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Abstract: There are investigations suggesting that circular RNAs (circRNAs) may play a critical role in tumor progres-
sion, and that their identification could serve as novel biomarkers to improve cancer diagnosis. In this study, we 
proposed to investigate the landscape of circRNAs in lung squamous cell carcinomas (LSCCs) and to identify those 
that can aid in lung cancer (LC) diagnosis. The circRNA expression landscape and its functional assessments were 
profiled in five surgical LSCCs along with five paired adjacent normal tissues via next-generation sequencing (RNA-
seq) and bioinformatics technology. Correlations were explored between expression levels of validated circRNAs and 
clinical features of participants. ROC curves and AUC were constructed to evaluate the diagnostic values. Among 
256 co-differentially expressed circRNAs (co-DE circRNAs) in LSCCs with paired samples, there were 15 significantly 
co-upregulated and 93 significantly co-downregulated DE circRNAs. The GO function prediction analyses showed 
that protein binding, intracellular, and metabolic process were the top three functions of circRNA parental genes. 
Adherens junctions, lysine degradation, and ErbB signaling pathway were the three most enriched pathways ac-
cording to KEGG pathway assessment. Of five predicted co-DE circRNAs, including circLIFR, circBRAF, circPTPRM, 
circEPB41L2, and circPVT1, four co-DE circRNAs except circPVT1 were identified by qRT-PCR with Sanger sequenc-
ing in 86 samples (43 surgical LCs with 43 paired adjacent normal tissues). Futhermore, circLIFR, circBRAF, circPT-
PRM, and circEPB41L2 were significantly associated with pathological subtypes, which had a statistical discrepancy 
regarding LSCCs discriminated from lung adenocarcinomas. CircLIFR and circEPB41L2 were also negatively cor-
related with blood SCC. ROC curves showed that circLIFR exhibited the highest AUC value (0.871) in LCs with cor-
responding high sensitivity and specificity (0.744 and 0.884), and circEPB41L2 had the highest AUC value (0.947) 
in LSCCs with higher sensitivity (0.867) and specificity (0.947). Combination of these four co-DE circRNAs did not 
present a high AUC value (AUC: 0.871 in LCs; 0.937 in LSCCs), without corresponding increase in sensitivity (0.767 
in LCs, 0.933 in LSCCs) and specificity (0.837 in LCs, 0.867 in LSCCs). This study highlights downregulated four 
circRNAs (circLIFR, circBRAF, circPTPRM, and circEPB41L2) that might be promising diagnostic biomarkers for LCs, 
with circEPB41L2 being the best diagnostic biomarker for LSCCs.
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Introduction

Lung cancer (LC) is the leading cause of cancer 
deaths worldwide with a low 5-year overall sur-
vival rate of approximately 15% [1, 2]. There are 
two main pathological subtypes of LC, namely 
small cell lung cancer (SCLC) and non-small cell 
lung cancer (NSCLC), which mainly include lung 
adenocarcinoma (LADC), lung squamous cell 
carcinoma (LSCC), and large-cell carcinoma 

(LCC). Available investigations showed that sev-
eral tumor biomarkers were associated with 
histological types with significantly higher levels 
of carcinoembryonic antigen (CEA) in LADC, sq- 
uamous cell carcinoma antigen (SCC) and cyto-
keratin 19 fragment (CYFRA21-1) in LSCC, and 
neuron-specific enolase (NSE) in SCLC [3]. How- 
ever, these known biomarkers are insufficient 
for early diagnosis in LC patients due to the rel-
atively low specificity and sensitivity [3, 4]. 
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Circular RNA (circRNA) is a type of endogenous 
non-coding RNA with a covalently closed loop, 
stability, and widespread distribution, and it 
typically exists in the cytoplasm, cell nucleus, 
or exosomes. According to current studies, cir-
cRNA may be involved in multiple biological and 
pathophysiological processes, such as the reg-
ulation of cell behavior [5], gene transcription 
[6] and expression, interaction with proteins by 
serving as absorbing microRNA sponges [7-9], 
regulating or binding proteins [5, 6], encoding 
peptides [10], protein translation [11], and sig-
naling pathway modulation [12, 13]. Consequ- 
ently, circRNA dysregulation may play an impor-
tant role in disease development and progres-
sion, especially cancer [14, 15]. Under the help 
of high-throughput sequencing of RNA (RNA-
seq) and bioinformatics technologies, tremen-
dous numbers of circRNAs have been identified 
and determined to be expressed specifically 
and differently in various cancer cell lines [12, 
16, 17], cancer tissues [12, 13, 16-20], plasma 
[18], and exosomes [21]. Abundant circRNAs 
have also been confirmed in various types of 
cancer, including hepatocellular carcinoma 
[13], colorectal or gastric cancer [18, 20], glio-
mas [22], breast cancer [16], and esophageal 
squamous cell carcinoma [17], suggesting that 
circRNAs could be novel biomarkers for cancer 
diagnosis. However, the underlying characteris-
tics of circRNAs remain largely unknown, espe-
cially in LC. A recent study [12] showed that  
that circ-ITCH inhibits LC progression in both 
tissues and cell lines via suppressing the prolif-
eration of LC cells as sponges of miR-7 and 
miR-214 and inhibiting Wnt/β-catenin signal 
transduction. 

In this study, we proposed to portray the expres-
sion profile of circRNAs and assess their func-
tions in human LSCCs through RNA-seq and 
analyze the differential expression of validated 
circRNAs correlating with clinical characteris-
tics to further study whether circRNAs can serv-
er as biomarkers for lung cancer diagnosis.

Materials and methods

Human paired specimens

Eighty-six specimens (43 lung tumor and 43 
adjacent normal paired tissues) were acquired 
on patients who were diagnosed with primary 
LC at the pathology department of Chinese  
PLA general hospital and underwent surge- 

ries. None of the patients received preopera-
tive chemotherapy or radiotherapy. All isolated 
lung specimens were placed in liquid nitrogen 
within half an hour. With written informed con-
sent, patient demographic information and oth- 
er lab test information were collected, includ- 
ing gender, age, smoking status, cancer family, 
TNM8th, and blood biomarkers (blood CEA, SCC, 
CYFRA21-1, and NSE). The study was approved 
by the Clinical Research Ethics Committee of 
the Chinese PLA General Hospital. 

RNA-seq analysis

RNA isolation, library preparation, and circRNA 
sequencing: Total RNA (no less than 3 μg) from 
each of the 10 samples (5 LSCCs and 5 adja-
cent normal paired tissues) was isolated using 
TRIzol reagent (Life Technologies, Carlsbad, CA, 
USA). RNA quantification and qualification were 
certified as follows: RNA degradation and con-
tamination were checked using the NanoPho- 
tometer® spectrophotometer (Implen, Westla- 
ke Village, CA, USA) and on 1% agarose gels. 
Furthermore, RNA concentration and integrity 
were assessed using Qubit® RNA Assay Kit in 
the Qubit® 2.0 Fluorometer (Life Technologies) 
and RNA Nano 6000 Assay Kit of the Bioana- 
lyzer 2100 system (Agilent Technologies, Santa 
Clara, CA, USA).

Ribosomal RNA (rRNA) was removed using Epi- 
centre Ribo-zeroTM rRNA Removal Kit (Epicen- 
tre, Madison, WI, USA) and cleaned via ethanol 
precipitation to construct RNA-seq libraries in 
advance. Strand-specific sequencing libraries 
were generated using the rRNA-depleted RNA 
from the NEBNext® UltraTM Directional RNA Li- 
brary Prep Kit for Illumina® (NEB, Ipswich, MA, 
USA) following the manufacturer’s recommen-
dations. Briefly, the first- and second-strand 
complementary DNAs (cDNAs) were synthesiz- 
ed with random hexamer primers after frag-
mentation of ribosome-depleted RNA. dTTP in 
the dNTPs was replaced by dUTP in the reac- 
tion buffer for the second-strand cDNA synthe-
sis. After the adenylation of the 3’ ends of DNA 
fragments, NEBNext Adaptor with hairpin loop 
structure was ligated to prepare for hybridiza-
tion. Thereafter, the size-selected and adaptor-
selected library fragments preferentially 150-
250 bp in length were chosen by 3 μL USER 
Enzyme (NEB) and purified with the AMPure  
XP system (Beckman Coulter, Brea, CA, USA) 
before polymerase chain reaction (PCR). PCR 
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amplification was performed with Phusion 
High-Fidelity DNA Polymerase, Universal PCR 
Primers, and Index (X) Primer, and products 
were subsequently purified using the AMPure 
XP system. Finally, the quality of the libraries 
was assessed using the Agilent Bioanalyzer 
2100 system. The libraries were sequenced  
on the Illumina Hiseq 2500 platform with the 
generation of 125-bp paired-end reads, after 
clustering the index-coded samples on a cBot 
Cluster Generation System using TruSeq PE 
Cluster Kit v3-cBot-HS (Illumina, San Diego, CA, 
USA). RNA-seq was operated by next-genera-
tion and high-throughput sequencing (Figure 
1A).

Identification and quantification of inferred cir-
cRNAs in LSCCs: The clean data (clean reads) 
of RNA-seq were obtained by removing reads 
containing adaptor or poly-N and low-quality 
reads from raw data (FASTQ format) processed 
through in-house Perl scripts. All the down-
stream analyses were performed on the basis 
of the clean data with high quality calculated by 
Q20, Q30, and GC content. Then, the index of 
the reference genome was built using Bowtie 
v2.0.6 [23], and paired-end clean data were 
mapped or aligned to the reference genome 
(GRCh37/hg38) from the UCSC genome data-
base (http://genome.ucsc.edu/) using TopHat 
v2.0.9 [24]. The unmapped reads were used to 

Figure 1. The landscape of circRNAs in 10 samples (five LSCCs and five adjacent normal paired tissues). A. Flow 
diagram of profiling of circRNAs via RNA-seq and bioinformatics. B. Histogram presenting the length distribution 
of circRNAs in each sample. The median length was 998 nt. C. Parental genome origin of inferred circRNAs in 10 
samples. D. The normalized expression of putative circRNAs using Read count_TPM. Read count_TPM were 0-0.1 
transcripts per million reads accounting for nearly more than 80% of circRNAs.
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identify circRNAs as previously described, de- 
noted as “find_circ” [25]. In brief, the unmap- 
ped reads were processed to 20-nucleotide 
anchors from both ends of the read. Anchors 
that aligned in the reverse orientation (head- 
to-tail) indicated (represent) a back-spliced 
junction. Anchor alignments were extended in  
a way so that the complete read aligned and 
the breakpoint was flanked by a GT/AG splice 
site. Read counts no less than two were ascer-
tained as predicted circRNAs. Known circRNAs 
were annotated according to circBase website 
(http://www.circbase.org/) to distinguish novel 
circRNAs.

The total read count that spanned back-spli- 
ced junctions was used as an absolute mea-
sure of circRNA abundance. The normalized re- 
lative expression of one circRNA was estima- 
ted by denoted TPM (i.e., transcripts per million 
reads) [26]. In short, TPM_read count = circular 
read count*1,000,000/sum of read count. The 
genomic regions that were mapped to predict 
circRNAs were annotated according to RefSeq 
and UCSC Known Genes databases 37. The 
corresponding genes of transcript fragments 
as the parental genes of circRNAs were deter-
mined via a custom script that identified the 
longest transcript fragment whose boundaries 
(5’ end or 3’ end) exactly matched both ends of 
the circRNA in the same strand.

Identification of differentially expressed circR- 
NAs and their functional assessment: Differ- 
ential expression (diff_expression) of circRNAs 
(DE_circRNAs) in all paired samples was deter-
mined via DESeq2, a model based on the nega-
tive binomial distribution [27]. Transcripts with 

significantly enriched by differentially express- 
ed genes.

qRT-PCR of inferred circRNAs in lung cancer 
samples with Sanger sequencing

The total RNA from 86 samples (43 LC and 43 
adjacent normal paired tissues) was isolated 
with DNA elimination using TRIzol (Life Techno- 
logies) and DNase I. cDNA was synthesized 
with the PrimeScript RT Master Mix (Takara, 
Dalian, China) with 1 μg RNA from each sam- 
ple. To quantify the inferred circRNAs, real- 
time quantitative PCR (qPCR) was performed 
using SYBR Premix Ex Taq II (Takara). In particu-
lar, divergent primers annealing at the distal 
ends (or spanning the cyclization site) of cir-
cRNAs were used to determine the abundance 
of circRNAs, and GAPDH was used as an inter-
nal standard. Sanger sequencing was perform- 
ed to identify the specificity of each circRNA 
primer and the cyclization sites (Table 1 and 
Supplementary Figure 1)����������������������   . The relative expres-
sion of circRNAs was calculated using the 2-ΔΔCt 
method [31].

Statistical analysis

Statisticcal analysis and graph were perform- 
ed using IBM SPSS22.0 and GraphPad Prism 
6.0. The underlying association between the 
inferred circRNAs and the clinical characteris-
tics of the participants were analyzed and com-
puted using the Pearson or Spearman coeffi-
cients, as appropriate. The comparisons betw- 
een two or more groups were assessed using 
the Student’s t-test or one-way analysis of  
variance, as appropriate. The receiver operat-

Table 1. Primers of circRNAs and GAPDH for qRT-PCR
Name or ID Primer Sequence
GAPDH Forward CATGAGAAGTATGACAACAGCCT

Reverse AGTCCTTCCACGATACCAAAGT
hsa_circ_0001821 Forward GCTGGGCTTGAGGCCTGAT 

Reverse CCAGACCACTGAAGATCACTG
hsa_circ_0072309 Forward GGAGCTCGTAAAATTAGACTG

Reverse AATGTTGATAACAGCCACTGGA
hsa_circ_0006114 Forward TGCCAGCTTATGAACTTGAGAC

Reverse TGTTTGAGTTGGTTCTCTCCAC
hsa_circ_0006460 Forward AAGCCACAACTGGCTATTGTTA

Reverse TCTCGTTGCCCAAATTGATT
hsa_circ_0077837 Forward CATGCCAAGGGACAAGTGTTAT

Reverse TTGCATCTGTTCCTAACTGGCT

adjusted P-value (q-value) less than 0.05 
and |log2

(foldchange)| more than 1 were as- 
signed as statistical diff_expression. Gene 
Ontology (GO, http://www.geneontology.
org/) enrichment analysis of parental ge- 
nes of DE_circRNAs was implemented by 
the GOseq R package, via Wallenius non-
central hypergeometric distribution in 
which the gene length bias was correct- 
ed [28]. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway (http://www.
genome.jp/kegg/) was used to systemati-
cally understand the putative functions of 
the biological system of the parental genes 
of circRNAs via KOBAS software [29, 30]. 
The GO terms or KEGG pathways with 
q-values less than 0.05 were considered 
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ing characteristic (ROC) curves were used to 
evaluate the diagnostic values of the circRNAs 
in LCs or LSCCs. All analyses were two-sided 
and P-value <0.05 was considered statistically 
significant.

Results

Expression profiles of circRNAs via RNA-seq in 
LSCCs with adjacent normal paired tissues

The characteristics of circular RNA transcripts 
via RNA-seq analysis of rRNA-depleted RNA 
from 10 samples (five LSCCs and five adjacent 
normal paired tissues are shown in Figure 1. 
The constructed RNA-seq libraries of each sam- 
ple were sequenced with Illumina HiSeq, yield-
ing more than 50 million reads mapping to the 
human reference genome (GRCH37/hg38). A 
computational pipeline based on anchor align-
ment and more than two back-spliced junct- 
ions of unmapped reads was applied to ascer-
tain inferred circRNAs as previously described 
[25, 26]. A total of 16,893 predicted circRNAs 
by sequencing paired tissues was obtained. 
There were 10,289 novel circRNAs and 6,604 

overlapped circRNAs in all predicted circRNAs 
in all lung samples according to the circBase 
website. The median of the circRNA length dis-
tribution was 998 nt (Figure 1B). 

The inferred circRNAs were annotated to deter-
mine their characteristics. Approximately 80% 
of the circRNA host genome originated from 
exons, 8% from introns, and 12% from intergen-
ic regions (Figure 1C). Read counts were used 
to normalize the expression of putative cir-
cRNAs using TPM. Read count_TPM of more 
than 80% circRNAs were 0-0.1 (Figure 1D). 
Aberrant expression analysis of numerous cir-
cRNAs indicated a specific expression land-
scape in five paired LSCC samples (Figure 2A- 
F). A total of 9,952 downregulated circRNAs 
and 9,202 upregulated circRNAs in all five pa- 
ired samples were identified, as evaluated by 
volcano plots (Figure 2B-F). However, of all DE_
circRNAs in matched tissues, there were only 
256 co-differentially expressed circRNAs (co-
DE_circRNAs) shown from hierarchical cluster-
ing analysis (Figure 2A), among which 15 were 
significantly co-upregulated and 93 were co-
downregulated (Supplementary Table 1). 

Figure 2. Analysis of co-differentially expressed circRNAs (co-DE_circRNAs) in five paired samples. A. Hierarchical 
clustering analysis of 256 co-DE_circRNAs in five paired samples. B-F. Volcano plots of downregulation and upregu-
lation of all DE_circRNAs in each paired sample.
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Function assessments of circRNAs according 
to GO and KEGG pathway analysis

We used the GO and KEGG pathway enrich-
ment analyses to systematically explore pos- 
sible functions according to the parental ge- 
nes of DE_circRNAs. The GO term types consist 

adjacent normal paired tissues). Only four of 
five co-DE_circRNAs were validated primarily 
via reverse transcription qPCR (qRT-PCR) (Fig- 
ure 4A-E), the same trend as in RNA-seq data 
(Figure 4F). Sanger sequencing was perform- 
ed to verify the primers and the cyclization  
sites of circRNAs (Supplementary Figure 1).

Figure 3. GO and KEGG pathways of co-enrichment analysis in five paired 
LSCC samples. A. Top 10 GO of co-enrichment analysis. B. Top 7 KEGG path-
ways of co-enrichment analysis.

of cellular component (CC), 
biological process (BP), and 
molecular function (MF). The 
top three functions of the 
parental genes were enriched 
mainly in protein binding of 
molecular function, intracellu-
lar part of cellular component, 
and metabolic process of bio-
logical process in turn (Figure 
3A, Supplementary Figure 2). 
KEGG pathway analysis was 
performed based on q-value 
<0.05 and rich factors. The 
closer the q-value is to zero, 
the higher the rich factor is, 
the more significantly the pa- 
thways are enriched by par- 
ental genes of DE_circRNAs. 
Of the top 20 significantly 
enriched pathways in five pa- 
ired LSCCs, adherens junc-
tion, lysine degradation, and 
the ErbB signaling pathway 
were the three most enriched 
pathways sequentially (Figure 
3B, Supplementary Figure 3) 
and were associated with 
NSCLCs [32, 33].

Identification of inferred DE_
circRNAs by qRT-PCR with 
Sanger sequencing in lung 
cancer tissues

All 108 (15 up-regulated and 
93 down-regulated) co-DE_
circRNAs in five paired LS- 
CCs originated from 108 (22 
up + 86 down) assumed par- 
ental genes. PubMed was us- 
ed as the search engine to 
study whether putative par- 
ental genes were associated 
with previous cancer studies. 
Five co-DE_circRNAs were 
chosen for verification in 86 
lung samples (43 LC and 43 
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Correlations between clinical features and cir-
cRNA expression levels (2-ΔΔCt) in lung cancer

In order to exclude the possible effects of clini-
cal features on the relative expression of each 
validated circRNA, clinical characteristics of LC 
subjects were portrayed first (Table 2). Accor- 
ding to the classical pathological types of LC, 
there were 15 (34.88%) LSCCs, 19 (44.19%) 
LADCs, 3 (6.98%) mixed, and 6 (13.95%) other 
types of lung carcinomas. Mixed LC indicated 
no less than two histological patterns in one 
sample, such as adenosquamous and adeno- 
or squamous- with other types. Six other types 
in our registered patients included 3 neuroen-
docrine carcinomas, 2 large cell carcinomas, 
and 1 myoepithelial carcinoma. The stages of 
the 43 collected LCs were as follows: 39 
(90.70%) IA1-IIIA and 4 (9.30%) IIIB-IV stages, 
according to the eighth edition of the TNM  
classification (TNM8th) for LC in 2016 [34]. It 
was concluded that most LC samples were 
from males in early stages of LC. Furthermore, 
all female and two male patients were non-
smokers. Most female nonsmokers had LADCs 
(6/7), while male smokers (34/36) had LSCCs 
(15/34), LADCs (12/34), and other subtypes.

Gender, age, smoking status, cancer family, 
TNM8th, and blood CEA, CYFRA21-1, and NSE 

were not associated with expression levels of 
the four validated co-DE_circRNAs in LC tis-
sues (all P>0.05), but the expression levels 
were associated with pathological types with 
statistical significance (P<0.05). Specifically, 
pathological types had a significant correlat- 
ion with three circRNAs excluding hsa_circ_ 
0072309 (hsa_circ_0072309: P = 0.068> 
0.05; hsa_circ_0006114: P = 0.013<0.05; 
hsa_circ_0006460: P = 0.035<0.05; hsa_
circ_0077837: P = 0.001<0.01, Spearman cor-
relations). Hsa_circ_0072309 and hsa_circ_ 
0006460 were both negatively correlated with 
blood SCC (hsa_circ_0072309: P = 0.028< 
0.05; hsa_circ_0077637: P = 0.034<0.05) 
(Table 3).

Diagnostic potential evaluation of inferred cir-
cRNAs in early stage lung cancer 

To evaluate whether the validated circRNAs can 
serve as indicators for LC, the ROC curves were 
used and the area under the ROC curve (AUC) 
values were computed (Table 4, Figure 5). The 
highest AUC value of the four circRNAs of LCs 
was that of Hsa_circ_0072309 (AUC: 0.871) 
corresponding to a sensitivity 0.744 and a 
specificity 0.884. Combination of these four  
circRNAs produced a high AUC value (AUC: 
0.871, Figure 7A), without corresponding in- 

Figure 4. Identification of inferred DE_circRNAs in lung cancer samples by qRT-PCR, with the same trend as in 
RNA-seq. A-E. Identification of inferred DE_circRNAs in 86 samples (43 lung cancer and 43 paired adjacent non-
tumor tissues) by qRT-PCR (normalized by GAPDH). F. qRT-PCR with the same trend as in RNA-seq of four identified 
circRNAs. *P>0.05, **P<0.01.
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Table 2. Clinical characteristics of lung cancer patients
Characteristics Subgroup Numbers of case (freq %)
Gender Male 36 (83.72)

Female 7 (16.28)
Age (year-old) Mean ± SE: 57.95±1.16

≤50 10 (23.26)
>50-60 17 (39.53)

>60 16 (37.21)
Smoking status Median (25%-75% quentile): 22.50 (5.00-40.00)

No smoking 9 (20.93)
Smoking 34 (79.07)

Packs per year >0-30 14 (32.56)
>30-60 11 (25.58)

>60 9 (20.93)
Cancer family No 31 (72.09)

Yes 12 (27.81)
Lung cancer 4 (9.30)
Other cancer 8 (18.60)

Pathological types Squamous carcinoma 15 (34.88)
Adenocarcinoma 19 (44.19)

Mixed 3 (6.98)
Others 6 (13.95)

TNM8th I-IIIA 39 (90.70)
IIIB-IV 4 (9.30)

SCC (<1.8 ng/ml) No 36 (83.7)
Yes 7 (16.3)

CEA (0-5 ug/L) No 31 (72.1)
Yes 12 (27.9)

NSE (0-24 ng/ml) No 42 (97.7)
Yes 1 (2.3)

CYFRA21-1 (0.1-4.0 ng/ml) No 29 (67.4)
Yes 13 (30.2)

Missing 1 (2.4)

Table 3. Correlation between each circRNA expression and characteristics of lung cancer patients

Characteristics
P-values (coefficient) of each circRNA

01821 72309 06114 06460 77837
Gender 0.627 0.228 0.381 0.456 0.215
Age 0.993 0.603 0.168 0.490 0.317
Smoking status 0.660 0.182 0.410 0.444 0.173
Cancer family 0.955 0.305 0.119 0.226 0.125
Pathological types 0.241 0.068 0.013 (0.375*) 0.035 (0.322*) 0.001 (0.476*)
TNM8th 0.214 0.427 0.393 0.930 0.203
SCC (<1.8 ng/ml) 0.582 0.028 (-0.335*) 0.215 0.974 0.034 (-0.325*)
CEA (0-5 ug/L) 0.131 0.505 0.309 0.979 0.832
NSE (0-24 ng/ml) 0.475 0.937 0.300 0.874 0.475
CYFRA21-1 (0.1-4.0 ng/ml) 0.084 0.413 0.181 0.200 0.140
Notes: 01821: hsa_circ_0001821, 72309: hsa_circ_0072309, 06114: hsa_circ_0006114, 06460: hsa_circ_0006460, 
77837: hsa_circ_0077837; (*): correlation coefficient.
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crease in sensitivity (0.767) and specificity 
(0.837).

The diagnostic value of circRNAs in LSCCs was 
further assessed to discriminate from LADCs. 
According to the multiple comparison analyses 
based on the Kruskai-Wallis test, there was sta-
tistically differential expression in the four cir-
cRNAs between LADC, and LSCC subgroups 
(P<0.001) (Figure 6A-E). Hsa_circ_0006460 
was also significantly discriminated between 
squamous and mixed carcinoma subgroups. 
Other multiple comparisons of the four circ- 
RNA expression levels between any two pa- 
thological subtypes had no statistical differ-
ence (P>0.05). Then, AUC values of the four cir-
cRNAs were found to be higher than 0.8; hsa_
circ_0077837 showed the highest AUC value 
(0.947) with a higher sensitivity (0.867) and a 
specificity (0.947) (Table 5, Figure 6F). The co- 
mbination of these four circRNAs did not pre-
sented a higher AUC value (AUC: 0.937, Figure 
7B), with sensitivity of 0.933 and specificity of 
0.867.

In summary, we first portrayed the landscape  
of circRNAs in LSCCs and validated the down-

regulation of four validated circRNAs in LCs 
(hsa_circ_0072309, hsa_circ_0006460, hsa_
circ_0006114, hsa_circ_0077837). The pro-
tein binding of molecular function, intracellular 
part of cellular component, and metabolic pro-
cess of biological process were the top three 
functions of circRNA parental genes, and adhe-
rens junction, lysine degradation, and ErbB sig-
naling pathway were the three most enriched 
pathways. The downregulated expression lev-
els of circRNAs also had statistical discrepancy 
regarding LSCCs discriminated from LADCs. 
Pathological types of LCs were associated with 
expression levels of three circRNAs, regardless 
of gender, age, smoking status, cancer family, 
TNM8th, or blood CEA, NSE, and CYFRA21-1. 
Hsa_circ_0072309 and hsa_circ_0077837 
were negatively correlated with blood SCC. 
Hsa_circRNA_0072309 and hsa_circ_00778- 
37 may serve as biomarkers for the diagnosis 
of LCs and LSCCs, respectively. 

Discussion

Early diagnosis of LC is very critical for im- 
proving the survival rate of the patients with 
lung cancer. The traditional biomarkers of LS- 
CC (SCC and CYFRA 21-1) have relatively low 
sensitivity and specificity in the early stage of 
lung cancer. There are increasing evidence th- 
at cancer-related circRNAs are promising bio-
markers for diagnosis, prognosis, and survival 
[15, 18, 20, 35]. Nevertheless, investigation of 
circRNAs as favorable tumor biomarkers of LC 
is incomplete and based on systemic research, 
most of which have focused on basic cell lines 
or tumor types other than LC, especially LSCCs. 
Therefore, features and functions of circRNAs 
in LC remained unclear. 

Recently, Wang et al. demonstrated circ-ITCH 
expression and its characteristics in 76 Chine- 
se LC patients [12]. Another team showed the 
overexpression of circRNA_100876 in NSCLC 

Table 4. AUC values of circRNAs in LCs

circRNA_ID P-value AUC (SE)
95% CI Cutoff 

Value
Sensitivity 

(%)
Specificity 

(%)
Youden 
IndexLB UB

Hsa_circ_0072309 P<0.001 0.871 (0.039) 0.794 0.948 8.092 0.884 0.744 0.628
Hsa_circ_0006114 P<0.001 0.821 (0.047) 0.730 0.912 6.109 0.860 0.721 0.581
Hsa_circ_0006460 P<0.001 0.778 (0.051) 0.678 0.877 3.068 0.814 0.698 0.512
Hsa_circ_0077837 P<0.001 0.861 (0.045) 0.774 0.948 9.023 0.860 0.814 0.674
Notes: AUC: area under the receiver operating characteristic curve; SE: standard error; 95% CI: 95% confidence interval; LB: 
lower Bound of 95% CI; UB: upper Bound of 95% CI; Cutoff: Cutoff value for diagnosis.

Figure 5. ROC curves in LCs.
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and its prognostic value [35]. However, both 
groups studied only a single circRNA identified 
by previous investigators, and the results were 

not consistent with this study. We reported a 
profiling study from the circRNA perspective in 
human LC though RNA-seq and bioinformatics 

Figure 6. Identification of inferred DE_circRNAs in LSCCs discriminated from LADCs by qRT-PCR (A-E. Normalized by 
GAPDH) and ROC curves of four identified DE_circRNAs in LSCCs (F). *P>0.05, *P<0.05, **P<0.01.

Figure 7. Combined ROC curves in LCs (A) and LSCCs (B).

Table 5. AUC values of circRNAs in LSCCs

circRNA_ID P-value AUC (SE)
95% CI Cutoff 

Value
Sensitivity 

(%)
Specificity 

(%)
Youden 
IndexLB UB

Hsa_circ_0072309 P<0.001 0.825 (0.072) 0.684 0.965 0.842 0.733 0.744 0.575
Hsa_circ_0006114 P<0.001 0.884 (0.055) 0.776 0.992 2.379 1.000 0.632 0.632
Hsa_circ_0006460 P<0.001 0.881 (0.057) 0.768 0.993 2.006 1.000 0.632 0.632
Hsa_circ_0077837 P<0.001 0.947 (0.036) 0.877 1.000 0.458 0.867 0.947 0.814
Notes: AUC: area under the receiver operating characteristic curve; SE: standard error; 95% CI: 95% confidence interval; LB: 
lower Bound of 95% CI; UB: upper Bound of 95% CI; Cutoff: Cutoff value for diagnosis.
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technology. We profiled several DE_circRNAs in 
five paired tissues of surgical LSCC samples 
and identified four co-DE_circRNAs tentatively. 
Functional prediction of DE_circRNAs was also 
performed on the basis of the GO and KEGG 
analyses. Correlation with clinical characteris-
tics were assessed. To our knowledge, this is 
the first study where four circRNAs were iden- 
tified as diagnostic biomarkers in LC, although 
their specific properties in LC still remain un- 
clear.

We initially profiled the landscape of circRNAs 
and annotated them in 10 samples, and then 
filtered DE_circRNAs in LCs with paired adja-
cent normal tissues according to RNA-seq and 
demonstrated five circRNAs in 86 samples 
(hsa_circ_0001821, hsa_circ_0072309, hsa_
circ_0006114, hsa_circ_006460, hsa_circ_ 
0077837). Our results indicate that four of  
the five circRNAs were downregulated in LCs 
and distinguished from corresponding pair- 
ed samples with respective multiples (hsa_
circ_0072309: 5.603-fold, hsa_circ_00061- 
14: 3.235-fold, hsa_circ_006460: 2.924-fold, 
hsa_circ_0077837: 2.846-fold). 

The functions of the five circRNAs remain un- 
clear, although their parental genes might be 
involved in cancer generation and progress. 
The parental gene of hsa_circ_0072309, na- 
med circLIFR, is leukemia inhibitory factor re- 
ceptor (LIFR), which was demonstrated to be  
a metastasis suppressor and prognostic bio-
marker in abundant tumors, such as in hepato-
cellular and pancreatic cancer [36, 37]. Investi- 
gators have not clarified the relationship be- 
tween LIFR and LC so far, albeit LIFR is distrib-
uted in lung and bronchial epithelium [38, 39]. 
Another circRNA (hsa_circ_0006114) parental 
gene, protein tyrosine phosphatase-μ (PTPRM), 
might regulate cancer cell migration in A549 
cell lines [40]. PTPRM is a tumor suppressor 
contributing to colonic tumorigenesis [41] and 
is negatively associated with disease prognosis 
for breast cancer [42]. Therefore, PTPRM dem-
onstrates a variety of characteristics in differ-
ent types of cancer. The parental gene of the 
third circRNA, namely circEPB41L2, is one of 
the skeletal protein 4.1 (EPB41) gene family 
members (erythrocyte protein 4.1G, EPB41L2). 
The protein level of 4.1G was found to be signi- 
ficantly lower in NSCLCs with relation to tumor 
cell differentiation [43]. The functions of the 
three circRNAs mentioned above are not clear 

yet. We verified their downregulation of expres-
sion and diagnostic value in LCs, especially in 
LSCCs. It is well known that the BRAF gene is 
one of the oncogenic drivers of NSCLC and 
SCLC. Hsa_circ_006460, termed circBRAF, 
might serve as a diagnostic biomarker for LCs 
in our study, consistent with that in glioma 
patients [22]. PVT1, one of the long non-cod- 
ing RNAs, was identified as a potential target 
marker for diagnosis and poor prognosis in  
LCs in a previous study [44]. However, hsa_
circ_0001821, named circPVT1, as a prognos-
tic marker of gastric cancer [20], did not exhi- 
bit statistically different expression in our LC 
samples compared with in adjacent normal 
tissues. 

We then assessed the correlations between cir-
cRNA expression levels and the clinical charac-
teristics, and the diagnostic ability of circRNAs 
in early stage LCs. Three of the four circRNA 
expression levels were statistically associated 
with tumor pathological subsets (LADC and LS- 
CC) (circPTPRM, circBRAF, and circEPB41L2: r 
= 0.375, 0.322, 0.476, respectively). CircLIFR 
and circEPB41L2 were negatively associated 
with blood SCC as well. circLIFR exhibited a 
suitable diagnosis value for LCs (the highest 
AUC value of four circRNAs: 0.871, sensitivity: 
0.744, specificity: 0.884), as did circEPB41L2 
for LSCCs (AUC value: 0.947, sensitivity: 0.867, 
specificity: 0.947), indicating that these cir-
cRNAs could be appropriate diagnosis bio- 
markers for LCs or LSCCs.

Finally, the putative functions and enrichment 
of DE_circRNAs were systematically assessed 
using GO and KEGG using their parental genes. 
The top three functions of the source genes 
were enriched mainly in the protein binding of 
molecular function, intracellular part of cellular 
component, and metabolic process of biologi-
cal process, in turn, based on GO functional 
prediction. The results were consistent with 
previous reports [5-9]. The three most enriched 
pathways were filtered from the top 20 most 
significant ones in five paired LSCCs: adherens 
junction, lysine degradation, and ErbB signaling 
pathway. A number of investigators found that 
the loss of cell-to-cell adhesion was critical to 
drive cancer cell proliferation and migration via 
repressing cell adhesion molecules in LC [32]. 
Lysine degradation is one of the famous meta-
bolic pathways, but it is unclear as how lysine 
degradation plays a role in LC. ErbB signaling 
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pathway has been investigated extensively and 
is involved in cancer-associated signaling path-
ways including in LC [33]. The functional enrich-
ment of circRNAs in LC should be studied fur-
ther to validate the roles of circRNAs in LC 
development.

In conclusion, the landscape of circRNAs and 
the function assessments of Chinese LSCCs 
were profiled. The downregulation of expres-
sion of the four circRNAs was significantly dif-
ferent in LC (circLIFR, circBRAF, circPTPRM, 
and circEPB41L2) and associated with patho-
logical types. CircLIFR and circEPB41L2 had a 
negative correlation with blood SCC. Hence, the 
four circRNAs may serve as diagnostic biomark-
ers for LCs, or even LSCCs. However, additional 
investigative efforts are needed to confirm our 
findings with additional samples.
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Supplementary Figure 1. Sanger sequencing information of five circRNAs. Red arrow indicates cyclization site of 
each circRNA.
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Supplementary Table 1. Upregulated and downregulated co-DE_circRNAs
Upregulated Downregulated 
hg38_circ_0002203 hsa_circ_0077837 hg38_circ_0006619 hg38_circ_0011973
hg38_circ_0003610 hg38_circ_0013903 hg38_circ_0004554 hg38_circ_0015159
hg38_circ_0003609 hg38_circ_0009591 hg38_circ_0004551 hsa_circ_0056280
hg38_circ_0009240 hsa_circ_0000348 hsa_circ_0001613 hsa_circ_0047720
hsa_circ_0085173 hg38_circ_0005157 hg38_circ_0004568 hg38_circ_0003499
hsa_circ_0063809 hg38_circ_0012535 hsa_circ_0001648 hsa_circ_0001806
hsa_circ_0013218 hg38_circ_0006305 hg38_circ_0006568 hg38_circ_0000556
hg38_circ_0016015 hg38_circ_0006303 hsa_circ_0003353 hg38_circ_0011898
hsa_circ_0000766 hg38_circ_0002430 hsa_circ_0026782 hg38_circ_0012904
hg38_circ_0013877 hg38_circ_0002433 hsa_circ_0001936 hsa_circ_0000038
hsa_circ_0001821 hsa_circ_0072309 hg38_circ_0000381 hsa_circ_0008731
hsa_circ_0001238 hg38_circ_0013891 hsa_circ_0061774 hg38_circ_0012586
hsa_circ_0004543 hg38_circ_0006321 hg38_circ_0014988 hsa_circ_0024834
hsa_circ_0000768 hsa_circ_0093343 hsa_circ_0000369 hsa_circ_0006693
hg38_circ_0013878 hg38_circ_0011841 hg38_circ_0005386 hg38_circ_0011189

hg38_circ_0016283 hg38_circ_0012903 hsa_circ_0008216
hg38_circ_0006304 hsa_circ_0054558 hsa_circ_0001617
hsa_circ_0006834 hsa_circ_0006376 hsa_circ_0003459
hsa_circ_0003176 hsa_circ_0006460 hsa_circ_0001953
hsa_circ_0002872 hsa_circ_0016123 hg38_circ_0016600

hg38_circ_0006300 hsa_circ_0078299 hsa_circ_0008234
hsa_circ_0058495 hsa_circ_0003310 hsa_circ_0004689

hg38_circ_0010286 hg38_circ_0013130 hsa_circ_0005692
hg38_circ_0008269 hsa_circ_0003587 hsa_circ_0002454
hsa_circ_0001320 hsa_circ_0000702 hsa_circ_0058493

hg38_circ_0009740 hsa_circ_0001236 hsa_circ_0001523
hg38_circ_0000704 hsa_circ_0054214 hsa_circ_0005941
hsa_circ_0006114 hg38_circ_0000920 hsa_circ_0001529
hsa_circ_0005204 hg38_circ_0010139 hsa_circ_0001640
hsa_circ_0008518 hg38_circ_0004558 hg38_circ_0002426
hsa_circ_0007443 hg38_circ_0011739 hsa_circ_0008832
hsa_circ_0077837 hg38_circ_0006619 hg38_circ_0011973
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Supplementary Figure 2. The GO enrichment in five paired LSCC samples respectively (A-E).
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Supplementary Figure 3. The top 20 path-
ways via KEGG pathway enrichment in five 
paired LSCC samples respectively (A-E).


