Am J Transl Res 2019;11(1):160-175
www.ajtr.org /ISSN:1943-8141/AJTRO082394

Original Article

RNA-Seq profiling of circular RNAs and potential
function of hsa_circ_0002360 in human

lung adenocarcinom

Yulan Yan'*, Riting Zhang'3*, Xuanfeng Zhang?, Anwei Zhang?, Yao Zhang?, Xuefeng Bu?

Departments of Respiratory Medicine, 2General Surgery, Affiliated People’s Hospital of Jiangsu University,
Zhenjiang, Jiangsu, P. R. China; 3Clinical Medicine College of Jiangsu University, Zhenjiang, Jiangsu, P. R. China.
*Equal contributors.

Received July 10, 2018; Accepted December 30, 2018; Epub January 15, 2019; Published January 30, 2019

Abstract: CircRNAs have been identified play a key role in various different types of cancer. However, their role in
lung adenocarcinoma remains unclear. In this study, we explored the specific circular transcriptome and character-
ized the circRNA expression profiles of five paired lung adenocarcinoma (LAC) tissues relative to adjacent normal
tissues from LAC patients using next-generation sequencing (NGS). To illuminate circRNAs function, their gene
targets were initially predicted before using, Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology
(GO) analyses to further analyse the associated significant cell signalling pathways and functions. The potential
interactions between circRNA-miRNA-mRNA were also investigated. Additionally, gRT-PCR assay, Western blot and
Immunohistochemistry were performed to validate the differential expression of circRNA, microRNA and mRNA in
the LAC group in comparison to the control group. Two-hundred-eighty-five dysregulated circular transcripts were
found in LAC tissues, among which 102 and 183 were either up or down regulated, respectively. Our biological
analysis suggested that the host genes of differentially expressed circRNAs targeted to cancer-related processes
and mechanisms. The interaction maps of the circRNA-miRNA-target gene were constructed using Cytoscope. In
further study, hsa_circ_0002360 was found to be the most significantly overexpressed circRNA in LAC tissues by
interacting with miRNA and its corresponding mRNA. Our results showed that hsa_circ_0002360 was aberrantly
and abundantly expressed and implicated in the development of LAC, suggesting a valuable therapeutic target for
LAC treatment.
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Introduction the peripheral airways of the lung and is the
most common subtype in non-smokers [2].
CircRNAs have been shown to be enriched and
stable in exosomes [3], human cell-free saliva
[4], and peripheral blood [5], which makes cir-
cRNAs a particularly promising candidate bio-
marker of diseases. This further suggests that
the identification of new circRNAs biomarkers
which are indicative to the efficacy of targeted
therapies, will improve treatment and reduce
unwanted side-effects in non-responsive indi-

Based on the 2018 cancer statistics, lung can-
cer is the second leading cancer in men, com-
prising 14% of the total new cancer cases and
26% of total cancer deaths. The mortality of
lung cancer among women is higher than that
for breast cancer, accounting for 25% of total
cancer deaths in women. For all types of can-
cers combined, the 5-year relative survival rate
for lung cancers that are typically diagnosed at

a late stage is less than 5% [1]. According to
histologic types and prognosis, non-small cell
lung cancer (NSCLC) accounts for approximate-
ly 85% of all types of lung cancer. These are
further subcategorized as adenocarcinoma
(44%), squamous cell carcinoma (23%), large
cell carcinoma (4%), and unspecified lung carci-
noma (28%). Adenocarcinoma occurs mostly in

viduals. The development of circRNA biomark-
ers that could act as diagnostic tools, therapeu-
tic targets or predictors of outcome of disease
is urgently needed and will improve the diagno-
sis and treatment of LAC.

CircRNA was first discovered in RNA viruses via
electron microscopy in 1976 [6]. CircRNAs are
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produced from precursor mRNA (pre-mRNA)
by back-splicing circularization, which is pro-
cessed by the spliceosome and modulated by
both cis and trans regulators, resulting in the
exclusion of a circular RNA molecule with a
3’,5’-phosphodiester bond at the junction site
[7]. However, due to its low abundance, few cir-
cRNAs with functional potential were initially
identified, and their biogenesis and possible
functions were poorly understood. This lead to
the conclusion that the majority of circRNAs
originate from failed alternative splicing and
represent inert splicing by-products [8]. Next-
generation RNA sequencing (RNA-seq) of non-
polyadenylated transcriptomes has recently
shed new light on the cell type-specific and tis-
sue-specific expression of circRNAs as well as
on the regulation of their biogenesis. Abundant
circular RNAs were produced by escaping from
the debranching of intron lariats in human cells,
which were more stable than their parental lin-
ear mRNAs, due to their circular structure [9].
Their special closed-loop structure ensures
that circRNAs are highly conserved and stable
relative to other noncoding RNAs, such as long
noncoding RNAs and miRNAs (micro-RNAS).
Therefore, circRNAs could be promising bio-
markers for diagnosis of many diseases, includ-
ing cancer. It has been shown that circRNAs
can function at the transcriptional or post-tran-
scriptional level by titrating miRNAs, regulating
transcription and interfering with pre-mRNA
splicing [10]. Recent studies show that circR-
NAs regulate multiple biological processes via
a variety of mechanisms such as binding and
preventing microRNAs as sponges to regulate
the expression of relevant genes, regulating
RNA Pol Il transcription, and directing protein
synthesis [7, 10-13]. Growing evidence has
shown an abundance of circRNAs in many spe-
cies and their implication in important func-
tions in the physiological and pathological pro-
cesses of several diseases [12]. For instance,
circRNAs play roles in neurological diseases
and multiple types of cancers [14], and con-
firms the possibility as promising diagnostic
biomarkers and therapeutic target for LAC.

Compared with microarray analysis, NGS is an
open technology that can identify undiscovered
nucleotide sequences. Here we aim to identify,
characterize and compare all expressed circR-
NAs in LAC tissues and adjacent non-tumor tis-
sues. Furthermore we aimed to understand the
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potential role of hsa_circ_0002360 in LAC. To
discover other potential therapy targets for
LAC, we comprehensively investigated the rela-
tionship of hsa_circ_0002360 with its poten-
tial MiIRNA-mRNA binding.

Materials and methods
Ethics statement

This project was approved and supervised by
the Ethics Committee of the Affiliated People’s
Hospital of Jiangsu University. All patients in-
cluded in this study provided written informed
consent before surgery.

Subjects and samples

The study included forty-three patients with
LAC who underwent partial or radical surgery
at the Department of thoracic surgery, The
Affiliated People’s Hospital of Jiangsu Univer-
sity, China between January 2016 and January
2018. Ten subjects with LAC and normal con-
trols (n=5 per group) participated in the RNA-
sequencing program. We excluded patients
with a history of other types of cancer and
any preoperative chemotherapy or radiothera-
py prior to this study. After surgery, the tumor
tissue and the paired adjacent healthy normal
tissue were immediately preserved in liquid
nitrogen for RNA isolation. All tissue specimens
were examined by histopathologically and con-
firmed for the presence of LAC. The pathologi-
cal diagnosis was in accordance with the tu-
mor-node-metastasis classification scheme for
each stage (2017 Union for International Can-
cer Control, UICC) and histopathologic grade of
LAC (WHO 2015).

Total RNA isolation and quality control (QC)

Total RNA was isolated from samples using
TRIzol reagent (Life Technologies, CA, USA) fol-
lowing the manufacturer’s protocol. The integ-
rity and amount of total RNA samples were
measured using a Qubit 2.0 Fluorometer (Ther-
mo Fisher Scientific), NanoDrop 2000 spectro-
photometer (Thermo Scientific, USA), and 2200
Tape Station System (Agilent). The spectropho-
tometric absorbance of RNA samples at 230,
260 and 280 nm was from 1.8 and 2.1 (ratio
A260/280), >1.8 (ratio A260/230) was accept-
ed as the integrity criterion. RNA samples were
stored at -80°C before use.
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RNA library construction and circRNA se-
quencing analysis

Total RNA from five matched samples of LAC
tissues and adjacent non-tumor tissues was
treated with Epicenter Ribo-Zero rRNA Removal
Kit (lllumina, CA, USA) and RNase R (Epicenter,
CA, USA) to remove ribosomal and linear RNA
respectively. The enriched RNA was broken into
fragments, followed by cDNA synthesis and
PCR amplification with terminal modification
and linker prim. Then, the RNA-seq libraries
were constructed using the TruSeq® Stranded
Total RNA HT/LT Sample Prep Kit (Ilumina, CA,
USA) according to the manufacturer’s protocol.
Libraries were assessed for quality and quan-
tified using the Agilent 2100 system (Agilent
Technologies, Santa Clara, CA, USA). Paired-
end reads were harvested from the lllumina
HiSeq X10 sequencer and were quality con-
trolled by Q30. After 3’ adaptor trimming, N
3-containing sequences, the reads less than
50 bp or low-quality were removed using the
Cutadapt software (version 1.9.3). The high
quality trimmed reads were used subsequently
to analyze circRNAs. Sequencing data were
aligned to the Human Genome (NCBI xI_ref_
Xenopus_laevis_v2) with Bowtie2 software
[15], and Find_circ software (e.g., CIRI) [16]
were utilized for circRNA identification. To com-
pare differences in circRNA expression profiles
between the LAC and adjacent nontumor tissue
samples, we calculated the “fold change” (i.e.,
the ratio of the group averages) between the
groups for each circRNA. A t-test was used to
estimate the statistical significance of the dif-
ferences. Significant differential expression of
circRNA was defined by fold-change >2.0 or
<0.5 with a P-value <0.05. The R software
limma package (R version 3.3.1) was used to
normalize the raw data and subsequent data
processing. We selected the Data/Sort & Filter
function in Microsoft Excel to filter the acquired
data and rank the differently expressed circR-
NAs based on various parameters, such as
fold-change and P-value. The sequencing pro-
cedures and analyses were performed by OE
Biotech. (Shanghai, China).

Bioinformatic analysis

To further explore the potential function and
signalling pathways of the differently express-
ed circRNAs in LAC, Gene ontology (GO) term
analysis was performed based on a targetome
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using the DAVID gene annotation tool (http://
david.abcc.ncifcrf.gov/) [17]. The -logl0 (P-
value) yielded an enrichment score represent-
ing the significance of GO term enrichment
among differentially expressed genes. KEGG
analysis was performed to determine the in-
volvement of target genes in different biologi-
cal pathways using KOBAS software (KEGG
Orthology-Based Annotation System) [18]. In
this context, the -log10 transformed data (P-
value) yielded an enrichment score indicating
the significance of pathway correlations.

miRNA prediction and circRNA-miRNA-mRNA
network construction

Previous studies have verified that circRNAs
contain corresponding miRNA binding sites and
can function as miRNA sponges to regulate
their potential functions. Therefore, we con-
structed a circRNA-miRNA co-expression net-
work consisting of the top 300 circRNA-miRNAs
with the lowest p-value with Cytoscape soft-
ware version 3.2.1. To further elucidate the role
of circRNAs in LAC, we chose the 10 most
dysregulated circRNAs of which, five up-regulat-
ed and five down-regulated circRNAs. The dif-
ferent circRNAs and their host genes were
screened out using HTseq [19] and DEGSeq
[20]. The Arraystar target prediction software
was applied to predict the miRNA targets of
these circRNAs based on TargetScan and
miRanda applications [21]. Then the differently
expressed circRNAs were annotated in detail
using the circRNA-miRNA interaction informa-
tion and searched for miRNA response ele-
ments (MREs) for the differently expressed
circRNAs identified from the sequence data.
Cytoscape 3.2.1 was used to diagram the
potential map of the circRNA-miRNA-mRNA
interaction network in LAC.

Validation of the circRNA candidates using
gRT-PCR

To further validate the data from RNA sequ-
encing, the ten preceding significantly differ-
ent circRNAs were selected and validated by
real-time PCR in twenty LAC samples. Specific
divergent primers for each circRNA were desi-
gned according to the sequence of the linear
transcripts, synthesized by Generay Biotech
(Generay, PRC), and all divergent primers are
shown in Table S1. Total RNA was extracted as
described above, digested using RNase R, and
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purified cDNA was synthesized using the
HiScript Il Q RT SuperMix for qPCR (Vazyme,
Nanjing, China). Real-time PCR was performed
on a LightCycler® 480 Il Real-time PCR Instru-
ment (Roche, Swiss) according to the manufac-
turer’s instructions for the QuantiFast® SYBR®
Green PCR Kit (Qiagen, Germany). The real-time
PCR program was initiated by denaturation at
95°C for 10 min, followed by 40 cycles of
95°C for 10 s and 60°C for 30 s. Expression of
circRNA was normalized to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, stand-
ard control) and calculated using the 2-AAC
method. All experiments were repeated three
times for statistical analysis.

Detecting hsa-mir-3620-5p and PHF19 in LAC
tissue

qRT-PCR was applied to detect hsa-mir-3620-
5p and PHF19 levels in eighteen LAC tissues
and adjacent non-tumor tissues. Western blot
was performed according to established proto-
cols [22], using anti-PHF19 monoclonal anti-
body (1:500, Abcam, Cambridge, MA, USA). An
anti-o-tubulin (1:1000, Sigma, St. Louis, MO,
USA) was used as a loading control. Further-
more, immunohistochemistry was carried out
as described previously on tumor tissues and
adjacent normal tissues using the appropriate
primary (PHF19 (1:100)) and secondary (the
HRP-conjugated anti-rabbit) antibodies.

Statistical analysis

Statistical analysis was performed using Gra-
phPad.Prism.v6.01 (GraphPad Software, CA,
USA), R software version 3.2.1 (http://www.r-
project.org/) and Microsoft Excel (Microsoft,
DC, USA). Student’s t-test was used or compari-
sons between groups. A two-sided P-value of
<0.05 was considered statistically significant.

Results
Clinical characteristics of the participants

Based on the histopathological examination
results, ten fresh tissue samples of which five
were LAC samples, and five were taken from
adjacent normal tissue samples from the same
patient were finally selected to perform RNA-
sequencing in the study. The clinical data of
each patient are shown in Table S2.
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Differentially expressed circRNAs based on
circRNA sequencing analysis

The characteristics of the circRNA expression
profiles between LAC tissues and adjacent non-
cancerous tissues from five patients were per-
formed by high-throughput human circRNA se-
quencing. The distribution of the Back-spliced
Junction Counts from all the datasets after
normalization was visualized and it was shown
that the distribution of log2 ratios were similar
among the tested samples, except the fourth
and fifth normal samples (Figure 1A). Most cir-
cRNAs of the samples were from the sense-
overlapping portion (89.60%), and a small pro-
portion of circRNAs were aligned to exonic
(3.99%), intronic (0.95%), intergenic (4.51%),
and antisence (0.95%) (Figure 1B). Moreover,
to examine the genomic localization of the dif-
ferentially expressed LAC circRNAs, the distri-
bution of differentially expressed circRNAs
along the human chromosomes were analyzed
and the up-regulated and down-regulated cir-
cRNAs in each chromosome were displayed
(Figure 1C). Cluster analysis segregated sam-
ples into different groups based on their ex-
pression levels and hypothetic relationships
among the samples. The hierarchical clustering
results showed statistically different circRNA
expression profiling among 10 samples (Figure
2A). The Scatter-Plot and Volcano plot were
produced to visualize the significantly different
circRNAs (fold change >2.0 or <0.5, P value
<0.05) between LAC tissues and non-cancer-
ous tissues. The sequence data showed that
285 circRNAs were differently expressed in
LAC tissues (fold-change >2.0 or <0.5, P-value
<0.05). Among those circRNAs, 102 circRNAs
were upregulated, and 183 were downregulat-
ed in LAC tissues (Figure 2B, 2C). The data indi-
cates that circRNAs have a different expression
pattern in LAC tissues compared with that in
adjacent healthy lung tissues. These aberrant-
ly expressed circRNAs may participate in LAC
tumorigenesis and play an important role in
tumor occurrence and development, providing
plethora of unctional circRNAs in lung adeno-
carcinoma. Total detailed circRNA information
is shown in Table S3.

The biological function of circRNA host genes

The functions of circRNAs are regulated by the
host linear transcripts which from which they
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Figure 1. Expression profile of circRNAs from the LAC tissues and adjacent normal tissues. A. Box plots of Back-
spliced Junction Counts in all samples were applied to visualize the normalized intensities of circRNAs for the two
groups. B. Classifcation of the differentially expressed circRNAs based on genomic origin. C. The bar diagram shows

the circRNA expressions on different chromosomes.

are transformed. The regulated linear tran-
scripts of the different circRNAs were analyzed
using the DAVID Bioinformatics Resources
(http://david.abcc.ncifcrf.gov). GO (Gene Onto-
logy) annotation and KEGG (Kyoto Encyclopedia
of Genes and Genomes) pathway analyses
were used to explore the potential functions of
differentially expressed circRNAs between the
two groups. Seven-hundred-nine and 1171 GO
processes (P<0.05) were identified between
the upregulated and downregulated circRNAs,
respectively. Figure 3A depicts the top 10 dys-
regulated GO processes of each subgroup [bio-
logical process (BP), cell components (CC) and
molecular function (MF)] based on the routine
GO classification algorithms. The top three GO
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terms of the host genes of the upregulated cir-
cRNAs in LAC tissues compared with matched
nontumor tissues were rich in the hypoxia-
inducible factor-1alpha signalling pathway, reg-
ulation of the acetyl-CoA biosynthetic process
from pyruvate, and intrinsic apoptotic signalling
pathway in response to oxidative stress in bio-
logical process subgroups. The top three pro-
cesses in the cellular component subgroups
consisted of the following subgroups: mito-
chondrial pyruvate dehydrogenase complex,
dynein complex, and mitochondrial matrix.
Pyruvate dehydrogenase (acetyl-transferring)
kinase activity, glycoprotein 6-alpha-L-fucosyl-
transferase activity, and histone binding were
the top three processes in the molecular func-
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Figure 2. Different expression pattern of circRNAs was detected by high-throughput sequencing in LAC tissues
and paired adjacent non-cancerous tissues. A. Hierarchical clustering for analysis of differently expressed circRNA
expression among samples. Each row represents one circRNA, and each column represents one sample. Red in-
dicates higher expression level, green indicates lower expression level and the brightness of the color represents
the degree of higher or lower gene expression. B. Scatter plot shows the difference in the expression of circRNAs
between lung adenocarcinoma tisseus (Y-axis) versus the control (X-axis). The gray line in the middle represents no
difference between groups, the upper and lower gray lines refer to 2.0-fold changes. The circRNAs above the up-
per and below the lower green lines indicate more than 2.0-fold differences between the two compared groups. C.
Volcano plot of differentially expressed circRNAs in LAC. The vertical gray lines correspond to two-fold increased and
decreased expression, and the horizontal gray line represents P=0.05. The green points and red points represent

circRNAs that were differentially expressed with statistical significance.

tion subgroup. Next, the top 10 GO terms pre-
dicted by the downregulated circRNAs were
identified as the same as those predicted for
the upregulated circRNAs, which were based
on the enrichment scores (Figure 3B). The top
three processes of the transcripts of the down-
regulated circRNAs were rich in negative regu-
lation of actin filament depolymerization, phos-
pholipid biosynthetic process, and the G-protein
coupled receptor signalling pathway, coupled to
cyclic in the biological process subgroup, plas-
ma membrane, cortical actin cytoskeleton,
motile primary cilium in cellular component
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subgroup, and G-Protein coupled receptor
activity, actin binding and growth factor binding
in molecular function subgroup. Furthermore,
the 80 and 109 KEGG pathways (P<0.05) were
identified between the upregulated and down-
regulated circRNAs, respectively. Figure 4A
shows the top 20 KEGG pathways in the differ-
ently expressed circRNAs-derived genes, which
include central carbon metabolism in cancer
(path: hsa05230), transcriptional misregula-
tion in cancer (path: hsa05202) and the HIF-1
signalling pathway (path: hsa04066) of the up-
regulated circRNAs. The downregulated circR-
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Figure 3. GO analysis for circRNA co-expression genes. A. Top 10 GO enriched biological process, celluar process, and molecular process of linear counterparts of
up-regulated circRNAs in lung adenocarcinoma tissues. B. Top 10 GO enriched biological process, celluar process, and molecular process of linear counterparts
of down-regulated circRNAs in lung adenocarcinoma tissues. The -log10 (p-value) yields an enrichment score representing the significance of GO term enrichment
between differently expressed circRNAs.
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Figure 4. Top 20 KEGG pathways for circRNA co-expression genes between LAC tissues and adjacent non-tumor tissues. A. Top 20 KEGG pathways of up-regulated
circRNAs in lung adenocarcinoma tissues. B. Top 20 KEGG pathways of down-regulated circRNAs in lung adenocarcinoma tissues. KEGG pathway analysis was per-
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Figure 5. The mapping network of circRNA-miRNA interactions in LAC based on sequence-pairing prediction. The in-
teraction network of differentially expressed circRNAs (red elliptic nodes) and their complementary binding miRNAs
(blue triangular nodes) was presented by the cytoscape software.

NAs were also enriched in cancer-related pro-
cesses (Figure 4B), such as cell adhesion mol-
ecules (CAMs) (hsa04514), ECM-receptor inter-
action (hsa04512), and the Rap 1 signalling
pathway (hsa04051). Thus, it indicates that the
differently expressed circRNAs could promote
tumorigenesis and progression through these
pathways.

Predicting the interaction between circRNA
and miRNA

Findings over the past several years have str-
ongly supported a vital role for miRNA in the
initiation and progression of human malignan-
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cies, indicating the potential to classify tumors
with high accuracy and predict outcome [23].
CircRNA, as regulatory factors of miRNA, may
affect the occurrence and development of can-
cers. Several studies have shown that some
circRNAs are able to absorb cancer-associa-
ted miRNAs via microRNA response elements
(MREs) to promote cancer pathogenesis [24].
To facilitate the investigation, we constructed
the network to reveal the co-expression pat-
tern of circRNA-miRNA based on TargetScan
and miRanda. The constructed network map
consisted of the top 300 relationships betw-
een circRNAs and miRNAs ranked by the p-val-
ue of their hypergeometric distribution. Our
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Figure 6. Interactions between circRNAs, miRNAs, and target genes. CircRNAs could regulate the expression level of mRNAs via absorbing with MREs of miRNAs.
A. Network contained miRNAs down-regulation and both circRNAs and mRNAs up-regulation. B. Network contained miRNAS up-regulation and both circRNAs and

mRNAs down-regulation. Triangular nodes, square nodes, and circular nodes, represent circRNAs, miRNAs and mRNAs respectively. Red color represents the up-
regulated circRNAs and light blue color represents the down-regulated circRNAs.
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Figure 7. qRT-PCR validation of eight differentially expressed circRNAs. A.
The relative expression level of circRNAs in 20 LAC tissues and paired ad-
jacent nontumorous issues (P<0.05). B. Comparison of log2 fold changes

(FCs) in circRNAs between RNA-Seq and qRT-PCR results.

result shows that 141 miRNAs interact with
103 circRNAs among the top 300 relation-
ships and may predict close connections with
LAC (Figure 5). For example, the downregula-
tion of hsa-miR-106b-3p leads to the upregu-
lation of the target gene, CDKN1A, and plays a
critical role in the cell cycle progression by
arresting marine-treated cells in the GO/G1
phase [25]. The network shows that circRNA
does not interact with miRNA in parallel, but a
single miRNA could be targeted by several cir-
cRNAs, whereas a single circRNA could also
target multiple miRNAs. For example, hsa-
miR-1293 may bind circRNA_22795, circR-
NA_10620, circRNA_07376, circRNA_15924,
and circRNA_11662, whereas circRNA_11662
was predicted to target hsa-miR-4437, hsa-
miR-4312, hsa-miR-5004-5p, hsa-miR-1247-
5p, and hsa-miR-4433a-5p. The co-express-
ion network suggests that miRNA-mediated
regulation between circRNAs and mRNAs is
implicated in lung adenocarcinoma.

Prediction of interactions between circRNAs,
miRNAs, and target genes

CircRNAs have been shown to sponge miRNAs,
leading to the de-repression of miRNA targets
and thereby act as ‘miRNA sponges’ within the
cellular RNA network [26]. Two circRNA-miRNA-
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mMRNA networks were constru-
cted to reveal the interactions
between circRNA, miRNA, and
mMmRNA. We selected the ten
most dysregulated circRNAs
(five up-regulated and five
down-regulated), and mapped
them with the miRanda data-
base to obtain the targeted
miRNA of the circRNA. These
miRNAs were then mapped to
the database to confirm the
matched mRNA, and all these
matched mRNAs were inter-
sected with our mRNA sequ-
encing result. A total of five
circRNAs, 29 miRNAs and 98
mRNAs were contained in the
upregulated circRNA network
(Figure 6A). The downregulat-
ed circRNA network consisted
of 5 circRNAs, 93 miRNAs and
450 mRNAs (Figure 6B). In
the upregulated circRNA net-
work, hsa-mir-125a-3p, which
was targeted by hsa_circ_
0039161, was confirmed to have a negative
relationship with the lymph node metastasis
phase in non-small cell lung cancer (NSCLC)
[27]. The hsa-mir-125a-3p expression trend in
our data was consistent with other studies,
which suggests that hsa_circ_0039161 might
play complex roles in the spread and invasion
of the LAC into other tissues. As shown in Figure
6B, hsa-mir-8485 had the most degrees and
hsa_circ_0004062, hsa_circ_0004777, and
hsa_circ_0004417 had the most interactions
with miRNAs, indicating that they might play
a key role in the down-regulated circRNA
network.

qRT-PCR

Validation of hsa_circ_0002360 expression

Ten circRNAs involved in the circ-RNA-miRNA-
MRNA network were selected to confirm the
RNA-Seq data in another twenty pairs of sam-
ples by gRT-PCR. Two circRNA primers were not
successfully designed, and they were removed
in the following experiment. The results reve-
aled that hsa_circ_0000264, hsa_circ_0039-
161, hsa_circ_0002360, and hsa_circ_000-
6276 expression were upregulated, whereas
hsa_circ_0004062, hsa_circ_0004417, hsa_
circ_0001320, and hsa_circ_0004777 were
downregulated (Figure 7A). In particular, hsa_
circ_0002360 was the most enrich circular
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Figure 8. Validation for the expression of hsa_circ_0002360, hsa-mir-3620-5p and PHF19. A-C. qRT-PCR analysis
shows the expression of hsa_circ_0002360, hsa-mir-3620-5p and PHF19 in the LAC tissues as compared to the
normal controls. *P<0.05, n=3. D, E. Western blot and IHC analyses show the level of PHF19 protein in the LAC tis-
sues as compared to control group. B-tublin acts as an internal control.

RNA among the remaining circRNAs. Addition-
ally, the qRT-PCR data was highly consistent
with the circRNA sequencing data (Figure 7B),
confirming the reliability of our RNA-Seq results.

hsa_circ_0002360 and PHF19 is up-regulated
in LAC tissues while hsa-mir-3620-5p repre-
sents an opposite trend

Bioinformatic predictions suggest that hsa-mir-
3620-5p may be one of the main target miR-
NAs of hsa_circ_0002360 and that PHF19
may be one of the target mRNAs of hsa-mir-
3620-5p. To further verify the relationship, we
detected the expression of hsa_circ_0002360,
hsa-mir-3620-5p and its target in additional 18
cases of paired LAC tissues by real-time gRT-
PCR or Western blot. The PCR results showed
that the gene level of hsa_circ_0002360 and
PHF19 were significantly higher in LAC tissues
than adjacent normal tissues (P<0.05) (Figure
8A and 8C) while hsa-mir-3620-5p exhibited
an opposite trend (P<0.05) (Figure 8B). Addi-
tionally, we showed the rich infiltration and
expression of PHF19 in tumor tissues on the
protein level (Figure 8D and 8E). Collectively,
these data illustrates that there may be a
possible regulatory pathway between hsa_
circ_0002360, hsa-mir-3620-5p and PHF19.
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Discussion

To date, the main treatments of lung cancer are
surgery, chemotherapy, and radiation therapy,
and many types of studies have shown that
combined chemotherapy significantly improves
the survival rate of lung cancer patients over
time [28]. However, owing to the aggressive
nature of this cancer and the lack of effective
diagnostic biomarkers to detect this disease,
many patients respond poorly to chemothera-
py. The successful response rates is only 30 to
40% [29], and the average 5-year survival rate
is 17.4%, that can be as low as approximately
2% for those with stage IV (metastatic) disease
at diagnosis. Since next-generation sequencing
technology and bioinformatics analysis have
rapidly developed and been widely used, the
regulatory function of circRNAs in eukaryotic
cells is beginning to draw attention. An increas-
ing number of studies have shown that circR-
NAs participate in several different diseases,
including neurological diseases [30], cardiovas-
cular diseases [31] and multiple cancers for
which they may serve as promising diagnostic
biomarkers and potential therapeutic targets
[14]. Currently, only a few circRNAs have been
identified in association with lung cancer devel-
opment, invasion, metastasis or patient prog-
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nosis including hsa_circ_0014130 [32], hsa_
circ_0007385 [33] and circRNA_100876 [34].
However, the clinical values and roles of circR-
NAs in LAC remained not unclear and many cir-
cRNAs in LAC tissues need to be identified and
characterised for their functional role.

In this study, we first investigated the circRNA
expression profiles in human LAC tissues by
high-throughput circRNA sequencing. We found
that circRNAs expression in LAC tissues (n=5)
was significantly different from adjacent non-
cancerous tissues (n=5) (Figure 2). Compared
with non-cancerous tissues, our sequence data
showed that a total of 102 circRNAs were sig-
nificantly upregulated while 183 were downreg-
ulated in LAC tissues (Table S1). In the pat-
terns, hsa_circ_0000264, hsa_circ_0039161,
hsa_circ_0002360, hsa_circ_0006276, and
hsa_circ_0009128 were significantly upregu-
lated, while hsa_circ_0004062, hsa_circ_000-
4417, hsa_circ_0003176, hsa_circ_0001320,
and hsa_circ_0004777 showed the opposite
trend. We confirmed that their expression trend
was strongly consistent with those of circRNA
sequencing using qRT-PCR analysis. Especially,
we found that the level of hsa_circ_0002360
was significantly higher in LAC tissues than
adjacent normal tissues (Figure 7). The dysreg-
ulated circRNAs could be a novel biomarker for
the diagnosis of lung adenocarcinoma or could
be used as therapeutic targets. This will be
investigated in larger patient cohorts in the
near future.

Although the function of most circRNAs is still
not completely understood, it is possible to
estimate their biological process, cellular com-
ponent, and molecular function by performing a
functional enrichment analysis of their host
genes. GO enrichment analysis indicated that
the different LAC circular RNAs-derived genes
were enriched for certain pathways associated
with cancer, such as the apoptotic signalling
pathway, HIF-1a signalling pathway, and protein
kinase activity, which indicated the coding
genes contributed to the pathogenesis of LAC
(Figure 3). The KEGG pathway was also enriched
in tumor samples, and several important path-
ways, closely associated with cancer, were
identified including central carbon metabolism
in cancer, transcriptional misregulation in can-
cers, the HIF-1a signalling pathway, adhesion
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junctions, cell adhesion molecules, and the
rapl signalling pathway (Figure 4). A previous
study has shown that nicotine, which has a
broad spectrum of tumor-promoting activities
in lung cancer, interacts with o 5-nAChR, acti-
vates the ERK, and Akt signalling pathways,
upregulates HIF-1a signalling, elevates VEGF,
and thereby promotes LAC cell proliferation,
angiogenesis, and invasion [22]. Rapl is a
member of the Ras family of monomeric G pro-
teins that has received recognition for its role in
tumorigenesis and cancer progression. In vivo
and in vitro data both provide evidence that
aberrant Rapl activation contributes to tumor
cell adhesion, migration and invasion [35]. The
core components of the adherens junctions are
classical cadherins and catenins. The loss or
decrease in expression of E-cadherin usually
correlates with tumor invasiveness, distant
metastasis, and is considered unfavourable in
the outcome of patient [36]. Cadherins, which
are the key molecules that control cell-cell
adhesion are often inactivated or functionally
inhibited, resulting in disease development,
and progression in cancer [37]. Thus, we pro-
pose that these differentially expressed circR-
NAs might participate in the tumorigenesis of
LAC by regulating their parent genes.

CircRNA can act as a sponge and bind tumor-
associated miRNAs or proteins to affect dis-
ease progression. For example, circRNA CiRS-7
contains many binding sites for miR-7, which
enables it to act as a ceRNA of miR-7 and com-
petitively inhibit its activity, therefore promoting
the initiation and development of cancer [38].
The cir-ITCH promotes lung cancer cell prolifer-
ation by acting as a sponge for miR-7 and miR-
214 [39]. To our knowledge, this is the first
study that confirmed the increased expression
of hsa_circ_0002360 in lung adenocarcinoma
patients. Additionally, the potential function of
hsa_circ_0002360 in LAC has also been ana-
lyzed. In our study, different circRNAs were con-
firmed to be relevant to LAC, and therefore we
predicted the downstream miRNAs of signifi-
cantly increased circRNAs, upstream miRNAs
of decreased circRNAs and targeted mRNAs.
Next we constructed the circRNA-miRNA-mRNA
pathways based on bioinformatics analysis
(Figures 5 and 6). Under the circRNA-miRNA-
MmRNA networks, we inferred hsa_circ_000-
2360/hsa-mir-3620-5p/PHF19 axis existed in
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the progression of LAC. Previous study has
shown that PHF19 is increased in several types
of cancer and promotes the tumor growth [40,
41]. Furthermore, the tumorigenicity of PHF19
could be suppressed by miR-195-5p which has
binding sites for it [42]. In our study we conduct-
ed Western Blot, gRT-PCR and IHC with LAC tis-
sues and adjacent nontumor tissues (Figure 8).
In agreement with previous study, the results
indicate that PHF19 is dramatically increased
in LAC patients. In addition, hsa-mir-3620-5p is
significantly decreased. Loss or suppression of
hsa-mir-3620-5p targeting PHF19 may cause
aberrant overexpression of PHF19. Therefore,
the upregulated hsa_circ_0002360 and the
downregulated hsa-mir-3620-5p interaction
might result in the upregulation of tumorigenic
gene such as PHF19. The data indicates that
hsa_circ_0002360 might initially inhibit the
expression of hsa-mir-3620-5p, subsequently
increasing the expression of the target genes,
and finally participating in the pathogenesis of
LAC. It is necessary to explore the regulatory
mechanism of hsa_circ_0002360 in LAC in
future study. Furthermore, a larger sample size
is urgently needed to verify our findings and to
avoid selection bias.

Conclusions

In conclusion, we detected differential circRNA
expression profiles between LAC tissues and
adjacent non-neoplastic tissues. Our results
demonstrated that multiple circRNAs were
aberrantly expressed in LAC tissues and that
hsa_circ_0002360 might have the potential
to participate in the LAC biogenetic process.
Further studies are urgently needed to explore
the therapeutic potential for the treatment of
LAC including its biological complexity and clini-
cal applicability in LAC.
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Table S1. Primers for circRNAs, miRNA, and mRNA

Gene

Primer sequences

PCR product (bp)

hsa_circ_0000264

hsa_circ_0039161

hsa_circ_0002360

hsa_circ_0006276

hsa_circ_0004062

hsa_circ_0004417

hsa_circ_0001320

hsa_circ_0004777

hsa-mir-3620-5p

PHF19

B-actin

ue

GGATAATAATGCCTGGACGTTC
ATTTCCTCTCCACAGGGT
TCATCTTCACCCAGGTGTC
TACTGCTTGTGGTCTCCG
CTCAGAGTCAGATGCAGGG
TGATGGCTCTGTGGTAGG
ATGTAAGACCTGTTGCCG
CCTGGGTATGACATTCTGACT
GATTCCCTGTCACAATGGAT
GATGGACTCAAAGCGTTTCTC
GGAGAAGCCATCCAACCT
CTGGGCAGTCATTGGTTA

CATCCTCTCTATGGACATGGT
ACTGACACGGGAACTTTAGAA

AGAGAAGCTGTTGTCCAGTGA
GACATCCTTTGACATCTTTGGC
GTGGGCTGGGCTGGGC
AGTGCAGGGTCCGAGGTATT

RT: GTCGTATCCAGTGCAGGGTC
CGAGGTATTCGCACTGGATACGACGGCCCA
AGTTTAAAAAGTGCCAGCTCAG
CACTGTCCATCTGGAGTCATAG
CCCACTTCTCTCTAAGGAGAAT
TACACGAAAGCAATGCTATCAC
AGAGAAGATTAGCATGGCCCCTG
ATCCAGTGCAGGGTCCGAGG

137

80

90

127

106

107

91

80

66

117

1

66

Table S2. Clinical characteristics of the patients participated in RNA-seq analysis

Patient No. Age Gender Histologic differentiation TNM stage Smoking history
Case 1 49 Female Moderately T2aN1M1la No
Case 2 71 Male Moderately T2aN1M1b No
Case 3 58 Male Moderately T2aNOM1a Yes
Case 4 72 Female Poorly-Moderately T2aN1M1a No
Case 5 49 Male Poorly-Moderately T2aNOM1a No




