TAG AAG TAG ATG TAC 

hsa_circ_0069244 F: CTT ACA GGC ACA AAA CGA GG
R: CAG GTC CTG GAT CAG CTG TC

hsa_circ_0002017 F: GGA CTG ATG ACC AAC TGC TTG 
R: GGA TTG CTG CAG GTT CGA AT

hsa_circ_0002346 F: AAC ACC ATT CGA ACC TGC AG
R: TTG GCA AAG TAC AGC AAC CA

hsa_circ_0004777 F: GGA GAA GAA AGA GCC TTG CC
R: ACC TCT CCT TCC AGT CAC TG

hsa_circ_0026337 F: TTG TTT GCG GGA AAG TAC CAC 
R: GGA GAG GAT GAC TAC CAC GA

hsa_circ_0049271 F: GGT GGT GGT GTT GCT TAT CT
R: GCA ACT CCA CAC AGC CAA TC

hsa_circ_0072309 F: CCT GGA TGG TGG ACA ATA AAAGA 
R: ACC CCT GTC GTT CCA CTT TA

Table 2 The primer sequences of mRNAs

mRNAs Primer sequence

ARRB1 F: TGA TGA CGA CAT TGT ATT TGA GGA C
R: AAG AAG ACG AGT AAG CAT CCG AGT 

FNBP1 F: GGC TGG CAA GCA CCA TAA T
R: CTT TCC ACA TAA AAT TTC ATC AGC 

FZD4 F: ATT TCC ACA TTG CAG CCT GG
R: TTG AAC AAG GCC ACC AAA CC

HERC1 F: TAG CAA ACC CTC ATG ACC GT
R: CCA GAG ACT CAA GAC CAG CA
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Fig. 1 Differential expression of circRNAs in NSCLC. A, B Volcano map of DECs in GSE10684 and GSE112214. C, D Heat map of differential circRNA 
expression in GSE10684 and GSE112214. E, F Venn diagram of GSE10684 and GSE112214 upregulated and downregulated DECs. DECs, differentially 
expressed circRNAs; NSCLC, non-small cell lung cancer
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of hsa-miR-767-3p, hsa-miR-767-5p and top 100 hub-
genes was constructed by Cytoscape (Fig.  3B). In addi-
tion, the enrichment analysis for the target genes by 
Gene Ontology (GO) (Additional file  10: Table  S1) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway (Additional file  10: Table  S2) were also per-
formed, and indicated that they might participate in vital 
cancer-related biological processes, such as immune 
response, transforming growth factor beta signaling, 
cytokine-cytokine receptor interaction, etc. (Additional 
file 5: Fig. S5).

In order to improve analytic accuracy, we investigated 
the expression of the hub genes and their prognostic 
value in NSCLC (LAUD and LUSC). The eleven tar-
get genes (AKT3, ARRB1, CNR1, COL14A1, FBXO9, 
FNBP1, FZD4, HERC1, HIP1, PIK3R1, and TOLLIP) in 
LUAD and one target genes (PLAC8) in LUSC were sig-
nificantly lower than that in normal samples (Fig. 5A–L), 
and their lower expression was significantly correlated 
with poor prognosis (Fig.  5M–X). Therefore, these 12 
genes were most likely to be target genes regulated by the 
DECs through the circRNA-miRNA-mRNA ceRNA net-
work in NSCLC.

Immune infiltration analysis of target genes
Since enrichment analysis suggested that the target genes 
may involve in immune response, we further systemati-
cally analyzed the correlation between these 12 miRNA 
target genes and immune infiltration in NSCLC (LUAD 
and LUSC) by using the TIMER database (Fig.  6, Addi-
tional files 6, 7: Figs. S6 and S7). For FNBP1 and AKT3, 
they were related to the infiltration of CD4 + T cells, 

neutrophils, macrophages, and dendritic cells. HERC1, 
COL4A1 and TOLLIP were only correlated to the infil-
tration of CD4 + T cells. ARRB1 and FZD4 were signifi-
cantly associated with the infiltration of macrophages, 
neutrophils and dendritic cells in LUSC, while its expres-
sion was not associated with six immune cells in LUAD. 
Accordingly, PIK3R1 was only related to the infiltration 
of immune cells in LUAD. Nevertheless, the expression 
of other 4 genes correlation with the immune cells was 
modest. These results indicated that 8 miRNA target 
genes expression were associated with immune infiltra-
tion, which may affect the progression and prognosis of 
NSCLC.

Receiver operating characteristic curve analysis of target 
genes
We performed ROC analysis to measure the discrimina-
tion value of 12 target genes in the diagnosis of NSCLC. 
As shown in Fig.  7, all AUC scores were ranged from 
0.675 to 0.963, especially ARRB1(AUC = 0.961) and 
FZD4 (AUC = 0.963), indicating that these target genes 
may act as diagnostic biomarkers to distinguish LUAD or 
LUSC cases from normal cases.

Besides, the genomic mutation frequency analysis of 
12 target genes in NSCLC patients was also performed, 
including the gene mutation classification, mutation 
type, SNV type, number of mutations per sample, and 
the ten most frequently mutated genes of the genome 
(Additional file  8: Fig. S8). The most common type of 
mutations were missense mutations, and no in-frame 
deletion mutations occurred. Among them, COL14A1 

Table 3 Fifteen candidate DECs associated with progression of NSCLC and their information

DECs differentially expressed circRNAs, NSCLC non-small cell lung cancer

circRNA name circBase ID Parental gene Location

hsa_circRNA_102761 hsa_circ_0009043 EXOC6B chr2:72945231–72960247

hsa_circRNA_103415 hsa_circ_0008234 FOXP1 chr3:71090478–71102924

hsa_circRNA_103414 hsa_circ_0001320 FOXP1 chr3:71064699–71102924

hsa_circRNA_101083 hsa_circ_0027033 RBMS2 chr12:56962,758–56965639

hsa_circRNA_103820 hsa_circ_0072309 LIFR chr5:38523520–38530768

hsa_circRNA_100432 hsa_circ_0004777 SOX13 chr1:204082042–204083733

hsa_circRNA_102442 hsa_circ_0049271 KEAP1 chr19:10610070–10610756

hsa_circRNA_103606 hsa_circ_0069244 LDB2 chr4:16587544–16760883

hsa_circRNA_102683 hsa_circ_0007386 CRIM1 chr2:36668400–36669878

hsa_circRNA_102046 hsa_circ_0043256 ACACA chr17:35604934–35609962

hsa_circRNA_102677 hsa_circ_0002017 CRIM1 chr2:36623756–36623930

hsa_circRNA_102678 hsa_circ_0002346 CRIM1 chr2:36623756–36669878

hsa_circRNA_101066 hsa_circ_0026337 SCN8A chr12:52180325–52188425

hsa_circRNA_101213 hsa_circ_0029426 RAN chr12:131357380–131357465

hsa_circRNA_100850 hsa_circ_0006857 PACS1 chr11:66006274–66006748
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and HERC1 had the highest mutation frequency in 
LUAD and LUSC, respectively.

Prognostic analysis of target genes
Univariate and multivariate Cox regression analyses 
were performed to evaluate the independent prog-
nostic value of the 12 target genes in NSCLC patients 

with clinical features (Additional file  9: Fig. S9). The 
univariate COX regression revealed that 7 down-reg-
ulated genes (ARRB1, CNR1, COL4A1, FNBP1, FZD4, 
HERC1, and HIP1) were related to poor prognosis of 
NSCLC (Additional file  9: Fig. S9A). Other clinico-
pathological factors correlated with poor overall sur-
vival (OS) included male gender, advanced tumor stage, 

hsa_circ_0004777hsa_circ_0001320 hsa_circ_0002017 hsa_circ_0002346

hsa_circ_0006857 hsa_circ_0007386 hsa_circ_0008234 hsa_circ_0009043

hsa_circ_0026337 hsa_circ_0027033 hsa_circ_0029426 hsa_circ_0043256

hsa_circ_0049271 hsa_circ_0069244 hsa_circ_0072309

A B C D

E F G H

I J K L

M N O

hsa_circ_0004777hsa_circ_0001320 hsa_circ_0002017 hsa_circ_0002346

hsa_circ_0006857 hsa_circ_0007386 hsa_circ_0008234 hsa_circ_0009043

hsa_circ_0026337 hsa_circ_0027033 hsa_circ_0029426 hsa_circ_0043256

hsa_circ_0049271 hsa_circ_0069244 hsa_circ_0072309

A B C D

E F G H

I J K L

M N O

Fig. 2 Structural patterns of fifteen DECs in NSCLC. A–O are respectively the structure of hsa_circ_0001320, hsa_circ_0002017, hsa_circ_0002346, 
hsa_circ_0004777, hsa_circ_0006857, hsa_circ_0007386, hsa_circ_0008234, hsa_circ_0009043, hsa_circ_0026337, hsa_circ_0027033, hsa_
circ_0029426, hsa_circ_0043256, hsa_circ_0049271, hsa_circ_0069244, hsa_circ_0072309. DECs, differentially expressed circRNAs; NSCLC, non-small 
cell lung cancer
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tumor metastasis or recurrence, history of smoking and 
without adjuvant treatment (Additional file 9: Fig. S9A). 
Subsequent multivariate Cox regression analysis indi-
cated that only 4 target genes (ARRB1, FNBP1, FZD4, 
and HERC1) remained independently with OS. FZD4 

and HERC1 were protective factors, while ARRB1 and 
FNBP1 were hazard factors (Additional file 9: Fig. S9B).

Based on the result of multivariate Cox regression, a 
nomogram integrated the expression of ARRB1, FNBP1, 
FZD4, and HERC1 and clinical factors (such as grade and 
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stage) was constructed to predict the probability of 3-, 5- 
and 10-year OS in NSCLC (Fig. 8A). Furtherly, the DCA 
analysis also demonstrated that our nomogram has a high 
potential value for clinical. All the 4 genes showed prog-
nostic impact on the OS in NSCLC, especially, ARRB1 
and FZD4 (Fig.  8B). Finally, according to the prognosis 
model, we performed risk factor analysis on these genes. 
The results showed that the higher expression level of 
ARRB1 gene in the high-risk group, the shorter OS time 
in patients with NSCLC (Fig. 8C).

Construction and validation the potential 
circRNA‑miRNA‑mRNA network in NSCLC
In order to validate the expression of the candidate 
DECs and target genes, the qRT-PCR and IHC were 
performed in cell lines and HPA database tissues of 
NSCLC. The results showed that 7 of 15 circRNAs (hsa_
circ_0002017, hsa_circ_0069244, hsa_circ_026337, hsa_
circ_0002346, hsa_circ_0007386, hsa_circ_0008234, 

and hsa_circ_0006857), consisting with the predicted 
results, were dramatically downregulated in LUAD 
(A549) and LUSC (SK-MES-1) compared with normal 
lung cells (HFL1). Especially, the mRNA levels of hsa_
circ_0002017, hsa_circ_0026337, hsa_circ_0002346 and 
hsa_circ_0008234 (P < 0.001) (Fig. 9F–H). Subsequently, 
the protein expression levels of 4 prognosis target genes 
(ARBB1, FNBP1, FZD4 and HERC1) were also detected 
by the HPA database tissues and cell lines. The results 
showed that the expression level of ARBB1 and FNBP1 
were higher in LUAD, and FZD4 was upregulated in 
LUSC (Fig.  9A–D). Nevertheless, only HERC1 was 
significantly downregulated in both LUSC tissue and 
NSCLC cell lines, as predicted (Fig. 9E) (A549: P < 0.01; 
SK-MES-1: P < 0.05).

Above all, the circRNA-miRNA-mRNA subnetwork 
associated with progression and prognosis of NSCLC 
was constructed by 7 down-regulated circRNAs, 2 up-
regulated miRNAs and 4 down-regulated mRNAs.

Fig. 4 Expression and prognostic value of miRNAs in NSCLC. The expression of miRNAs was analyzed by using starBase, and hsa-miR-767-3p was 
were significantly upregulated in both LUAD (A) and LUSC tissues (B). hsa-miR-767-5p (C) and hsa-miR-1267 (D) were observed to be upregulated in 
LUSC tissues. Increased hsa-miR-1267 was relevant to the prognosis of LUAD patients (E), and increased hsa-miR-767 was relevant to the prognosis 
of LUSC patients (F). LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma
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Fig. 5 Expression and prognostic value of miRNA-target genes in NSCLC. A–L The eleven target genes (AKT3, ARRB1, CNR1, COL14A1, FBXO9, 
FNBP1, FZD4, HERC1, HIP1, PIK3R1, and TOLLIP) in LUAD and one target genes (PLAC8) in LUSC were significantly lower than that in normal samples, 
and their lower expression was significantly correlated with poor prognosis (M–X). NSCLC, non-small cell lung cancer; LUAD, lung adenocarcinoma; 
LUSC, lung squamous cell carcinoma
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Fig. 6 Correlation between miRNA-target genes and immune infiltration in NSCLC. The correlation between ARRB1 (A), FNBP1 (B), FZD4 (C), HERC1 
(D) and immune infiltration in NSCLC was analyzed by using the TIMER database. NSCLC, non-small cell lung cancer
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Discussion
In this study, we first identified 15 differential expression 
circRNAs that were down-regulated in NSCLC from the 
intersection of two datasets. Subsequently, we explored 
the potential miRNA interacting with 15 circRNAs and 
constructed the circRNA-miRNA regulatory network. By 
analyzing the expression and prognostic value of the 14 
miRNAs, 2 key miRNA showed the opposite expression 
trends to circRNAs and were related to the prognosis 
of NSCLC. Moreover, we predicted 12 miRNA-targeted 
genes, that were decreased in NSCLC and their downreg-
ulation related with poorer prognosis of NSCLC patients. 
Furthermore, the analysis of related pathway, immuno-
cytes infiltration, mutations and clinical significance were 
also performed for the target genes. Additionally, we vali-
dated the expression level of 15 circRNAs and 4 miRNA-
targeted genes in NSCLC cell lines and database tissues.

In our study, a total of 15 circRNAs were identi-
fied involved in the ceRNA network. Following the 

qRT-PCR showed that 7 circRNAs were dramatically 
down-regulated in LUSC and LUAD, which included 
hsa_circ_0002017, hsa_circ_0069244, hsa_circ_026337, 
hsa_circ_0002346, hsa_circ_0007386, hsa_circ_0008234, 
and hsa_circ_0006857 (Fig.  9F-10H). Among them, 
hsa_circ_0069244 (circLDB2) can served as a ceRNA to 
induce LIMCH1 expression to suppress the development 
of tumor and promote cisplatin sensitivity in LUAD by 
binding to miR-346 [35]. Hsa_circ_0002346 (circCRIM1), 
can acted as an independent risk factor and associated 
with the invasion and metastasis in LUAD by miR‐182/
miR‐93 leukemia inhibitory factor receptor pathway [36]. 
Jiang et  al. showed that hsa_circ_0008234 (circFOXP1) 
could sponge miR-574-5P to regulate RND3, which 
inhibits the progression of LUAD [37]. Nevertheless, 
hsa_circ_0008234 was found significantly up-regulated 
in cutaneous squamous cell carcinoma and gallblad-
der cancer to promote tumor progression and Warburg 
effect [38, 39]. However, to the best of our knowledge, 
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none of the other 4 circRNAs (hsa_circ_0002017, hsa_
circ_026337, hsa_circ_0007386, hsa_circ_0006857) have 
been reported, which need further in  vitro and in  vivo 
experiments and can serve as novel potential biomarkers 
for NSCLC patients.

Thus, the potential circRNA-sponged miRNAs were 
predicted via the intersection of two databases CSCD 
and CRI, 14 miRNAs were picked out. Among them, 
hsa-miR-767-3p and hsa-miR-767-5p were observed to 
be upregulated in LUSC tissues, and relevant to the prog-
nosis of LUSC patients (Fig. 4E and F). Additionally, the 
level of hsa-miR-767-3p was higher in LUAD tissues than 
that in normal tissues (Fig. 4A). Thus, we identified hsa-
miR-767-3p and hsa-miR-767-5p to be the key miRNAs 
related with circRNAs in NSCLC. Feng et  al. revealed 
that miR-767-5p might be a tumor drive through tar-
geting MAPK4 to protect against multiple myeloma 
[40], which was consistent with our findings. However, 
it was reported that miR-767-3p was downregulation in 
LUAD tissue and cell lines, suppressed the expression 
of CLDN18, and inhibited the LUAD cell proliferation 

[41]. Xu et  al. found that hsa_circ_0018818 knockdown 
inhibited NSCLC tumorigenesis by functioning the miR-
767-3p/Nidogen 1 signaling axis [42]. We speculated 
the mechanisms of miRNAs may vary among different 
cancers.

To further elucidate the downstream mechanism of 
the circRNA-miRNA-mRNA network, we predicted the 
target genes of hsa-miR-767-3p and hsa-miR-767-5p 
by miRDB database, and a total of 1128 genes were 
obtained. Based on the ceRNA hypothesis, the expression 
of target genes should have the opposite trend with miR-
NAs. At the end, 12 downregulated hub genes were iden-
tified from the PPI network according to node degree by 
utilizing the cytoscape. All the above 12 genes predicted 
the poor prognosis of NSCLC patients (Fig. 5M–X). Fur-
thermore, function enrichment analysis indicated that 
these target mRNAs were mainly involved in the process 
of tumorigenesis and immune response. By using the 
TIMER database, immune infiltration analysis showed 
that 8 of 12 miRNA-target genes expression were signifi-
cantly associated with the infiltration degree of CD4 + T 
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cells, CD8 + T cells, DCs, B cells, neutrophils, and mac-
rophages, which may affect the pathogenesis of NSCLC 
(Fig. 6).

Subsequently, a nomogram model combining target 
genes with other clinicopathological parameters was 
performed. The actual values for 1-, 3-, 5-year OS have 
a consistent with predicted values based on the cali-
bration plot. Particularly, utilizing the DCA and factor 
analysis, we identified that ARRB1 showed the strongest 

impact on the prognosis outcome of NSCLC patients 
(Fig.  8B). Previous studies demonstrated that ARRB1 
acted as a scaffold protein which can promote the pro-
gression of NSCLC and served as a promising bio-
marker in LUAD [43–45]. Another hub gene from the 
circRNA-miRNA-mRNA network was FZD4. FZD4 
is coupled to the β-catenin signaling pathway, which 
leads to the activation of Wnt target genes, inhibition of 
GSK-3 kinase [46]. Prior researches have indicated that 

Fig. 9 Validation of expression level of DECs and target genes in NSCLC cell lines. A–E The expression levels of four prognosis target genes (ARBB1, 
FNBP1, FZD4 and HERC1) were also detected by the HPA database tissues and cell lines. F–H The expression levels of fifteen DECs were detected by 
qRT-PCR in NSCLC cell lines. DECs, differentially expressed circRNAs; NSCLC, non-small cell lung cancer
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FZD4 may regulate the tumor microenvironment and 
the infiltration of immunocytes through the activation of 
Wnt/β-catenin pathway. When we further validated the 
4 prognostic hub genes in cell lines and database tissues 
of NSCLC, only HERC1 shows a significantly decreased 
in LUSC and LUAD, in accordance with TCGA (Fig. 9E). 
It may relate to the inter-heterogeneity in different stud-
ies and samples. Similar to this research, Rossi et al. have 
also revealed that HERC1 can regulate cell migration 
and invasion, and has an inverse correlation with breast 
cancer patients OS [47]. In short, the mRNAs in cir-
cRNA‐related ceRNA networks may have key roles in the 
progression of NSCLC patients.

However, several limitations should be considered. 
First, the current findings need to be confirmed in a pro-
spective study with larger sample sizes. Second, it was not 
convincing enough to portrait it as potential biomarkers 
with limited experimental evidence. Thus, further in vivo 
validation using an animal model and functional experi-
ments need to be performed to reveal its underlying 
mechanism in NSCLC.

Conclusion
In conclusion, we constructed a potential ceRNA net-
work of circRNA-miRNA-mRNA in NSCLC based on 
GEO datasets mining, a series of bioinformatic analy-
ses and validation experiments in vitro. In addition, the 
expression of hub genes was related with the progno-
sis outcome and immunocytes infiltration of NSCLC 
patients. These findings identified potential diagnostic 
or prognostic biomarkers and provide novel insights into 
the underlying mechanisms of carcinogenesis and pro-
gression of NSCLC.
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