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Background: A competitive endogenous RNA (ceRNA) network was constructed to examine the potential
mechanisms of circular RNAs (circRINAs) in lung adenocarcinoma (LUAD).

Methods: LUAD-related data sets were obtained from the Gene Expression Omnibus (GEO) database and
screened for differentially expressed circRNAs (DECs) and differentially expressed microRINAs (DEMs).
We identified the target microRNAs (miRNAs) regulated by the DECs and the potential target genes of
the miRNA. The basic structure of the DECs were analyzed and enrichment analyses were conducted to
determine the function of the circRNA. The Kaplan-Meier method for survival analysis was used to examine
the clinical data from The Cancer Genome Atlas (TCGA) database. A protein-protein interaction (PPI)
network was constructed to determine the hub genes. The relative expression of the RNA molecules on the
ceRNA axis was verified by quantitative real-time polymerase chain reaction (QRT-PCR) and Western blot
analysis.

Results: A total of 17 DECs and 237 DEMs were selected for analysis. After reviewing the cancer-
specific circRNA database (CSCD), 10 circRNAs were identified. The 432 target miRNAs were screened
by circRNA interactome (CRI) and cross-referenced with the DEMs to obtain 126 miRNAs of interest.
The expression of miR-3611, which is regulated by bsa_circ_0031968, was found to significantly affect the
survival and prognosis of patients with LUAD (P<0.05). The target gene function of hsa_circ_0031968 was
determined to be mainly enriched in SMAD binding, and the signaling pathway was primarily enriched
in miRNAs related to cancer. The TCGA database screened out 2,484 differentially expressed mRNAs
(DEmRNASs) and intersection analysis with the target gene of miR-3611 revealed 1 gene, namely the
proglucagon gene (GCG). Therefore, we chose the hsa_circ_0031968/miR-3611/GCG axis for further
research. The expression of GCG was determined to be associated with a poorer survival rate and higher T
stage in LUAD patients. Finally, 17 hub genes that interact with GCG were identified.

Conclusions: The ceRNA regulatory network bsa_circ_0031968/miR-3611/GCG was successfully
constructed and this provided novel insights into the identification of biomarkers and the pathogenesis of
LUAD. This knowledge will contribute to the early diagnosis and development of potential treatment for
patients with LUAD.

Keywords: Lung adenocarcinoma (LUAD); circular RNA (circRNA); microRNA (miRNA); competitive
endogenous RNA network (ceRNA network)
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Introduction

Lung cancer (LC) has the highest incidence among
all cancer types and is associated with a high fatality
rate (1). Lung adenocarcinoma (LUAD) is the primary
histopathological type (2). Clinically, surgery is the main
form of treatment for LUAD patients, with radiotherapy,
chemotherapy, immunotherapy, and targeted therapy
as supplementary treatments. Although high-resolution
computed tomography has improved the early diagnosis
of LUAD (3), patient survival and prognosis has not been
significantly enhanced. In addition, malignant tumor cells
are prone to invasion and metastasis (4) and will continue to
evolve during the treatment process, which can further lead
to drug resistance and treatment failure (5). Therefore, it
is essential to further our understanding of the competitive
endogenous RNA (ceRNA) regulatory mechanism in
LUAD.

Circular RNAs (circRNAs), microRNAs (miRNAs), and
long non-coding RNAs (IncRNAs) are prominent members
of non-coding RNAs (ncRNAs) and play vital roles in
all aspects of human cancer through gene regulation (6).
Our team’s previous research focused on the regulatory
mechanism of the ceRNA regulatory network involved
in IncRNA in LUAD, and we have confirmed that the
Linc01833/miR-519¢-3p/S100A4 axis can significantly
promote the proliferation, invasion and metastasis of
LUAD (7). There are not many studies on the mechanism
of the ceRNA regulatory network involved in circRNA in
LUAD. Therefore, to understand the role of the ceRNA
regulatory network in LUAD as much as possible, our
study will focus on exploring the relevant functions and
mechanisms of circRNA. circRNA can be widely present
in all organs and tissues of the human body, but is mainly
located in the cytoplasm (8). circRNA is an entirely closed-
loop structure with no 5'-3' polarity and no polyA tail. This
structure means circRINAs are resistant to RNA exonuclease
degradation, and are thus more stable than linear RNA (9).
circRNAs contain a wealth of miRNA response elements
(MREs), which can sponge a large amount of miRNA,
thereby realizing the regulation of gene functions (10). In
addition, it can also function through base pairing (11) or
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as a protein scaffold (12). circRINA is abnormally expressed
in some types of tumors, such as bladder cancer (13),
breast cancer (14), liver cancer (15), gastric cancer (16),
and colon cancer (17). The ceRNA network, composed of
circRNNAs/miRINA/mRNA, has been demonstrated to exert
a regulatory role in various tumors. For example, circRNA-
LARP4 binds miR-424-5p through sponge adsorption
to inhibit the proliferation of gastric cancer (18). circ-
00001666 participates in the carcinogenesis of colorectal
cancer by competing with the C-X-C motif chemokine
receptor 5 (CXCRY) in combination with 7:R-1229 (19).
The circRNA pleiotrophin/miR-122/SOX6 axis can promote
the tumorigenesis of glioma cells (20). Thus, there appears
to be an intricate interaction between the many circRNAs,
miRNAs, and mRNA molecules in the human body.
Although there has been much focus on circRNAs and their
underlying mechanisms in LC (21,22), the role of circRNAs
and the ceRNA network in LUAD still requires further
investigation.

This study explored the regulatory role of the
competitive interaction between circRNAs, miRNAs,
and mRNAs in LUAD. This information may facilitate
the identification of novel LUAD biomarkers and the
development of new treatment strategies. The Gene
Expression Omnibus (GEO) data was used to establish
a ceRNA network and the circRNAs related to LUAD
were selected for bioinformatics analysis. The Cancer
Genome Atlas (TCGA) database for used for further
verification. We finally successfully constructed a ceRNA
regulatory network: hsa_circ_0031968/miR-3611/GCQG,
which can be used as new insights of LUAD biomarkers.
The results of functional enrichment analysis can also
provide new directions for understanding the occurrence
and development of LUAD. In short, our research is based
on mature bioinformatics technology, through rigorous
statistical analysis combined with preliminary verification
of clinical sample data, to provide reliable new clues for
the early diagnosis and personalized treatment of LUAD
patients. A flow chart detailing the research procedure is
shown in Figure 1.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
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Figure 1 A flow chart showing the comprehensive analysis process and all methods. DEC, differentially expressed circRNA; DEM,
differentially expressed miRINA; DEmRNA, differentially expressed mRNA; GCG, proglucagon gene; GO, Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genomes; qRT-PCR, quantitative real-time polymerase chain reaction; PPI, protein-protein interaction.

org/10.21037/atm-21-5854).

Methods
Data source

The LUAD-related data sets from the GEO database
(https://www.ncbi.nlm.nih.gov/geo) were analyzed. The
eligible circRNA data set (GSE101684) was obtained from
the GPL21825 platform and included 4 LUAD samples
and 4 normal adjacent tissue samples. The eligible miRINA
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data set (GSE135918) was obtained from the GPL18058
platform and included data from 5 LUAD tissues and
5 normal adjacent tissue samples. In addition, clinical
information and gene expression profiles of LUAD patients
were obtained from the TCGA database (https://portal.gdc.
cancer.gov). Finally, 594 cases were examined, including 535
LUAD tissues and 59 adjacent normal tissues. Clinical data
including age, gender, T stage, N stage, survival time, and
survival status were collated.

A total of 30 LUAD patients who did not receive any
treatment prior to their operation at the Thoracic Surgery
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Department of the First Affiliated Hospital of Zhengzhou
University were enrolled. Samples of the postoperative
tumor tissues and normal adjacent tissues were obtained
and examined by quantitative real-time polymerase chain
reaction (QRT-PCR) and Western blot analysis. Informed
consent was obtained from all patients. The study
conformed to the provisions of the Declaration of Helsinki
(as revised in 2013). All content and processes strictly
comply with relevant requirements and have been reviewed
and approved by the Ethics Review Committee of Life
Sciences, Zhengzhou University, China.

Identification of the differentially expressed genes and
differentially expressed miRNAs (DEMs)

The DEMs and differentially expressed circRNAs (DECs)
in the LUAD samples were screened using the GEO2R tool
(http://www.ncbi.nlm.nih.gov/geo/geo2r). The “limma” and
“edger” packages in the R language were used to identify
the differentially expressed mRNAs (DEmRNAs). The
[log,FCI threshold and P value were adjusted according to
the amount of data. The miR-TarBase (http://mirtarbase.
cuhk.edu.cn/php/index.php) database was used to identify
potentially significant mRNAs. The R language “gplots”
(https://bioconductor.org/packages/gplots/) package and
“heatmap” (https://bioconductor.org/packages/heatmap/)
package was used to generate volcano plots for all DECs,
DEMs, and DEmRNAEs.

Construction of the ceRNA network

The circBase database (http://www.circbase.org) was used
to obtain the parental genes of the DECs and the locus in
the genome. The cancer-specific circRNA database (CSCD)
(http://gb.whu.edu.cn/CSCDY) provides information related
to the basic structure of DECs, including the MREs, RNA
binding proteins (RBPs), and open reading frames (ORFs).
The CSCD was used to draw the circRNA circle diagrams,
screen the target miRNA of the circRNAs, and determine
the function of the circRNA of interest. The Venn analysis
(https://bioinformatics.psb.ugent.be/webtools/Venn/)
was used to analyze and detect the miRNAs that overlap
with the DEM, and record them as miRNAs of interest.
Cytoscape 3.7.2 was used to construct a visualized network
diagram of circRNAs/miRNAs. Finally, the data in the
TCGA database was examined to determine the role of the
miRNAs of interest in LUAD. TargetScan (http://www.
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targetscan.org), miRTarBase (http://www.mirtarbase.org),
and miRDB (http://www.mirdb.org) were used to identify
candidate mRNA molecules. Candidate target DEmRNA
molecules were identified from LUAD patients in the
TCGA database and Venn analysis was used to determine
the final target gene.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis

To determine the effects of circRNAs in the
pathophysiological process of LUAD and identify the
critical signaling pathways involved, the circRNA target
miRNAs were further analyzed for the potential gene set.
The “clusterProfiler” (https://bioconductor.org/packages/
clusterProfiler/) package in the R language was used to
perform enrichment analysis on the gene set. GO functional
enrichment analysis shows the biological functions of
different genes and KEGG signaling pathway enrichment
analysis assesses the degree of gene enrichment in different
pathways. The DAVID V6.8 database (https://david.abcc.
nciferf.gov/) was used to annotate genes and proteins while
visualizing them. A P value <0.05 was considered statistically
significant.

Clinical correlation analysis and construction of the
protein-protein intevaction (PPI) network

The expression profile of the final target gene and its
correlation with survival prognosis and other clinical
characteristics was examined in LUAD patients using the
TCGA database. The Kaplan-Meier method was used for
survival analysis and the STRING database (https://string-
db.org/) was used to establish a PPI network of target
genes. Cytoscape 3.7.2 was used for visualization and the
CytoHubba was used to screen the hub genes that may
interact with the final target mRNA.

gRT-PCR

qRT-PCR was performed on the postoperative specimens
of 36 LUAD patients to verify the expression of the hsa_
circ_0031968/miR-3611/GCG axis. Total RNA was extracted
from tissue samples using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
protocols. The High Capacity cDNA Reverse Transcription
Kit (Thermo Fisher Scientific) was used to synthesize
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Gene Forward Reverse

Hsa_circ_0031968 5'-TCATTCATGCCTTCTGCAAC-3' 5'-CCAGAGCAGATCACGACTGA-3'
MiR-3611 5'-GTGAAGAAAGAAATTCTTAGCGGC-3' 5'-CTCTACAGCTATATTGCCAGCCAC-3'
GCG 5'-CTGAAGGGACCTTTACCAGTGA-3' 5'-CCTGGCGGCAAGATTATCAAG-3'
GAPDH 5'-GACAGTCAGCCGCATCTCTT-3' 5'-ACCAAATCCGTTGACTCCGA-3'

uée 5'-CTCGCTTCGGGCAGCACAT3' 5'-AACCGCTTCACGAATTTGCGT-3'

complementary DNA (cDNA). The reverse transcription
of miRNA was performed using the PrimeScript RT
Reagent Kit (Takara Bio Inc., Shiga, Japan). The SYBR
Green master mix was used to amplify the cDNA using
the qRT-PCR system (Applied Biosystems, CA, USA).
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and RNU6 (U6) were used for standardization. The 27"
method was adopted to calculate the relative expression of
RNA molecules. All samples were analyzed as triplicates.
The detailed information of all primers is shown in Table 1.

Western blot analysis

Total protein was extracted from LUAD cells with RIPA
buffer (Roche, Branchburg, NJ, USA) containing protease
inhibitors. The extracted protein was separated by 12%
sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene fluoride
membranes, and blocked with Tris-buffered saline
containing 5% bovine serum albumin at room temperature
for 1 hour. Membranes were then wash three times with
phosphate-buffered saline (PBS) and incubated at 4 °C
overnight with primary anti-rabbit antibody against GCG
(1:1,000, CST, USA) and GAPDH (1:1,000, CST, USA).
After washing with PBS, the membranes were incubated for
2 hours with a secondary peroxidase-conjugated goat anti-
rabbit IgG at room temperature. The Odyssey machine
and ECL reagents were used to visualize the protein bands.
GAPDH was used as an internal reference to standardize
the results.

Statistical analysis

Data were processed and analyzed using R language (version

4.1.1), SPSS (version 23.0), and GraphPad Prism (version

8.0). We are using the chi-square test to compare the
clinical features of different groups. P<0.05 was considered
statistically significant.

Results
Identification of the DECs, DEMs, and DEmRNAs

To confirm the potential function of circRNAs and
construct the interaction network between circRNAs and
miRNAs, the DECs were first identified. The GEO2R tool
revealed that 17 DECs, including 2 upregulated and 15
downregulated DECs, were significantly correlated with
the occurrence and progression of LUAD (Figure 2A,2B).
Analysis of the miRNA data set GSE135918 from the
GPL18058 platform demonstrated that 237 DEMs were
closely related to LUAD (Figure 2C,2D). Examination of
the LUAD-related mRNA data obtained from the TCGA
database revealed a total of 2,484 DEmRNAs, including
1,982 upregulated mRNAs and 502 downregulated mRNAs
(Figure 2E,2F).

Identification of the circRNAs/miRNA interaction

The circBase database was used to identify the parent genes
of these 17 DECs and their locus in the genome. The
CSCD database contained details for 10 of the 17 circRNAs
and their circle maps are shown in Figure 3A4. Based on the
concept of the ceRNA network, the CSCD and circRNA
interactome (CRI) were used to successfully identify a total
of 432 potential target miRINAs related these 10 circRNAs.
Venn analysis determined that there were 126 miRNAs
of interest, of which, 115 were upregulated and 11 were
downregulated (Figure 3B-a). Furthermore, multiple pairs
of circRNA/miRNA relationship were identified, including
hsa_circ_0031968/miR-3611/miR-548, bsa_circ_0001955/
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Figure 2 Identification of the DEC, DEM, and DEmRNA. (A) A volcano map and (B) a heat map of the 17 DECs in the GSE101684 dataset. The X-axis represents samples, the Y-axis represents DEC; red is indicative of high expression, green is indicative of low expression; darker colors indicate greater
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significant differences; [1og2FCI >2 and P<0.01. (C) A volcano map and (D) a heat map of the 237 DEMs in the GSE135918 dataset. The X-axis represents samples, the Y-axis represents DEM; red is representative of high expression, green is representative of low expression; darker colors indicate greater
significance; 11og2FCI >1 and P<0.05. (E) A volcano map and (F) a heat map of the 2,484 DEmRNAs in the TCGA LUAD database. Red represents high expression, green represents low expression; darker color indicates greater significant differences; [1og2FCI >2 and P<0.001. DEC, differentially
expressed circRINA; DEM, differentally expressed miRINA; DEmRNA, differentially expressed mRNA; TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma.
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Figure 3 Identification of the circRNAs/miRNA interaction. (A) The structural patterns of the 10 DECs. The different colors of the outer ring
and the inner ring represent the positions of the different exons, MRE, RBP, and ORF; red represents MRE, blue represents RBP, green represents
OREF. (B-a) Venn analysis of the intersection between miRNAs in the DEM group and the target miRNA data sets. (B-b) The regulatory
network between 10 circRNAs and 126 miRNAs in LUAD samples. Diamond represents circRNA, circle represents miRNA; red represents
overexpression, blue represents low expression. MRE, miRNA response element; RBP, RNA binding protein; ORF, open reading frame.
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miR-1236/miR-4713, and hsa_circ_0000317/miR-4458/miR-
196 (Figure 3B-b).

Selection of the final target miRNA

To further identify a more specific target miRNA for the
ceRNA network, clinically relevant information of LUAD
patients was obtained from the TCGA database and
analyzed (Figure 4). It is noteworthy that 7iR-3611, which
is regulated by hsa_circ_0031968, significantly affected the
survival of LUAD patients. The survival rate of patients
with low 72iR-3611 expression was considerably better than
that of patients with high miR-3611 expression (P<0.05).
Therefore, miR-3611 was considered the final target
miRNA in this study and hsa_circ_0031968 was considered
the final target circRINA.

Enrichment analysis

The biological functions of hsa_circ_0031968 were further
examined. Through the CSCD, 46 potential target miRNAs
were identified. After intersection with the DEMs, a total
of 32 miRNAs were obtained. Using the three databases
TargetScan, miRTarBase, and miRDB, a total of 342 mRNA
molecules were identified as candidate genes. GO functional
enrichment analysis showed that these genes were enriched
in SMAD binding (Figure 5A-a). KEGG signaling pathway
enrichment analysis revealed that these genes were enriched
in miRNAs related to cancer and significantly enriched in
signaling pathways that the regulate pluripotency of stem
cells and cellular senescence, as well as the wnt and p53
signaling pathways (Figure SA-b and Figure 5B). The above
results confirmed that the ceRINA network involving hsa_
circ_0031968 plays an essential regulatory role in LUAD.

Construction of ceRNA network

Analysis of the TargetScan, miRTarBase, and miRDB
databases identified 9 target genes of miR-3611. These 9
target genes and the 2484 DEmRNAs produced a unique
crossover point at the proglucagon gene (GCG) (Figure 64).
This was verified by analysis of data in the TCGA database
showing that the expression of GCG was significantly
downregulated in LUAD samples. These results confirmed
a ceRNA network consisting of hsa_circ_0031968/miR-3611/
GCG in LUAD patients (Figure 6B). The expression of hsa_
circ_0031968 and GCG was significantly downregulated
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in LUAD, while miR-3611 expression was significantly
elevated in LUAD and was negatively correlated with
patient survival. Furthermore, the RBPs and ORFs of hsa_
circ_0031968 were examined and provide the basis for future
studies (Tables 2,3).

Survival analysis and clinical corvelation analysis

Relevant data in the TCGA database were analyzed to
examine the biological effects of GCG in LUAD and its
possible mechanisms of action. Kaplan-Meier survival
analysis revealed that survival was significantly improved
in patients with high GCG expression compared to
patients with low GCG expression (P<0.05; Figure 7A4). In
addition, the expression of GCG was significantly reduced
in patients with T2 LUAD compared to patients with T'1
staging (P<0.05). Although the GCG expression levels of
other staging subgroups were not statistically different,
the median GCG expression for each subgroup gradually
decreased with increasing T stage (Figure 7B-a). However,
the expression of GCG was not significantly different
between patients of different ages, genders, nor different N
stages (Figure 7B-b-d).

Construction of the PPI network

The final PPI network of the target gene was constructed
using data from the STRING (v11.0) database and
CytoHubba plug-in was used to identify the hub genes in
the PPI network. The results highlighted the critical role
of GCG in the pathophysiological process of LUAD and
identified 17 hub genes, including cholecystokinin (CCK)
and calcitonin-related polypeptide alpha (CALCA), that
showed significant interact with GCG (Figure §).

qRT-PCR and Western blot analysis results

qRT-PCR analysis in 36 paired LUAD samples
demonstrated that bsz_circ_0031968 and GCG expression
were significantly downregulated in LUAD tissues
compared to normal adjacent tissues by 1.294+1.038 fold
and 0.454+0.758 fold, respectively. Conversely, miR-
3611 expression in LUAD samples was upregulated by
0.889+0.716 fold compared to normal adjacent tissues
(Figure 94-9C). These results were further validated by
Western blot analyses which showed a significant decrease
in GCG protein expression in LUAD samples compared to
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Figure 4 The expression of the DEMs of interest and their correlations with survival rate was analyzed using LUAD samples from the
TCGA database. LUAD patients with high 74R-3611 expression showed poorer overall survival (P<0.05). DEMs, differentially expressed
miRNAs; LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas.

normal adjacent tissues (P<0.01; Figure 9D).

Discussion

Despite significant progress in the early detection and
treatment of LUAD, many patients still suffer from poor
prognosis (23). With advances in sequencing technology,
bioinformatics, and molecular biology, circRNAs have been
identified as ideal targets for the early detection, diagnosis,
and treatment of tumors due to its high stability and
remarkable temporal and spatial specificity (24). The main
mechanism of action of circRNAs is through the ceRNA
regulatory network that involves miRNA sponge adsorption
(25-28). This study used bioinformatics techniques on
relevant data from the GEO and TCGA databases to screen
for essential genes involved in LUAD and to construct a
potential regulatory model. This information may lead
to the discovery of potential new biological markers and
treatments for patients with LUAD.

The hsa_circ_0031968/miR-3611/GCG axis was identified
in LUAD samples and verified through qRT-PCR and
Western blot experiments. LUAD samples showed low
expression of hsa_circ_0031968 and GCG, but enhanced
expression of miR-3611. The GO enrichment analysis
of bsa_circ_0031968 suggested that the target mRNAs
were enriched in SMAD binding. The SMAD family
includes 8 members, SMADI to 9, which can function
through multiple signaling pathways (29) to affect the
pathophysiological processes of tumor cell proliferation,
differentiation, migration, and apoptosis (30). Previous

© Annals of Translational Medicine. All rights reserved.

reports have confirmed that the SMAD proteins are
associated with LC. For example, SMADI is related to
LUAD differentiation and lymphatic metastasis (31),
and SMAD?2/3 can promote the growth and metastasis
of LC (32). However, SMADG, 7, and 9 are significantly
downregulated in non-small cell lung cancer (NSCLC) (33).
The KEGG pathway analysis showed that the target
mRNAs are enriched primarily in miRNAs related to
cancer, further confirming that the ceRNA regulation
mechanism in hsa_circ_0031968 has excellent potential
to play a critical regulatory role in the pathogenesis or
progression of LUAD. In addition, the target mRNAs
are also significantly enriched in signaling pathways
that regulate the pluripotency of stem cells and cellular
senescence, as well as the Wnt and p53 signaling pathways.
Indeed, many genes can regulate the pathogenesis and
progression of LC through these signaling pathways. For
example, thyroid hormone receptor interacting protein 13
(TRIP13) and Pleckstrin homology like domain family A
member 3 (PHLDA3) can promote the proliferation and
invasion of LUAD by activating the Wnt signaling pathway
(34,35). Retinoic acid inducible gene G (RIG-G) and tandem
C2 domains nuclear (TC2N) can affect the proliferation
and apoptosis of LC by regulating the activity of the p53
signaling pathway (36,37). Therefore, studying these
signaling pathways may help to predict the progression of
LUAD.

The GCG gene encodes a glucagon protein that stabilizes
blood sugar in the body by increasing gluconeogenesis
and reducing glycolysis (38). Studies have confirmed that
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A

diff

Target

B
Figure 6 Construction of ceRNA network. (A) A Venn analysis of
the miR-3611 target genes and the DEmRNAs. (B) The ceRNA
regulatory network diagram of hsa_circ_0031968/miR-3611/GCG.
Blue represents low expression; red represents high expression.

DEmRNA, differentially expressed mRNA; ceRNA, competing
endogenous RNA; GCG, proglucagon gene.

tumors can lead to lower blood sugar levels. Hypoglycemia
may represent a paraneoplastic symptom and is often
associated with poor survival and prognosis (39). This
current investigation demonstrated that the expression
of GCG was reduced in LUAD samples, and patients
with lower GCG expression showed poorer survival.
Furthermore, with an increase in T staging, the expression
of GCG showed a gradually decreasing trend. Therefore,
GCG may be an effective novel biomarker in patients with
LUAD. In addition, the 17 hub genes of GCG that were
identified through the PPI network, including CALCA (40),
CGA (41), CCK (42), GHSR (43), and NKX2-1 (44), have
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Table 2 RBPs that interact with hsa_circ_0031968

ID

RBP

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

chr14:53331118|53331571

FUS_Human_GSE43308_
HITS-CLIP

elF4Alll_Human_GSE40778_
HITS-CLIP

PTB_Human_GSE42701_
HITS-CLIP

U2AF65_Human_
E-MTAB-1371_iCLIP

UPF1_Human_GSE47976_
iCLIP

AGO2_Human_GSE42701_
HITS-CLIP

HuR_Human_GSE28865_
PAR-CLIP

IGF2BP3_Human_
GSE21918_PAR-CLIP

IGF2BP1_Human_
GSE21918_PAR-CLIP

IGF2BP2_Human_
GSE21918_PAR-CLIP

AGO2_Human_GSE28865_
HITS-CLIP

AGO2_Human_GSE21918_
PAR-CLIP

LIN28A_Human_GSE44615_
PAR-CLIP

LIN28B_Human_GSE44615_
PAR-CLIP

RBPs, RNA-binding proteins.

been demonstrated to directly or indirectly participate in
LC. This further suggested that LUAD can be regulated by

GCG.

In summary, this report successfully established the
hsa_circ_0031968/miR-3611/GCG ceRNA network in
LUAD samples. The significance of our research lies in the
discovery and preliminary verification that hsa_circ_0031968
can play an essential regulatory role in the occurrence and
development of LUAD through the miR-3611/GCG axis.
This research provides novel insights into the identification
of potential biomarkers and the pathogenesis of LUAD,
thereby facilitating the early diagnosis and effective
treatment of LUAD patients.
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Table 3 ORF information for hsa_circ_0031968

ORF Term

Icl|ORF1 MDGSLQISLQRQDHGGQFLQLRSSEYSFLSEDAAFKPRSSVNTRADHD

Icl|ORF2 MIPVAEGMNEIWLRCDNEKQYAHWMAACRLASKGKTMADSSYNLEVQNILSFLKMQHLNPDPQLIPEQITTDITPECLVSP
RYLKKYKNKQ

Icl|ORF3 MFFIVTTKPDFIHAFCNWNQEFNVKFLA

Icl|ORF4 MSAMVLPLEANLQAAIQCAYCFSLSQRSQISFMPSATGIRSLMLNFWPEMFTSGVTSH

Icl|ORF5 MVLTEDLGLNAASSERKEYSELLSCKNCPPWSCLWRLICRLPSSVHTVFHCHNEARFHSCLLQLESGV

OREF, open reading frame.
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Figure 7 Survival analysis and clinical correlation analysis. (A) Kaplan-Meier survival analysis demonstrated that patients with high GCG
expression had significantly better survival compared to patients with low GCG expression (P<0.05). (B) TCGA data was used to construct a
box plot to study the relationship between GCG and the clinical characteristics of LUAD patients. (B-a) GCG expression in patients with T2
stage is lower than that in patients with T'1 stage (P=0.011). (B-b) GCG expression is not significantly correlated with N staging (P>0.05). (B-c)
GCG expression level is not significantly correlated with age (P=0.45). (B-d) GCG expression level is not significantly correlated with gender
(P=0.061). GCG, proglucagon gene; TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma.
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Figure 8 PPI analysis and central gene screening of GCG. Yellow represents the GCG gene is in a critical position and red represents the
hub gene. PPI, protein-protein interaction; GCG, proglucagon gene.
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Figure 9 qRT-PCR and Western blot analysis results. (A-C) qRT-PCR was used to examine the mRNA expression of each molecule in
the hsa_circ_0031968/miR-3611/GCG axis using 36 pairs of matched LUAD samples (*P<0.05; **P<0.01). (D) The quantitative protein
expression of GCG in LUAD samples and normal adjacent tissues (**P<0.01). qRT-PCR, quantitative real-time polymerase chain reaction;
GCG, proglucagon gene; LUAD, lung adenocarcinoma.
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There were some limitations to this research. First, the
predictive value of hsa_circ_0031968 is unclear and should
be further verified through molecular biology or cellular
experiments. Second, the sample size of the study was small,
and the sample size of the microarray data set was limited.
Further improvements and supplementation of data and
information are warranted to improve the reliability of the
conclusions.

Conclusions

This investigation successfully constructed the hsa_
circ_0031968/miR-3611/GCG ceRNA regulatory network
and provides novel insights into the pathogenesis of LUAD
and may aid in the development of potential biomarkers and
therapies for the management of patients with LUAD.
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