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Background: In recent years, there have been increasing reports that dysregulated circular RNAs 
(circRNAs) play a key role in the carcinogenesis of lung adenocarcinoma (LUAC). However, the role of 
circRNAs in early-stage LUAC is poorly understood. 
Methods: The Gene Expression Omnibus (GEO) database and qRT-PCR were used to verify the 
abnormal expression of circRNAs, miRNAs and genes in early-stage LUAC tissues. shRNA and miRNA 
inhibitor are designed and synthesized to knock down circ_104640 and microRNA (miR)-145-5p expression. 
CCK-8 assay, colony formation assay and flow cytometry were used to study the effect of circ_104640 on 
cell proliferation and apoptosis. Bioinformatics analysis, dual luciferase reporter assays and argonaute 2 (Ago2) 
RNA immunoprecipitation (RIP) assays were chosen to find out the potential target of circ_104640.
Results: Based on the GEO database and tissue sample from our institution, we identified that the 
circRNA circ_104640, the miR-145-5p, and CCL20 (C-C motif chemokine ligand 20) were abnormally 
expressed in the tissues of early-stage LUAC. In vitro experiments showed that circ_104640 could exist 
stably in the cytoplasm, and a short pin RNA that targeted circ_104640 (sh-circ) inhibited cell growth 
and promoted apoptosis of LUAC cells. Dual luciferase reporter assays and Ago2 (RIP) assays confirmed 
the Ago2-dependent interaction of circ_104640 and miR-145-5p. In terms of mechanisms, we found that 
circ_104640 increased the expression of CCL20 by sponging miR-145-5p. 
Conclusions: Our research demonstrated that circ_104640 could accelerate the proliferation of LUAC 
cells, while inhibiting LUAC cell apoptosis. circ_104640 may be a potential novel biomarker and therapeutic 
target for early-stage LUAC.
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Introduction

Globally, lung cancer (LC) remains the major cause of 
cancer deaths, accounting for approximately 13.2% of 
new cancer cases and 25.9% of cancer-related deaths (1). 
Non-small-cell lung cancer (NSCLC) is the main type of 
LC (85%), and can be subdivided into adenocarcinoma, 
squamous cell carcinoma, and large cell carcinoma (2). In 
China, the incidence of lung adenocarcinoma (LUAC) has 
surpassed that of lung squamous cell carcinoma (LSCC) 
to become the main type of NSCLC (3). Around 16% of 
LUAC cases among non-smokers in China are potentially 
attributable to passive smoking, particularly in women 
(about 18%). Most cases are the result of household 
exposure (4). Although novel treatments have significantly 
improved outcomes, the 5-year survival rate of LUAC 
patients is about 71–83%. For early-stage LUAC patients, 
surgery is the first choice for treatment (5). However, the 
incidence of recurrence is 21.7% (6). To facilitate early 
diagnosis and treatment, it is crucial to the understand the 
pathogenesis and identify the potential diagnostic markers 
of early-stage LUAC.

The early diagnosis of LUAC is largely dependent on 
imaging and laboratory tests. With the increasing use of 
low-dose computed tomography (LDCT), the LC mortality 
rate in men has decreased by 26%, and the mortality 
rate in the smaller female population has also decreased 
remarkably. It is worth noting that about 50% of diagnosed 
cancers are in the early stages (7). In recent years, the use of 
LDCT to detect early-stage LC has increased by 74.1% (8). 
Additionally, circulating tumor cells (CTCs), circulating 
tumor DNAs (ctDNAs), and exosomes have gradually 
become more vital in the early diagnosis of LUAC (9-11).  
Continuous progress is being made to develop novel 
early-stage LUAC diagnostic methods. The increased 
understanding of circular RNAs (circRNAs) in recent years 
has prompted researchers to explore its potential diagnostic, 
prognostic, predictive, and therapeutic value.

miRNAs (MicroRNAs) are small, non-coding RNA, 
typically 18–25 bases in length (12). miRNAs are involved 
in cancer cell proliferation, invasion and metastasis in 
LUAC (13,14). miRNAs usually bind to the 3'-untranslated 
region (UTR) of mRNA to silence its expression at the 
post-transcriptional level (12). The ligand-receptor pair 
CCL20 (C-C motif chemokine ligand 20) / CCR6 (C-C 
motif chemokine receptor 6) are involved in the metastasis 
of a variety of tumors, including LUAC and CRC (colorectal 
carcinomas) (15,16).

This investigation analyzed data from the Gene 
Expression Omnibus (GEO) database to identify the 
differentially expressed circRNAs, miRNAs, and messenger 
RNAs (mRNAs) in early-stage LUAC patients. The 
abnormal overexpression of these RNAs were verified in 
the tumor tissues of 35 early-stage LUAC patients. The 
circ_104640 was stably expressed and mainly enriched in 
the cytoplasm, and it could sponge miRNAs to promote 
the expression of CCL20. This report described a novel 
circ_104640 regulatory mechanism and may provide a basis 
for the diagnosis and treatment of early-stage LUAC.

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
atm-20-8019).

Methods

Identification of the differentially expressed circRNAs, 
miRNAs, and mRNAs

The microarray data were download from the GEO 
database (http://www.ncbi.nlm.nih.gov/geo/) (17). The 
circRNA, miRNA, and mRNA expression profiles were 
obtained from the Genomic Spatial Event (GSE)101684, 
GSE135918, and GSE136043, respectively (18,19). The 
differentially expressed circRNAs, miRNAs, and mRNAs 
were screened using the GEO2R tool, with thresholds 
of |log2(FC)| >1.0 and adj. P<0.05. The data download 
from The Cancer Genome Atlas (TCGA) database 
(https://portal.gdc.cancer.gov/) and the Genotype-Tissue 
Expression (GTEx) database (https://www.gtexportal.org/) 
were analyzed using the above methods (20,21).

Clinical samples

This study included 35 patients with early-stage LUAC 
(stage I–II) who underwent surgical treatment at the 
Thoracic Surgery Department of the First Affiliated 
Hospital of Soochow University between September 
2019 and May 2020. None of the patients suffered from 
other primary tumors or recurrent tumors and none 
had undergone radiotherapy or chemotherapy prior to 
surgery. Ethics approval was obtained (No.: 2018011) 
from the Ethics Committee of the First Affiliated Hospital 
of Soochow University and all patients provided signed 
informed consents. Tissue specimens were collected from 
the patients and stored in liquid nitrogen immediately after 
surgical resection. All procedures performed in this study 
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involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013).

Cell culture

The human LUAC cell lines, including A549, H1299, 
SPCA1, and PC9, were purchased from the Chinese 
Academy of Sciences (Shanghai, China) and cultivated in 
Dulbecco's Modified Eagle Medium (DMEM; Gibco, NY, 
USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco) at 37 ℃ with 5% CO2.

Statistical analysis

All experiments were repeated in three times and data are 
expressed as the mean ± SD and analyzed using Student’s 
T-test or one-way ANOVA. The analysis was performed 
using GraphPad Prism 7.0 (Graphpad Software, CA, 
USA). Differences were considered significant if *P<0.05, 
**P<0.01, ***P<0.001, respectively.

More details can be found in the Supplementary file 
(Appendix 1).

Results

Circ_104640 is overexpressed in early-stage LUAC tissues

To clarify the role of circRNAs in early-stage LUAC, 
the microarray data set GSE101684, was analyzed. This 
microarray data contained the cancerous and adjacent 
normal lung samples of 4 patients with early-stage LUAC 
(3 stage IA patients and 1 stage IIA patient). Using the 
GEO2R online tool the top ten up-regulated and down-
regulated circRNAs were identified (Figure 1A). Based 
on limitations of the length of circRNAs (300–1,000 bp), 
circ_101640 was selected for further research. As shown 
in Figure 1B, circ_104640, also known as circ_0001806, is 
derived from the centrosome and spindle pole associated protein 1 
(CSPP1) gene, and is about 432 bp in length. Patients with 
tumor, node, metastasis (TNM) stage IA and IIA LUAC 
showed higher circ_104640 expression in their tumor tissues 
compared to the adjacent lung tissues (Figure 1C). Among 
the 35 patients with early-stage LUAC in our institution, 
this phenomenon was confirmed again, that is, the 
expression of circ_104640 in tumor tissues was significantly 
higher than that in the adjacent healthy tissues (Figure 1D). 
The levels of circ_104640 expression in LUAC cell lines 
were detected by qRT-PCR. The results demonstrated 

that circ_104640 was up-regulated most in the A549 and 
H1299 cells, compared with the SPCA1 and PC9 cells 
(Figure 1E). Further qRT-PCR analyses demonstrated that 
circ_104640 was resistant to RNase-R digestion. Addition 
of RNase-R reduced linear CSPP1 mRNA expression, but 
not circ_104640 expression (Figure 1F). The isolated RNA 
analysis of cytoplasmic and nuclear components showed 
that circ_104640 was mainly located in the cytoplasm of 
A549 and H1299 cells (Figure 1G). The above observations 
showed that circ_104640 mainly existed in the cytoplasm of 
LUAC cells and may serve as a promoter in the occurrence 
and progression of early-stage LUAC.

Circ_104640 accelerates proliferation and inhibits 
apoptosis in LUAC cells

To examine the biological role of circ_104640 in vitro, a 
short hairpin RNA (shRNA) and a negative control (NC) 
for circ_104640 were designed, namely sh-circ and sh-
NC, respectively. Their efficacy was assessed in A549 and 
H1299 cells (Figure 2A). Cell counting kit 8 (CCK-8) assay 
revealed that silencing of circ_104640 by sh-circ resulted 
in a significant inhibition of cell viability and growth  
(Figure 2B). The colony formation assay showed that 
inhibition of circ_104640 impeded the ability of individual 
cells to form colonies (Figure 2C). In addition, as shown 
in Figure 2D, the proportion of apoptotic cells in the sh-
circ group was significantly increased, demonstrating the 
ability of sh-circ to promote programmed cell death. Taken 
together, these data suggested that circ_104640 could 
accelerate cell proliferation and inhibit apoptosis in LUAC 
cells in vitro, thereby participating in the occurrence and 
progression of early-stage LUAC.

Circ_104640 serves as a sponge for miR-145-5p

Considering that circ_104640 was mainly detected in the 
cytoplasm of LUAC cells, and circRNAs contain binding 
sites that are complementary to miRNAs, they may act as 
miRNA “sponges” (22). To investigate this, the microarray 
data of GSE135918 were obtained from the GEO database 
and analyzed. The microarray data included miRNA 
expression in cancer tissues and adjacent non-tumor tissues 
of 4 early-stage LUAC patients (1 stage IA patient, 1 stage 
IB patient and 2 stage IIB patients). Based on the binding 
sites of circRNA-miRNA on the Starbase website, the 
Venn diagram analysis revealed the top ten down-regulated 
miRNAs, and miR-145-5p was selected for further 

https://cdn.amegroups.cn/static/public/ATM-20-8019-supplementary.pdf
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Figure 1 Characterization of circ_104640 up-regulation in early-stage LUAC cancer tissues. (A) The top 10 up-regulated and down-
regulated circRNAs in GSE101684. (B) The schematic illustration of circ_104640 expression. (C) Expression of circ_104640 in GSE101684. 
(D) Relative circ_104640 expression in 35 early-stage LUAC patients. (E) Relative circ_104640 expression in LUAC cells. (F) After RNase 
R treatment, levels of circ_104640 and CSPP1 mRNA expression in H1299 and SPCA1 cells were assessed. (G) Nuclear and cytoplasmic 
mRNA fraction experiments revealed the location of circ_0067934 in H1299 and SPCA1 cells. *P<0.05, **P<0.01, ***P<0.001. circRNA, 
circular RNA; LUAC, lung adenocarcinoma; CSPP1, centrosome and spindle pole associated protein 1.

investigation (Figure 3A,B). Previous studies have found that 
miR-145-5p expression in NSCLC tissues is markedly lower 
than that detected in healthy tissues (23). In agreement 
with this, the expression of miR-145-5p in the tumor 
tissues of the 4 early-stage LUAC patients was significantly 
reduced compared to the adjacent tissues (Figure 3C). In 

the TCGA LUAC database, a similar phenomenon was 
observed in tumor tissues compared to adjacent healthy 
tissues (Figure 3D). Similarly, in the 35 early-stage LUAC 
patients, miR-145-5p expression in the tumor tissues was 
decreased significantly compared to the healthy adjacent 
tissue (Figure 3E). In fact, in this study cohort, a negative 
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Figure 2 Sh-circ_104640 inhibited proliferation and promoted apoptosis of LUAC cells. (A) The levels of circ_104640 expression in 
A549 and H1299 cells transfected with sh-circ and sh-NC. (B) The proliferation capacities of H1299 and SPCA1 cells transfected with sh-
circ were detected by CCK-8 assays. (C) Knockdown of circ_0067934 inhibited colony formation of A549 and H1299 cells (the cells were 
stained with crystal violet). (D) Cell apoptosis was determined by flow cytometry. *P<0.05, **P<0.01. circRNA, circular RNA; sh-circ, short 
hairpin RNA targeting circ_104640; sh-NC, negative control siRNA; LUAC, lung adenocarcinoma; CCK-8, cell counting kit 8.

correlation was found between circ_104640 and miR-145-
5p expression (Figure 3F). Furthermore, the transfection 
of sh-circ reduced the expression of miR-145-5p in LUAC 
cells (Figure 3G). Subsequently, a dual luciferase reporter 
assay was conducted to identify the regulatory relationship 
between miR-145-5p and circ_104640. The miR-145-5p 
mimics reduced the luciferase activities of the wild-type 

circ_104640 vector, but had little effect on the mutant-
type circ_104640 vector, indicating that miR-145-5p may 
be the target of circ_104640 (Figure 3H). The results of the 
argonaute 2 (Ago2) RNA immunoprecipitation (RIP) assay 
showed that RNA retrieval with the Ago2 antibody resulted 
in significantly increased levels of circ_104640 and miR-
145-5p compared with the control (Figure 3I). These results 
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Figure 3 Circ_104640 negatively regulated miR-145-5p expression. (A) The Venn diagram analysis of the results from Starbase and 
GSE135913. (B) The binding sequences between miR-145-5p and circ_104640. (C) miR-145-5p expression in GSE135913. (D) miR-145-
5p expression in the TCGA database. (E) Relative miR-145-5p expression in 35 early-stage LUAC. (F) The correlation assay showed that 
miR-145-5p levels were negatively correlated with circ_104640 expression. (G) The levels of miR-145-5p expression in A549 and H1299 
cells after transfection with sh-circ and sh-NC. (H) The relative luciferase activity detected by the dual-luciferase reporter assay. (I) RIP and 
qRT-PCR assays measured differential expression of circ_104640 and miR-145-5p. **P<0.01, ***P<0.001. circRNA, circular RNA; LUAC, 
lung adenocarcinoma; miRNA, microRNA; sh-circ, short hairpin RNA targeting circ_104640; sh-NC, negative control siRNA; RIP, RNA 
immunoprecipitation; qRT-PCR, quantitative real time polymerase chain reaction. 
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indicated that miR-145-5p may function as a biomarker in 
early-stage LUAC and may be regulated by circ_104640.

Circ_104640 may sponge miR-145-5p to regulate 
proliferation and apoptosis in vitro

The mechanisms by which circ_104640 and miR-145-
5p exert their biological functions in LUAC cells were 
investigated. LUAC cell lines were transfected with the sh-
circ, miR-145-5p inhibitor, or a NC, and the expression of 
miR-145-5p was assessed by qRT-PCR assay (Figure 4A).  
The CCK-8 assay demonstrated that the miR-145-5p 
inhibitor dampened the inhibitory effect of sh-circ on 
cell proliferation (Figure 4B). Flow cytometry studies 
revealed that the miR-145-5p inhibitor diminished the 
effects of sh-circ in LUAC cells and reduced the rate of 
apoptosis (Figure 4C). Therefore, our results showed that 

circ_104640 competitively combined with miR-145-5p in 
vitro to promote the proliferation and inhibit apoptosis of  
LUAC cells.

CCL20 may be the downstream target of miR-145-5p

To further explore the downstream regulatory mechanisms 
of miR-145-5p, the Starbase website and GSE136043 
were analyzed. GSE136043 is the same batch of samples 
as GSE135918, which also includes 1 stage IA patient, 1 
stage IB patient and 2 stage IIB patients. From the top ten 
up-regulated genes, CCL20 identified for further study  
(Figure 5A,B). In the tissue samples from the 4 patients 
with early-stage LUAC, the levels of CCL20 expression in 
the tumor tissues were markedly higher than that in non-
tumor tissues (Figure 5C). In the TCGA LUAC database, 
by using the normal tissue calibration of the GTEx 

Figure 4 Circ_104640 regulated cellular proliferation and apoptosis by targeting miR-145-5p. (A) The levels of miR-145-5p expression in 
A549 and H1299 cells after transfection. (B) The proliferation capabilities of transfected H1299 and SPCA1 cells were detected by CCK-8 
assays. (C) Cell apoptosis was determined by flow cytometry. *P<0.05, **P<0.01. CCK-8, cell counting kit 8.
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Figure 5 Circ_104640 positively regulated CCL20 expression via miR-145-5p. (A) The Venn diagram analysis of results from Starbase 
and GSE136043. (B) The binding sequences between miR-145-5p and CCL20 mRNA. (C) CCL20 mRNA expression in GSE136043. (D) 
CCL20 mRNA expression in the TCGA database. (E) Analysis of the relationship between overall survival and CCL20 using the TCGA 
database. (F) Analysis of the relationship between disease free survival and CCL20 using the TCGA database. (G) Relative CCL20 mRNA 
expression in 35 early-stage LUAC patients. (H and I). Relative CCL20 mRNA expression after transfection. *P<0.05, **P<0.01, ***P<0.001. 
CCL20, C-C motif chemokine ligand 20; LUAC, lung adenocarcinoma. 

database, we found that the expression of CCL20 in tumor 
tissues was also significantly higher than that in normal 
tissues (Figure 5D). CCL20 expression was also closely 
related to the overall survival (OS) and disease-free survival 
(DFS) of LUAC patients, with statistical significance  
(Figure 5E,F). Again, in the tumor tissue samples of the 35 
early-stage LUAC patients, the levels of CCL20 expression 
were remarkably increased in the tumor tissue compared to 
the adjacent healthy tissue (Figure 5G). In LUAC cells, the 

presence of sh-circ reduced the mRNA levels of CCL20, 
and this was partially restored in the presence of the 
inhibitor (Figure 5H,I). These results suggested that CCL20 
is a potential target of miR-144-5p and can be influenced by 
circ_104640.

Discussion

Despite the wide applications of surgical techniques and 
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targeted therapies, the 5-year survival rate of LUAC 
patients has not increased satisfactorily in recent years. 
Therefore, based on the principles of early diagnosis and 
early treatment, there is an urgency to better understand 
the biomolecular mechanisms facilitating the occurrence 
and development of early-stage LUAC.

CircRNAs are a type of non-coding RNA derived 
from back-splicing of the precursor mRNA. They have 
a covalently bonded, closed circular structure and a 
higher tolerance to exonuclease digestion (24). Due to 
the unique circular closed structure, high stability, and 
special expression patterns, it is believed that circRNAs 
can become potential biomarkers (25). In fact, circRNAs 
are dysregulated in various cancers, including LUACs 
(26-28). Several studies have suggested that dysregulated 
circRNAs in tissues or plasma could be used as novel 
biomarkers for cancer (29,30). Indeed, circ_0007385 has 
been shown to be upregulated in LUAC tissues and its 
expression was correlated with lymph node metastasis and 
TNM staging (31). Higher plasma circ_0000190 levels have 
been associated with larger tumors, worse histological types 
of adenocarcinoma, later stages of cancer, more distant 
metastatic organs, extra-thoracic metastasis, and poor 
survival and prognosis (32).

Up to now, only a few circRNAs have been reported 
in LUACs, especially in early-stage LUACs. Marked 
overexpres s ion  o f  c i r c_0001492 ,  c i r c_0001346 , 
circ_0000690 and circ_0001439 have been detected in 
exosomes in early-stage LUACs (33). Studies in the 
Chinese population have shown that the expression levels 
of circ_0047921, circ_0056285, and circ_0007761 could 
differentiate early-stage NSCLC cases from healthy 
controls, chronic obstructive pulmonary diseases, and 
tuberculosis (34). However, the roles of dysregulated 
circRNAs in early-stage LUAC is yet to be fully explored. 
Our studies revealed that circ_104640 is up-regulated in 
early-stage LUAC and may regulate cell proliferation and 
apoptosis.

In this report, GEO2R was used to select candidate 
circRNAs based on the research of other institutions. 
The expression of circ_104640 was abnormally high in 
early-stage LUAC tissues and it could exist stably in the 
cytoplasm. In vitro, interfering with the expression of 
circ_104640 significantly reduced the proliferative ability 
of LUAC cells, and increased cell apoptosis. These results 
suggested that circ_104640 may play a tumor-promoting 
role in the occurrence and progression of early-stage 
LUAC, and may represent a potential novel biomarker and 

therapeutic target in LUAC.
circRNAs have been identified as competing endogenous 

RNAs (ceRNAs) that reduce the expression of miRNAs 
that target mRNAs in tumors (22). To further study 
the mechanisms of circ_104640 in early-stage LUACs, 
the early-stage LUAC samples from another institution 
were analyzed to detect the expression of miRNAs. The 
expression of miR-145-5p was found to be down-regulated 
among the 4 stage I-II LUAC patients. This phenomenon 
was also observed in the 35 early-stage patients in our 
institution, and the expression level of miR-145-5p was 
negatively correlated with circ_104640. The potential 
interaction of circ_104640 and miR-145-5p was verified 
using the dual luciferase reporter assay and the Ago2 RIP 
assay. Moreover, we found that miR-145-5p inhibitors 
could reverse the biological functions of sh-circ in  
LUAC cells.

miRNAs also plays a key role in controlling cellular 
functions by repressing target genes (35). Chemokines 
are a superfamily of small chemotactic cytokines that 
regulate multiple biological functions by activating 
7-transmembrane-domain G protein-coupled receptors (36). 
The C-C motif CCL20 is a member of the chemokines 
and can interact with the C-C motif chemokine receptor 
6 (CCR6) in various diseases to facilitate tumor growth, 
angiogenesis, and escape antitumor immune surveillance 
through autocrine or paracrine pathways (37,38). Previous 
studies found that CCL20/CCR6 was closely related to 
the progression of LC. Both CCR6 and CCL20 were 
overexpressed in patients with recurrent LC, and CCL20 
enhanced cell growth by activating extracellular signal-
regulated kinase (ERK) signaling in A549 cells (39,40). The 
TCGA database showed that the expression of CCL20 was 
also markedly higher in tumor tissues compared to normal 
tissues and it was closely related to the OS and DFS of 
LUAC patients. Similarly, in this study, CCL20 was shown 
to be overexpressed in the early-stage LUAC tissues and 
was regulated by circ_104640 and miR-145-5p.

There were a number of limitations in this current study. 
The cohort size of the early-stage LUAC patients was 
small, and plasma samples were not collected. Therefore, 
we could not fully investigate the potential role of 
circ_104640 as a biomarker. Further sample collection will 
be required to demonstrate their potential as noninvasive 
biomarkers. In addition, the biological functions of other 
abnormally expressed circRNAs remain to be discovered. It 
is important to note that miR-145-5p is not the only target 
of circ_104640. Indeed, circ_104640 may regulate the 
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progression of LUAC through sponging other miRNAs, 
and stabilizing or degrading other proteins, and this merits 
further investigation. Furthermore, the cell lines used 
in this study were obtained from advanced-stage LUAC 
patients, and hence could not provide a precise interpret 
of the mechanisms of early-stage LUAC occurrence and 
development.

In summary, this report provided new insights into the 
mechanisms of early-stage LUAC and suggested a novel 
target for the diagnosis and treatment of the disease.
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