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Background: Lung adenocarcinoma (LUAD) is a life-threatening disease worldwide with a high mortality rate. The early diagnosis
of LUAD is crucial for improving subsequent treatment and prognosis. However, biomarkers for early detection remain a clinical
challenge in LUAD. Here, we aimed to develop circular RNAs (circRNAs) in circulating plasma from LUAD patients as valuable
diagnostic biomarkers in LUAD.
Methods: CircRNA expression was determined by circRNA microarray in three pairs of LUAD tumour tissues and patient-matched
normal lung tissues. Hsa_circ_101555 and hsa_circ_008068 were selected as potential biomarkers in LUAD tissues and plasma by
RT–PCR, respectively. The diagnostic value was analysed by the area under the curve (AUC) and the receiver operating characteristic
(ROC) test.
Results: Our results showed that 6261 circRNAs were upregulated and 7238 circRNAs were downregulated in LUAD tumour tissues
compared with patient-matched normal lung tissues. Hsa_circ_101555 and hsa_circ_008068 were filtered as biomarkers for early-
stage LUAD. Q-PCR results showed that hsa_circ_101555 and hsa_circ_008068 were significantly upregulated in both LUAD cancer
tissues and circulating plasma. Hsa_circ_101555 and hsa_circ_008068 were positively associated with tumour differentiation, tumour
size and CEA (P<0.05). The ROC analysis showed that hsa_circ_101555 and hsa_circ_008068 had a better diagnostic potential
compared to the traditional biomarkers (CEA, SCC, CYFRA21-1) in the detection of early-stage LUAD.
Conclusion: The circular RNAs hsa_circ_101555 and hsa_circ_008068 could serve as novel diagnostic biomarkers for early-stage
LUAD.
Keywords: circRNAs, lung adenocarcinoma, diagnostic biomarker, circ101555

Introduction
Lung adenocarcinoma (LUAD) is one of the most commonly diagnosed lung cancers and is the main cause of cancer-
related death worldwide, accounting for more than 50% of non-small-cell lung cancers, and the percentage continues to
increase.1,2 LUAD is characterized by its poor clinical prognosis and high morbidity and severely affects the quality of
life of patients.3 Despite substantial efforts in the treatment of lung cancer, the 5-year survival rates remain lower than
17%.4 If diagnosis and treatment are started in the early stage, the prognosis of lung cancer is notably improved.
Therefore, early diagnostic biomarkers are required to improve the prevention, treatment, and survival rates of LUAD.

Currently, lung tissue biopsy is still the gold standard technique for accurately diagnosing LUAD, but specimens are
often difficult to obtain.5 As a complement, low-dose computed tomography (LDCT) screening is a noninvasive method
for the early detection of LUAD.6 Nevertheless, the percentage of subjects with pulmonary nodules and the rate of
false-positive diagnosis are both relatively high.7 In the past decade, liquid biopsy has been an adjunctive test to help
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evaluate the malignancy potential and showed no radiation exposure compared with LDCT.8 Biomarkers are detected in
body fluids and include exosomes, long noncoding RNAs (lncRNAs), microRNAs (miRNAs), circulating tumour
nucleic acids (ctDNA), and circulating tumour cells (CTCs).9 However, the early diagnosis of LUAD has a low
sensitivity in liquid biopsy. Hence, a noninvasive and effective liquid biopsy for detecting early-stage LUAD is urgently
needed.

Circular RNAs (circRNAs) are a novel class of endogenous noncoding RNAs that are widely expressed in eukaryotic
cells.10 They are primarily expressed in exons or introns, generating exonic circRNAs or intronic circRNAs.11 CircRNAswere
detected as miRNA sponges that compete with endogenous RNAs to affect gene expression, thereby regulating their
downstream target genes.12 The transcripts of circRNAs are considered stable and highly conserved, with no free 5′ cap or
3′ tail in their structure.13 In recent years, increasing evidence suggests that circRNAs participate in various biological
processes implicated in humanmalignant tumours, such as proliferation, migration, invasion, and apoptosis.14–16 For instance,
hsa_circ_0072309was downregulated in breast cancer and acted as amiR-492 sponge to promote cell proliferation, migration,
and invasion.17 Liang et al indicated that circ β-catenin was increased in liver cancer tissues and affected liver cancer cell
growth via theWnt/β-catenin signalling pathway.18 In lung cancer, hsa_circ_0007580 was verified to promote lung cancer cell
proliferation and invasion by sponging miR-545-3p to inhibit protein kinase Ca (PKCA) by activating the p38/MAPK
signalling pathway.19 Furthermore, circ_0074027 plays an oncogenic role in lung cancer by sponging miRNA-2467-3p to
upregulate bromodomain-containing protein 4 (BRD4) and activate the MAPK signalling pathway.20 These characteristics of
circRNA demonstrate that dysregulation of circRNAs plays critical roles in cancer initiation and development.

In the present study, the differential expression profiles of tissue circRNAs in LUAD were first investigated by
circRNA microarray and identified hsa_circ_101555 and hsa_circ_008068 as significantly upregulated in lung tissues.
Subsequently, the target circRNAs were further validated by reverse transcription-quantitative polymerase chain reaction
(RT–qPCR) to verify the diagnostic efficacy of circRNAs from tissues and plasma in LUAD patients. CircRNAs may be
developed to serve as new early diagnostic biomarker profiles in LUAD.

Methods
Subjects
In this study, a total of fourteen paired LUAD tumour tissues and matched non cancer tissues were obtained from patients
who underwent surgery and were diagnosed with stage I LUAD at the Second Affiliated Hospital of Jiaxing University
between January 2020 and July 2021. Thirty plasma samples were collected from stage I LUAD patients. Thirty plasma
samples of healthy controls were enrolled from the physical examination centre at the Second Affiliated Hospital of
Jiaxing University. This study was approved by the ethics committees of the Second Affiliated Hospital, Jiaxing
University (Ethics number: jxey-2020SW019), which accorded with the ethical standards formulated in the Helsinki
Declaration. All patients offering clinical materials provided written informed consent and signed informed consent
forms. The clinical characteristics of LUAD patients are presented in Table 1.

Microarrays
We detected the expression profile of circRNAs in six tissue samples, including three paired LUAD cancer tissues and
patient-matched normal lung tissues. Microarray analysis was performed by KangChen Biotech, Shanghai. Total RNA
from each sample was quantified using a NanoDrop ND-2000. The sample preparation and microarray hybridization
were performed based on Arraystar’s standard protocols. Briefly, total RNAwas digested with RNase R (Epicentre, Inc.)
to remove linear RNAs and enrich circRNAs. Then, the enriched circRNAs were amplified and transcribed into
fluorescent circRNAs utilizing a random priming method (Arraystar Super RNA Labelling Kit; Arraystar). The labelled
circRNAs were hybridized onto an Arraystar Human circRNA Array V2 (8x15K, Arraystar). After washing the slides,
the arrays were scanned by an Agilent Scanner G2505C.

Quantile normalization and subsequent data processing were performed using the R software limma package.
Differentially expressed circRNAs with statistical significance between the two groups were identified through volcano
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plot filtering. Differentially expressed circRNAs between two samples were identified through fold change filtering.
Hierarchical clustering was performed to show the distinguishable circRNA expression pattern among samples.

Quantitative Real-Time Reverse Transcription PCR
Tissue RNAwas extracted by TRIzol reagent (Invitrogen, USA). Plasma RNA was extracted using RNA extract reagent
according to the manufacturer’s protocol (HiPure Serum/Plasma RNA Kit, Magen). A PrimeScriptTM RT reagent kit
(RR047A, Takara) was used to reverse transcribe mRNA into cDNA. Then, TB Green fast q-PCR mix (RR820A, Takara)
was applied to perform RT-qPCR using an ABI StepOne Plus system according to the manufacturer’s instructions. The
reaction mixture was incubated at 95 °C for 2 min, followed by 40 cycles at 95 °C for 30s, 57 °C for 30s and 72 °C for
30s. β-Actin was used as the internal control to calculate the relative mRNA levels of target genes using the 2-ΔΔCT

method. The relative expression levels of circRNAs were calculated using the 2−ΔΔCT method. β-Actin was selected as
the housekeeping gene and normalized as the reference.

Statistical Analysis
Statistical calculations were performed using GraphPad Prism Software 7.0 (GraphPad, USA). The Wilcoxon matched-
pairs signed rank test was used to compare the expression levels of circRNAs between LUAD tumour tissues and patient-
matched normal lung tissues. t-tests were used for the analysis of differential hsa_circ_101555 and hsa_circ_008068
expression between the plasma of LUAD patients and healthy donors. Correlations were analysed using Spearman’s rank
correlation test. The receiver operating characteristic (ROC) curve and area under the ROC curve (AUC) were used to
evaluate the diagnostic performance of the selected circRNAs. A P value < 0.05 was considered statistically significant.

Results
Differentially Expressed circRNAs by Microarray in LUAD Cancer Tissues
A circRNA expression microarray was performed to determine circRNA expression in three pairs of LUAD tumour
tissues and patient-matched normal lung tissues. We detected a genome-wide analysis of circRNAs using the Arraystar
Human CircRNA Microarray. In total, 6261 circRNAs were identified as upregulated and 7238 circRNAs were down-
regulated with FC ≥ 1.5 and P values ≤ 0.05 in LUAD tumour tissues compared to adjacent normal tissues. Hierarchical
clustering was used to illustrate the differentially expressed circRNAs from the microarray analysis (Figure 1A). Volcano
plots and scatter plots showed the variations in circRNA expression between LUAD tumour tissues and adjacent normal
lung tissues (Figure 1B and C). Types and counts of differentially expressed circRNAs were regulated by quantile
normalization (Figure 1D). In the circRNA microarray, 18 upregulated and 10 downregulated circRNAs were signifi-
cantly differentially expressed between the tumour and normal tissues (Table 2). These data indicated that the expression
of circRNAs in LUAD tumour tissues was different from that in adjacent normal tissues.

Table 1 Clinical Characteristics of LUAD Patients

Characteristics LUAD Patients (n) Healthy Donors (n)

Total cases 30 30
Gender

Male 16 15

Female 14 15
Age (years)

≤ 60 18 20

> 60 12 10
Smoking history

Yes 14 11
No 16 19

TNM stage

I 30
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Figure 1 Differential expression levels of circRNAs in the tumour tissues and normal tissues of LUAD patients. (A) Hierarchical clustering of circRNA microarray analysis from
three paired LUAD tumour tissues and matched adjacent normal tissues showed the differential expression of circRNAs (FC ≥ 1.5 and P values ≤ 0.05). (B) Volcano plots were
constructed to determine the distribution of circRNAs using the fold change and P values. The left red points represent the differentially downregulated circRNAs, and significantly
upregulated circRNAs are shown by right red points. (C) A scatter plot was used to assess variations in circRNA expression levels between LUAD tumour tissues and adjacent
normal tissues. The values of the X and Yaxes in the scatter plot are the normalized signal values of the samples (log2 scaled). The circRNAs above the top green line and below the
bottom green line were changed by more than 1.5-fold between the two compared groups. (D) The box plot shows that the circRNAs were regulated by quantile normalization.
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Hsa_circ_101555 and Hsa_circ_008068 Were Highly Expressed in Tumour Tissues
and Plasma of LUAD Patients
We chose 2 upregulated circRNAs (hsa_circ_101555 and hsa_circ_008068) with a higher fold change as the candidate
circRNAs. Hsa_circ_101555 and hsa_circ_008068 have not been reported for the diagnosis of early-stage LUAD.
Therefore, the relative expression of hsa_circ_101555 and hsa_circ_008068 were further measured in fourteen LUAD
tumour tissues and patient-matched normal lung tissues by q-PCR experiments. As shown in the results, hsa_circ_101555
was significantly increased in LUAD tumour tissues compared to patient-matched normal tissues (P < 0.05, Figure 2A).
Similarly, hsa_circ_008068 was also obviously upregulated in LUAD tumour tissues compared to adjacent normal tissues
(P < 0.05, Figure 2B). Furthermore, we detected the two circRNAs in the plasma of thirty LUAD patients and thirty
healthy donors. The results showed that hsa_circ_101555 and hsa_circ_008068 were both significantly upregulated
between the plasma of LUAD patients and healthy donors (P < 0.05, Figure 2C and D).

Correlation Between the Two circRNAs and Tumour Indicators in LUAD Patients
To further explore the relationship between the expression of circRNAs and traditional tumour indicators in LUAD
patients, we collected and analysed the patients’ clinical data. As shown in Table 3, hsa_circ_101555 and hsa_-
circ_008068 were significantly associated with tumour differentiation (high and moderate, poor) and tumour size (≤
3 cm, > 3 cm) in LUAD patients (P < 0.05). However, no significant correlations were found between the circRNAs and
tumour location (P > 0.05). Furthermore, the serum levels of CEA were positively associated with the plasma levels of

Table 2 Differentially Expressed circRNAs Between LUAD Tumour Tissues and Patient-Matched Normal Lung Tissues

circRNA FC (abs) P-value Regulation Gene Symbol MRE1 MRE2 MRE3

hsa_circ_101555 6.520426 0.013994791 Up CSNK1G1 hsa-miR-644a hsa-miR-485-5p hsa-miR-889-5p
hsa_circ_000812 6.1918338 0.023484599 Up RNF213 hsa-miR-1207-5p hsa-miR-7114-3p hsa-miR-6775-5p

hsa_circ_050649 5.3178332 0.011359312 Up HSPB6 hsa-miR-1182 hsa-miR-6756-5p hsa-miR-608

hsa_circ_104871 4.4563968 1.27521E-05 Up SUSD1 hsa-miR-611 hsa-miR-612 hsa-miR-873-3p
hsa_circ_050648 4.4243301 0.040784018 Up HSPB6 hsa-miR-1182 hsa-miR-608 hsa-miR-6803-5p

hsa_circ_101287 4.2811536 0.016791235 Up UGGT2 hsa-miR-499a-3p hsa-miR-526b-5p hsa-miR-363-3p

hsa_circ_006349 4.2255535 0.029683806 Up TMEM39B hsa-miR-214-3p hsa-miR-3619-5p hsa-miR-761
hsa_circ_100445 4.2016686 0.021622152 Up TATDN3 hsa-miR-511-5p hsa-miR-32-3p hsa-miR-141-5p

hsa_circ_018998 3.9427011 0.009428965 Up CCSER2 hsa-miR-4682 hsa-miR-519a-3p hsa-miR-338-3p
hsa_circ_025249 3.9295203 0.031727797 Up MLF2 hsa-miR-664a-3p hsa-miR-6776-3p hsa-miR-497-3p

hsa_circ_008584 3.8880833 0.039192463 Up PTPRM hsa-miR-5195-3p hsa-miR-4441 hsa-miR-4270

hsa_circ_101408 3.8585861 0.010402998 Up TTLL5 hsa-miR-136-5p hsa-miR-500a-5p hsa-miR-578
hsa_circ_000680 3.8017165 0.013183437 Up IQCK hsa-miR-5002-5p hsa-miR-6081 hsa-miR-4773

hsa_circ_071312 3.7651581 0.010366226 Up KIAA0922 hsa-miR-4476 hsa-miR-4722-5p hsa-miR-377-3p

hsa_circ_104248 3.7642914 0.001710613 Up TULP4 hsa-miR-611 hsa-miR-30c-1-3p hsa-miR-149-3p
hsa_circ_074306 3.7441708 0.000566184 Up DIAPH1 hsa-miR-4763-3p hsa-miR-3157-5p hsa-miR-1249-5p

hsa_circ_406325 3.734959 0.004474842 Up CFAP44 hsa-miR-376a-3p hsa-miR-376b-3p hsa-miR-204-5p

hsa_circ_008068 2.4292604 0.024289003 Up KATNAL1 hsa-miR-4686 hsa-miR-4778-3p hsa-miR-1236-3p
hsa_circ_103730 4.1152223 0.036934546 Down PRDM5 hsa-miR-578 hsa-miR-501-5p hsa-miR-581

hsa_circ_009054 2.9641589 0.018038439 Down MCC hsa-miR-33a-5p hsa-miR-4685-5p hsa-miR-6855-5p

hsa_circ_013959 2.2251531 0.021125268 Down ACP6 hsa-miR-4461 hsa-miR-3118 hsa-miR-134-5p
hsa_circ_103147 2.2145335 0.00934726 Down ADARB1 hsa-miR-150-3p hsa-miR-485-5p hsa-miR-509-5p

hsa_circ_103414 2.0938049 0.043648269 Down FOXP1 hsa-miR-370-3p hsa-miR-558 hsa-miR-127-5p

hsa_circ_103606 2.013322 0.013395802 Down LDB2 hsa-miR-640 hsa-miR-655-3p hsa-miR-380-3p
hsa_circ_075648 2.0062532 0.005400543 Down SIRT5 hsa-miR-516b-5p hsa-miR-4691-3p hsa-miR-4731-5p

hsa_circ_000303 1.914726 0.022906399 Down SPI1 hsa-miR-6751-5p hsa-miR-6756-5p hsa-miR-608

hsa_circ_007249 1.8908124 0.016229085 Down ZCCHC17 hsa-miR-877-3p hsa-miR-216b-3p hsa-miR-4778-3p
hsa_circ_100118 1.8337658 0.045045547 Down EYA3 hsa-miR-202-3p hsa-miR-301a-5p hsa-miR-616-3p
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hsa_circ_101555 and hsa_circ_008068 in LUAD patients (P < 0.05, Figure 3A and B). Nevertheless, the serum levels of
SCC were not significantly correlated with the plasma levels of these two circRNAs in LUAD patients (P > 0.05,
Figure 3C and D). The serum levels of CYFRA21-1 were positively associated with circulating hsa_circ_008068 in
LUAD patients (P < 0.05, Figure 3F), whereas there was no correlation in hsa_circ_101555 (P > 0.05, Figure 3E).

Table 3 Correlation Between the Expression of Plasma circRNAs and Clinical Characteristics in LUAD
Patients

Characteristics LUAD Patients (n) hsa_circ_101555 P value hsa_circ_008068 P value

Tumor location

Left 10 1.54±0.27 0.642 1.12±0.45 0.353
Right 20 1.36±0.24 1.64±0.31

Differentiation

High and moderate 28 1.31±0.24 0.018 1.27±0.16 0.001
Poor 2 3.67±1.16 3.44±0.07

Tumor size (cm)

≤ 3 25 1.21±0.26 0.025 1.17±0.15 0.001
> 3 5 2.72±0.62 2.64±0.51

Figure 2 Hsa_circ_101555 and hsa_circ_008068 expressed in the tissues and plasma of LUAD patients. (A) The mRNA of hsa_circ_101555 in the tissues of LUAD patients
compared with matched adjacent normal tissues. (B) The mRNA of hsa_circ_008068 in the tissues of LUAD patients compared with matched adjacent normal tissues. (C)
Hsa_circ_101555 expressed in the plasma of LUAD patients compared with healthy donors. (D) Hsa_circ_008068 expressed in the plasma of LUAD patients compared
with healthy donors. Differences between groups were analysed using a t-test. *P < 0.05, **P < 0.01, ***P < 0.001, significantly different from the values in the normal tissues
and healthy donors.
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Hsa_circ_101555 and Hsa_circ_008068 Had a High Diagnostic Value for Early-Stage
LUAD Patients
To confirm the potential value of hsa_circ_101555 and hsa_circ_008068 as tumour biomarkers for early diagnosis in
LUAD patients, we analyzed the ROC curves of the two circRNAs and three traditional biomarkers (CEA, SCC,
CYFRA21-1) in the plasma of LUAD patients. Our data showed that the AUC value of hsa_circ_101555 was 0.708 (95%
CI = 0.578 to 0.838, sensitivity = 76.67% and specificity = 60.00%, Figure 4A). The AUC value of hsa_circ_008068 was
0.624 (95% CI = 0.482 to 0.767, sensitivity = 63.33% and specificity = 53.33%, Figure 4B). The AUC value of CEAwas
0.599 (Figure 4C). The AUC value of SCC was 0.506 (Figure 4D). The AUC value of CYFRA21-1 was 0.531
(Figure 4E). Moreover, we combined circRNAs and three tumor markers (CYFR21-1, NSE and CA72-4) to make
a combined diagnostic model. The AUC value of hsa_circ_101555 and three tumor markers was 0.753 (Figure 4F). The
AUC value of hsa_circ_008068 and three tumor markers was 0.704 (Figure 4G). Specific values are shown in Table 4.

Figure 3 Traditional tumour marker correlations with hsa_circ_101555 and hsa_circ_008068 in the plasma of early-stage LUAD patients. (A) Correlation between
hsa_circ_101555 and CEA in LUAD patients. (B) Correlation between hsa_circ_008068 and CEA in LUAD patients. (C) Correlation between hsa_circ_101555 and SCC in
LUAD patients. (D) Correlation between hsa_circ_008068 and SCC in LUAD patients. (E) Correlation between hsa_circ_101555 and CYFRA21-1 in LUAD patients. (F)
Correlation between hsa_circ_008068 and CYFRA21-1 in LUAD patients. Correlation analysis was performed using the Spearman’s rank correlation test.
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Figure 4 ROC curve analyses of circRNAs and three traditional biomarkers for the detection of early-stage LUAD. (A) ROC analysis for the detection of LUAD using
hsa_circ_101555. (B) ROC analysis for the detection of LUAD using hsa_circ_008068. (C) ROC analysis for the detection of LUAD using CEA. (D) ROC analysis for the
detection of LUAD using SCC. (E) ROC analysis for the detection of LUAD using CYFRA21-1. (F) ROC analysis for the detection of LUAD using hsa_circ_101555
combined three tumour biomarkers. (G) ROC analysis for the detection of LUAD using hsa_circ_008068 combined three tumour biomarkers. The AUC values are given on
the graphs.
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Discussion
LUAD is the most common histological subtype of lung cancer and is prone to cancer recurrence and metastasis.4 The
early diagnosis of LUAD is the most effective way to alleviate cancer progression and reduce deaths.5 However,
detecting early-stage LUAD still presents a difficult challenge. In this study, we analysed the expression of circRNAs
in three pairs of LUAD cancer tissues and adjacent normal lung tissues using a circRNA microarray. We identified 6261
circRNAs that were upregulated and 7238 circRNAs that were downregulated in tumour tissues compared with patient-
matched normal tissues in LUAD patients. Meanwhile, our findings demonstrated that hsa_circ_101555 and hsa_-
circ_008068 were more highly expressed in LUAD tumour tissues and plasmas than in normal tissues and healthy
plasmas, respectively. Therefore, hsa_circ_101555 and hsa_circ_008068 were filtered as potential screening/diagnostic
LUAD markers.

High-throughput sequencing technology has detected many circRNAs in human peripheral blood, tissues, and
exosomes.21 Previous studies revealed that abnormal circRNA expression is associated with tumour progression and
may be a potential biomarker for malignant tumours. Recently, hsa_circ_002059 was reported to be downregulated in
gastric cancer tissues and plasma and may be a potential clinical diagnostic marker for diagnosing gastric cancer.22

Similarly, hsa_circ_0001649 was significantly downregulated in hepatocellular carcinoma and was more sensitive and
specific than the traditional marker α-fetoprotein (AFP) in hepatocellular carcinoma.22 In lung adenocarcinoma patients,
hsa_circ_0013958 was confirmed to be markedly increased in tumour tissues and plasma, which was found to be
positively associated with lymph node metastasis and TNM stages.23 Nevertheless, few circRNAs have been detected as
diagnostic markers in LUAD, and many functions and molecular mechanisms of circRNAs remain unclear. Our results
showed that hsa_circ_101555 and hsa_circ_008068 were highly expressed in lung tissues and plasma from LUAD
patients. At present, there are no reports of hsa_circ_101555 and hsa_circ_008068 in LUAD patients. In hepatocellular
carcinoma, circular RNA hsa_circ_101555 has been reported to promote tumour cell proliferation and migration by
sponging miR-145-5p and regulating CDCA3 expression.24 Another study showed that hsa_circ_101555 promoted
colorectal cancer progression as a competing endogenous RNA of miR-597-5p.25 Hence, we speculated that hsa_-
circ_101555 has similar functions in LUAD patients, but the precise mechanisms need further elucidation. Moreover,
hsa_circ_008068 has not been reported in various diseases. Our results indicated that hsa_circ_008068 was significantly
increased in tumour tissues and plasmas of LUAD patients compared with healthy donors. Moreover, we observed that
the dysregulated expression of hsa_circ_101555 and hsa_circ_008068 in LUAD patients was overexpressed, but the
molecular mechanisms need to be addressed with further research.

Traditional clinical indicators, such as tumour differentiation, tumour size, tumour location, CEA, CYFRA21-1, and
SCC, are used to facilitate differential diagnoses and determine prognosis in lung cancer.26 Elevated levels of indicators
are significantly associated with lung cancer diagnosis and progression. In our study, hsa_circ_101555 and hsa_-
circ_008068 were positively associated with CEA in LUAD patients. We consider that hsa_circ_101555 and hsa_-
circ_008068 also provide useful biochemical parameters in the screening, diagnosis, and prognosis of LUAD. Moreover,
our correlation analysis identified that circRNAs were irrelevant to CYFRA21-1 and SCC, which are considered to
reflect squamous cell cancers. In addition, traditional tumour biomarkers have a low sensitivity for early diagnoses due

Table 4 The Diagnostic Efficacy of circRNAs and Three Traditional Biomarkers for the Detection of LUAD

AUC Sensitivity
(%)

Specificity
(%)

95% CI P value

hsa_circ_101555 0.708 76.67 60 0.578–0.838 0.006

hsa_circ_008068 0.644 70 53.33 0.503–0.784 0.049

CEA 0.599 60 53.33 0.443–0.755 0.188
SCC 0.506 50 50 0.355–0.656 0.941

CYFRA21-1 0.531 56.67 53.33 0.377–0.684 0.684

hsa_circ_101555+CEA+SCC+CYFRA21-1 0.753 66.67 80 0.628–0.879 0.001
hsa_circ_008068+CEA+SCC+CYFRA21-1 0.704 73.33 66.67 0.571–0.837 0.007
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to the low tumour burden released into peripheral circulation in early-stage lung cancer.27 We also observed the
diagnostic value of these two circRNAs compared with CEA, CYFRA21-1, and SCC. The ROC curves showed that
the AUC values of hsa_circ_101555 and hsa_circ_008068 were excellent compared with those of traditional tumour
markers for the diagnosis of early LUAD. We consider that circRNAs could be detection markers in early-stage LUAD.
Currently, combined diagnosis had more excellent diagnostic value than single marker. This prompted us that the use of
multiple highly sensitivity and specificity circRNAs combined diagnosis model may provide better value in detection of
early-stage LUAD. Nonetheless, our study was limited to a small sample size but may serve as a novel marker in this
area.

In summary, the present study identified abnormal circRNAs between tumour tissues and patient-matched normal
lung tissues from LUAD patients. Hsa_circ_101555 and hsa_circ_008068 were confirmed to be potential targets in
LUAD patients by RT–PCR. Thereafter, the two circRNAs were found to be positively associated with CEA and
CYFRA21-1. The results demonstrated that hsa_circ_101555 and hsa_circ_008068 were potential early diagnostic
markers for LUAD.
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