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Background: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) have become 
important treatment options for non-small cell lung cancer (NSCLC) patients with EGFR sensitive 
mutation. However, the detection of EGFR driver mutation is impeded by the lack of adequate tumor 
tissues, histopathological type, long detection period, and the heterogeneity of a tumor. Therefore, it is 
necessary to develop a more convenient method to guide the clinical use of EGFR-TKI. Circular RNAs 
(circRNAs) are characterized as a closed structure with covalently joined ends resistant to exonucleases may 
be a potential biomarker. In the present study, we aimed to screen circRNAs that may be associated with the 
efficacy of EGFR-TKI.
Methods: The expression of circRNAs sequenced by circular microarray in plasma samples between 
gefitinib effective and ineffective groups were compared. RT-qPCR further validated the results in an 
independent cohort. Kaplan-Meier curves were used to analyze the association between circRNA and 
progression-free survival (PFS) of NSCLC patients treated with gefitinib.
Results: In total, 52 NSCLC patients treated with gefitinib were included for analysis. 1,377 circRNAs 
were differentially expressed in gefitinib effective and ineffective groups, among which 989 circRNAs were 
up-regulated, and 388 circRNAs were down-regulated in the effective group. Furthermore, two differentially 
expressed circRNAs, hsa_circ_0109320 and hsa_circ_0134501, were validated by RT-qPCR in an independent 
cohort of 38 gefitinib-treated NSCLC patients. Elevated hsa_circ_0109320 was associated with longer PFS 
in gefitinib-treated NSCLC patients.
Conclusions: Taken together, hsa_circ_0109320 may be a potential biomarker for the efficacy of EGFR-
TKI in NSCLC patients. This provides a new molecular typing method for individualized precision 
treatment.
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Introduction

Lung cancer is common, and it one of the leading causes 
of cancer-related deaths worldwide (1). There were more 
than 1.8 million new cases and almost 1.6 million deaths 
estimated in 2012 (2). Despite progress in its detection 
and treatment, the prognosis of lung cancer is still poor 
with a 5-year overall survival rate of only about 11% (3). 
Lung cancer has two main histological types: non-small 
cell lung cancer (NSCLC) and small cell lung cancer. 
NSCLC accounts for approximately 85% of all lung cancer 
cases and almost consists of squamous cell carcinoma, 
adenocarcinoma, and other types (3,4). Most patients with 
NSCLC have advanced local invasion and distant metastases 
at the time of diagnosis (3,4). 

In recent years, with the development of molecular 
diagnostic techniques, new driver genes of lung cancer 
have been increasingly discovered. Consequently, new 
drugs designed to target these driver genes have emerged. 
Targeted drugs such as EGFR-TKIs including gefitinib, 
icotinib, and erlotinib have become important treatment 
options for patients with advanced NSCLC (5). The 
presence of EGFR mutations in tumors is a prerequisite for 
the administration of EGFR-TKIs (5). The detection rate 
of EGFR mutations in lung cancer is slightly low, especially 
in China, where it is only 50%. The most common causes 
for the low detection rate include a lack of adequate tumor 
tissues, pathological histological limitations (such as for 
squamous cell carcinoma), and long detection periods. 
Moreover, because of tumor heterogeneity, genetic testing 
of a single biopsy could not describe well the overall 
genetic changes in a tumor (5). Therefore, to achieve 
individualized risk stratification, a sensitive and convenient 
blood-based efficacy prediction system would be highly 
valuable. 

Circular RNA (circRNA) is a newly identified class 
of non-coding RNA molecules that are formed by back 
splicing of more than one exon. CircRNAs are abundant 
in eukaryotic cells, exhibiting tissue, temporal, and disease 
specificities (6). Some circRNAs have a sponge effect on 
microRNAs (miRNAs), which releases the inhibitory 
effect of miRNAs on their target genes and up-regulates 
the expression of the target genes, playing an essential 
regulatory role in multiple biological processes and even 
some diseases (7). CircRNAs play essential roles in many 
diseases such as tumors by regulating gene transcription, 
and protein translation (8). Unlike linear RNAs, circRNAs 

are covalently closed continuous loops without 5’ to 3’ 
polarity or polyadenylated tails, making them less prone to 
be degraded by exonucleases and more stable than linear 
RNAs (7). Therefore, circRNAs can potentially become 
good molecular markers for they have these features. 

Because of the non-invasive nature of plasma samples, 
circRNAs in plasma could be ideal biomarkers (9). To date, 
a few studies have reported the detection of circRNAs in 
cell-free plasma samples (9,10). However, plasma circRNAs 
that can be used to predict the therapeutic efficacy in cancer 
has never been reported.

In this study, we aimed to screen possible circRNA 
that were associated with the survival of NSCLC patients 
treated with gefitinib. We found that two circRNAs, 
hsa_circ_0109320 and hsa_circ_0134501, were highly 
expressed in gefitinib-effective NSCLC patients. Further, 
we demonstrated that hsa_circ_0109320 expression was 
associated with better progression-free survival (PFS). 
Taken together, hsa_circ_0109320 may be a useful 
biomarker for the prognosis in gefitinib-treated patients 
with NSCLC and further prospective studies are warranted.

Methods

Patients 

Fifty-two NSCLC patients treated with gefitinib in the 
Cancer Hospital, Chinese Academy of Medical Sciences 
& Peking Union Medical College between January 2010 
and November 2014 were included in this study. All these 
patients had locally advanced or metastatic NSCLC, which 
was confirmed by a histological or cytological diagnosis. 
At the same time, the following patients were excluded 
incomplete electronic medical records and patients without 
evaluable target lesion. The circRNA microarray technology 
measured the expression of circRNAs in the plasma samples 
of 14 patients including 8 effective patients whose PFS 
were more than 10 months and 6 ineffective patients whose 
PFS were less than 3 months, and these samples were 
recorded as microarray samples. Also, treatment-effective 
patients (28 cases) and treatment-ineffective patients  
(10 cases) from an independent cohort were used to 
performing RT-qPCR validation of circRNA biomarker 
candidates. Moreover, these 38 validation samples were 
recorded as non-microarray samples. Detailed information 
of these 52 patients is summarized in Table S1. All patients 
provided informed consent, and this study was approved 
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by the Clinical Research Ethics Committee of the Cancer 
Hospital of the Chinese Academy of Medical Sciences. 

Plasma sample preparation

Plasma samples were taken before the treatment of 
gefitinib. The samples were isolated, and fresh peripheral 
blood samples were collected in EDTA tubes and 
centrifuged at 820× g for 10 min. Aliquots of plasma from 
the upper layer were centrifuged at 14,000 rpm for 10 min. 
Plasma samples were transported frozen to the laboratory 
for storage at −80 ℃. 

RNA extraction and RNase R treatment

Four hundred μL of plasma was used to isolate the RNA in 
the total RNA using Qiagen miRNeasy MiniKit (Qiagen, 
Hilden, Germany) following the manufacturer’s protocol. 
The purity and concentration of RNA were determined 
with Qubit 3.0 (Thermo Fisher Scientific, USA). The 
integrity of the RNA was determined with the Bioanalyzer 
2100 (Agilent Technologies, USA). 

For RNase R treatment, total cfRNA was incubated 
with 0.5 μL RNase R (10 U) (Epicentre, Madison, WI, 
RNR07250) and a 2 μL RNase R 10× reaction buffer 
for 30 minutes at 37 ℃ in a 20 μL reaction. After the 
incubation, RNase R-treated RNA was purified with a 
Qiagen RNeasy MinElute Purification Kit (Qiagen, Hilden, 
Germany, 74204).

CircRNA microarray 

Plasma RNAs extracted from the 14 subjects were 
used for microarray analysis. RNA amplification and 
labeling was performed according to the manufacturer’s 
protocol. Labeled RNAs were hybridized onto CapitalBio 
Technology Human CircRNA Array v2.0 (CapitalBio, 
Beijing, China). Each array contained probes representing 
approximately 170,340 human circRNAs. 

RNA amplification, labeling, and hybridization to a 
microarray

CapitalBio circRNA Amplification and Labeling Kit 
(CapitalBio, Beijing, China) was used to amplify and 
transcribe the RNase R enriched circRNA into fluorescent 
cRNA with 100–500 ng purified circRNAs. The labeled 
cRNAs were hybridized onto the CapitalBio Technology 

Human CircRNA Array v2.0 (CapitalBio, Beijing, 
China). Array hybridization was performed in an Agilent 
Hybridization Oven overnight at a rotation speed of 20 rpm 
and a temperature of 42 ℃ and washed twice (0.2% SDS, 2× 
SSC at 42 ℃ for 5 min, followed by 0.2× SSC for 5 min at 
room temperature). Subsequently, the arrays were scanned 
using the Agilent Scanner G2565CA (Agilent, Santa Clara, 
CA, USA). Acquired array images were analyzed with the 
Agilent Feature Extraction (v10.7) software. 

Data collection on circRNA expression 

The raw data was extracted with the Agilent Feature 
Extraction (version 10.7) software. Data summarization, 
quality control, quantile normalization, and analysis of 
circRNAs differentially expressed in the effective vs. 
ineffective groups were performed with GeneSpring v13.0 
(Agilent). A box plot was used to visualize the distribution 
of the intensities of all circRNAs in the sample after 
normalization. Unsupervised hierarchical clustering was 
performed to analyze circRNA expression in the samples 
with the R package “Pheatmap.” Scatterplot was used to 
assess the differences in circRNA expression between the 
two groups. Fold change (i.e., ratio of the group averages) 
for each circRNA and unpaired Student’s t-test was used 
to analyze the difference in circRNA expression between 
the two groups with the GeneSpring software. Individually, 
circRNAs with a fold change it 1.5 and Benjamini-
Hochberg-corrected P<0.05 were considered significantly 
differentially expressed.

Quantitative real-time reverse transcription PCR  
(RT-qPCR) validation of circRNAs

RT-qPCR was performed to validate microarray data 
by evaluating the expression of the two up-regulated 
genes, hsa_circ_0109320 and hsa_circ_0134501, and the 
housekeeping gene β-actin. One, microarray sample set 
of 6 individuals in the effective group, compared with 8 
individuals in the ineffective group. Two, an independent 
validation set of patients including 28 individuals in the 
effective group, compared with 10 individuals in the 
ineffective group. PCR validation was performed with first 
strand cDNA synthesis, standard curve preparation, and 
real-time PCR detection. Briefly, single strand cDNA was 
amplified from 10 ng RNA with FastQuant RT cDNA 
synthesis kit (Tiangen, Beijing, China) following the 
manufacturer’s instructions. Then, quantitative PCR was 
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performed with a QuantStudio 7K Flex Real-Time PCR 
System (Thermo Fisher Scientific, Wilmington, DE, USA) 
following the manufacturer’s instructions. Rather than the 
commonly used convergent primers, divergent primers 
were designed for RT-qPCR of circRNAs. Sequences of 
forward and reverse primers used in this study are listed 
in Table S2. Each sample was analyzed with triplicate 
experiments for 40 cycles. Specificity of amplicons was 
determined by melt curve analysis. Data analysis was 
further performed using the ΔΔCT method. One point five 
percent agarose gel was used for electrophoresis to verify 
the PCR products.

Statistical analysis 

All the analyses were performed by R software package or 
GraphPad PRISM 6.0c (GraphPad Software, La Jolla, CA, 
USA). PFS was defined as the time from the start of the 
first line therapy until the date of progression or last follow-
up evaluation. Student’s t-test compared the difference of 
circRNA between groups. A high circRNAs expression was 
defined as the top 20% of expression. Receiver operating 
curve (ROC) was used to test the association between 
circRNA and survival. A sensitivity and specificity value 
were calculated when the probabilities >0.5 or >0.25 were 
predicted to be positive. 

Results

Expression profiles of circRNAs in the effective and 
ineffective groups 

The normalized intensities of circRNA expression 
were similar across all the samples used in the circRNA 
microarray (Figure 1A). Unsupervised hierarchical cluster 
analysis indicated that the differentially expressed circRNAs 
could divide the samples in the effective vs. ineffective group 
into distinct expression patterns. The volcano plot showed 
clusters of circRNAs differentially expressed between the 
effective and ineffective groups (fold change ≥1.5, P value 
<0.05) (Figures 1B,S1,S2). In total, 1,377 circRNAs were 
differentially expressed between these two groups, among 
which 989 circRNAs were up-regulated, and 388 circRNAs 
were down-regulated in the effective group. Moreover, 
the distribution of the parent genes of these differentially 
expressed circRNAs in the human genome showed even 
distribution on all chromosomes. Also, a KEGG pathway 
enrichment analysis on the parent genes revealed that 

many of them are involved in the biological processes 
of various cancers, such as cancers of hematopoietic and 
lymphoid tissues, bladder cancer, colorectal cancer, and 
neuroblastoma (Figure 1C). 

Expression of circRNAs validated by RT-qPCR 

To identify circRNAs that can be used as biomarkers to 
estimate the therapeutic effect of gefitinib in NSCLC, 1,377 
differentially expressed circRNAs were screened with the 
following criteria: (I) fold change ≥1.5 and P<0.05, and (II) 
the parent gene is associated with lung cancer. Numerous 
circRNAs met these standards including hsa_circ_0109320 
and hsa_circ_0134501 (Figure 2A). They were ~2 folds 
down-regulated in the effective group by microarray. Also, 
ZNF117, the parent gene of hsa_circ_0134501, encodes a 
zinc finger protein that is involved in the process of lung 
cancer (11,12). The parent gene of hsa_circ_0109320 also 
encodes a zinc finger protein, ZNF91, that is associated 
with NSCLC (13). 

RT-qPCR assays were conducted in the subjects used 
in the microarray to verify the expression of these selected 
candidate circRNAs, (effective group, n=6; ineffective 
group, n=8) and an independent cohort (validation cohort, 
effective group, n=28; ineffective group, n=10). The 
specificity of the PCR primers was validated by the melt-
curve analysis (Figure S3). hsa_circ_0109320 and hsa_
circ_0134501 were detectable by RT-qPCR in these 
NSCLC samples. Consistent with the microarray result, the 
expression of hsa_circ_0134501 was higher in the effective 
group than in the ineffective group in both cohorts. The 
result of hsa_circ_0134501 modestly agreed with the 
result from microarray (Figure 2B,C,D,E,F,G). Thus, hsa_
circ_0109320 and hsa_circ_0134501 are good biomarker 
candidates for predicting the therapeutic effect of gefitinib 
in NSCLC. 

ROC curve analysis of circRNAs

To determine the diagnostic performance of hsa_
circ_0109320 and hsa_circ_0134501 for estimating 
the therapeutic effect of gefitinib in NSCLC, we next 
performed ROC curve analysis for each circRNA. The 
analysis was conducted by calculating the sensitivities and 
specificities at different thresholds of circRNA expression 
in the validation cohort and plotting the resulting values 
in the ROC space (Figure 3). When the expression of hsa_
circ_0109320 and hsa_circ_0134501 was analyzed for this 
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Figure 1 circRNA expression profiles in effective and ineffective groups. (A) Unsupervised hierarchical clustering is showing distinct 
circRNA expression profiles among the 14 samples (light blue: the ineffective group; red: the effective group). Red represents the higher 
expression, and green represents the lower expression; (B) volcano plot showing clusters of circRNAs differentially expressed between the 
effective group and ineffective groups, with 989 and 388 up- and down-regulated circRNAs, respectively (fold change ≥1.5 and P<0.05). The 
vertical gray lines correspond to 1.5-fold up- and down-regulation and the horizontal gray line represents a P value of 0.05. Red and green 
points in the plot represent the significantly differentially expressed circRNAs; (C) significantly enriched pathways in genes regulated by 
differentially expressed cancer-related circRNAs were identified through the KEGG pathway enrichment analysis.

purpose, the cutoff value was 0.18 and 0.17, respectively; 
based on this cutoff, the sensitivity and specificity were 
80%/70% and 78.6%/67.8%, respectively. The values 
of AUC of hsa_circ_0109320 and hsa_circ_0134501 for 
estimating the therapeutic effect of gefitinib in NSCLC 

were 0.81 and 0.71, respectively. Furthermore, the 
combination of hsa_circ_0109320 and hsa_circ_0134501 
gave a better prognostic value (AUC: 0.79) than hsa_
circ_0134501 alone did (AUC: 0.71) (Figure 3B). Therefore, 
hsa_circ_0109320 alone or the combination of hsa_
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Figure 2 Expression levels of two selected circRNAs. (A) Two circRNAs selected as potential biomarkers to evaluate the effectiveness 
of gefitinib; (B-D) expression of hsa_circ_0109320 and hsa_circ_0134501 quantified by RT-qPCR in the cohort subjected to microarray 
profiling (*, P<0.05, **, P<0.01); (E-G) expression of hsa_circ_0109320 and hsa_circ_0134501 quantified by RT-qPCR in an independent 
cohort (*, P<0.05, **, P<0.01). The relative expression levels of circRNAs were normalized to levels of control (β-actin). 3M represents 
patients whose PFS is less than 3 months, and 10M represents patients whose PFS is longer than 10 months. RT-qPCR, real-time 
quantitative polymerase chain reaction; PFS, progression-free survival.
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circ_0109320 and hsa_circ_0134501 can be used as a 
biomarker.

Collectively, the above results suggest that hsa_
circ_0109320 and hsa_circ_0134501 could serve as potential 
indicators of the therapeutic effectiveness of gefitinib in 
NSCLC. 

Potential prognostic values of hsa_circ_0109320 and  
hsa_circ_0134501 in NSCLC 

In clinical trials for drug development, PFS is often used 
as a primary endpoint or secondary endpoint to determine 
the efficacy of anti-cancer drugs. In this study, we examined 
the correlation between circRNA levels and PFS by 
Pearson’s correlation test and found that hsa_circ_0109320 
was correlated with PFS, while hsa_circ_0134501 was not 
(Figure 4A,B). 

We also tested whether hsa_circ_0109320 or hsa_
circ_0134501 expression could predict the survival of 
NSCLC patients. In total, 38 patients were successfully 
followed up in this study. The PFS curves are shown in 
Figure 4. The Kaplan-Meier survival curve revealed that 
elevated hsa_circ_0109320 expression was associated with 
significantly better PFS in patients with NSCLC after 
gefitinib treatment (Figure 4C,D). 

Collectively, our results suggested that hsa_circ_0109320 
might be a useful biomarker for predicting the effectiveness 
of gefitinib in the treatment of NSCLC.

Correlation between the expression of hsa_circ_0109320 
and hsa_circ_0134501 and clinical characteristics of 
NSCLC patients

Furthermore, to assess whether the ability of hsa_
circ_0109320 and hsa_circ_0134501 to predict PFS is 
independent of other clinical or pathological factors, 
we evaluated the association of the high level of hsa_
circ_0109320 and hsa_circ_0134501 with cl inical 
characteristics in 38 patients with NSCLC. The patients 
were stratified according to hsa_circ_0109320 and hsa_
circ_0134501 expression with the cut-off of 2−ΔCt(DG-HKG) =0.3. 
Then, the P value was computed by comparing different 
groups with a chi-square test. The expression of hsa_
circ_0109320 and hsa_circ_0134501 showed no significant 
differences between groups when patients were stratified by 
gender (P=0.497 and 0.293, respectively), age (P=0.494, 1),  
smoking status (P=0.54 and 1, respectively), or PFS (P=0.101 
and 0.11, respectively). These chi-square test results 
indicated that gender, age, smoking, and PFS did not affect 
the expression of these two circRNAs.  

Discussion 

In the present study, we found that two circRNAs, hsa_
circ_0109320 and hsa_circ_0134501, were highly expressed 
in gefitinib-effective NSCLC patients. Further, hsa_
circ_0109320 expression was associated with better 

Figure 3 The ROC curves of hsa_circ_0109320 and hsa_circ_0134501. (A) ROC curves of hsa_circ_0109320 and hsa_circ_0134501 
were built for distinguishing plasma samples in the effective group from those in the ineffective group. The AUC of was 0.81 and 0.71, 
the threshold was 0.18 and 0.17, and the sensitivity and specificity were 80%/70% and 78.6%/67.8% for hsa_circ_0109320 and hsa_
circ_0134501, respectively (P<0.001); (B) ROC curve analysis of hsa_circ_0134501 combined with hsa_circ_0109320 for distinguishing 
patients in the effective vs. ineffective group. The AUC was 0.79. 
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PFS. Taken together, hsa_circ_0109320 may be a useful 
biomarker for the prognosis in gefitinib-treated patients 
with NSCLC and further prospective studies are warranted.

EGFR-TKI inhibitors including (5), Gefitinib, Icotinib, 
and Erlotinib, have become the critical treatment option 
for metastatic NSCLC (5). However, not all patients may 
respond to EGFR-TKI (14). Plasma samples can serve 
as non-invasive diagnostic carries in clinical application. 
circRNAs have the closed loop structure that makes them 
stable and easily cumulated in plasma (15). Indeed, recently, 
several reports have detected circRNAs in plasma (16,17), 
which give us an excellent opportunity to discover circRNA 
biomarkers and furthermore use them for the diagnosis, 
evaluation the treatment efficiency of inhibitors for cancer, 
and even to monitor cancer progression by non-invasively 

detecting these circRNAs in plasma.
In this study, we used circRNA expression microarray 

to measure circRNA expression in the plasma of NSCLC 
patients in EGFR-TKI-effective and -ineffective groups. 
The circRNA microarray used in this study covers most 
commonly used cricRNA databases including circBase 
and deepBase, enabling high-throughput, high-coverage 
detection of circRNAs in the plasma. This has dramatically 
improved the probability of discovering circRNA markers. 

In this study, two circRNAs were found to be differentially 
expressed in gefitinib treatment-effective vs. ineffective groups. 
The elevated expression of hsa_circ_0109320 was associated 
with better PFS. Further studies are also needed to elucidate 
the regulatory mechanisms of hsa_circ_0109320 fully.

However, our study has several limitations. First, many 

Figure 4 Correlation between hsa_circ_0109320 or hsa_circ_0134501 expression and PFS in NSCLC patients. (A,B) Pearson correlation 
analysis between hsa_circ_0109320 or hsa_circ_0134501 expression and PFS in NSCLC patients, R: Pearson correlation coefficient, 
P: a significant test of the correlation; (C,D) PFS curves of patients with NSCLC according to hsa_circ_0109320 or hsa_circ_0134501 
expression. NSCLC, non-small cell lung cancer; PFS, progression-free survival.
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other factors may influence the PFS of NSCLC patients 
treated with EGFR-TKI like mutations of oncogenic 
genes. Therefore, more parameters should be considered to 
identify the specific factors that may influence the predictive 
value of these two circRNAs. Second, we did not compare 
the predictive value of circRNA and EGFR driver mutation 
because for most patients the tissue sample was unavailable. 
At last, only 38 samples were used for the independent RT-
qPCR validation. The cohort is indeed not large enough to 
get a definite conclusion. Therefore, more samples should 
be collected to confirm our conclusion. 

In conclusion, hsa_circ_0109320 is highly expressed 
in EGFR-TKI effective patients and may be a useful 
biomarker for the prognosis in gefitinib-treated patients 
with NSCLC. Further prospective studies are warranted.
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Supplementary

Table S1 Baseline characteristics of the patients

Characteristics PFS ≥10 m, n=34 (%) PFS ≤3 m, n=18 (%)

Age (years)

Median 58.5 55.0

Range 35–74 36–74

<60 17 (50.0) 11 (61.1)

≥60 17 (50.0) 7 (38.9)

Sex

Male 10 (29.4) 10 (55.6)

Female 24 (70.6) 8 (44.4)

Smoking history

No 29 (85.3) 15 (83.3)

Yes 5 (14.7) 3 (16.7)

Prior chemo

No 11 (32.4) 7 (38.9)

1–2 regimens 23 (67.6) 11 (61.1)

m, month; PFS, progression-free survival.

Table S2 Primer of circRNA

Primer ID Sequence

hsa_circ_0109320_
Forward

ATGCTTTGCCACATTCTTCACA

hsa_circ_0109320_
Reverse

TAAGATAATTCACACTGGAGAGA

hsa_circ_0134501_
Forward

AGCTCTGCCACATTCTTCACATTTG

hsa_circ_0134501_
Reverse

TACATAAAAGAATTCATACTGGAGA

beta Actin_Forward CATGTACGTTGCTATCCAGGC

beta Actin_Reverse CTCCTTAATGTCACGCACGAT
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Figure S1 Box plots are showing the distribution of circRNA expression in the 14 samples (red box: the effective group, blue box: the 
ineffective group). (A) Is showing the raw processed signal, and (B) is showing the normalized processed signal.



Figure S2 Circos plots are showing the chromosomal distribution of the parent genes of the differentially expressed circRNAs.



Figure S3 Significantly enriched pathways in genes regulated by differentially expressed circRNAs were identified through the KEGG 
pathway enrichment analysis.
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