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Background: NSCLC is one of the most common and most lethal malignancies throughout

the world, and there is still a lack of sensitive diagnostic biomarkers. Identifying novel

NSCLC biomarkers can help with the diagnosis and clinical decision-making.

Methods: Identifying the differentially expressed circRNAs in three cases of NSCLC tissues by

high-throughput circRNAmicroarray sequencing. qRT-PCR was employed to detect the expres-

sion levels of hsa_circRNA_012515 in 80 cases of NSCLC tissues (tumor resection patients) and

60 cases of peripheral blood samples (chemotherapy patients), NSCLC cells and gefitinib-

resistant NSCLC cell lines. Then combining with clinical data, we discussed whether it was

feasible to use hsa_circRNA_012515 as the diagnostic and prognostic biomarker for NSCLC.

Results: In the cancerous tissues from NSCLC patients, NSCLC cells and gefitinib-resistant

cell lines, the average expressions of hsa_circRNA_012515 increased significantly (P<0.01).

Patients of stage III–IV, with lymph node metastases, had an overexpression of

hsa_circRNA_012515. High expression of hsa_circRNA_012515 was associated with lower

OS and shorter PFS, and it is closely related to the prognosis of the patients. Bioinformatic

analysis indicated that hsa_circRNA_012515 interacted with 5 miRNAs. This finding may

shed new light on the subsequent studies on the working mechanism and functions.

Conclusion: Our study showed that hsa_circRNA_012515 may be a novel biomarker

candidate for NSCLC. However, further studies are needed to ascertain the working mechan-

ism of hsa_circRNA_012515 in the occurrence and development of NSCLC.
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Background
Lung cancer is one of the most common and most lethal malignancies throughout the

world. Over 80% of the lung cancer patients are of non-small cell lung cancer

(NSCLC), for which the 5-year survival rate is only 15%.1 In developed countries,

lung cancer has become the major reason for cancer-related deaths.2 Early-stage lung

cancer is usually asymptomatic.3 Therefore, 70% of the patients are already at the late

stage of lung cancer or combined with local metastases upon the diagnosis.4 Early

diagnosis is conducive to increasing the patients’ survival. Identifying novel biomar-

kers may contribute to the early diagnosis of NSCLC. Epidermal growth factor

receptor (EGFR) mutations are the most common type of mutations in NSCLC,5

and its high expression is usually associated with a poor prognosis. Gefitinib is

a tyrosine kinase inhibitor for EGFR (EGFR-TKI), which has been widely used in

the clinical treatment of NSCLC, and its efficacy has already been recognized.

However, severe resistance to EGFR-TKI has greatly restricted its clinical

application.6 The resistance mechanism remains unclear for many patients.7
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Identifying the targets of resistance to EGFR-TKI and clar-

ifying the resistance mechanism will help improve the

treatment effect for NSCLC patients.

Circular RNA (circRNA) is a non-coding RNA and has

a more stable expression and highly conservative sequence

compared with linear RNAs. CircRNAs were first found in

RNA viruses.8 Along with the recent development in high-

throughput sequencing and bioinformatics, it has been found

that circRNAs are also expressed abundantly in eukaryotes.9

CircRNAs play an important role in the occurrence and

development of many human diseases, especially

cancers.10–12 circRNAs are not easily digested by exonu-

clease RNase and is expressed in many diseases and tissues

with high stability and specificity. Thus, it is probable that

circRNAs serve as a biomarker candidate.13,14 Moreover,

competitive inhibition of miRNA as the molecular sponge

is the most important working mechanism of circRNAs.

circRNAs can absorb specific miRNA through the sponging

effect, thus affecting the mRNA expression and fulfilling its

biological functions.15 The above studies have shown that

circRNAs potentially serve as the novel diagnostic and ther-

apeutic biomarker candidate in cancers. In the present study,

circRNA microarray sequencing was performed with qRT-

PCR verification. hsa_circRNA_012515 was significantly

upregulated in the gefitinib-resistant NSCLC tissues, which

was in turn associated with a poor prognosis. Our results

provide new clues for identifying biomarker candidates for

NSCLC.

Materials and Methods
Tissue Samples
From 2015 to 2018, cancerous tissues and paracancerous

tissues (>5 cm tumor margin) were collected from 83

patients with NSCLC tumor resection at our hospital.

Three of these cases were selected for circRNA microarray

sequencing, and then 20 and 60 cases were selected for small

and large sample verification, respectively. These patients

did not receive chemotherapy before surgery. At the same

time, peripheral blood samples were collected from 60

patients with NSCLC during the same period after che-

motherapy (gefitinib) for testing. These patients were all

EGFR positive. From all patients, basic information (includ-

ing age, gender, smoking history, tumor size, TNM stage,

lymph node metastasis and tumor staging) was collected

from the electronic medical record system. The largest dia-

meter was determined from the CT images to calculate the

tumor size. MRI and CTwere, respectively, used to diagnose

lymph node metastases and assess tumor differences. Tumor

histological grading and staging were performed according

to the WHO classification criteria and UICC grading criteria

(7th edition). All tissue samples were immediately preserved

at −80°C after collection.

Cell Culture
Pulmonary epithelial BEAS-2B cells and NSCLC (HCC827,

H1870, H1048, PC9 and A459) were purchased from

American Type Culture Collection (ATCC, Manassas, VA,

USA). Gefitinib-resistant cell lines PC9/R and A459/R were

obtained by gradually increasing the gefitinib concentration.

All cells were cultured in the 1640 medium (HyClone,

Logan, UT, USA) and incubated in the 5% CO2 incubator

at 37°C. The log-phase cells were harvested.

RNA Extraction and Transcription
Total RNA extraction was performed from the cancerous

tissues, paracancerous tissues and peripheral blood samples.

Pulmonary epithelial and NSCLC cell lines using Trizol

reagent (Invitrogen, USA). RNA content and quality were

detected based on the absorbance at the wavelength of

260 nm and 280 nm using a spectrophotometer. Linear

RNAs in the total extracted RNA were degraded using

RNase R (Epicentre, USA). Amplification was applied to the

residual circRNA and fluorescent cRNA was obtained by

transcription.

circRNA Microarray Sequencing
Fluorescent cRNAs obtained from three pairs of tissue sam-

ples were labeled by the random labeling method with the

Arraystar Super RNA Labeling Kit (Arraystar, USA). The

labeled circRNA hybridized to the Arraystar Human

circRNA Array V2 (8x15K, Arraystar). The microarray was

scanned with Agilent Scanner G2505C. Image analysis was

conducted usingAgilent Feature Extraction software (version

11.0.1.1). circRNA data were analyzed using the GeneSPring

13.0 software (Agilent). Differentially expressed circRNAs

were those with fold change>2.0 and P<0.05.

Verification by Quantitative qRT-PCR
Eighty pairs of tissues and 60 peripheral blood samples were

processed and transcribed into cDNA. The circRNA expres-

sion was detected by real-time qRT-PCR (Arraystar) on the

ViiA 7 Real-time PCR System (Applied Biosystems). In

brief, a total of 10 μL random primers were added for reverse

transcription of total RNA into cDNA. The reaction was

initiated at 95°C (30s), followed by 40 cycles at 95°C (5 s)
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and 60°C (20 s). β-actin was used as an internal reference

gene for qPCR. Normalization was performed against β-

actin. The expression level of hsa_circRNA_012515 was

calculated using the 2-ΔΔCt method (in triplicate). Primers

were designed using Primer5 software for amplification of

the target genes and Synthesized by Shanghai Shenggong

Bioengineering Co., Ltd. The primer sequences for

hsa_circRNA_012515 were 5ʹ CGTTCGAGTGTCCTGTG

GAA3ʹ(F) and 5ʹ GCTTTATCATACTGCTT GCTGC3ʹ(R).

The primer sequences for hsa_circRNA_092547 were 5ʹ

GGCTTGTGGATCAGAATCTGAA3ʹ(F) and 5ʹ CAAAAT

TGGGAAAGATGAT GAA3ʹ(R). The primer sequences for

hsa_circRNA_031235 were 5ʹ GGCAGAAGATCTGAC

AGGAT3 (F) and 5ʹGGCATCTGATGACTTTGACA3ʹ(R).

The primer sequences for hsa_circRNA_068252 were 5ʹ

GGTAAAGTTGCCACAGGAAG3ʹ(F) and 5ʹ GGACCA

TCACTTGGTGCA GT3ʹ(R). The primer sequences for

hsa_circRNA_102641 were 5ʹ GTGAACTGCCTGAAGA

GCTC3ʹ(F) and 5ʹ GTATCAACCCTCCTTGCT CT3ʹ(R).

The primer sequences for β-actin were 5ʹ GTGGCCG

AGGACTTTGATTG3ʹ(F) and 5ʹCCTGTAACAACGCATC

TCATATT3ʹ(R).

Statistical Analysis
All statistical analyses were performed using SPSS 20.0 soft-

ware. Data from three independent experiments were

expressed as means±standard deviation. Two groups’ means

were compared by t-test. ANOVAwas performed to compare

BA

Figure 1 circRNA microarray sequencing of NSCLC samples. A (left insert) is the volcano plot of circRNA expressions, and B (right insert) is the scatter plot of circRNA

expressions.
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the means between multiple groups. Receiver operating char-

acteristic curve (ROC) was used to determine the diagnostic

value of circRNAs. When AUC was 0.5, it was considered

that circRNAs had no diagnostic value. The Kaplan-Meier

(K-M) survival curve was plotted and Log-rank test was used

to analyze whether there was a significant difference in

survival rates between patients with high and low circRNA

expressions. P<0.05 indicated a significant difference.

Results
circRNA Microarray Sequencing
To identify specific circRNAs in NSCLS, microarray

sequencing was applied to determine the circRNA expres-

sions in three pairs of cancerous and paracancerous tissues

from NSCLC patients. The results showed that 147

circRNAs were differentially expressed, including 52 upre-

gulated circRNAs and 95 downregulated ones (Figure 1A,

Table 1 The Basic Information of five circRNAs Choose to Validate by qRT-PCR

CircRNA Alias Chrom CircRNAType FC Regulation Gene Symbol P value

hsa_circRNA_092547 hsa_circ_0001445 Chr4 Exonic 2.72 Up SMARCA5 0.02

hsa_circRNA_012515 hsa_circ_0001255 Chr22 Exonic 3.97 Up PANX2 0.03

hsa_circRNA_031235 hsa_circ_0031235 Chr14 Exonic 1.94 Up RBN23 0.04

hsa_circRNA_068252 hsa_circ_0068252 Chr3 Exonic 2.01 Up PARL 0.04

hsa_circRNA_102641 hsa_circ_0052943 Chr2 Exonic 1.28 Up ATAD2B 0.02

A

B

Figure 2 Figure A is the loop-forming information of five circRNAs. Figure B is the qRT-PCR verification of five circRNAs in 20 pairs of tissue samples. *Indicates

a significant difference compared with the control group (P<0.05). All experiments were performed in triplicate.
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left insert). The differentially expressed circRNAs in the two

groups were represented by the scatter plot (Figure 1B, right

insert). From them, five most differentially expressed

circRNAs were chosen (Table 1 and Figure 2A). Their

expressions in 20 pairs of tissue samples were verified by

qRT-PCR (Small sample verification). The results are shown

in Figure 2B. It can be seen that hsa_circRNA_012515 was

upregulated most significantly and its expression was sig-

nificantly higher than that in the control group.

The Expression of hsa_circRNA_012515

in the NSCLC Tissues and Cell Lines Was

Upregulated Significantly
After that, the expression of hsa_circRNA_012515 was ver-

ified by qRT-PCR in 60 pairs of tissue samples (larger

sample verification). It was further confirmed that the

hsa_circRNA_012515 expression was significantly upregu-

lated in NSCLC (Figure 3A) and the extent of upregulation

increased with advanced tumor stage (Figure 3B). In addition,

another 60 NSCLC patients received chemotherapy (gefiti-

nib), according to the patient’s response to gefitinib treatment,

60 patients were classified as gefitinib resistance (35 cases)

and gefitinib sensitivity (25 cases). We further found that the

expression of hsa_circRNA_012515 in gefitinib-resistant

NSCLC peripheral blood samples was significantly higher

than that in gefitinib-sensitive NSCLC peripheral blood sam-

ples (Figure 3C). Furthermore, qRT-PCR verification was

performed in gefitinib-resistant NSCLC cell lines, and the

results were consistent with those from the clinical samples

(Figure 3D). This indicated that the upregulation of
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Figure 3 RT-PCR verification of hsa_circRNA_012515 expressions in clinical tissue samples and cell lines. (A) Shows the expressions of hsa_circRNA_012515 in cancerous

tissues and paracancerous tissues from NSCLC patients (N indicates paracancerous tissues; T indicates cancerous tissues, n=83); (B) Shows the expression of

hsa_circRNA_012515 in patients of different tumor stages (N indicates paracancerous tissues, n=83; T(stage I–II), n=43; T(stage III–IV), n=40); (C) Shows the expressions

of hsa_circRNA_012515 in Peripheral blood samples from gefitinib-resistant (n=35) and gefitinib-sensitive (n=25) NSCLC patients. (D) Shows the expressions of

hsa_circRNA_012515 in the pulmonary epithelial cells, NSCLC cells and gefitinib-resistant NSCLC cell lines. All experiments were performed in triplicate. Data were

expressed as mean±standard deviation. #Indicates significant difference as compared with the N group, *Indicates significant difference as compared with the T(gefitinib-

sensitive) group, ***Indicates significant difference as compared with the BEAS-2B cell (P<0.05).
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hsa_circRNA_012515 may be a mechanism leading to gefi-

tinib resistance in NSCLC patients.

The hsa_circRNA_012515 ExpressionWas

Correlated with the Clinicopathological

Features of NSCLC Patients
To better determine the clinical value of

hsa_circRNA_012515, we analyzed the correlation between

the expression level of hsa_circRNA_012515, clinicopatho-

logical features of NSCLC patients and the laboratory indi-

cators. The results are shown in Table 2. It can be seen that

the expression level of hsa_circRNA_012515 increased sig-

nificantly in patients of stage III–IV, with lymph node

metastases (P<0.05); however, the expression level was

not significantly related to age, gender, smoking status,

tumor size and differentiation degree of tumors. In addition,

the correlation between hsa_circRNA_012515 and che-

motherapy status of NSCLC patients was analyzed.

hsa_circRNA_012515 Was a Good

Diagnostic Biomarker and Correlated

with Patients’ Prognosis
In order to determine the diagnostic value of

hsa_circRNA_012515 for NSCLC patients, the ROC

curve was plotted for NSCLC, as shown in Figure 4A.

hsa_circRNA_012515 had a high diagnostic accuracy in

NSCLC, and its AUC was 0.89 (P<0.0001). This indicated

that hsa_circRNA_012515 may be a specific and sensitive

diagnostic biomarker for NSCLC. Moreover, based on the

average expression level of hsa_circRNA_012515,

patients were divided into high and low expression groups.

K-M survival analysis indicated that the overall survival

(OS) (Figure 4B) and disease-free survival (DFS)

(Figure 4C) were considerably shortened in patients with

high expressions of hsa_circRNA_012515 than those with

low expressions of hsa_circRNA_012515. This indicated

that the high expression of hsa_circRNA_012515 was

related to the prognosis of the patients.

miRNA Target Prediction of

hsa_circRNA_012515
miRNA absorption by the sponging effect is the most

important working mechanism of circRNAs. In order to

determine the potential function of hsa_circRNA_012515,

the self-designed miRNA target prediction software based

on TargetScan and miRanda (Arraystar) was used to predict

the interaction between circRNAs and miRNAs. A total of

five miRNAs (hsa-miR-98-5p, hsa-miR-615-5p, hsa-let-7a-

5p, hsa-let-7b-5p and hsa-let-7c-5p) were predicted to inter-

act with hsa_circRNA_012515 (Figure 5).

Discussion
Lung cancer is the most common cancer in the clinic and

also the malignancy with the highest mortality in the

world.16 NSCLC is featured by high malignancy and an

extremely low 5-year survival rate. This is mainly attrib-

uted to a poor understanding of the basic biology of

NSCLC, which further leads to a lack of reliable biomar-

kers for the detection and effective drugs.17 In addition,

the survival of lung cancer patients is closely related to

staging. It has been shown that as the lung cancer patients

evolve from stage IA to stage IV, the 5-year survival rate

decreases from 82% to 6%.18 Lung cancer has a hidden

Table 2 Association Between the circRNA Expression Levels and

Clinicopathological Characteristics of NSCLC Surgery Patient

Characteristics N=83 hsa_circRNA_012515

Mean±SD

P value

Age(years) 0.428

≥60 45 1.739±1.022

<60 38 1.443±1.019

Gender 0.294

Male 49 1.583±1.044

Female 34 1.348±0.849

Tumor size 0.083

≥5cm 40 1.988±0.983

<5cm 43 1.543±1.037

Smoking status 0.487

Non-smoker 44 1.573±0.834

Smoker 39 1.892±1.201

Tumor stage 0.013

I–II 43 1.163±0.895

III–IV 40 1.983±0.872

Lymphatic metastasis 0.039

Yes 45 1.843±0.932

No 38 1.254±1.394

CEA 0.383

Negative 36 1.728±1.248

Positive 47 1.534±0.935

Tumor differentiation 0.214

Well 23 1.832±1.248

Moderate 38 1.544±1.194

Poor 22 1.245±0.928
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onset, and its early detection is very difficult. Most of the

patients are already at the late-stage upon diagnosis and

have already missed the best timing for treatment.

Therefore, early discovery and increasing the accuracy of

early diagnosis are conducive to improving the patients’

prognosis and survival. Identifying novel NSCLC-specific

biomarkers to help with the diagnosis and clinical deci-

sion-making is an urgent issue.

circRNAs are a group of endogeneous RNAs widely

expressed in mammals. They are featured by stable struc-

ture and high tissue specificity, which are unlikely to be

digested by exonuclease RNase.19 Therefore, circRNAs

are ideal candidates for diagnostic and prognostic biomar-

kers for many diseases, including cancers.20 For example,

Tian et al21 found that the hsa_circ_0004585 expression

level was significantly increased in colorectal cancer and

served as a diagnostic biomarker candidate in colorectal

cancer. Zhu et al22 showed that hsa_circ_0081001 could be

used as a potential biomarker and therapeutic target for

osteosarcoma. Qin et al11 showed that the expression level

of hsa_circ_0001649 was downregulated significantly in

hepatocellular carcinoma and had a potential diagnostic

value in hepatocellular carcinoma. The above studies

demonstrate that circRNAs are a good diagnostic biomar-

ker for cancers.

Early discovery and treatment are crucial for improv-

ing the prognosis of lung cancer patients.23 Better under-

standing of the molecular mechanism underlying the

pathogenesis of NSCLC is very important for early diag-

nosis. Many recent studies have indicated that circRNAs

BA

C

Figure 4 Analysis on the diagnostic and prognostic values of hsa_circRNA_012515. (A) shows the analysis of ROC curve of hsa_circRNA_012515 expressions in NSCLC.

(B and C) Show the relationships of the high and low expressions of hsa_circRNA_012515 with patients’ prognosis (PFS and OS) as analyzed based on the survival curve.
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hsa-miR-98-5p_vs_hsa_circRNA_012515

hsa-miR-615-5p_vs_hsa_circRNA_012515

hsa-let-7a-5p_vs_hsa_circRNA_012515

hsa-let-7c-5p_vs_hsa_circRNA_012515

hsa-let-7b-5p_vs_hsa_circRNA_012515

Figure 5 Prediction of circRNA/miRNA interaction. M: circRNA/miRNA interaction can be predicted by miRanda; T: circRNA/miRNA interaction can be predicted by

TargetScan.
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play an important role in the occurrence and development

of lung cancer. For example, Zhu et al24 showed that

hsa_circ_0013958 could be used as a non-invasive bio-

marker candidate for early detection and screening of lung

adenocarcinoma (a type of NSCLC). In the present study,

in order to determine the expressions of circRNAs in

NSCLC, we applied circRNA microarray sequencing to

three pairs of cancerous and paracancerous tissues from

NSCLC patients to screen for candidate circRNAs. The

differentially expressed circRNAs were verified by qRT-

PCR in a large amount of clinical samples, NSCLC cells

and gefitinib-resistant cell lines. The results showed that

the hsa_circRNA_012515 expression was significantly

upregulated in the NSCLC tissues and cells, especially in

the gefitinib-resistant NSCLC cells. Moreover, ROC ana-

lysis confirmed that hsa_circRNA_012515 had high spe-

cificity and sensitivity and was a good diagnostic

biomarker candidate for NSCLC. It was also revealed

that compared with the NSCLC patients of stage I/II, the

expression level of hsa_circRNA_012515 in those of stage

III/IV was upregulated significantly. In addition, the

hsa_circRNA_012515 expression level was increased con-

siderably in NSCLC patients with lymph node metastases.

Thus, hsa_circRNA_012515 might be involved in the

growth, progression and migration of NSCLC cells.

Besides, the hsa_circRNA_012515 expression was

correlated with DFS and OS, indicating that

hsa_circRNA_012515 may be an important biomarker

predicting poor prognosis of NSCLC patients. Taken

together, hsa_circRNA_012515 has good clinical rele-

vance, which can be applied to an early screening of

NSCLC.

Regulating miRNA expressions through the sponging

effect of circRNAs is an important working mechanism

for circRNAs. According to the predictions by miRanda

and TargetScan, we found that five miRNAs, including hsa-

miR-98-5p, hsa-miR-615-5p, hsa-let-7a-5p, hsa-let-7b-5p

and hsa-let-7c-5p might have interacted with

hsa_circRNA_012515. These miRNAs might be crucial

for the proliferation and metastasis of cancer cells. The

previous study has shown that circRNA 100146 may influ-

ence the progression of NSCLC by regulating miR-361-3p

and miR-615-5p.25 In addition, miR-98-5p can promote the

development of pancreatic ductal adenocarcinoma by down-

regulating mitogen-activated protein 4 kinase 4 (MAP4K4)

and inhibiting the downstream mitogen-activated protein

kinase/extracellular regulated protein kinases (MAPK/

ERK) signaling pathway.26 However, hsa-let-7a-5p, hsa-let

-7b-5p and hsa-let-7c-5p play an important role in the

occurrence and development of colorectal cancer, multiple

myeloma and acute lymphoblastic leukemia.27–29 This find-

ing provides a theoretical basis for understanding the work-

ing mechanism of hsa_circRNA_012515 in the occurrence

and development of NSCLC.

To sum up, we established the diagnostic and prognos-

tic values of hsa_circRNA_012515 in NSCLC. The aver-

age expressions of hsa_circRNA_012515 increased

significantly in the NSCLC tissues, NSCLC cells and

gefitinib-resistant NSCLC cell lines. Besides, the upregu-

lation of hsa_circRNA_012515 was closely related to

lymph node metastasis, tumor staging and prognosis of

NSCLC patients. Therefore, hsa_circRNA_012515 is

a good diagnostic and prognostic biomarker candidate for

NSCLC.
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