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Abstract
Background: Lung adenocarcinoma (LA) is a most common form of non-small cell lung cancer (NSCLC). To date, there are still no
effective early diagnosis methods for patients to be cured in time. Noncoding RNA plays an important role in oncogenesis and tumor
development. The expression profile of circular RNA (circRNA) in peripheral whole blood (PWB) of LA has not been systematically
investigated. In this study, we identified the differentially expressed (DE) circRNAs in PWB of LA by high-throughput sequencing.

Methods: Five paired LA and normal participants PWB samples were chosen to investigate the expression profile of circRNAs by high-
throughput sequencing. Twenty LA and 10 normal controls PWB samples were subjected to reverse-transcription polymerase chain
reaction (RT-PCR) for validation of circRNAs expression profile. GeneOntology (GO) functional analysis, Kyoto Encyclopedia of Genes and
Genomes (KEGG)pathwayanalysis, andcircRNA-miRNAnetworkanalysiswasalsoperformed topredict the functionof circRNAs inPWB.

Results:A total of 10566 circRNAs were identified and annotated, most of the circRNAs were exonic (78.14%). Statistical analysis
revealed 4390 DE circRNAs, in which were 3009 upregulated circRNAs and1381downregulated circRNAs in LA. RT-PCR results
showed that circRNA expression in LA was higher than that in controls. GO functional analysis, KEGG pathway analysis, and
circRNA-miRNA network analysis all showed that circRNAs correlated with tumor development and progression to a certain degree.
The current study is the first to systematically characterize and annotate circRNA expression in PWB of LA. Some host genes of the
DE circRNAs were involved in tumor signaling pathway and had complicated correlations with tumor related miRNAs, indicating that
circRNAs might involve in development and progression of LA.

Conclusions:Our study revealed that circRNAs were abnormally expressed in PWB of LA, which might offer potential targets for
the early diagnosis of the disease and new genetic insights into LA.

Abbreviations: circRNA = circular RNA, DE = differentially expressed, GO = gene ontology, KEGG = kyoto encyclopedia of
genes and genomes, LA = lung adenocarcinoma, lncRNAs = long noncoding RNAs, LSCC = lung squamous cell carcinoma,
miRNAs=microRNAs, NSCLC= non-small cell lung cancer, PWB= peripheral whole blood, RIN=RNA integrity number, RT-PCR=
reverse-transcription polymerase chain reaction, SCLC = small cell lung.
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1. Introduction
Lung cancer is one of the most important malignant tumors
worldwide, and is the leading cause of death worldwide. The 5-
year survival rate of lung cancer remains only 17.4% for
NSCLC.[1] Although the 10-year survival rate of stage Ia lung
cancer could reach approximately 92%with optimum treatment,
about 85% of patients with lung cancer are diagnosed at more
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advanced stages.[2] Detection of early stage lung cancer is quite
essential to improve the overall survival. Lung cancer is divided
into SCLC andNSCLC. NSCLC accounts for 80%, including LA
and lung squamous cell carcinoma (LSCC). LA remains the most
common subtype of NSCLC, for which the mortality and
morbidity have been increasing year by year.[3] Therefore, it is
important to identify a novel cancer specific biomarker for LA
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Table 1

Pathological characteristics of study population for sequencing
(N=10).

Pathological characteristics LA (n=5) Normal (n=5) P value

Age, yr 1.000
<50 1 (20%) 1 (20.0%)
≥50 4 (80%) 4 (80.0%)

Gender 1.000
Male 2 (40%) 2 (40%)
Female 3 (60%) 3 (60%)

Smoking 1.000
Yes 3 (40%) 2 (60%)
No 2 (60%) 3 (40%)

TNM stage – –

I 1 (20%)
II–III 3 (60%)
IV 1 (20%)

Lymph node metastasis – –

N0-1 2 (40%)
N2-3 3 (60%)

Tumor size – –

<3 cm 4 (80%)
≥3 cm 1 (20%)

Postoperative radiotherapy – –
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patients to help make early diagnosis and guide clinical
treatment.
An increasing evidence has shown that noncoding RNAs, such

as long noncoding RNAs (lncRNAs), microRNAs (miRNAs),
and circular RNAs (circRNAs), play important roles in the
development and progression of many tumors and could be used
as therapeutic targets and prognostic factors for Lung cancer.[4–7]

CircRNAs are a class of noncoding RNAmolecules that lack 50-30

ends and a poly A tail, covalently forming closed continuous
loops.[8] Generally, circRNAs are stable molecules, and some
have an effective role of sponge gene regulation ability.[9]

CircRNAs, with their specific features, have superior potential to
serve as a novel biomarker for human diseases.
Some studies have provided evidence that circRNAs are DE in

tumors tissue of LA and play an important role in carcinogenesis
because of participating in cancer related pathways.[10–13] However,
whether circRNAs inPWBofLAare sensitive and specificbiomarkers
remains largely unknown. In order to reveal the potential roles of
circRNAs inLApatients,weperformed circRNAexpressionprofiling
in PWB from LA patients and healthy controls. We identified a
number of circRNAs that are upregulated or downregulated in LA
patients. The results suggest that these circRNAsmaybe developed as
novel noninvasive biomarkers for LA patients in the future.
Yes 0 (0)
No 5 (100%)

Postoperative chemotherapy – –

Yes 0 (0)
No 5 (100%)

CEA (ng/mL) 118±55.67 1.58±0.40 .056
CA199 (U/mL) 506.78±387.64 4.16±1.31 .032
2. Methods

This study has been cleared by the NingboMedical Center Lihuili
Hospital Ethics Review Board for human studies. Written
informed consent was obtained from all participants included in
the study.
LA= lung adenocarcinoma.
2.1. Patients

Five LA samples and 5 healthy controls were enrolled from the
Ningbo LiHuili Hospital in December 2016. Twenty LA samples
and 10 healthy controls for validation were enrolled from the
Ningbo LiHuili Hospital from October to December 2018.
Patients were in accordance with the following criteria:
a pathologic diagnosis of LA;
no previous cases of cancer;
HIV negative;
no receiving any preoperative treatment (chemotherapy and

/or radiotherapy);
no other important organ system diseases.
Details are shown in Tables 1 and 2. Specimen were

immediately frozen quickly in liquid nitrogen after extraction
and then stored at �80°C until RNA extraction.

2.2. RNA extraction

Trizol (Invitrogen, USA) was used for extraction of total RNA
from LA and control PWB according to manufacturer’s
instructions. The RNA concentration and purity were checked
by OD A260/A280 (≥1.8) and A260/A230 (≥1.6), and the yield
and quality were assessed using an Agilent2100 Bioanalyzer
(Agilent Technologies, USA) and Ribo-Zero H/M/R Kit
(Illumina, MRZH11124). The RNA integrity number (RIN) of
extracted RNA was >7.0

2.3. Next-generation RNA sequencing

The cleaved RNA fragments were reverse-transcribed to create
the cDNA, which were next used to synthesize U-labeled second-
2

stranded DNAs with Escherichia coli DNA polymerase I, RNase
H and dUTP. An A-base is then added to the blunt ends of each
strand, preparing them for ligation to the indexed adapters. Each
adapter contains a T-base overhang for ligating the adapter to
the A-tailed fragmented DNA. Single- or dual-index adapters
are ligated to the fragments, and size selection was performed
with AMPureXP beads. After the heat-labile UDG enzyme
treatment of the U-labeled second-stranded DNAs, the ligated
products are amplified with PCR by the following conditions:
initial denaturation at 95°C for 3minutes; 8 cycles of denatur-
ation at 98°C for 15seconds, annealing at 60°C for 15seconds,
and extension at 72°C for 30seconds; and then final extension at
72°C for 5minutes. The average insert size for the final cDNA
library was 300 bp±50bp. At last, we performed the
150bp paired-end sequencing on an Illumina Hiseq 4000 (LC-
Bio Hangzhou, China) following the vendor’s recommended
protocol.
2.4. Bioinformatics and data analysis

First, cutadapt was used to remove the reads that contained
adaptor contamination, low quality bases and undetermined
bases. Then sequence quality was verified using FastQC (LC-Bio,
Hangzhou, China). Each base was measured with a correspond-
ing mass value, which was used to measure the accuracy of
sequencing. Q20 andQ30 indicated the percentage of base whose
mass value was greater than or equal to 20 or 30. Q20 or30 was
≥95%. We used Bowtie2 and Tophat2 to map reads to the
genome of species. Remaining reads (unmapped reads) were still



Table 2

Pathological characteristics of study population for validation (N=
30).

Pathological characteristics LA (n=20) Normal (n=10) P value

Age, y 6 (30%) 6 (60.0%)
<50 14 (70%) 4 (40.0%)
≥50 1.000

Gender 6 (30%) 3 (30%)
Male 14 (70%) 7 (70%)
Female 1.000

Smoking 5 (25%) 2 (20%)
Yes 15 (75%) 8 (80%)
No – –

TNM stage
I 3 (15%)
II–III 4 (20%)
IV 13 (65%)

Lymph node metastasis – –

N0-1 8 (40%)
N2-3 12 (60%)

Tumor size – –

<3cm 14 (70%)
≥3cm 6 (30%)

Postoperative radiotherapy – –

Yes 2 (10%)
No 18 (90%)

Postoperative chemotherapy – –

Yes 6 (30%)
No 14 (70%)

CEA (ng/mL) 160.54±36.94 1.34±0.17 <.001
CA199 (U/mL) 216.25±74.20 2.17±1.02 .009

LA= lung adenocarcinoma.
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mapped to genome using tophat-fusion. CIRCExplorer was used
to denovo assemble the mapped reads to circularRNAs. Then,
back splicing reads were identified in unmapped reads by tophat-
fusion and CIRCExplorer. CircRNAs with fold change ≥2 and
P< .05 were considered to be statistically significant.
MiRNA - binding sites on circRNAs and the assumed target

genes of these miRNAs are all predicted by custom - written
software based on Target-scan and Miranda software (LC-Bio,
Hangzhou, China). Predicted tumor relatedmiRNAswere picked.
KEGG analysis was carried out for the differential expression
circRNA associated target genes. CircRNAs including themiRNA
- binding sites and the appropriate miRNAs were subjected to
analysis with Cytoscape software (LC-Bio, Hangzhou, China) to
construct miRNA-circRNA networks and display interactions.
2.5. Quantitative real-time reverse transcription PCR

Total RNAs were extracted from PWB samples with Trizol reagent
(Invitrogen, Carlsbad, CA). Reverse transcription was performed
using the Invitrogen Superscript cDNA Synthesis kit (Invitrogen,
Carlsbad, CA). CircRNA expression was measured through RT-
PCR using the SYBR Green PCR kit on an Analytikjena
thermocycler (Analytikjena, QTOWER 2.2, GER). The PCR
primers used in this study were as follows: circRNA5430, TCA
TTTCCCAACAGATTACCC (forward) and GCTTGCCAATG-
GAACACT (reverse); circRNA6783, TGTCCTGCAATTAGG-
TATCCGAAT (forward) and CTCTGGTTTATTTGTGGGGAA
AGC (reverse). Samples were run in triplicate for analysis. Relative
circRNA expression was calculated with the 2�DDCt method.
3

2.6. Statistical analysis

The fold change in circRNA expression was calculated by
comparing expression levels between cancers and controls in
PWB. x2 -tests were applied to flag where the proportion of
positive results showed a significant difference between the LA
patients and healthy controls. Mann-Whitney U-test or student t
test was used to evaluate the significance of the difference
between the 2 groups.We used the filter criteria of fold change≥2
and P< .05 to screen for DE circRNAs. Agilent feature extraction
software (version 11.0.1.1, Agilent, Santa Clara, CA) was used to
analyze the acquired images. R software (LC-Bio, Hangzhou,
China) was used to execute quantile normalization and for GO
and KEGG analysis.
3. Results

3.1. CircRNA expression profile in PWB

We first analyzed the expression profile of circRNAs in PWB of 5
LA and 5 controls specimens by high-throughput sequencing. A
total of 10,566 circRNAs were identified from PWB of 5 LA and
5 controls and annotation was performed. DE circRNAs with
statistical significance between the 2 groups were displayed
through fold change and P value (fold change ≥2 and P< .05).
4390 circRNAs were identified to significantly express differen-
tially between the 2 groups. The 3009 circRNAs were
significantly upregulated, and 1831 circRNAs were remarkably
downregulated more than 2-fold in LA samples group compared
with controls group on volcano plots and differential expression
histogram (Fig. 1). Volcano plots and histogram showed that the
circRNA expression levels were clearly distinguished and
clustered between PWB samples from LA and controls specimens.
The top 20 upregulated and top 20 downregulated circRNAs

for LA are listed in Table 3.
According to the source, circRNAs were divided into 3

categories, including exonic circRNAs, intronic circRNAs, and
intergenic circRNAs (Fig. 2).

3.2. GO enrichment and KEGG analysis

GO enrichment analysis revealed the top 10 significantly
enriched GO terms associated with the DE circRNAs, indicating
that the DE genes might be most related to “protein
binding and poly(A) RNA binding (Fig. 3C)”,“cellular response
to cystrol (Fig. 3B)”, and “Biological process- viral process”
(Fig. 3A).
In order to confirm the pathways in which the DE circRNAs

were involved, we analyze the genes that produced them by
KEGG pathway analysis. KEGG enrichment demonstrated that
the DE circRNAs associated with the process of ubiquitin
mediated proteolysis (Fig. 4). A total of 43 genes were identified
in this pathway. These results showed that DE genes might be
related to tumor signaling pathways.

3.3. Prediction of circRNA-miRNA interaction and network
visualization

According to the magnitude of fold changes and P value of the DE
circRNAs from 5 LA samples and the known functions of
circRNAs related to tumor process. The top 20 upregulated and
top 20 downregulated circRNAs predicted miRNA response
elements (MREs) in Table 4.

http://www.md-journal.com


Figure 1. A Histogram to identify differentially expressed circRNAs. Histogram was used to identify differentially expressed circRNAs in LA PWB vs normal PWB.
The x-axis represents circRNAs between 2 groups (cancer and control group), while the y-axis represents the number of 2 groups. Red histogram represents
upregulated circRNAs and green histogram represents downregulated circRNAs. B scatter plots and volcano plots to identify differentially expressed circRNAs.
Scatter plots were used to identify differentially-expressed circRNAs in LA PWB vs normal PWB. The x-axis represents fold-change values (log2 scaled), while the y-
axis represents P values (-log10 scaled). Red scaled dots represent differentially expressed circRNAs in 2 groups.
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Table 3

Top 20 ranking significantly upregulated and downregulated circRNAs in lung adenocarcinoma (fold change ≧ 2, P ≦ .05).

N0. CircRNA-ID GeneName Log2fold_change Regulation P value

Top 20 upregulated circRNAs
1 circRNA4786 FBXO9 16.14 Up .0000
2 circRNA716 CDK17 15.95 Up .0000
3 circRNA3413 MARK3 18.81 Up .0000
4 circRNA7997 DCAF6 15.65 Up .0000
5 circRNA510 CCDC91 15.53 Up .0000
6 circRNA1963 SUZ12 15.38 Up .0000
7 circRNA740 CHPT1 14.98 Up .0001
8 circRNA6453 FXR1 14.72 Up .0004
9 circRNA5430 UBE2D2 14.68 Up .0004
10 circRNA7919 SCNM1 14.34 Up .0017
11 circRNA5574 RELL1 14.27 Up .0022
12 circRNA7784 RPAP2 14.21 Up .0028
13 circRNA9085 ASAP1 14.21 Up .0028
14 circRNA6936 MITD1 14.14 Up .0035
15 circRNA6783 VRK2 14.12 Up .0037
16 circRNA8857 TCEA1 14.0 Up .0048
17 circRNA1930 GOSR1 13.76 Up .0106
18 circRNA197 ZDHHC20 13.74 Up .0110
19 circRNA3208 WDHD1 13.56 Up .0171
20 circRNA5177 CENPH 13.1 Up .0442

Top 20 downregulated circRNAs
1 circRNA9318 ARHGEF12 17.47 Down .0000
2 circRNA9934 UBE2D2 15.69 Down .0000
3 circRNA9879 NSUN2 15.61 Down .0000
4 circRNA9768 AC068533.7 14.94 Down .0000
5 circRNA10108 ACAP2 14.78 Down .0000
6 circRNA9225 POC1B 14.64 Down .0000
7 circRNA9305 PICALM 14.53 Down .0000
8 circRNA9207 R3HDM2 14.19 Down .0000
9 circRNA10441 PSD3 14.1 Down .0000
10 circRNA9226 POC1B 13.92 Down .0000
11 circRNA10442 XPO7 13.76 Down .0000
12 circRNA9994 LARP1B 13.75 Down .0000
13 circRNA9610 DNMT1 13.5 Down .0000
14 circRNA9841 SENP6 13.23 Down .0000
15 circRNA10075 STAG1 12.81 Down .0001
16 circRNA9257 SBNO1 12.77 Down .0001
17 circRNA9408 EZH1 12.57 Down .0003
18 circRNA9637 PPP4R1 12.48 Down .0005
19 circRNA9965 CEP135 12.42 Down .0006
20 circRNA9842 SENP6 12.23 Down .0015

Figure 2. The figure shows the 3 types of differentially expressed circRNAs, most of which originate from exonic circRNAs.

Mu et al. Medicine (2019) 98:42 www.md-journal.com

5

http://www.md-journal.com


Figure 3. CircRNA of GO function analysis. A, GO function analysis to identify the biological process of circRNA. B, GO function analysis to identify the cellular
component of circRNA. C, GO function analysis to identify the molecular function of circRNA. y-axis, function of closely related to circRNAs; x-axis, enrichment
score –log 10 (P value). circRNA=circular RNA, GO=gene ontology.
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Figure 4. Kyoto encyclopedia of genes and genomes pathway analysis to identify the enriched circRNA. y-axis, signaling pathways closely related to circRNAs
(TOP 20); x-axis, enrichment score –log10 (P value). circRNA=circular RNA.

Table 4

Top 20 upregulated and downregulated circRNAs predicted miRNA response elements (MREs).

Accession MRE1 MRE2 MRE3 MRE4 MRE5

Top 20 upregulated circRNAs predicted MREs
circRNA4786 hsa-miR-6514-3p hsa-miR-3619-5p hsa-miR-761 hsa-miR-214-3p hsa-miR-3619-5p
circRNA716 hsa-miR-3157-5p hsa-miR-6860 hsa-miR-3187-5p hsa-miR-612 hsa-miR-5189-5p
circRNA3413 hsa-miR-103a-2-5p hsa-miR-1306-5p hsa-miR-6831-5p hsa-miR-4722-3p hsa-miR-6727-3p
circRNA7997 hsa-miR-6071 hsa-miR-1199-5p hsa-miR-6751-3p hsa-miR-1256 hsa-miR-6751-3p
circRNA510 hsa-miR-4524a-3p hsa-miR-519e-5p hsa-miR-515-5p hsa-miR-513b-5p hsa-miR-515-5p
circRNA1963 hsa-miR-3190-3p hsa-miR-3688-5p hsa-miR-4684-5p hsa-miR-4470 hsa-miR-4682
circRNA740 hsa-miR-3183 hsa-miR-6866-3p hsa-miR-6769b-3p hsa-miR-4723-3p hsa-miR-4723-3p
circRNA6453 hsa-miR-656-5p hsa-miR-138-1-3p hsa-miR-3074-3p hsa-miR-6083 hsa-miR-7154-5p
circRNA5430 hsa-miR-3179 hsa-miR-4425 hsa-miR-3135b hsa-miR-6802-5p hsa-miR-512-3p
circRNA7919 hsa-miR-1296-3p hsa-miR-6776-5p hsa-miR-939-5p hsa-miR-1343-5p hsa-miR-1296-3p
circRNA5574 hsa-miR-181c-3p hsa-miR-618 hsa-miR-4438 hsa-miR-1227-3p hsa-miR-378b
circRNA7784 hsa-miR-150-5p hsa-miR-6886-5p hsa-miR-627-5p hsa-miR-6507-3p hsa-miR-382-5p
circRNA9085 hsa-miR-6890-3p hsa-miR-6742-3p hsa-miR-6801-5p hsa-miR-4709-3p hsa-miR-4709-3p
circRNA6936 hsa-miR-581 hsa-miR-6818-5p hsa-miR-769-5p hsa-miR-3158-5p hsa-miR-4288
circRNA6783 hsa-miR-770-5p hsa-miR-4712-5p hsa-miR-4436b-5p hsa-miR-1286 hsa-miR-6839-5p
circRNA8857 hsa-miR-1288-3p hsa-miR-657 hsa-miR-6072 hsa-miR-6891-3p hsa-miR-6719-3p
circRNA1930 hsa-miR-6854-5p hsa-miR-1250-3p hsa-miR-4769-3p hsa-miR-508-5p hsa-miR-493-5p
circRNA197 hsa-miR-340-5p hsa-miR-548k hsa-miR-548av-5p hsa-miR-7156-3p hsa-miR-340-5p
circRNA3208 hsa-miR-876-5p hsa-miR-6871-5p hsa-miR-3188 hsa-miR-519c-3p hsa-miR-6762-3p
circRNA5177 hsa-miR-516b-5p hsa-miR-4421 hsa-miR-5699-3p hsa-miR-4793-5p hsa-miR-4793-5p

Top 20 downregulated circRNAs predicted MREs
circRNA9318 hsa-miR-6742-5p hsa-miR-103a-2-5p hsa-miR-3607-5p hsa-miR-5581-3p hsa-miR-6872-3p
circRNA9934 hsa-miR-3135b hsa-miR-3179 hsa-miR-4269 hsa-miR-4425 hsa-miR-6715b-5p
circRNA9879 hsa-miR-3180-5p hsa-miR-513c-5p hsa-miR-514b-5p hsa-miR-708-3p hsa-miR-6089
circRNA9768 hsa-miR-301b-5p hsa-miR-301a-5p hsa-miR-4474-3p hsa-miR-4255 hsa-miR-190b
circRNA10108 hsa-miR-4727-5p hsa-miR-4635 hsa-miR-513b-5p hsa-miR-196b-3p hsa-miR-4727-5p
circRNA9225 hsa-miR-4536-5p hsa-miR-4650-3p hsa-miR-4698 hsa-miR-4777-3p hsa-miR-5004-3p
circRNA9305 hsa-miR-139-5p hsa-miR-376a-2-5p hsa-miR-3691-3p hsa-miR-4460 hsa-miR-100-3p
circRNA9207 hsa-miR-1267 hsa-miR-6870-3p hsa-miR-589-5p hsa-miR-581 hsa-miR-4742-3p
circRNA10441 hsa-miR-4484 hsa-miR-4434 hsa-miR-10a-3p hsa-miR-4516 hsa-miR-367-3p
circRNA9226 hsa-miR-4698 hsa-miR-1229-5p hsa-miR-3132 hsa-miR-197-5p hsa-miR-6794-3p
circRNA10442 hsa-miR-1827 hsa-miR-376a-5p hsa-miR-7157-3p hsa-miR-5008-3p hsa-miR-4779
circRNA9994 hsa-miR-6747-3p hsa-miR-627-3p hsa-miR-4474-3p hsa-miR-3074-5p hsa-miR-876-5p
circRNA9610 hsa-miR-3191-5p hsa-miR-518c-5p hsa-miR-8057 hsa-miR-618 hsa-miR-4763-3p
circRNA9841 hsa-miR-22-5p hsa-miR-3671 hsa-miR-376a-5p hsa-miR-382-5p hsa-miR-3922-5p
circRNA10075 hsa-miR-3137 hsa-miR-4654 hsa-miR-4769-5p hsa-miR-551b-5p hsa-miR-1193

(continued )
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Table 4

(continued).

Accession MRE1 MRE2 MRE3 MRE4 MRE5

circRNA9257 hsa-miR-7161-3p hsa-miR-936 hsa-miR-30e-3p hsa-miR-7849-3p hsa-miR-30d-3p
circRNA9408 hsa-miR-6782-5p hsa-miR-1227-3p hsa-miR-1266-5p hsa-miR-4518 hsa-miR-1227-5p
circRNA9637 hsa-miR-6827-5p hsa-miR-5589-3p hsa-miR-4756-5p hsa-miR-4739 hsa-miR-4685-5p
circRNA9965 hsa-miR-4659a-3p hsa-miR-4659b-3p hsa-miR-6777-3p hsa-miR-3924 hsa-miR-558
circRNA9842 hsa-miR-4288 hsa-miR-4520-2-3p hsa-miR-7850-5p hsa-miR-3929 hsa-miR-4438

Figure 5. CircRNA-miRNA network. Cytoscape was used to generate a circRNA-miRNA coexpression network. The network map consists of the previously
identified 5 significantly upregulated circRNAs (represented by red nodes) and 5 significantly downregulated circRNAs (represented by green nodes) along with their
50 target miRNAs (represented by Green V line node). circRNA=circularRNA, miRNA=microRNA.

Mu et al. Medicine (2019) 98:42 Medicine
In addition, we showed 5 upregulated and upregulated
circRNAs listed for analyzing the interaction network between
circRNAs and miRNAs. The analysis showed that all of 10
circRNAs contained their respective MREs. A total of 50
miRNAs regulated by the 10 circRNAs were displayed as a
network generated by cytoscape software (Fig. 5).

3.4. DE circRNA validation

CircRNA5430 and circRNA6783 were selected for validation
because they had large expression difference (greater change of
Log2fold and smaller P value). The result showed that
8

circRNA5430 and circRNA6783 in 20 LA PWB were expressed
higher than those in controls, accord with the high-throughput
data (Fig. 6A and B).

4. Discussion

CircRNAs are a novel class of extensive and stable endogenous
RNAs that regulate gene expression in organisms.[14–16] The
covalently closed loop structures make circRNAs more stable
than liner RNA and insensitive to RNA exonuclease or
RNase.[17] These features make circRNAs the potential ideal
biomarkers for human diseases. Recent studies have showed that



Figure 6. A. DE circRNA validation. The relative levels of circRNA5430 by RT-
PCR analysis in peripheral whole blood samples from the 20 lung
adenocarcinoma (CA) compared with 10 normal controls (NC). The levels of
circRNA5430 from RT-PCR were expressed as a ratio of average 2�DDCt of
circRNA5430 form CA to NC. Data are expressed as means ± SD (P< .05).
circRNA, circular RNA; RT-PCR, reverse-transcription polymerase chain
reaction. B. The relative levels of circRNA6783 by RT-PCR analysis in
peripheral whole blood samples from the 20 lung adenocarcinoma (CA)
compared with 10 normal controls (NC). The levels of circRNA6783 from RT-
PCR were expressed as a ratio of average 2�DDCt of circRNA6783form CA to
NC. Data are expressed as means ± SD (P< .05). circRNA=circular RNA, RT-
PCR= reverse-transcription polymerase chain reaction.
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circRNAs can be used as diagnostic or predicted biomarkers for
colon cancer,[18] hepatocellular,[19] gastric cancer,[20] leuke-
mia,[21] and lung cancer.[22–24] However, little is known about
the role of circRNAs in LA of PWB. In this study, we performed a
high-throughput sequencing of dysregulated circRNAs by
comparing the expression profiles of PWB from patients with
LA and those from healthy controls. These observations may
assist future pathophysiology researches in LA and help
determine if circRNAs in PWB could be used as novel,
noninvasive biomarkers for LA diagnosis and treatment. At
present, no studies on the role of circRNAs in PWB of LA have
been reported; therefore, investigating the expression profile of
circRNA in PWB of LA and the corresponding functional
mechanism is particularly important.
In this study, we first analyzed the profiling of circRNAs in PWB

of 5 LA and 5 controls by high-throughput sequencing. The 4390
circRNAs were identified to significantly express differentially
9

between the 2 groups. DE circRNAs (3009 upregulated and 1381
downregulated) revealed an important role of circRNAs in LA.
Furthermore, we identified the major significantly changed GO

terms, most correlated pathways and predicted circRNA-
miRNA interactions with bioinformatics analysis.
GO and KEGG pathway analysis were used to confirm the

functional parental genes of DE circRNAs. We found that these
parental genes were functionally predicted to be related to cellular
components, molecular function regulation, and related to
biological process. KEGG pathway analysis showed that many
DE circRNAs corresponded to tumor signaling pathway, such as
Ubiquitin mediated proteolysis, Long-term potentiation, MAPK
signaling pathway et al. In particular, the MAPK signaling
pathway was involved in LA development and progression.[25–26]

We hypothesized that some circRNAs might change activation of
the tumor signaling pathway to influence LA development and
progression. Therefore, circRNAs in PWB could be used as LA
biomarkers for early diagnosis and treatment.
The circRNA -miRNA network showed that each DE

circRNAs related to the 5 tumor relevant miRNAs, affirming
circRNA may involve in the development of tumor. Recent
studies have shown that circRNAs negatively regulate miRNAs
and dramatically expand the endogenous network in competition
with endogenous RNA.[27] CircRNAs act as miRNA sponges in
LA, and their potential biological functions need further study.
The study explored circRNA expression profiles of LA by high-

throughput sequencing and identified DE circRNA.
Our study has some limitations. First, the sample size was too

small to make accurate conclusions. We would increase the
number of specimens in the future investigations. Second, DE
circRNAs discovered in this study need further validation. Third,
the study on the role of circRNAs in human tumor was still in its
infancy. In the future, a larger study should be performed to
verify our findings and confirm whether these findings can serve
as novel biomarkers for LA diagnosis treatment.
In conclusion, our study is the first to measure circRNA

expression in PWB from LA patients and healthy controls. The
findings may improve our understanding of the role of circRNAs
in PWB of LA patients, which suggest that circRNAs might serve
as novel biomarkers that may have promising functions and
valuable clinical significance in LA.
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