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Abstract: Circular RNAs (circRNAs) represent a class of endogenous non-coding RNAs. Recently, it has been re-
ported that circRNAs might serve as novel potential biomarkers for the diagnosis of cancer, including non-small cell 
lung cancer (NSCLC). Mutations in the ATP binding cassette subfamily A member 3 (ABCA3) have been increasingly 
associated with lung disease; however, roles for circRNAs at the ABCA3 locus have not been identified. To character-
ize novel biomarkers in NSCLC, a bioinformatics platform was used to select circRNAs within the ABCA3 gene. Diver-
gent primers were designed for hsa_circ_0037515 and hsa_circ_0037516, and the PCR products were sequenced 
to verify their existence in lung tissue. To evaluate diagnostic potential, expression levels of hsa_circ_0037515, 
hsa_circ_0037516, and ABCA3 were measured by quantitative reverse transcription-polymerase chain reaction; 
differences in expression levels were analyzed using the paired t-test, and receiver operating characteristic (ROC) 
curves were established. Our results demonstrate that ABCA3 mRNA, hsa_circ_0037515, and hsa_circ_0037516 
are significantly downregulated in 61 paired samples of NSCLC compared to adjacent lung tissues (P < 0.01), and 
that the areas under the ROC curves for the two circRNAs (0.81 and 0.82, respectively) are indicative of diagnostic 
value. Furthermore, the significance was improved by considering the two circRNAs in combination (area under 
the ROC curve, 0.90). Our results suggest that hsa_circ_0037515 and hsa_circ_0037516 serve as novel potential 
biomarkers for the diagnosis of NSCLC.
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Introduction

Lung cancer is a major worldwide cause of can-
cer-related mortality, accounting for 1.6 million 
deaths per year [1]. Most cases (~85%) are 
caused by non-small cell lung cancer (NSCLC), 
which consists of adenocarcinoma (AD) and 
squamous cell carcinoma (SSC) [2]. Despite a 
variety of treatment approaches, diagnosis is 
often delayed, and the five-year survival rate 
after treatment is only 30% [3]. Therefore, re- 
search to determine effective biomarkers for 
early NSCLC is critical.

Circular RNAs (circRNAs) are an abundant class 
of endogenous non-coding RNAs in human 
cells, formed by joining 3’- and 5’-ends toge- 
ther through RNA circularization [4]. Intracellu- 

lar circRNAs are more stable than linear RNAs 
because their creation involves non-canonical 
splicing without free 3’ and 5’ ends, which 
enables them to resist RNA exonucleases [5]. 
Many studies have shown that circRNAs can 
function as microRNA (miRNA) sponges that 
regulate target gene transcription and splicing, 
which ultimately influences gene expression 
[6-8]. Recent investigations have demonstra- 
ted that specific circRNAs play significant roles 
in cancers, such as colorectal cancer, bladder 
carcinoma, and gastric cancer [9-11]. Further- 
more, several circRNAs have recently been 
identified as potential diagnostic or prognostic 
markers in NSCLC [12, 13].

ATP binding cassette subfamily A member 3 
(ABCA3) is a highly conserved transporter pro-
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tein that plays a critical role in regulating pul-
monary surfactant homeostasis [14]. Muta- 
tions in the ABCA3 gene have been increasing- 
ly associated with lung disease [15]. Recent 
studies indicate that ABCA3 is differentially 
expressed in a variety of cancers, including 
breast cancer [16] acute lymphoblastic leuke-
mia [17], and NSCLC [18]. However, roles of  
circRNAs at the ABCA3 locus have not been 
identified.

In this study, using 61 paired NSCLC/adjacent 
non-cancerous tissues, we predicted the loca-
tion of two circRNAs within exons 8-10 of the 
ABCA3 gene: hsa_circ_0037515, located at 
chr16:2367283-2367765 (hg19); and hsa_
circ_0037516, located at chr16:2369581-23- 
69841 (hg19) via circBase datebase (http://
www.circbase.org/cgi-bin/simplesearch.cgi), 
subsequently evaluated the expression of the- 
se two circRNAs. Our data show that the ex- 
pression of ABCA3 and both hsa_circ_00375- 

15 and hsa_circ_0037516 was significantly 
downregulated in NSCLC, with significant dia- 
gnostic value for the two circRNAs in combi- 
nation. On the basis of our findings, these  
circRNAs may provide novel biomarkers for 
NSCLC.

Materials and methods

Specimens and clinical information

A total of 61 pairs of fresh lung tissue speci-
mens were collected from NSCLC patients 
between May 2011 and June 2014 in the 
Tangdu Hospital. The tissues were maintained 
at -80°C until use. The clinical and pathologi- 
cal characteristics of the patients are shown 
(Table 1). The TNM staging was determined by 
the criteria established by the International 
Union Against Cancer (UICC) in 2009.

Each patient was informed and was fully aware 
of this research. Consent was received by writ-
ten agreement. The study was conducted ac- 
cording to the rules of the Medical Ethics 
Commission of Soochow University. All meth-
ods were carried out in accordance with rele-
vant guidelines and regulations.

Cell culture

The human lung cell lines A549, BEAS-2B, 
H1299, and H460 were purchased from the 
Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). A549 cells were cultured  
in DMEM, and BEAS-2B, H1299, and H460 
were cultured in RPMI 1640 medium (Life 
Technologies, Carlsbad, CA, USA) supplement-
ed with 10% fetal bovine serum in a humidifi- 
ed atmosphere of 5% CO2. The cells were pas-
saged at ~70% confluence.

Total RNA extraction and reverse transcription

Total RNA was extracted from tissues and  
cell samples with the Total RNA Isolation Kit 
according to manufacturer’s instructions (Am- 
bion, Carlsbad, CA, USA). The purity and con-
centration were measured with a spectropho-
tometer 2000. Purified RNA was stored at 
-80°C for use in experiments.

Complementary DNA was synthesized using 
random primers and the High Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, 
USA).

Table 1. Clinicopathological characteristics of 
patients with non-small cell lung cancer
Characteristics No. of patients
Age (year)
    ≥ 60 34
    < 60 27
Gender
    Male 45
    Female 16
Subtype
    AD 25
    SC 28
Lymphatic metastasis
    N0 17
    N1 13
    N2 22
    N3 1
Distal metastasis
    M0 52
    M1 1
Invasion
    Tis & T1-T3 46
    T4 7
TNM stage
    0 & I & II 24
    III & IV 29
Abbreviations: AD, adenocarcinoma; SCC, squamous cell 
carcinoma. 
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Quantitative reverse transcription polymerase 
chain reaction

Quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) was performed using 
SYBR-Green Premix Ex Taq (Takara Bio, No- 
jihigashi, Kusatsu, Japan) and monitored by 
Roche Light Cycler480 (Roche, USA) accord- 
ing to the manufacturer’s instructions. The  
PCR reaction protocol was 95°C 3 min, fol-
lowed by 40 cycles of 95°C 30 s and 60°C  
50 s. The divergent primer sequences of hsa_
circ_0037515, hsa_circ_0037516, and gly- 
ceraldehyde-3-phosphate dehydrogenase (GA- 
PDH, used as internal standard for normaliza-
tion), were synthesized by Generay Biotech Ltd. 
(Shanghai, China). All experiments were con-
ducted in triplicate. The primers for qRT-PCR 
are shown in Table 2. The data were analyzed 
using the comparative cycle threshold (ΔCt) 
method. All results are expressed as the mean 
± SD.

Sequencing of qRT-PCR products

qRT-PCR products of hsa_circ_0037515 and 
hsa_circ_0037516 in NSCLC tumor and adja-
cent lung tissues were cloned using T vector 
(Transgene, China). Sanger sequencing was 
performed by Saiyin (Shanghai, China).

Polymerase chain reaction (PCR)

cDNA and genomic DNA of lung tissues from 
two randomly selected patients were used in 
PCR. The reactions for PCR were performed 

differences between NSCLC and non-tumorous 
tissues were evaluated by the paired sample t 
test. Correlation analysis of the two circRNAs 
was performed by Statistical Product and 
Service Solutions (SPSS). Differences between 
cancer subtypes were analyzed with the inde-
pendent t-test. R 3.2.1 was used to construct 
ROC curves. A value of P < 0.05 was considered 
statistically significant.

Results

Amplification of hsa_circ_0037515 and hsa_
circ_0037516 in NSCLC tissues

Using CircBase database, we evaluated wheth-
er the ABCA3 gene can be spliced to form hsa_
circ_0037515 and hsa_circ_0037516. Hsa_
circ_0037515 is predicted to be produced at 
an ABCA3 gene locus containing exon 9 and 
10, while Hsa_circ_0037516 is predicted to be 
produced at a locus containing exon 8 (Figure 
1A). To verify that these circRNAs are express- 
ed in NSCLC tissues, first we used melting 
curve analysis to demonstrate that amplified 
products were single peaks, which indicates 
that there were no primer dimers or non-specif-
ic amplification (data not shown). Second, the 
qRT-PCR products of these two circRNAs in 
NSCLC tissues were sequenced, and the re- 
sults confirmed the backsplice junctions, which 
were completely consistent with the predic-
tions from CircBase database (Figure 1B). In 
order to exclude genomic contamination, we 
designed convergent primers for linear RNA. 
The results showed that the circRNAs were 

Table 2. qRT-PCR primer sequences
Primer name Primer F (5’-3’) Primer R (5’-3’)
ABCA3 GACCACGACTTTCAAAATGC CGCAGAGTGTTCTCCACGCA
hsa_circ_0037515 AGCACCTTCTTCAGCAAAGGA ACACAGAAGAGCAGGGTCATG
hsa_circ_0037516 TGTCGTGCAGGAGAAGGAAAG TGATGGTCACCGTCAGTCTCT
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC
Abbreviations: ABCA3, ATP binding cassette subfamily A member 3; GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase.

Table 3. PCR convergent primer sequences
Primer name Convergent primer F (5’-3’) Convergent primer R (5’-3’)
GAPDH ACCACAGTCCATGCCATCAC CCACCTGGTGCTCAGTGTAG
hsa_circ_0037515 ATGATGGGGCTCAGCAGC GACACAGAAGAGCAGGGTCAT
hsa_circ_0037516 GACGGTGACCATCAAGAGGTT CTTCTCCTGCACGACAGCAC
Abbreviations: PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase.

using 2× Es Taq Master- 
Mix (Dye) (Cwbiotech, Chi- 
na), according to the ma- 
nufacturer’s instructions. 
The divergent primers we- 
re as described above 
(Table 2), and convergent 
primers are shown in Ta- 
ble 3.

Statistical analysis

GraphPad Prism 5.0 (Gra- 
phPad Software, LaJolla, 
CA, USA) software was 
used to generate graphs 
of the results. The hsa_
circ_0037515 and hsa_
circ_0037516 expression 
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amplified from cDNA, but not from genomic 
DNA of NSCLC tissues using divergent primers 
(Figure 1C). Therefore, these results confirm 
the structure and extragenomic composition of 
these circRNAs in NSCLC tissues.

Assessment of hsa_circ_0037515 and hsa_
circ_0037516 expression levels in lung cancer 
cell lines and tissues

To evaluate the potential significance of hsa_
circ_0037515 and hsa_circ_0037516 in NS- 
CLC, we measured their expression levels in 
lung cancer cell lines and tissues by RT-qPCR. 
As shown in Figure 2A, the expression levels of 
both circRNAs were significantly lower in A549, 
H1299, and H460 lung cancer cell lines than  

in BEAS-2B normal lung cells. Consistently, the 
expression levels were lower in NSCLC tissues 
compared to adjacent non-tumorous tissues (P 
< 0.001; Figure 2B). Moreover, reduced expres-
sion levels of the ABCA3 gene were observed in 
lung cancer cell lines and tissues compared  
to normal lung cells and tissues (P < 0.001; 
Figure 2C). Therefore, the levels of hsa_
circ_0037515, hsa_circ_0037516, and ABCA3 
tend to be reduced in NSCLC.

Levels of hsa_circ_0037515 and hsa_
circ_0037516 are correlated but cannot be 
used to distinguish NSCLC subtypes

Next, we examined our data for potential cor-
relations between the expression of the two 

Figure 1. Identification of hsa_circ_0037515 and hsa_circ_0037516 in samples of NSCLC tissues. A. The genomic 
location of hsa_circ_0037515 and hsa_circ_0037516. These circRNAs are predicted to be derived from exons 8-10 
of the ABCA3 gene. B. Sanger sequencing of the qPCR products of hsa_circ_0037515 and hsa_circ_0037516. Re-
sults from the splice junctions region are shown. C. RT-PCR products with divergent primers in the gDNA of NSCLC 
tissues from two randomly selected patients (coded as 1 and 2 in the figure). The black and white arrowheads 
represent the direction of the primers. White arrowheads represent convergent primer, and black arrowheads rep-
resent divergent primer that designed for circRNA. Abbreviations: ABCA3, ATP binding cassette subfamily A member 
3; NSCLC, non-small cell lung cancer.
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circRNAs. The results showed that hsa_circ_ 
0037515 and hsa_circ_0037516 expression 
is consistent, with a Pearson correlation coeffi-

cient of -0.745 (P < 0.01) (Figure 3A). However, 
there were no significant differences in expres-
sion levels among different cancer subtypes 

Figure 2. The expression levels of candidate circRNAs. Results were obtained by performing RT-qPCR in triplicate. 
RNA expression levels were normalized to expression of the reference gene GAPDH. A. The expression of circRNAs 
in A549, H1299, and H460 lung cancer cells were compared to the expression in BEAS-2B normal lung cells. 
Results represent the mean ± SD. B. The average expression of circRNAs in 61 pairs of NSCLC tissues (case) and 
adjacent lung tissues (control). C. The expression of ABCA3 mRNA in lung cancer cells (left panel) and tissues (right 
panel). ****P < 0.001. Abbreviations: ABCA3, ATP binding cassette subfamily A member 3; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; NSCLC, non-small cell lung cancer.
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Figure 3. Correlation between hsa_circ_0037515, hsa_circ_0037516, and ABCA3 expression levels in NSCLC tissues. Expression level differences between 
NSCLC and adjacent tissues were plotted for the 61 paired samples. A. hsa_circ_0037515 vs. hsa_circ_0037516 was plotted. The best fit line is shown. B. hsa_
circ_0037515 vs. ABCA3 was plotted. C. hsa_circ_0037516 vs. ABCA3 was plotted. Abbreviations: ABCA3, ATP binding cassette subfamily A member 3; NSCLC, 
non-small cell lung cancer.
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(Table 4). The expression of neither of these 
circRNAs correlated with the expression of 
ABCA3 (Figure 3B, 3C). Therefore, these two 
circRNAs may be useful indicators of NSCLC 
but cannot distinguish between cancer sub- 
types.

Potential diagnostic values of hsa_
circ_0037515 and hsa_circ_0037516 in 
NSCLC cancer

Given the differential expression of ABCA3, 
hsa_circ_0037515, and hsa_circ_0037516 
between NSCLC and non-cancer tissues (Fig- 
ure 2), we evaluated their potential diagnostic 
values by using the ROC analysis as a compre-
hensive index to reflect the sensitivity and 
specificity of continuous variables. For the 
ABCA3 mRNA, the sensitivity was 0.57, the 
specificity was 0.95, and the area under the 
ROC curve (AUC) was 0.79 (Figure S1), which 
indicates moderate diagnostic potential. How- 
ever, the AUC of hsa_circ_0037515 was 0.81, 
with a sensitivity of 0.57 and a specificity of  
0.9 (Figure 4A), and the AUC of hsa_circ_ 
0037516 was 0.82, with a sensitivity of 0.65 
and a specificity of 0.84 (Figure 4B). To im- 
prove their diagnostic potential, we evaluated 
the predictive value of combining the two cir-
cRNAs. The results show that the AUC was  
0.9, with a sensitivity of 0.87 and a specificity 
of 0.89 (Figure 4C). These results suggest th- 
at each of the circRNAs can be used to predict 
NSCLC on their own, but that the predictive 
value is best for the two markers in combi- 
nation.

Discussion

CircRNAs are distinctive single-stranded clos- 
ed circular RNA molecules that are found in a 
variety of organisms. In 1979, circRNAs were 
isolated from several eukaryotes [19]. At first,  
they were thought to be byproducts of splicing 
with no functional consequence. However, it 
has become increasingly clear that circRNAs 

ding rapidly [22]. This database contains nu- 
merous circRNA genomic and mature RNA 
sequences of different species, as well as cir-
cRNAs relating to various diseases [23]. Cur- 
rently, more than 20,000 different circRNAs 
have been discovered in eukaryotes [24]. Fur- 
thermore, emerging research demonstrates 
that circRNAs can play important roles in can-
cer development. For example, Zhong et al. 
found that the circRNA MYLK is a competing 
endogenous RNA that promotes bladder can-
cer progression by regulating the VEGFA/VE- 
GFR2 signaling pathway [25]. Additionally, sev-
eral circRNAs have been identified as potential 
biomarkers in NSCLC [6, 13].

In this study, we assessed the potential roles  
of two circRNAs residing in the ABCA3 locus 
(hsa_circ_0037515 and hsa_circ_0037516)  
in 61 paired NSCLC samples. We chose to  
evaluate circRNAs within this gene because of 
its role in pulmonary surfactant homeostasis 
and lung disease [14, 15]. Our results demon-
strate that both circRNAs are expressed on 
cancerous and non-cancerous lung tissues,  
but that they are downregulated in NSCLC, 
which indicates that their expression level may 
negatively correlate with lung cancer develop-
ment. The expression of ABCA3 was also de- 
creased in NSCLC, which might account in part 
for the decrease in these circRNAs; however, 
the decreases were larger for the circRNAs, 
raising the possibility that their expression may 
be dependent on additional factors.

To evaluate the potential of ABCA3 mRNA, hsa_
circ_0037515, and hsa_circ_0037516 as bio-
markers, we analyzed their diagnostic effec-
tiveness. Each had moderate predictive value 
(AUC 0.79-0.84); however, the value was im- 
proved for the two circRNAs in combination 
(AUC 0.9). These results indicate that hsa_
circ_0037515 and hsa_circ_0037516 have 
the potential to serve as novel diagnostic mar- 
kers for NSCLC with high accuracy, specificity, 

Table 4. The relative expression of hsa_circ_0037515 and 
hsa_circ_0037516 in SSC and AD

Subtype 2-ΔΔCt ± SD P value
hsa_circ_0037515 AD 0.25 ± 0.24 0.77

SSC 0.22 ± 0.50
hsa_circ_0037516 AD 0.48 ± 0.97 0.10

SSC 0.16 ± 0.24
Abbreviations: AD, adenocarcinoma; SCC, squamous cell carcinoma.

can modulate the expression of sets 
of genes involved in important bio-
logical processes. The primary me- 
chanism of circRNAs is thought to 
involve competitive binding of miR-
NAs [20]. With the development of 
RNA sequencing technology and bio-
informatics, an increasing number of 
circRNAs has been discovered [21], 
and the circRNA database is expan- 
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and sensitivity. Interestingly, high ABCA3 ex- 
pression levels have been shown to correlate 
with worse disease-free and overall survival in 
tumors from 89 patients with NSCLC [18]. We 
did not have sufficient information to assess 
the prognostic potential of hsa_circ_0037515 
and hsa_circ_0037516 in our study; however, 
future studies to determine their prognostic 
potential would be valuable.

In addition to their diagnostic potential, these 
circRNAs are likely to add mechanistic insight 
into the regulatory mechanisms of NSCLC and 
other cancers. Currently, the detailed molecu-
lar mechanisms of these two circRNAs are un- 
known, but given their genomic location and 
similarity in expression pattern, they could po- 
tentially influence the function of ABCA3. Fu- 
ture investigations to reveal functional roles  
for these RNAs would be valuable. Further- 
more, verification of our findings with a larger 
and more diverse set of tissue samples will be 
an important future endeavor.
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Figure S1. ROC curve analysis of ABCA3 mRNA expression in non-small cell lung cancer versus control tissues.


