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Background: Non-small cell lung cancer (NSCLC) has a high mortality rate and poor prognosis. The 
early detection of high-risk patients is essential to improve patient prognosis. Thus, the identification of a 
non-invasive, non-radiative, convenient, and fast diagnostic approach should be a top priority in NSCLC 
research. Circulating extracellular RNAs (exRNAs) in the plasma are potential biomarkers for NSCLC. 
Methods: We used RNA-sequencing (RNA-seq) technology to explore the NSCLC-related RNAs, 
especially the circular RNAs (circRNAs). The circRNA-targeted micro RNAs (miRNAs) were predicted 
using 3 circRNA databases [i.e., the Cancer-Specific CircRNA Database (CSCD), circBank, and 
Circular RNA Interactome]. The circRNA-miRNA-messenger RNA (mRNA) network was constructed 
using Cytoscape V3.8.0 (Cytoscape Consortium, San Diego, CA, USA). The expression levels of some 
differentially expressed genes were validated by a quantitative real-time polymerase chain reaction (qRT-PCR) 
analysis. 
Results: The results showed that the RNA biotypes of the mitochondrial ribosomal RNAs (mt-rRNAs) 
and mitochondrial transfer RNAs (mt-tRNAs) were upregulated in the NSCLC plasma. The Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) terms of the differentially 
expressed transcripts of NSCLC included oxidative phosphorylation, proton transmembrane transport, and 
the response to oxidative stress. Additionally, the qRT-PCR validation indicated that hsa_circ_0000722 had 
significantly higher expression in the NSCLC plasma than the control plasma, but hsa_circ_0006156 did not 
differ between the NSCLC plasma and the control plasma. The expression levels of miR-324-5p and miR-
326 were higher in the NSCLC plasma than the control plasma. 
Conclusions: In this study, an exRNA-sequencing strategy was used to identify the expression of NSCLC-
specific transcription factors in clinical plasma samples, and hsa_circ_0000722 and hsa-miR-324-5p were 
identified as potential biomarkers in NSCLC.
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Introduction

Lung cancer is the most frequently diagnosed cancer and 
the leading cause of cancer-related death worldwide (1). 
The 2012 Global Cancer Statistics report (2) estimated that 
about 1.8 million new cases of lung cancer were diagnosed 
worldwide in 2012, which accounted for about 13% of the 
total cancer cases. Lung cancer can roughly be divided into 
non-small cell lung cancer (NSCLC) and small cell lung 
cancer (3). NSCLC accounts for 85% of newly diagnosed 
lung cancer cases, and lung adenocarcinoma is the most 
common type of NSCLC (3). The diagnosis and treatment 
of NSCLC is improving; however, the 5-year survival rate 
of NSCLC is still only about 15% (4). This is partly due 
to the lack of sensitive detection methods for NSCLC (5).  
Thus, it is crucial that the biomarkers of NSCLC be 
explored to improve the 5-year survival rate (6).

With the development of liquid biopsy, body fluids, 
including plasma, serum, urine, and saliva, as the carriers 
of tumor biomarkers, can be used to detect NSCLC (7,8). 
Plasma is an important part of the circulatory system, and 
circulating extracellular RNAs (exRNAs), which include 
microRNAs (miRNAs), long non-coding RNAs (lncRNAs), 
messenger RNAs (mRNAs), circular RNAs (circRNAs) and 
a series of non-coding RNAs (ncRNAs), were first identified 
in plasma in 1940s (9,10). The RNAs from the cells of 
whole-body tissues, and to some extent, the exRNAs of 
plasma, reflect the health of the body (11). Thus, circulating 

exRNAs are useful biomarkers for many diseases, including 
central nervous system disease, renal disease, and cancer 
(10,12,13). Many studies have reported possible NSCLC 
biomarkers, including miRNAs (e.g., mir-21 and mir-126) 
(14,15), and circRNAs (e.g., hsa_circ_0033155 and hsa_
circ_0014130) (16,17). However, as the exRNAs in plasma 
are low in concentration, highly degraded, and fragmented, 
it is difficult to profile the total exRNA in the plasma (18,19).

CircRNAs are a new class of endogenous RNA and have 
a covalently closed continuous loop without 5' caps or 3' 
tails (20-22). Because of their unique closed-loop structure, 
circRNAs are highly stable and resistant to ribonuclease 
degradation (21). For a long time, circRNAs were thought 
to be the products of splicing errors, but there is increasing 
evidence that circRNAs play very important roles in the 
biogenesis process (23). Typically, circRNAs act as miRNA 
sponges to regulate gene expression by binding to miRNAs, 
which play an important role in the development and 
progression of cancers (24,25). Recent study has shown 
that circRNAs may be involved in the tumorigenesis 
and development of lung cancer, and relevant studies on 
circRNAs are of great significance for the diagnosis and 
treatment of lung cancer (26). However, the research on 
circRNAs is still in its infancy and requires researchers to 
explore more about the biological characteristics, biological 
functions and mechanisms of circRNAs in lung cancer 
through different research methods and approaches.

In this study, we conducted plasma exRNA sequencing 
to profile transcript expression in the plasma, assessed the 
association between these exRNAs and lung cancer and 
analyzed the possible mechanism to identify potential lung 
cancer biomarkers. We present this article in accordance 
with the MDAR reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-517/rc).

Methods

Patients and sample collection

This study was a double blind and random controlled 
trial. 12 peripheral blood samples (of approximately  
2 mL), recruited from Jiangsu Province People’s Hospital, 
were collected, including 6 samples from NSCLC patients 
and 6 samples from normal controls (NCs) who were of 
a similar gender and age to the NSCLC patients. The 
clinical characteristics of the patients are presented in Wang 
et al.’s study (11). For the NSCLC samples, the eligible 
patients had to be aged ≥18 years and have histologically 
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or cytologically confirmed locally advanced or metastatic 
NSCLC. We collected 2 mL of blood from another  
34 NSCLC and 34 NC patients for the quantitative real-
time polymerase chain reaction (qRT-PCR) validation  
(22 samples from the NSCLC patients and 22 samples from 
the NCs for the circRNA validation, and the others for the 
miRNA validation). The plasma samples were collected 
after the blood samples had been centrifugated at 3,000 rpm 
for 10 min at 4 ℃ and were then stored at −80 ℃ awaiting 
use. The plasma samples were collected from all the 
NSCLC patients before any treatment.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013), and the 
protocol was approved by the Ethics Committee of Jiangsu 
Province People’s Hospital (No. 2019-SFRA-082). Written 
informed consent was obtained from each participant.

ExRNA-sequencing library preparation

The exRNA from 500 plasma samples was extracted using 
the miRNeasy Serum/Plasma Kit (QIAGEN, Mississauga, 
ON, Canada) according to the manufacturer’s protocol. 
Next, the NEBNext® Ultra™ Ⅱ Directional RNA Library 
Prep Kit for Illumina® (New England Biolabs, Ipswich, MA, 
USA) was used to prepare the exRNA-sequencing library 
and sequenced by Hiseq-PE150 (Illumina, San Diego, 
CA, USA). The sequencing data were submitted to the 
NCBI-SRA database (www.ncbi.nlm.nih.gov/sra), and the 
accession link is: https://dataview.ncbi.nlm.nih.gov/object/
PRJNA589238.

Sequencing data analysis

FeatureCounts (v.1.5.0, San Diego, CA, USA) (27) was used 
to count the read numbers mapped to each transcript, and 
Homo_sapiens_Ensemble_94.gtf was used as the input file. 
Next, the annotation file in Ensembl biomart (https://www.
ensembl.org/biomart/) was used to identify the biotypes 
of the expressed genes and classify the gene biotypes (28). 
For the statistical analysis, the t test was used to compare 
2 groups, and a P value <0.05 was considered statistically 
significant.

In addition, DESeq2 (29) was used to analyze the 
differentially expressed transcript with NSCLC, and 
Metascape (30,31) was used to identify the enriched Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) terms.

Prediction of circRNAs

The circRNAs were identified using the clean sequencing 
data and CircRNA Identifier (CIRI) software (32). 
Subsequently, circBase (33) (http://www.circbase.org/) was 
used to annotate the circRNAs. For the circRNA analysis, 
the circRNAs that contained <3 reads in 12 individuals were 
excluded.

CircRNA and miRNA validation

For the circRNA validation, the total RNAs were isolated 
from 500 μL of human plasma using the miRNeasy Serum/
Plasma Kit (Qiagen, Germany). For the miRNA validation, 
the total RNAs were isolated from 500 μL of human plasma 
using the RNAsimple Total RNA Kit (Tiangen Biotech, 
Beijing, China). The complementary DNA was synthesized 
using PrimeScript™ II reverse transcriptase (Takara, Japan) 
in accordance with the manufacturer’s instructions. Next, 
qRT-PCR was performed using SYBR Premix Ex Taq™ II 
(Takara, Japan) on the ABI 7500 system (ABI 7500, Alameda, 
CA, USA), the PCR conditions were: 30 cycles at 95 ℃; 
followed by 40 cycles at 95 ℃ for 5 s and 60 ℃ for 34 s. 
The cycle threshold (Ct) values were calculated using the 
automatic Ct setting of the 7500 system SDS software v1.4 
(Applied Biosystems, Waltham, MA, USA). β-actin and U6 
were used as the internal references for the circRNA and 
miRNA quantifications, respectively. All the primers used in 
this study are listed in Table 1.

The miRNA and RBP binding site prediction of circRNAs

The circRNA-targeted miRNAs were predicted using 3 
circRNA databases; that is, the Cancer-Specific CircRNA 
Database (CSCD) (34), circBank, and Circular RNA 
Interactome (35,36). The intersecting miRNAs were then 
selected for further analysis. The KEGG pathways of the 
miRNAs were predicted using DIANA-mirPath v.3 (37). 
The circRNA-miRNA-mRNA network was constructed 
using Cytoscape software (https://cytoscape.org/).

Statistical analysis

All the data were analyzed using the student’s t-test, and 
a P value <0.05 was considered statistically significant. 
GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla, 
CA, USA) and the R statistical programing language (3.3.3, 
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R Development Core Team; https://cran.r-project.org/) 
were used to visualize the data.

Results

Summary of the sequencing data

The exRNAs were isolated from the plasma of the 6 
NSCLC patients and 6 NCs, and next-generation RNA-
sequencing (RNA-seq) was then performed to analyze 
the distribution of the exRNAs in the human circulatory 
system. There was an average clean read count of  
~20 million for each sample, and about 50–80% reads 
aligned to the human genome v38 (hg38) using Hisat2 
(http://ccb.jhu.edu/software/hisat2/index.shtml). There was 
an average of 10.89 thousand and 14.23 thousand transcripts 
in the NSCLC patients and NCs, respectively (with a P 
value of 0.51 between the NSCLC patients and NCs). 
There was an average of 0.80 million and 0.18 million 
aligned reads in the NSCLC patients and NCs, respectively 
(with a P value of 0.027 between the 2 groups).

In total, 4.82 and 1.12 million aligned reads were 
identified in the NSCLC and NCs, respectively, and the 
transcript reads were classified into 35 Ensembl transcript 
biotypes according to the annotation file of Ensembl 
biomart (the biotypes that had total reads of <10 were 

removed) (Figure 1A). The results showed that the read 
counts of the mitochondrial ribosomal RNAs (mt-rRNAs), 
mitochondrial transfer RNAs (mt-tRNAs), and protein 
coding were significantly increased in the plasma of the 
NSCLC patients compared to NC patients (Figure 1A,1B), 
but there were no significant differences between the 
NSCLC patients and NCs in the other transcript biotypes.

Data availability statement

The RNA-seq datasets are available at NCBI project 
PRJNA971084 (https://www.ncbi.nlm.nih.gov/, accessed on 
16 May 2023). 

ExRNA biotype distribution

To better show the transcript type of every individual, 
the reads of mt-rRNA, mt-tRNA, and other rRNAs 
were removed, and a donut graph was used to show the 
distribution of the transcript biotype of each individual. The 
results showed that the total expression of protein_coding 
and lncRNA accounted for 95% of the total transcripts 
after removing mt-rRNAs and mt-tRNAs (Figure 2A,2B). 
In addition, we also used a donut graph (Figure 2C) to 
characterize the proportion of each transcript type, and 
found that the transcript category of protein_coding and 

Table 1 CircRNA and miRNA primers

Primer name Sequence (5’-3’)

hsa_circ_0000722-F AGGAGCCCAGAGGCATGA

hsa_circ_0000722-R CGGTGGAAAGCATCCCTAGC

hsa_circ_0006156-F GAAGGGCCATAGTGGTGGAAG

hsa_circ_0006156-R CATGGCTGAGGGGTAGCTTG

β-actin-F GTGGCCGAGGACTTTGATTG

β-actin-R CCTGTAACAACGCATCTCATATT

miR-324-5p RT primer GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCGCCTTCTTTCACACCA

miR-326 RT primer GAAAGAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCGCCTTCTTTCCTGGAG

Universal miRNA Reverse Primer CGAGGAAGAAGACGGAAGAAT

miR-324-5p Forward Primer AAACGCATCCCCTAGGGCAT

miR-326 Forward Primer AAACCTCTGGGCCCTTCCT

U6 RT Primer GCTTCACGAATTTGCGTGTCAT

U6 Forward Primer GCTTCGGCAGCACATATACTAAA

U6 Reverse Primer GCTTCACGAATTTGCGTGTCAT

https://cran.r-project.org/
https://www.ncbi.nlm.nih.gov/, accessed on 16 May 2023
https://www.ncbi.nlm.nih.gov/, accessed on 16 May 2023
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Figure 1 The transcript biotype differences in NSCLC. (A) The proportion of total reads in each transcript biotype from the NSCLC 
and NC participants by Ensembl biotype. (B) The changes in the total reads of the mt-rRNA, mt-tRNA and protein_coding biotypes in 
the NSCLC samples. The histograms show the mean of the total aligned reads ± the standard error of the mean in each group. *, P<0.05; 
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ribosomal RNA; mt-tRNA, mitochondrial transfer RNA.

Figure 2 Visualization of exRNA biotype distribution in the plasma. (A) A donut graph showing the differences in the total reads of the 
transcript biotypes; each circle represents an individual. (B) Comparison of the protein coding and lncRNA composition between the 
NSCLC and NC participants. (C) A donut graph showing the changes in the total transcript biotypes; each circle represents an individual. 
(D) A Venn diagram showing the number of transcripts in more than 2/3 of the samples in each group. NSCLC, non-small cell lung cancer; 
NC, normal control. 
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lncRNA accounted for >80% of the total transcripts, except 
mt-rRNA and mt-tRNA (Figure 2C).

Among the protein_coding RNAs and lncRNAs, 1,324 
transcript biotypes were expressed in more than 2/3 of the 
NSCLC samples, 2,684 transcript biotypes were expressed 
in more than 2/3 of the NC samples, and 726 transcript 
biotypes were shared among the 2 groups (Figure 2D).

GO and KEGG pathway analysis of the differentially 
expressed transcripts

We used DESeq2 package (https://bioconductor.org/
packages/release/bioc/html/DESeq2.html) to identify the 
differentially expressed transcripts in the plasma of the 
NSCLC patients, Figure 3A showed the volcano plots of 
differential expression genes between NSCLC and normal 
controls, and we then used Metascape software (http://
metascape.org/) to determine the enriched GO (Figure 3B)  
and KEGG terms (Figure 3C) of the differentially expressed 
transcripts. The results showed that the top significantly 
enriched GO terms included oxidative phosphorylation, 
proton transmembrane transport, and response to 
oxidative stress. The other GO terms, such as receptor 
tyrosine kinase binding and the regulation of the bone 
morphogenetic protein signaling pathway and notch 
signaling pathway, were related to cancer (Figure 3B). In 
addition, the significantly enriched KEGG terms included 
oxidative phosphorylation, and aminoacyl-transfer RNA 
biosynthesis (Figure 3C).

CircRNA distribution in plasma

We used CIRI software to predict the circRNAs from the 
RNA-seq data of 12 individuals, and 203 circRNAs with 
>3 reads were found in the 12 plasma samples (Figure 4A). 
However, most circRNAs were low in abundance, and only 
a few circRNAs were detected at a high number of reads (i.e., 
>50 reads), such as hsa_circ_0000722 and hsa_circ_0000437 
(Figure 4B). Of these 203 circRNAs, 89% were annotated in 
the circBase (Figure 4C). In addition, most of the circRNAs 
were from chromosomes 1, 2, and 3, but the circRNAs with 
the most read counts were from chromosomes 1, 4, and 16 
(Figure 4D).

Hsa_circ_0000722 is upregulated in NSCLC plasma

According to the sequencing data, we validated the 
expression of 2 selected 2circRNAs in the plasma using qRT-
PCR. According to the sequencing results, hsa_circ_0000722 
was upregulated in the plasma of the NSCLC patients, and 
hsa_circ_0006156 was downregulated in the plasma of the 
NSCLC patients. The qRT-PCR results indicated that hsa_
circ_0000722 was significantly more highly expressed in the 
NSCLC plasma than the control plasma (Figure 5A), but 
hsa_circ_0006156 did not differ significantly between the 
NSCLC plasma and the control plasma (Figure 5B).

Hsa_circ_0000722- targeted miRNA pathway

We used 3 circRNA databases (i.e., CSCD, circBank, 
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and Circular RNA Interactome) to predict the miRNAs 
targeted by hsa_circ_0000722, and the following 3 miRNAs 
were identified: miR-324-5p, miR-326, and miR-330-
5p. According to the mirPath analysis (http://snf-515788.
vm.okeanos.grnet.gr/), 14 KEGG pathways were identified, 
including fatty acid biosynthesis, proteoglycans in cancer, 
and central carbon metabolism in cancer (Figure 6A). The 
Cytoscape analysis (Figure 6B) showed the interaction of the 
genes related to the significant KEGG terms and miRNAs 

and circRNAs, and provided evidence that hsa_circ_0000722 
and its predicted miRNAs were related to lung cancer.

Hsa_miR_324-5p and hsa_miR_326 are upregulated in 
NSCLC plasma

Based on the circRNA-miRNA interaction analysis, we 
used qRT-PCR to validate the expression of miR-324-5p 
and miR-326 in the plasma of the lung cancer patients and 
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NCs. The results showed that the expression of miR-324-
5p (Figure 7A) and miR-326 (Figure 7B) were higher in the 
NSCLC plasma than the NC plasma. 

Discussion

In our study, we used RNA-seq to analyze the species of 
total RNAs in the plasma of NSCLC patients and NCs. 
According to previous studies, the amount of exRNA in  
5–7 µL plasma is approximately 10 pg (12). Thus, 
there is <1 ng of RNA in 500 µL of plasma. Given the 
incompleteness and loss in RNA extraction, the actual 
obtained RNA was <0.4 ng, and we used the exRNA library 
preparation without rRNA depletion (38). The sequencing 
results showed that there was no significant difference in the 
number of transcript types between the NSCLC patients 
and NCs, but the transcript reads of the NSCLC plasma 
were significantly higher than those of the NCs, which 
indicates that some specific transcripts are highly expressed 
in NSCLC patients. 

After the annotation of the Ensembl gene IDs, we 
found that the mt-rRNAs, mt-tRNAs, and protein_coding 
RNA transcripts were significantly upregulated in the 
plasma of the NSCLC patients. This phenomenon has 
also been reported in other studies, which was associated 
with mitochondria and diverse mechanism related to 
tumorigenesis (39,40), tumor anabolism, transcriptional 
regulation, and cell death (39). The mechanisms by which 
mitochondria participate in tumor formation include 
reactive oxygen species accumulation in mitochondria, the 
abnormal accumulation of some specific mitochondrial 
metabolites (e.g., fumarate and succinate), and the transition 
of mitochondrial membrane permeability (39,41). The 
high expression of mt-rRNA and mt-tRNA in the NSCLC 
patients was also the main reason for the significant 
difference in the aligned reads between the NSCLC 
patients and NCs. Additionally, the mt-RNAs, mt-tRNAs, 
and protein_coding RNAs differed significantly in terms of 
the number of reads and gene types between the NSCLC 
patients and NCs. According to the DESeq2 analysis, 
we found 103 differentially expressed protein-coding 
transcripts, and the top upregulated transcripts belonged to 
the mitochondria, which further proves that mitochondria 
play a key role in lung cancer.

To date, many studies have focused on the potential of 
circRNAs in the plasma as tumor biomarkers. However, 
only limited studies have examined the sequencing results 
of circRNAs in plasma. In this study, we used CIRI to 

identify 203 extracellular circRNAs, but the frequently 
predicted circRNAs were low in abundance, and the 
predicted circRNAs differed greatly between individuals. 
This is because exRNAs in plasma are low in abundance and 
fragmented (12,42), which makes it difficult to completely 
present an exRNA expression profile. Additionally, the 
source of exRNA in the plasma is complex, and the health 
status of individuals differ. Thus, the expression of exRNA 
between individuals differ, especially in those with a low 
abundance of these exRNAs.

In this study, we used qRT-PCR to validate the high 
expression of hsa_circ_0000722 in the plasma of NSCLC 
patients, and the silico analysis showed that hsa_circ_0000722 
can function as sponges of miR-324-5p, miR-326, and 
miR-330-5p. These miRNAs may be involved in several 
pathways, including fatty acid biosynthesis, proteoglycans 
in cancer, central carbon metabolism in cancer, and focal 
adhesion. Previous studies have shown miR‑324‑5p is 
differentially expressed in various cancers (43,44), and 
miR‑324‑5p promotes cell proliferation and invasion in lung 
cancer cells (44). Further, previous studies have reported 
miR‑326 is downregulated in lung cancer (45); however, 
our research showed that miR‑326 was upregulated in the 
plasma of the NSCLC patients. The reason for this needs 
to be determined. In summary, we have identified NSCLC 
specific exRNA and preliminarily explained its possible 
mechanism, which not only provides further validation for 
previous studies, but also provides new translational targets 
for the development of these specific markers related to the 
diagnosis and treatment of NSCLC in the future.

Conclusions

We used RNA-seq technology to analyze the exRNA 
biotypes in the plasma of NSCLC patients and NCs. 
According to the bioinformatics analysis, we found mt-
rRNAs, mt-tRNA, and multiple mitochondrial RNAs were 
upregulated in NSCLC. Additionally, hsa_circ_0000722 
and hsa-miR-324-5p are potential biomarkers for NSCLC.
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