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Abstract: Circular RNAs (circRNAs) are novel noncoding RNAs with a wide range of physiological and pathological ac-
tivities. However, the expression profile and roles in lung squamous cell carcinoma (LSCC) remain largely unknown. 
Therefore, we investigated the expression profile of circRNAs in three LSCC and matched adjacent normal tissues 
using microarray. Total 216 differentially expressed circRNAs were identified, including 135 upregulated and 81 
downregulated ones in LSCC tissues. Bioinformatics analysis revealed that these differentially expressed circRNAs 
were potentially implicated in carcinogenesis using Gene ontology (GO) and KEGG pathway analyses. By construct-
ing miRNA-circRNA interaction network, a total of ten key circRNAs, including 6 upregulated and 4 downregulated 
circRNAs were further screened and then confirmed using qRT-PCR analysis in another 40 paired of LSCC tissues 
and adjacent normal tissues. In addition, Kaplan-Meier survival analysis demonstrated that the overall survival 
time of LSCC patients with high hsa_circRNA_103827 expression and low hsa_circRNA_000122 was significantly 
shorter (P<0.001). In conclusion, this study provides evidence that circRNAs are differentially expressed in LSCC 
and closely related to the carcinogenesis of LSCC. Among these, hsa_circRNA_103827 and hsa_circRNA_000122 
might be served as potential prognostic biomarkers and therapeutic target for LSCC.
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Introduction

Lung cancer is the most frequent cause of  
cancer death, accounting for about 22% of  
all cancer-related deaths in China in 2015 [1], 
which histologically classified as two major 
types of lung cancers, including small cell lu- 
ng cancer (SCLC) and non-small cell lung can-
cer (NSCLC) [2]. NSCLC is mainly divided into 
lung adenocarcinoma, lung squamous cell ca- 
rcinoma (LSCC), and large cell carcinoma [3]. 
Among these, LSCC, the main type of NSCLC, 
occurred at the highest incidence among all 
lung cancer, remaining the leading risk factor 
for lung cancer progression [4, 5]. Currently,  
the 5-year overall survival (OS) rate of lung  
cancer patients, including LSCC is less than 
20% unless they receive treatment at an early 
stage [6]. Therefore, identifying effective bio-
markers with early diagnostic value is urgently 

needed to improve therapeutic approaches for 
SCC.

Circular RNAs (circRNAs) are newly-discovered 
type of endogenous non-coding RNA (ncRNA) 
molecules with covalently joined 3’-and 5’-en- 
ds formed by back-splicing events [7], which 
makes them highly stable and largely resis- 
tant to RNA degradation [8]. Currently, circR- 
NAs has caused great interest in the field of 
RNA research, along with microRNAs (miRNAs) 
and long noncoding RNA (IncRNA) [9]. CircRNAs 
can also function as microRNAs (miRNAs) sp- 
onges, thus contribute to post-transcriptional 
regulation of gene expression [10]. Recent stu- 
dies indicate that circRNAs play an important 
role in the development of atherosclerotic vas-
cular disease [11] and Alzheimer’s disease  
[12]. Likewise, circRNAs have been involved in 
the progression of several cancers. Li et al. 
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have found that hsa_circ_002059, a typical  
circular RNA, was significantly down-regulated 
in gastric cancer tissues compared with pair- 
ed adjacent non-tumorous tissues [13]. Cir- 
cRNA 100876 has been shown to be closely 
related to the carcinogenesis of NSCLC by Yao 
et al. [14]. Using circRNA microarray, a grow- 
ing number of circRNAs were reported to be 
aberrantly expressed in pancreatic ductal ad- 
enocarcinoma [15]. Notably, some novel cir-
cRNAs were identified and probably involved  
in tumorigenesis in squamous cell carcinoma, 
such as cutaneous squamous cell carcinoma 
[16] and hypopharyngeal squamous cell carci-
noma [17]. However, there have been relative- 
ly few reports describing circRNAs in human 
LSCC, even though these promising circRNA 
findings across various diseases. 

Therefore, here we profiled the circRNA expr- 
ession profile in three pairs of LSCC samples 
tumors compared with matched adjacent nor-
mal tissues. After identifying differentially ex- 
pression circRNAs in LSCC, we performed bio-
informatics analysis to these differentially ex- 
pressed circRNAs to screen key circRNAs. Our 
results may help improve our understanding  
of the pathogenesis of LSCC and identify pot- 
ential circRNA biomarkers for LSCC.

Materials and methods

Patient samples

Our screening recruited 43 paired of patients’ 
tumor (T) and corresponding non-tumor lung 
(N) tissues from the First Affiliated Hospital  
of Nanjing Medical University (Jiangsu, China) 
following informed consent. All of the patients 
underwent neither chemotherapy nor radio-
therapy before operation. After underwent ra- 
dical resection, all tissues were histologically 

PCR (qRT-PCR). Each sample was snap-frozen 
in liquid nitrogen immediately after resection 
and subsequently was stored at -80°C unti- 
luse. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of 
Nanjing Medical University and the protocol 
was approved by the ethics review board of  
our hospital.

Sample labeling and hybridization

According to the manufacturer’s protocol (Ar- 
raystar Inc.), total RNAs were digested with 
Rnase R (Epicentre, Inc.) to remove linear RNAs 
and enrich circular RNAs. Utilizing a random 
priming method (Arraystar Super RNA Label- 
ing Kit; Arraystar), the enriched circular RNAs 
were amplified and transcribed into fluoresc- 
ent cRNA. The labeled cRNAs were purified by 
RNeasy Mini Kit (Qiagen) and its concentra- 
tion and specific activity were measured by 
NanoDrop ND-1000. The samples were then 
hybridized with Arraystar Human circRNA Array 
(8x15K, Arraystar). The hybridized arrays were 
washed, fixed and scanned using the Agilent 
Scanner G2505C.

Differential expression levels of circRNAs from 
microarrays

Signals were scanned by Agilent G2565C Mi- 
croarray Scanner. Array images were introdu- 
ced into Agilent Feature Extraction software 
(version 11.0.1.1) to obtain raw data (v10.7). 
Quantile normalization of raw data and subse-
quent data processing were performed using 
the R software package limma package (ver-
sion 2.7.10). Acquired circRNA expression pro-
file data were classified into two groups, inclu- 
ding tumor (T) and normal (N) groups. Subse- 
quently, differentially expressed circRNAs be- 
tween the two groups were evaluated using 

Table 1. The clinical characteristics of patients with SQCC subjected to 
circRNA expression profile chip assay

Sample ID Group Sex Age Histologic dif-
ferentiation

LU-130611-1-N03 Adjacent normal lung tissues Male 69 Moderately
LU-130712-1-N04 Adjacent normal lung tissues Male 78 Moderately
LU-140301-1-N14 Adjacent normal lung tissues Male 74 High-moderately
LU-130611-1-T03 SQCC Male 69 Moderately
LU-130712-1-T04 SQCC Male 78 Moderately
LU-140301-1-T14 SQCC Male 74 High-moderately
SQCC, squamous cell lung carcinoma.

identified, diagnosed as 
LSCC, and graded acc- 
ording to the guidelines  
of American Joint Com- 
mittee on Cancer (AJCC). 
Three paired samples 
were used for the circ- 
RNA microarray analysis 
(for basic clinical data, 
see Table 1), and the 
remained 40 paired tis-
sues were used for veri- 
fication with quantitati- 
ve reverse transcription 
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Table 2. Primers used for qRT-PCR analysis of circRNA and 
mRNA levels
Target ID Primer sequence 5’-3’ PS (bp)
hsa_circRNA_103827 F: CCCACTCCAAATGATGACAC 120

R: GCATATCAGGCTTGTAAAAATCA
hsa_circRNA_103829 F: TCAGCAATTAGCAGGGAAGAGA 123

R: TGTTGCATATGTGTCCCACG
hsa_circRNA_026195 F: ATGATCCCCTCCATTGTTGT 158

R: TTGAGAAAAGCCAGAGCTGA
hsa_circRNA_104852 F: AGAGAAGCCTGCAGAAAAGC 140

R: GGTCACCATAACCACCACAA
hsa_circRNA_103565 F: TATCTTAGCCGGAGGACCTG 141

R: GTATCTGGCTGGAGATGCTG
hsa_circRNA_103831 F: CTAGCTCGGATGTTGCTGAA 122

R: AAAAATCATAGGCATGTTGCAT
hsa_circRNA_000122 F: TGTTCATTCCTGATGGGCGG 148

R: CAGGGGTATTGACATCCACCA
hsa_circRNA_102878 F: CCTGGTTCCTGAAGATGAGG 124

R: GCAATGGTTGCAATGATGAA
hsa_circRNA_002131 F: AGTGGAGCCATGAAGAAAGG 150

R: TTGCCATTATCATTGCCATT
hsa_circRNA_102556 F: TGAGAGTCTAGCTGACCGTG 128

R: CTCATGACGTTGGGATGGTC
GAPDH F: TGTTCGTCATGGGTGTGAAC 154

R: ATGGCATGGACTGTGGTCAT
F, forward; R, reverse; PS, product size.

t-test, and the P-values were corrected for Fal- 
se Discovery Rate (FDR) by Benjamini-Hoch- 
berg (BH) procedure. Statistical significance 
was defined as an absolute value of fold chan- 
ge |logFC| >2.0 and FDR P-value <0.05.

Scatter plots were used to assess differential- 
ly expressed circRNAs with statistical signifi-
cance between two groups. Volcano Plot filter-
ing was used to visualize the significantly dif-
ferential circRNAs between each pairwise co- 
mparison. Hierarchical Clustering was perfor- 
med to show the distinguishable circRNAs ex- 
pression pattern among samples.

Bioinformatics analysis

The GO analysis was divided into molecular 
function (MF), biological process (BP) and cel-
lular component (CC). CircRNA targets identi-
fied with profiling data were subjected to gene 
ontology (GO) based on their correlated mRNAs 
using Gene Ontology (http://www.geneongolo-
ty.org/). The -log10 (P-value) yields an enrich-

tion network, the degree was calculated and 
key target miRNAs with the degree of larger 
than 5 were selected. The differentially ex- 
pressed circRNAs were further screened in key 
target miRNAs. On the basis of these find- 
ings, Cytoscape software was then used to 
construct the miRNA-circRNA network [18].

Validation of key circRNAs using qRT-PCR

Using the Trizol reagent, total RNA was extra- 
cted from fresh frozen samples as described 
previously [19]. The primers are listed in Table 
2. The qPCR was performed on the ABI 7300 
PCR instrument using the SYBR Green (Takara 
Bio Inc., Dalian, China) detection method. The 
cycle parameters for the PCR reaction were 
94°C for 2 min, 40 cycles of 94°C for 20 s,  
and 58°C for 20 s. The relative gene expres-
sion levels were analyzed by the 2-ΔΔCt method 
[20]. GAPDH was used as an internal control  
to reduce errors caused by the RNA concen- 
tration and transcription efficiency.

ment score representing the signifi-
cance of GO term enrichment among 
differentially expressed genes. KEGG 
analysis was performed to determine 
the involvement of target genes in  
different biological pathways using 
KOBAS software (KEGG Orthology-Ba- 
sed Annotation System). Here, the 
-log10 (P-value) yields an enrichment 
score indicating the significance of 
pathway correlations.

Prediction of miRNA-circRNA interac-
tions

CircRNAs have been reported to fun- 
ction as miRNA sponge to regulate  
the gene expression [16] and can al- 
so bind cancer-associated miRNAs  
to be involved in cancer-associated 
pathways. Therefore, Arraystar’s ho- 
me-made miRNA target prediction so- 
ftware based on TargetScan and mi- 
Randa were applied to predict puta-
tive miRNA/circRNA interaction and 
search for miRNA response elements 
(MREs) for the differentially express- 
ed circRNAs identified from the mic- 
roarray. To get a better understanding 
of selected differentially expressed 
circRNAs in miRNA-circRNA interac-
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Statistical analysis

Quantile normalization and subsequent data 
processing were performed using the R soft-

ware package. The fold-change of each circRNA 
was computed from the profile difference 
between the cancer and control groups, and 
the significance was analyzed with a t-test. The 

Figure 1. Hierarchical clustering of the differentially expressed circRNA expression data in tissues of 3 tumors (T) 
and 3 normal controls (N). Expression values (fold change >1.0, P<0.05) were represented in different colors, indi-
cating expression levels above and below the median expression level across all samples.
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survival analysis was conducted using the 
Kaplan-Meier method (log-rank test) with R 
software version 3.3.1 (https://www.r-project.
org/). Statistical analyses were performed by 
GraphPad Prism 5 (GraphPad Software, La 
Jolla, CA).

Results

Screening of differentially expressed circRNAs

To study the expression profile of circRNAs in 
LSCC, we performed the circRNA expression 
profiles in human LSCC tumor and matched 
normal tissues using the microarray analysis. 
Unsupervised hierarchical clustering of circRNA 
expression patterns obviously discriminated 
tumor from matched normal tissue (Figure 1). 
The box plot is a convenient way to quickly visu-

alize the dataset distributions. As shown in 
Figure 2A, the distributions of log2 ratios 
among six samples are nearly the same after 
normalization. The scatter plot of circRNA 
expression profile was used to assess the vari-
ations between the two groups (Figure 2B). The 
variations of circRNA expression between 
tumor and normal samples were additionally 
identified using volcano plot filtering (Figure 
2C). Overall, 216 circRNAs were found to be sig-
nificantly differentially expressed (|logFC|-val-
ue >2.0, P-value <0.05). Compared to control 
samples, 135circRNAs, including 1 antisense, 
124 exonic, 5 intronic and 5 sense overlapping 
were up-regulated and 81 circRNAs, containing 
2 antisense, 71 exonic, 7 intronic and 1 sense 
overlapping were down-regulated in tumor tis-
sue samples (Figure 2D). The top 40 differen-
tially expressed circRNAs were listed in Table 3.

Figure 2. Overview of the microarray signatures. A. The box plot is used to quickly visualize the distributions of a 
dataset for the circRNAs profiles. After normalization, the distributions of log2 ratios among 6 samples are nearly 
the same (T: tumor tissue; N: normal tissue). B. The scatter plot shows the circRNA expression variation between 
the cancer and normal samples. The axis represents the mean normalized circRNA signal values for each compara-
tor group (log2 scaled). The green fold-change lines represent 2.0× fold-changes, so the circRNAs lying above and 
below these green lines displayed greater than a 2.0-fold upregulation or downregulation. C. Volcano plot of the dif-
ferentially expressed circRNAs. The vertical lines correspond to 2-fold up and down, respectively, and the horizontal 
line represents P=0.05. The red point in the plot represents the differentially expressed circRNAs with statistical 
significance. D. Classification of dysregulated circRNAs. “Exonic” represents circRNA arising from the exons of the 
linear transcript; “Intronic” represents the circRNA arising from an intron of the linear transcript; “antisense” rep-
resents circRNA whose gene locus overlap with the linear RNA, but transcribed from the opposite strand; “sense 
overlapping” represents circRNA transcribed from same gene locus as the linear transcript.
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Table 3. Top 40 differently expressed circRNAs in squamous cell lung carcinoma
CircRNA P-value FC (abs) Regulation circRNA_type Chrom Strand Gene symbol
hsa_circRNA_015879 0.01386628 11.5283772 Up Exonic Chr1 + PKP1
hsa_circRNA_026428 0.031485562 8.5694066 Up Exonic Chr12 - KRT6A
hsa_circRNA_103830 0.003522181 7.7518175 Up Exonic Chr5 - HMGCS1
hsa_circRNA_104811 0.01528389 7.7173547 Up Exonic Chr9 + NTRK2
hsa_circRNA_104870 0.003397307 7.4855021 Up Exonic Chr9 - PTGR1
hsa_circRNA_026358 0.023629284 6.5706933 Up Exonic Chr12 + KRT7
hsa_circRNA_103827 0.001281935 6.0012377 Up Exonic Chr5 - HMGCS1
hsa_circRNA_001716 0.002075333 5.4783997 Up Antisense Chr7 - LIMK1
hsa_circRNA_103829 0.005658113 5.3675678 Up Exonic Chr5 - HMGCS1
hsa_circRNA_026195 0.027202535 5.2398221 Up Exonic Chr12 - RACGAP1
hsa_circRNA_087856 0.004488697 4.6929911 Up Exonic Chr9 + RAD23B
hsa_circRNA_001586 0.03168581 4.5146028 Up Sense overlapping Chr6 - HIST1H3D
hsa_circRNA_400446 0.044576345 4.4676052 Up Exonic Chr1 + KIAA1804
hsa_circRNA_001880 0.008970229 4.3776375 Up Exonic Chr9 + RAD23B
hsa_circRNA_001681 0.044916399 4.339333 Up Exonic Chr7 - RAPGEF5
hsa_circRNA_105041 0.029236425 4.2849807 Up Exonic ChrX - G6PD
hsa_circRNA_104852 0.016202792 4.2686317 Up Exonic Chr9 + RAD23B
hsa_circRNA_103565 0.014032939 4.2594858 Up Exonic Chr3 - DLG1
hsa_circRNA_103499 0.033015781 4.1795048 Up Exonic Chr3 + RSRC1
hsa_circRNA_103831 0.03312385 4.1121241 Up Exonic Chr5 - HMGCS1
hsa_circRNA_001640 0.029103156 8.3301093 Down Exonic Chr6 - EPB41L2
hsa_circRNA_005536 0.03934785 6.8276119 Down Exonic Chr2 - RFX8
hsa_circRNA_105055 0.047690013 6.4173918 Down Antisense ChrX + CDR1
hsa_circRNA_001729 0.034586505 6.142103 Down Antisense Chr16 - ZNF646
hsa_circRNA_406549 0.014367194 4.4334509 Down Exonic Chr4 - NR3C2
hsa_circRNA_405974 0.003242037 4.3796355 Down Intronic Chr2 - ACVR1
hsa_circRNA_000122 0.037309993 4.2534161 Down Intronic Chr1 + NBPF10
hsa_circRNA_102878 0.019240939 4.1755922 Down Exonic Chr2 + SLC39A10
hsa_circRNA_002131 0.010388138 4.171018 Down Exonic Chr8 + BNIP3L
hsa_circRNA_103383 0.032687391 4.1524014 Down Exonic Chr3 + MAPKAPK3
hsa_circRNA_104169 0.029684253 3.8717715 Down Exonic Chr6 + SOBP
hsa_circRNA_103730 0.045580688 3.8610618 Down Exonic Chr4 - PRDM5
hsa_circRNA_101911 0.038859021 3.7748384 Down Exonic Chr16 - FANCA
hsa_circRNA_020624 0.020144053 3.6887455 Down Exonic Chr11 + IFITM1
hsa_circRNA_102051 0.023760037 3.5624094 Down Exonic Chr17 + TADA2A
hsa_circRNA_102556 0.015587946 3.5538688 Down Exonic Chr19 + AXL
hsa_circRNA_007443 0.041903051 3.5493882 Down Exonic Chr8 - RUNX1T1
hsa_circRNA_103908 0.01913262 3.5444991 Down Exonic Chr5 - EDIL3
hsa_circRNA_403691 0.009785705 3.4970096 Down Exonic Chr6 + LOC101927768
hsa_circRNA_100789 0.038176191 3.456096 Down Exonic Chr11 + CAPRIN1
FDR, false discover rate; FC, fold change.

CircRNAs gene symbols GO analysis and path-
way analysis

In order to investigate exposures gene expres-
sion on a more functional level, we conducted 
GO analysis and pathway analysis for circRNAs 
gene symbols to speculate circRNA potential 
functions. These differentially expressed cir-
cRNAs were firstly classified into GO terms, 

including BP, CC and MF. The count number 
larger than 2 and FDR less than 0.05 were ch- 
osen as cut-off criteria. The results showed th- 
at the most significant enriched GO term in the 
BP was cell morphogenesis involved in diffe- 
rentiation (GO: 0000904, P=4.26E-07) (Figure 
3A); the most significant enriched GO term in 
the CC was membrane-bounded organelle  
(GO: 0043227, P=2.37E-06) (Figure 3B) and 
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tRNA binding was the most significant enrich- 
ed GO term in MF (GO: 0000049, P=1.32E- 
04) (Figure 3C). In addition, total 13 pathways 
were screened to be involved in the progres-
sion of LSCC (Figure 3D).

miRNA prediction of differentially expressed 
circRNAs

The miRNA prediction of differentially express- 
ed circRNAs was performed based on Target- 
Scan and miRanda. A total of 1070 pairs of re- 
gulatory relationships between miRNA and cir-
cRNA were identified. To further investigate 
which miRNA was more significant, we calcu-
lated the degree and 17 miRNAs (containing 
114 regulatory relationship pairs) with the de- 
gree of larger than 5 were screened (Table 4). 
Using Cytoscape, the regulatory relationships 
were integrated and visualized in Figure 4. 
Moreover, we found these 17 miRNAs could 

regulate 55 upregulated differentially expre- 
ssed circRNAs and 23 downregulated diffe- 
rentially expressed circRNAs.

Screening of key circRNAs

After further analysis, total 10 differentially 
expressed circRNAs, including 6 upregulated 
hsa_circRNA_103827, hsa_circRNA_103829, 
hsa_circRNA_026195, hsa_circRNA_104852, 
hsa_circRNA_103565, hsa_circRNA_103831 
and 4 downregulated hsa_circRNA_000122, 
hsa_circRNA_102878, hsa_circRNA_002131 
and hsa_circRNA_102556 were regulated by 
hsa-miR-138-5p, hsa-miR-627-3p, hsa-miR-
766-5p and hsa-miR-129-5p with the degree of 
larger than 7, thus were identified as key cir-
cRNAs. Furthermore, we searched for putative 
MREs through Arraystar’s circRNA target pre-
diction software. The predicted MREs for the 
10 key circRNAs were listed in Table 5.

Figure 3. GO enrichment and pathway analysis for dysregulated circRNAs gene symbols. Most significantly enriched 
GO (-log10 (P value)) terms of circRNAs gene symbols according to (A) biological process, (B) cellular component and 
(C) molecular function. (D) Top 10 classes of KEGG pathway enrichment terms (-log10 (P value)). Red bar represents 
upregulated circRNA gene symbol; blue bar represents downregulated circRNA gene symbol.
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Verification of the expression changes of key 
circRNAs

To verify the microarray data, we selected the 
above 10 key circRNAs, including six up-regu-
lated circRNAs and four down-regulated cir-
cRNAs. We validated their expression levels  
via qRT-PCR in 40 sets of LSCC tissues and 
adjacent normal tissues. We found that the 
expression patterns of ten key circRNAs were 
consistent with the microarray data (Figure 5). 
These results further validated our findings  
and implied that these key circRNAs may play 
important roles in LSCC carcinogenesis.

Clinical impact of circRNAs in LSCC patients

Among 10 key circRNAs, hsa_circRNA_103- 
827 and hsa_circRNA_000122 were selected 
as a model for prognostic analysis, mainly due 
to their relatively large differential expression  
in LSCC tissues. Within 40 LSCC tissues,  
hsa_circRNA_103827 and hsa_circRNA_000- 
122 were displayed higher and lower expres-
sion relative to normal tissues, respectively. We 
thus further divided LSCC patients into a high 
expression group and a low expression group 
according to the median value of hsa_cir-
cRNA_103827 and hsa_circRNA_000122 ex-
pression levels, respectively. Kaplan-Meier an- 
alysis with log-rank test was performed to stu- 

dy the prognostic significance ofhsa_circRNA 
_103827 and hsa_circRNA_000122. As sh- 
own in Figure 6A, patients with low hsa_cir-
cRNA_103827 expression had higher overall 
survival rate than those with high expression 
(P<0.001). Consistently, the survival of the 
hsa_circRNA_000122-high group was signifi-
cantly longer than that of the hsa_circRNA_ 
000122-low group (Figure 6B). Thus, hsa_cir-
cRNA_103827 and hsa_circRNA_000122 mi- 
ght be potential biomarkers for clinical diag- 
nosis and evaluation.

Discussion

LSCC, as the main type of NSCLC, is associat- 
ed with higher incidence relative to other lung 
cancer types, remaining the leading risk fac- 
tor for lung cancer progression. More recently, 
noncoding circRNAs have become more atten-
tion as new diagnostic markers for diseases, 
especially cancer, which mainly ascribed to 
highly conserved sequences and high degree 
of stability in mammalian cells compared with 
other noncoding miRNAs and lncRNAs [9, 11, 
21]. Currently, although an increasing number 
of researchers have begun tostudy potential 
functions of circRNAs, however, very little is 
known regarding circRNAs dysregulation in 
LSCC. 

In this study, we utilized circRNA microarray  
to acquire circRNAs expression profile of LSCC 
for the first time. Hierarchical clustering analy-
sis further confirmed the different expression 
patterns of circRNAs in LSCC tissues and adja- 
cent normal tissues. A total of 216 differen- 
tially expressed circRNAs were screened out, 
including 135 upregulated and 81 downregu-
lated ones (|logFC|-value >2.0, P-value <0.05) 
in three paired LSCC samples. Furthermore, 
these differentially expressed circRNAs were 
performed GO analysis and pathway analysis. 
Among the GO terms found in this study, nega-
tive regulation of RNA splicing had been repor- 
ted to be prominent drivers of cancer [22], of 
which polypyrimidine tract-binding protein (PT- 
BP1) can act as a repressive or as an enhan- 
cing alternative splicing regulator [23, 24]. In 
addition, “PPAR signaling pathway” [25, 26] 
and “TGF-beta signaling pathway” [27, 28] have 
been demonstrated to participate the progres-
sion of lung cancer. We thus guess that the- 
se differentially expressed circRNAs might be 
closely associated with the development and 
progression of LSCC.

Table 4. The results for miRNA-circRNA pre-
diction with the number of circRNA greater 
than 5
miRNA Degree
hsa-miR-138-5p 11
hsa-miR-627-3p 9
hsa-miR-766-5p 9
hsa-miR-129-5p 8
hsa-miR-22-5p 7
hsa-miR-511-5p 7
hsa-miR-512-3p 7
hsa-miR-637 7
hsa-miR-140-3p 5
hsa-miR-197-3p 5
hsa-miR-325 5
hsa-miR-532-5p 5
hsa-miR-544a 5
hsa-miR-593-3p 5
hsa-miR-625-3p 5
hsa-miR-765 5
hsa-miR-889-5p 5
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Table 5. Significantly up- and down-regulated circRNAs in squamous cell lung carcinoma versus benign 
lung tissue

CircRNA Gene 
symbol

P-
value

FC-
change

Predicted miRNA response elements (MREs)
MRE1 MRE2 MRE3 MRE4 MRE5

hsa_circRNA_103827 HMGCS1 0.0013 ↑6.001 hsa-miR-411-5p hsa-miR-625-3p hsa-miR-129-5p hsa-miR-205-5p hsa-miR-532-5p

hsa_circRNA_103829 HMGCS1 0.0057 ↑5.367 hsa-miR-625-3p hsa-miR-129-5p hsa-miR-532-5p hsa-miR-548c-3p hsa-let-7c-5p

hsa_circRNA_026195 RACGAP1 0.0272 ↑5.239 hsa-miR-129-5p hsa-miR-1183 hsa-miR-616-3p hsa-miR-5197-3p hsa-miR-6833-3p

hsa_circRNA_104852 RAD23B 0.0162 ↑4.269 hsa-miR-138-5p hsa-miR-325 hsa-miR-593-3p hsa-miR-512-3p hsa-miR-766-5p

hsa_circRNA_103565 DLG1 0.0140 ↑4.259 hsa-miR-627-3p hsa-miR-138-5p hsa-miR-155-3p hsa-miR-653-5p hsa-miR-651-3p

hsa_circRNA_103831 HMGCS1 0.0331 ↑4.112 hsa-miR-625-3p hsa-miR-129-5p hsa-miR-548c-3p hsa-let-7c-5p hsa-let-7b-5p

hsa_circRNA_000122 NBPF10 0.0373 ↓4.253 hsa-miR-627-3p hsa-miR-510-5p hsa-miR-552-3p hsa-miR-4695-3p hsa-miR-503-3p

hsa_circRNA_102878 SLC39A10 0.0192 ↓4.176 hsa-miR-335-3p hsa-miR-130b-5p hsa-miR-302b-5p hsa-miR-329-5p hsa-miR-627-3p

hsa_circRNA_002131 BNIP3L 0.0104 ↓4.171 hsa-miR-136-5p hsa-miR-627-3p hsa-miR-942-5p hsa-miR-6500-5p hsa-miR-5003-3p

hsa_circRNA_102556 AXL 0.0156 ↓3.554 hsa-miR-764 hsa-miR-346 hsa-miR-584-3p hsa-miR-654-3p hsa-miR-766-5p

Figure 4. Network map of miRNA-circRNA interactions in LSCC tissues (miRNAs with the degree of larger than 5). 
Gray circular node: miRNA; red triangle node: upregulated differentially expressed circRNA; blue V type node: down-
regulated differentially expressed circRNA.

As miRNA sponges, circRNAs can interact can-
cer-associated miRNAs to be involved in can-
cer-associated pathways [29-31]. Considering 

miRNAs play important roles in the progres- 
sion of lung cancer [32, 33], we performed the 
miRNA prediction of these above differentially 
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Figure 5. Total ten key differentially expressed circRNAs, including six up-regulated and four down-regulated were validated by qRT-PCR in 40 LSCC tissues compared 
with paired adjacent normal tissues, which was consistent with the microarray data; ***P<0.001.
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Figure 6. Kaplan-Meier curves for overall survival based on hsa_circRNA_103827 and hsa_circRNA_000122 ex-
pression in group of 40 LSCC patients; P<0.001, log-rank test.

expressed circRNAs and selected 4 miRNAs 
(the degree of larger than 7), including hsa- 
miR-138-5p, hsa-miR-627-3p, hsa-miR-766-5p 
and hsa-miR-129-5p. We further screened 10 
differentially expressed circRNAs, including 6 
upregulated hsa_circRNA_103827, hsa_circR- 
NA_-103829, hsa_circRNA_026195, hsa_circ- 
RNA_104852, hsa_circRNA_103565, hsa_cir-
cRNA_103831 and 4 downregulated hsa_cir-
cRNA_000122, hsa_circRNA_102878, hsa_
circRNA_002131 and hsa_circRNA_102556 
have potential interactions with these four mi- 
RNAs. For example, hsa_circRNA_103827 is 
potentially able to bind hsa-miR-129-5p. Mo- 
reover, miR-129-5p could inhibit NSCLC cell 
proliferation and invasion [34]. Hsa-miR-129-
5p, interacted with hsa_circRNA_103831, has 
been reported to reverse gefitinib resistance  
in NSCLC cells [35]. However, additional stud-
ies are still required to confirm the relation 
between these screened circRNAs and miRNAs 
in LSCC.

Moreover, we selected the above ten dysregu-
lated circRNAs from the microarray data to va- 
lidate their expression levels using qRT-PCR in 
another 40 LSCC tissues and paired adjacent 
normal tissues. As expect, the results of qRT-
PCR analysis were consistent with the micro- 
array data, confirming that the microarray data 
are reliable. Importantly, we performed prog-
nostic analysis of hsa_circRNA_103827 and 
hsa_circRNA_000122 in these 40 paired tis-

sues using Kaplan-Meier analysis. The results 
indicated that elevated hsa_circRNA_103827 
was always accompanied by a decreased cu- 
mulative survival rate, while decreased hsa_ 
circRNA_000122 had higher overall survival 
rate. According the previous studies, hsa_cir-
cRNA_103827 could be used to predict in vi- 
tro fertilization prognosis [36, 37]. Hsa_cir-
cRNA_000122 was reported to provide a new 
therapeutic line of approach to glioblastoma 
multiforme [38] and micropapillary carcinoma 
[39]. Thus, we inferred that hsa_circRNA- 
_103827 and hsa_circRNA_000122 might be 
correlated with poor prognosis in LSCC. 

In summary, this study provided a preliminary 
landscape of circRNA differential expression  
in LSCC tissues. After a series of bioinforma- 
tics analysis, we found elevated expression of 
hsa_circRNA_103827 and decreased expres-
sion of hsa_circRNA_000122 were closely re- 
lated to the development of LSCC. Altogether, 
these findings provide potential targets for the 
future treatment of LSCC and novel insights 
into LSCC. However, further studies are still 
required to explore their potential as biomar- 
kers for LSCC as well as their pathologicrole.
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