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Abstract: Background: Circular RNAs (circRNAs) as a new class of non-coding RNAs that are associated with cancer
progression and can serve as potential markers for cancer diagnosis. However, the functions of circRNAs have not
been completely clarified in non-small-cell lung cancer (NSCLC). Our study aimed to explore the expression pro-
files and apoptotic role of circRNAs in NSCLC. Methods: Forty-one NSCLC patients and twenty-six healthy subjects
were recruited to our study. The levels of hsa_circ_0102533 in tumor tissues and whole blood were identified by
circRNA microarray and RT-qPCR. The CCK-8 and apoptosis assays were performed in NSCLC cell lines after they
were transfected with si-circRNA and si-NC. Results: Compared with the control group, hsa_circ_0102533 expres-
sion was significantly increased in tumor tissues and whole blood from NSCLC patients. ROC analysis showed that
hsa_circ_0102533 had a higher diagnostic power for the detection of cancer in stage I-ll NSCLC patients [AUC:
0.774 (95% CI: 0.624-0.923)] than in stage IlI-IV NSCLC patients [0.728 (95% Cl: 0.588-0.869)]. Furthermore, the
knockout of hsa_circ_0102533 by siRNA significantly inhibited proliferation and induced apoptosis in NSCLC cell
lines. Conclusion: Hsa_circ_0102533 possesses an oncogenic property in the carcinogenesis of NSCLC and might
be an early diagnostic biomarker for NSCLC detection.
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Introduction

Lung cancer, the most common cancer, is
becoming increasingly common worldwide [1].
Non-small-cell lung cancer (NSCLC) is the most
common type of lung cancer, accounting for
approximately 85% of all lung cancer cases
[2]. The 5-year overall survival rate of NSCLC
patients is less than 15%, a result of a low ratio
of early diagnosis, with nearly 75% of NSCLC
patients diagnosed at stages Ill and IV [3, 4].
Despite increased understanding of the dis-
ease’s molecular mechanisms and clinical
characteristics, the 5-year overall survival rate
has seen no significant improvement in the clin-
ical management of NSCLC [5, 6]. Emerging evi-
dence shows that reliable biomarkers for the
early detection of NSCLC may be a promising
measurement for improving the prognosis of
patients with NSCLC [7]. Therefore, exploring
novel and specific biomarkers for the early
detection of NSCLC is urgently needed.

Circular RNAs (circRNASs) represent a new class
of non-coding RNAs and are widely expressed
in the eukaryotic transcriptome [8, 9]. CircRNAs
are characterized by a covalently closed con-
tinuous loop by back-splicing, without 5’ to 3’
polarity or a polyadenylated tail [10], which en-
dow circRNAs with a stable structure to coun-
teract RNA exonucleolytic digestion, highlight-
ing that circRNAs are strong candidates for
novel molecular biomarkers for disease diagno-
sis. In fact, accumulating evidence suggests
that circRNAs are stably present in the whole
blood, serum, and plasma of mammals and can
serve as novel, non-invasive biomarkers in vari-
ous diseases, including major depressive disor-
der [11], pre-eclampsia [12], diabetes mellitus
[13] and malignancies [14]. In lung cancer, a
few circRNAs have been reported in carcino-
genesis and tumor progression [15-17]. For
example, overexpressed hsa_circ_0013958 is
associated with lymphatic metastasis and TNM
stage [15]. Hsa_circ_0007385 functions as an
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oncogene in NSCLC tumorigenesis by regulat-
ing the proliferation, migration and invasion
of NSCLC cells [16]. Hsa_circ_0014130 is sig-
nificantly up-regulated in NSCLC tissues and
shows good diagnostic potential using the area
under the receiver operating characteristic
curve (AUC) [17]. All of these circRNAs have
been suggested as potential non-invasive bio-
markers for the early detection and screening
of lung cancer [15-17]. However, the circRNA
expression profiles in whole blood have not
been clarified in NSCLC patients.

In the present study, circRNA microarrays were
performed to investigate the differential expres-
sion profiles of circRNAs in whole blood and
NSCLC tissues from NSCLC patients. The up-
regulation of hsa_circ_0102533 in whole blood
and NSCLC tissues was confirmed by a circRNA
microarray and a real-time reverse transcrip-
tion quantitative polymerase chain reaction
(RT-gPCR). In addition, we also found that hsa_
circ_0102533 is associated with the prolifera-
tion and apoptosis of NSCLC cells in vitro. We
finally validated that hsa_circ_0102533, as an
oncogene involved in NSCLC cell proliferation
and apoptosis, could serve as a blood-based
biomarker for NSCLC patient screening.

Material and methods
Patients and specimens

Forty-one NSCLC patients and twenty-six heal-
thy subjects were recruited from the Second
Hospital of Anhui Medical University (Anhui,
China) from January 2015 to June 2017. Forty-
one pairs of tumor tissues and matched adja-
cent non-tumorous tissues were collected from
the NSCLC patients who had undergone sur-
gery. At the same time, whole blood from Forty-
one NSCLC patients and twenty-six healthy
subjects was collected. All tumor tissue and
whole blood samples were immediately stored
at -80°C in an ultra-low temperature refrigera-
tor. 10 ml of blood samples from NSCLC pati-
ents were collected with ethylenediaminetet-
raacetic acid (EDTA)-containing tubes (Becton,
Dickinson and Company). Human samples
were obtained with written informed consent
from all patients. The study was approved by
the Ethics Committee of the Second Hospital of
Anhui Medical University (Anhui, China).

Cell culture
Normal human bronchial epithelial cells (NHBE)

and five NSCLC cell lines (A549, H1299, H1792,
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SK-MES-1 and SPC-A1) were purchased from
the Institute of Biochemistry and Cell Biology of
the Chinese Academy of Sciences (Shanghai,
China) and maintained in Dulbecco’s modified
Eagle’s medium (DMEM,; Invitrogen, Carlsbad,
CA, USA) with 10% fetal bovine serum (Thermo
Scientific HyClone, Beijing, China), 100 U/ml
penicillin and 100 mg/ml streptomycin in a
humidified incubator (Thermo, USA), 5% C02,
95% air atmosphere.

Human circRNA microarray analysis

Total RNA was extracted from three pairs of
tumor tissues and matched adjacent non-
tumorous tissues from the NSCLC patients, as
well as in whole blood from three NSCLC
patients and three healthy subjects. CircRNA
was enriched with Rnase R to digest linear RNA
(Epicentre, Madison, WI, USA). RNA was labelled
with Arraystar Human circRNA Array (8x15 K,
Arraystar, Rockville, MD, USA) and was scanned
using a Agilent Scanner G2505C (Jamul, CA,
USA).

Real-time reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

RNA was extracted using TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA,
USA) according to the manufacturer’s instruc-
tions. Moloney Murine Leukemia Virus reverse
transcriptase (Promega Corporation, Madison,
WI, USA) was used to synthesize cDNA. Diver-
gent primers were designed to amplify the
head-to-tail splicing of circRNA using ABI7300
System (Applied Biosystems, Foster City, CA,
USA) with SYBR Select Master Mix (Applied Bio-
systems). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was utilized to normalize
the expression of hsa_circ_0102533. The PCR
primers were used in this study as follows: hsa_
circ_0102533, forward 5-CCGACCTGTGAAAT-
TCTGGGA-3’ and reverse 5-GCAGGCTGCAATA-
CTGTGAAG-3’; GAPDH, forward 5-GCACCGTC-
AAGCTGAGAAC-3’ and reverse 5-TGGTGAAGA-
CGCCAGTGGA-3'. The 222t method was used to
calculate the expression of hsa_circ_0102533
[18].

Small interfering RNA transfection

The small interfering RNA (si-RNA) was utilized
for cell transfection and was synthesized by
RiboBio (Guangzhou, China). The targeted se-
quence of si-RNA for hsa_circ_0102533 (si-
0102533) was 5-AATCCAGAGTGAGCGATTACA-
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Figure 1. CircRNAs expression profiles in tumor tissues and whole blood from NSCLC patients. The heat map repre-
sents significant differentially expressed circRNAs in three pairs of NSCLC tumor tissues and corresponding nontu-
morous tissues (A) or in whole blood from three NSCLC patients and three healthy controls (B). The characteristics
of hsa_circ_0102533 and hsa_circ_0103809 are shown (C).

3. Cells were transfected with si-0102533 for
48 h at 37°C using Lipofectamine 3000 (Invi-
trogen) according to the manufacturer’s proto-
col.

Cell viability detection by CCK-8

A CCK-8 assay was performed as previously
described [19]. After being transfected with
si-0102533 or si-NC, the human NSCLC cells
(1x10%) were seeded in a 96-well plate for 24
hours, 48 hours, and 72 hours, and cell viability
was measured using a CCK-8 Cell Proliferation/
Viability Assay Kit (Dojindo Japan). Absorbance
was recorded at 450 nm using EIx800 Reader
(Bio-Tek Instruments Inc., Winooski, VT, USA).
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Flow cytometry for apoptosis

NSCLC Cell apoptosis assay was determined as
previously described [20]. After being transfect-
ed with si-0102533 or si-NC for 48 hours, a
cell apoptosis assay was performed by flow
cytometry analysis. An Annexin V-FITC apopto-
sis detection kit was purchased from Invitrogen
(Carlsbad, Calif, USA). The samples were ana-
lyzed using a flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA).

Caspase-3 activity assay

The NSCLC cells (2x10°) were lysed using a NP-
40 buffer (Beyotime Institute of Biotechnology,
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Table 1. The associations between clinicopathological factors
and hsa_circ_0102533 expression levels in the tumor tissues

from NSCLC patients

curves and the area under the
ROC curve (AUC) were used to
assess the ability of using whole

blood hsa_circ_0102533 as diag-

Low High
Variable N expression expression nostic tools for NSCLC. Spear-
(n=14) (n=27) ‘ale man’s rank analysis was used to
Age (Years) 0.447 identify the correlation of hsa_
<60 23 9 14 circ_0102533 levels between tu-
> 60 18 5 13 mor tissues and whole blood.
Gender 0.443 AI I)E(i)land-Altmar(;| r;)lot (dllfferer;ﬁe
plot) was used to analyze the
Male 26 10 16 agreement of hsa_circ_0102533
Female 15 4 1 levels between tumor tissues and
Tumor size (cm) 0.771 whole blood. A P value less than
<3 12 5 7 0.05 was considered to indicate a
>3 29 9 20 statistically significant difference.
Tumor type 0.011
Squamous cell carcinoma 18 10 8 Results
Adenocarcinoma 23 4 19 Ci . . i
TNM stages 0.010 lrcRNAs expression profiles in
tumor tissues or whole blood
HI 14 9 5 from NSCLC patients or healthy
-1V 27 5 22 controls
Distant metastasis or recurrence 0.021
Negative 22 11 11 First, a human circRNA microarray
Positive 19 3 16 analysis was used to analyze cir-
Lymph nodes metastasis 0.001 cRNA expression profiles in three
Negative 14 10 4 pairs of NSCLC tumor tissues and
Positive 27 4 23 corresponding nontumorous tis-

Haimen, China) at ice-bath conditions for 15
min and centrifuged at 12000 g for 10 min
at 4°C, and then the supernatant was collect-
ed. The levels of caspase-3 in the supernatant
were measured using a caspase-3 kit (Beyotime
Institute of Biotechnology, Haimen, China). The
absorbance was measured at 405 nm using an
ELISA reader (MD SpectraMax M5; Molecular
Devices, LLC, Sunnyvale, CA, USA) according to
the manufacturer’s protocol.

Statistical analysis

Data were presented as the mean + SEM. The
statistical analysis was performed using IBM
SPSS Statistics Version 19.0 (SPSS Inc., Chi-
cago, IL, USA) and GraphPad Prism Version 7.0
(GraphPad Software, Inc., La Jolla, CA, USA).
Student’s t-test was used to analyze two-group
differences. Inter-group differences were ana-
lyzed by one-way analysis of variance, followed
by a post hoc Tukey test for multiple compari-
sons. Receiver operating characteristic (ROC)
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sues as well as in the whole blood
from three NSCLC patients and
healthy controls. FDR < 0.01 and [Log,fold
change| > 1 were performed as the criteria in
filtering the abnormally expressed circRNAs,
which were selected as candidate biomarkers
for NSCLC patient detection. The results reve-
aled that 57 circRNAs (31 up-regulated and 26
down-regulated) were differentially expressed
in NSCLC tumor tissues compared with the cor-
responding nontumorous tissues (Figure 1A).
In addition, 47 circRNAs were significantly dif-
ferentially expressed in the whole blood from
NSCLC patients and healthy controls, among
which 21 circRNAs and 26 circRNAs were up-
regulated and down-regulated, respectively (Fi-
gure 1B). Intriguingly, hsa_circ_0102533 and
hsa_circ_0103809 (Figure 1C) were signifi-
cantly increased in both tumor tissues and
whole blood from NSCLC patients. Based on
the fold change and P value, we focused on
hsa_circ_0102533 in our study. We also found
that a high expression of hsa_circ_0102533
was correlated with tumor type, TNM stages,
lymph nodes metastasis and distant metasta-

Int J Clin Exp Pathol 2018;11(9):4395-4404
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Figure 2. The expression of hsa_circ_0102533 was verified by RT-qPCR in tumor tissues and whole blood from
NSCLC patients. The expression of hsa_circ_0102533 was measured by RT-qPCR in forty-one pairs of NSCLC tumor
tissues and corresponding nontumorous tissues (A), as well as in the whole blood from forty-one NSCLC patients
and twenty-six healthy controls (B). The expression of hsa_circ_0102533 was measured by RT-gPCR in twenty-six
healthy controls, eighteen stage |-l and twenty-three stage Ill-IV NSCLC patients (C). Spearman’s rank analysis was
used to identify the correlation of hsa_circ_0102533 expression between tumor tissues and whole blood from
NSCLC patients (D). A Bland-Altman agreement analysis showed the mean difference of hsa_circ_0102533 expres-

sion between whole blood and tumor tissues (E).

sis or recurrence but not correlated with gen-
der, age, or tumor size (Table 1).

Hsa_circ_0102533 as a candidate biomarker
for NSCLC detection

To confirm the microarray data of hsa_circ_
0102533 levels in tumor tissues and blood
from NSCLC patients, hsa_circ_0102533 ex-
pression was identified by RT-gPCR analysis in
forty-one pairs of NSCLC tumor tissues and
their corresponding nontumorous tissues as
well as in the whole blood from forty-one NSCLC
patients and twenty-six healthy controls. The
results demonstrated that hsa_circ_0102533
was markedly up-regulated in both tumor tis-
sues (Figure 2A) and whole blood (Figure 2B)
in NSCLC patients compared with the control
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group. Whole blood levels of hsa_circ_0102533
were significantly increased in stage I-Il and
stage IlI-IV NSCLC patients as compared to
the healthy controls (Figure 2C). However, the
expression of hsa_circ_0102533 had no obvi-
ous difference between stage I-1l and stage llI-
IV NSCLC patients, suggesting that hsa_circ_
0102533 expression in the blood was irrele-
vant to the TNM stage. To confirm whether hsa_
circ_0102533 could serve as a blood-based
tumor marker for NSCLC detection and validate
its accuracy, a correlation analysis was per-
formed between whole blood and tumor tis-
sues from NSCLC patients. The expression lev-
els of hsa_circ_0102533 were strongly corre-
lated in whole blood and tumor tissues from
NSCLC patients (r = 0.697, P < 0.001; Figure
2D). In addition, a Bland-Altman agreement

Int J Clin Exp Pathol 2018;11(9):4395-4404
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analysis showed that the mean difference of
hsa_circ_0102533 expression between whole
blood and tumor tissues was 1.06 * 2.26, indi-
cating that hsa_circ_0102533 expression in
whole blood was acceptable as blood-based
tumor markers for NSCLC screening.

Diagnostic significance of hsa_circ_0102533
in whole blood from NSCLC patients

To evaluate the performance of hsa_circ_010-
2533 in discriminating NSCLC patients from
healthy subjects, the receiver operating charac-
teristics (ROC) curves and the area under the
ROC curves (AUC) were performed in forty-one
NSCLC patients and twenty-six healthy sub-
jects. The AUC for hsa_circ_0102533 was
0.744 [95% confidence interval (Cl): 0.622-
0.867; P=0.001] in separating NSCLC patients
from healthy subjects (Figure 3A). The AUC for
hsa_circ_0102533 was 0.774 (95% Cl: 0.624-
0.923) in separating stage I-ll NSCLC patients
from healthy subjects (Figure 3B). The AUC for
hsa_circ_0102533 was 0.728 (95% CI: 0.588-
0.869) in separating stage llI-IV NSCLC patients
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Figure 3. Evaluation of hsa_circ_0102533 for
NSCLC diagnosis. Receiver operating character-
istics (ROC) curves were drawn with the data of
hsa_circ_0102533 expression in whole blood
from forty-one NSCLC patients and twenty-six
healthy controls (A). ROC curves were drawn
with the data of hsa_circ_0102533 expression
in whole blood from eighteen stage I-Il NSCLC
patients and twenty-six healthy controls (B).
ROC curves were drawn with the data of hsa_
circ_0102533 expression in whole blood from
twenty-three stage llI-IV NSCLC patients and
twenty-six healthy controls (C).
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from healthy subjects (Figure 3C). These results
indicated that hsa_circ_0102533 provided an
effective diagnosis performance for the de-
tection of NSCLC patients. Interestingly, hsa_
circ_0102533 had a more effective diagnosis
performance for detection of stage I-Il NSCLC
patients, suggesting that hsa_circ_0102533
might be an early detection marker for NSCLC
patients.

Silencing of hsa_circ_0102533 inhibits prolif-
eration and induces apoptosis in NSCLC cell
lines

Based on above results, we found that hsa_
circ_0102533 might be an oncogene involved
in the progression and development of NSCLC.
Therefore, we investigated the effect of hsa_
circ_0102533 on proliferation and apoptosis in
vitro.First, the expression of hsa_circ_0102533
was measured in NHBE cells and five NSCLC
cell lines (A549, H1299, H1792, SK-MES-1 and
SPC-Al), and the results showed that hsa_
circ_0102533 was dramatically up-regulated
in all of the NSCLC cell lines compared with the

Int J Clin Exp Pathol 2018;11(9):4395-4404
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Figure 4. Hsa_circ_0102533 knockout inhibits proliferation in NSCLC cells. The levels of hsa_circ_0102533 in
NHBE cells and five NSCLC cell lines (A549, H1299, H1792, SK-MES-1 and SPC-A1) were detected by RT-qPCR as-
say (A). Hsa_circ_0102533 expression was significantly reduced in A549 and H1792 cells after being transfected
with si-0102533 (B). After being transfected with si-0102533 or si-NC, the cell viability was monitored by a CCK-8
assay in the A549 (C) and H1792 (D) cells. P < 0.05; ""P < 0.01; *"P < 0.001. n = 3 in each group.

NHBE cells (Figure 4A). Hsa_circ_0102533
was higher in A549 and H1792 cell lines than
in other cell lines (Figure 4A). Hence, the follow-
ing experiments were performed using A549
and H1792 cells. After being transfected with
hsa_circ_0102533 small interfering (si) RNA
(si-0102533), the expression of hsa_circ_010-
2533 was significantly inhibited in A549 and
H1792 cells (Figure 4B). More importantly, cell
proliferation was significantly suppressed in
si-0102533 transfected A549 (Figure 4C) and
H1792 (Figure 4D) cells compared with si-NC
transfection at 48 h and 72 h. Furthermore, the
apoptotic cell proportion (Figure 5A and 5B)
and caspase-3 activity (Figure 5C) were signifi-
cantly increased in si-0102533 transfected
A549 and H1792 cells compared with si-NC
transfection.
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Discussion

Mounting evidence suggests that non-coding
RNAs, microRNAs, long non-coding RNAs, and
circRNAs are detectable in body fluids, includ-
ing whole blood, plasma, serum, and urine and
can function as tools for cancer diagnosis [21-
23]. CircRNAs as the potential stable molecular
markers in disease diagnosis may be superior
to microRNAs and long non-coding RNA, which
we attribute to their stable structure, abundant
expression, and tissue specificity [14].

In our study, NSCLC-related circRNA screening
was performed based on different expression
profiling between NSCLC tumor tissues and cor-
responding nontumorous tissues, as well as
whole blood from NSCLC patients and healthy

Int J Clin Exp Pathol 2018;11(9):4395-4404
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controls by human circRNA microarray analy-
sis. The results demonstrated that the levels of
hsa_circ_0102533 were significantly higher in
both tumor tissues and whole blood from
NSCLC patients than that of the controls. We
further measured hsa_circ_0102533 expres-
sion in whole blood from NSCLC patients and
healthy subjects by RT-gPCR, and the results
showed that hsa_circ_0102533 was signifi-
cantly increased in the whole blood from
NSCLC patients compared with healthy sub-
jects, providing strong evidence that hsa_
circ_0102533 could be released into the blood
and might be used as diagnostic marker for
NSCLC patients.

On the other hand, hsa_circ_0102533 provid-
ed a higher diagnostic ability for the detection
of stage I-1l NSCLC patients [AUC: 0.774 (95%
Cl: 0.624-0.923)] than stage llI-IV NSCLC pati-
ents [0.728 (95% Cl: 0.588-0.869)], suggest-
ing that whole blood hsa_circ_0102533 could
serve as an early tumor marker for NSCLC
detection.

Hsa_circ_0102533 is located in chr14:7150-
2781-71522279, the spliced sequence length
is 862 nucleotides, and its associated-gene
symbol is pecanex (PCNX; circBase database,
http://www.circbase.org/). Previous studies sh-
ow that PCNX is upregulated in lung cancer tis-
sues compared with the adjacent non-tumor
tissues, and the 3’-untranslated Region (3-
UTR) of PCNX promotes cell proliferation and
suppresses apoptosis in lung cancer cells [24].
In the present study, we found another possi-
ble molecular mechanism of PCNX-mediated
proliferation and apoptosis in lung cancer cells
and that PCNX-originated hsa_circ_0102533
is involved in these processes. We found that
the inhibition of hsa_circ_0102533 by siRNA
could inhibit proliferation and induce apoptosis
in NSCLC cell lines, suggesting that hsa_circ_
0102533 showed an oncogenic property in the
initiation and development of NSCLC. Zhu et al.
showed that the siRNA-mediated inhibition of
hsa_circ_0013958 suppresses cell prolifera-
tion and invasion and enhances cell apoptosis
in lung adenocarcinoma cells [15]. Jiang et al.
also confirmed that hsa_circ_0007385 knock-
down resulted in significant suppression of the
proliferation, migration, and invasion of NSCLC
cells in vitro [16]. These results [15, 16] and
our findings suggest that circRNAs play an
important role in the carcinogenesis of NSCLC
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and may be new potential therapeutic targets
to treat NSCLC.

However, there are some limitations to our
study. First, the number of samples was limit-
ed, which may have biased the present find-
ings. Second, the stability of circRNAs in extra-
neousness has not been performed in our
study. Third, the molecular mechanism of hsa_
circ_0102533 functioning as microRNA spong-
es has not been investigated. Furthermore, the
reliability of the widespread use of circRNAs as
a biomarker for cancer diagnosis still needs to
be proven.

In conclusion, our findings suggest that hsa_
circ_0102533 is involved in the carcinogene-
sis and progression of NSCLC and might be
used as a potential blood-based biomarker for
NSCLC detection at the early stage and serve
as a new target for the treatment of NSCLC.
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