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Abstract 

Background: Circular RNAs (circRNAs), a novel type of noncoding RNAs, play critical roles in the initiation and pro‑
gression of cancer. Emerging studies also shows that circRNAs may function as potential markers for cancer diagnosis 
and treatment. However, the diagnostic value of circRNAs in colorectal cancer (CRC) remains need to be unearthed.

Methods: CircRNA microarray was performed to detect the differentially expressed circRNAs in eight plasma sam‑
ples, including four colorectal cancer (CRC) and four normal samples. Besides, the results of microarray were validated 
by quantitative real‑time polymerase chain reaction (qRT‑PCR). Moreover, ROC curve evaluation was performed to 
calculate the diagnostic value of significantly dysregulated circRNAs. In order to predict the potential mechanism of 
the significant circRNAs, circRNA–miRNA–mRNA network was constructed based on the TargetScan, miRTarBase and 
MIRDB database, as well as CircInteractome online software. Furthermore, Gene Ontology (GO) and Kyoto Encyclope‑
dia of Genes and Genomes (KEGG) pathway enrichment analyses were performed to further predict the function of 
meaningful circRNAs.

Results: Totally three differentially expressed circRNAs were identified in CRC plasma compared to normal plasma 
by circRNA microarray analysis, and the results was validated by qRT‑PCR. Hsa_circ_0082182, hsa_circ_0000370 and 
hsa_circ_0035445 were identified and ROC curves analysis was used to calculate the single and joint diagnostic value. 
Furthermore, GO and KEGG analyses revealed that functions were mainly cancer‑related, which indicated that the 
circRNAs were meaningfully associated with CRC cell proliferation and metastasis.

Conclusion: In conclusion, we have identified three circRNAs that are dysregulated in CRC plasma, including hsa_
circ_0082182, hsa_circ_0000370 and hsa_circ_0035445. ROC curves showed that these circRNAs might have diag‑
nostic value for colorectal cancer. Furthermore, bioinformatics analysis indicated that the above‑mentioned circRNAs 
might be involved in the development of CRC.
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Background
Colorectal cancer (CRC) was one of the most common 
malignancies arising from the digestive system, acting 
as a major reason for cancer-related death [1]. Despite 
the early diagnosis and treatment of CRC developed in 
recent years, the 5-year survival rate for colorectal cancer 
is still not satisfactory, mainly because most patients are 
diagnosed with distant metastasis or at an advanced stage 

[2]. Although some traditional methods, such as imag-
ing and hematological examinations were already used 
in practice, they were limited by their low sensitivity and 
specificity. Therefore, in the field of early diagnosis, novel 
biomarkers of CRC with high sensitivity and specificity 
are eagerly needed.

Circular RNAs (circRNAs), which are a type of RNAs 
closely looped with no accessible ends, are the down-
stream products of precursor mRNA back-splicing of 
a huge amount of eukaryotic genes [3]. CircRNAs dis-
play a higher cell and tissue specificity, and their closed 
structure is more stable than lncRNAs and miRNAs, 
suggesting that they may serve as potential molecular 
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biomarkers for cancer diagnosis [4]. Now, several cir-
cRNAs were stated being able to play significant roles 
in CRC initiation and progression. For instance, Li et al. 
investigated the differentially expressed circRNAs in 
colorectal cancer by RNA sequencing, and they found 
circDDX17 was down-regulated and may act as a tumor 
suppressor in CRC. In addition, Jin et  al. indicated that 
hsa_circ_0136666 was significantly up-regulated by qRT-
PCR validation, and it could promote the invasion and 
proliferation of CRC [5, 6]. Notably, accumulating evi-
dence indicated that circRNAs could affect tumor biol-
ogy by modulating the gene transcription and translation. 
Except for the study of the basic experiments, Li et al. [7] 
also indicated that circVAPA was upregulated in CRC 
tissues and plasma, which could serve as a non-invasive 
biomarker for CRC early diagnosis.

In our study, considering the low sensitivity and speci-
ficity of traditional tumor biomarkers, we aimed to inves-
tigate novel molecular biomarker for CRC diagnosis. 
Since the circRNAs were proved to be more stable than 
linear RNAs, we chose circRNAs as the research object. 
circRNA microarray was performed to detect the differ-
entially expressed circRNAs in CRC patients’ plasma. For 
investigating the diagnostic value of circRNAs, we chose 
patients from different staging and the specificity and 
sensitivity of circRNAs were calculated by ROC curves. 
Besides, bioinformatics analysis was used to predict the 
downstream miRNAs and mRNAs to indicate the poten-
tial mechanism of the significant circRNAs. In short, we 
studied the circRNAs in different ways and considered 
the chosen circRNAs may serve as promising biomarkers 
in CRC clinical application.

Methods
Patients and samples
Peripheral blood of 156 patients with CRC was col-
lected at the Fujian Medical University Union Hospital 
between March and December 2018 for plasma isola-
tion. The assayed patients were in different CRC TNM 
stages, of which 66, 33, 32 and 25 patients were in stage 
I, II, III, and IV, respectively. Histological examination 
was the standard for the confirmation of diagnosis of 
each patient. None of the patients was treated with radio-
therapy or chemotherapy before plasma collection or had 
a previous medical history (PMH) of other kind of can-
cers or metastatic cancer from other sites. We collected 
blood from a patient before and on the 5th day after sur-
gery so that the plasma samples (n = 45) were obtained 
preoperatively and postoperatively in pair. Based the age 
and gender, we individually matched the 66 healthy con-
trols with no PMH of cancer to the CRC cases. This study 
was approved by the Ethics Committee of Fujian Medical 

University Union Hospital (2017KY088), and all patients 
or their guardians signed the consent form.

Cell culture
The CRC cell lines-HCT116, SW480, SW620 and normal 
cell line-NCM460 were bought from Procell Life Science 
& Technology Co., Ltd. (Wuhan, China) and short tan-
dem repeat (STR) profiling was applied to confirm. All 
the cell lines were cultured in DMEM (Gibco) with 10% 
fetal bovine serum (FBS) and 1% penicillin/streptomycin 
supplied. Then, the cell lines were grown with 5%  CO2 at 
37 °C in humidified air.

Identification of aberrant plasma circRNAs
The Arraystar human circular RNAs array chips (Array-
star Human circRNAs chip; AS-S-CR-H-V2.0, ArrayStar 
Inc., Rockville, MD, USA), which contains 13, 617 circR-
NAs and 5261 probes for circRNAs specific splicing sites 
were applied. After hybridization, eight plasma samples 
(four CRC and four normal samples) were examined 
on the microarray chips. Edge R was used to normalize 
the microarray data and find the differentially expressed 
circRNAs in CRC plasma (Fold change ≧ 2.0, P < 0.05). 
Then, the cancer-specific circRNA-database (CSCD) and 
CircBase was used to identify the CRC-specific circRNAs 
and the details of them [8, 9]. Finally, a heatmap was per-
formed to visualize the circRNAs and their structures 
were analyzed on the base of CSCD.

Isolation and reverse transcription of RNAs
TRIzol™ LS Reagent (Invitrogen, Carlsbad, CA, USA) was 
applied to extract the total RNA from the plasma based 
on the manufacturer’s instructions. Also, the total RNA 
from the colorectal cancer cell lines-HCT116, SW480, 
SW620 and normal cell line-NCM460 was extracted with 
the TRIzol Reagent (Invitrogen). Then, the concentra-
tion and purity of the RNA were measured by the Nan-
oDrop Lite spectrophotometer (Thermo Scientific). The 
PrimeScript™ RT reagent kit (#RR037A v.0610, TaKaRa 
Biotechnology Inc., Dalian, China) were used for cir-
cRNA reverse transcription. In short, 20 μL final volume 
of cDNA was obtained by reverse transcribing a 1000 ng 
total RNA with random primers.

qRT‑PCR
We used the TB Green™ Pre-mix Ex Taq™ II (TaKaRa) 
running on the Applied Biosystems StepOnePlus Real-
Time PCR System (Thermo Fisher Scientific) to per-
form qRT-PCR array. 95  °C for 30  s, followed by 40 
cycles at 95  °C for 5  s, and 60  °C for 30  s was used as 
the PCR condition. At the end of amplification, melt-
ing curves were generated and the specificity of the 
PCR products was promised. Normally, the relative 
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expression levels of the circRNAs was calculated by the 
 2−ΔΔCT method and glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was served as a reference gene. 
Three independent experiments were repeated in the 
qRT-PCR assay. The divergent primers for these circR-
NAs were designed by Primer 6.0 software.

CeRNA network analysis and function annotation
The miRNA sponge was known as a function of circR-
NAs. Several bioinformatics analyses were performed 
to study the interactions between circRNAs and miR-
NAs. Circinteractome, which based on the Targetscan 
algorithm, was an online software to predict the bind-
ing sites of circRNAs and miRNAs [8]. Additionally, the 
interaction between miRNA and mRNA was analyzed 
based on the miRTarBase, TargetScan, and miRDB 
database [9–11]. Thus, ceRNA (competing endog-
enous RNA) was constructed and the visualization of 
circRNA–miRNA–mRNA network was conducted 
by the Cytoscape software [12]. To further study the 
function of meaningful circRNAs, the potential down-
stream mRNAs were taken together for Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses. The mRNAs were used as 
input profile. The critical results of enrichment were 
accepted at a threshold ≥ 2 gene counts and a P < 0.05.

Statistical analysis
The nonparametric Mann–Whitney U-test was applied 
to compare the differences between normal and CRC 
plasma groups. Wilcoxon matched-pairs signed-rank 
test or a paired t-test was used to evaluate the circRNA 
expression between pre-operative and post-operative 
groups. The correlation between circRNA expression 
and clinicopathological factors in CRC was analyzed by 
a Chi-square test, and logistic regression analysis was 
applied to develop a CRC diagnostic panel. To evalu-
ate the diagnostic value of the panel, receiver operating 
characteristic (ROC) curve, and the area under the curve 
(AUC) were applied to evaluate the diagnostic value of 
circRNAs. The Youden index (specificity + sensitivity − 1) 
was used to calculate the cutoff value of the circRNAs. 
The statistically significant standard was P-values < 0.05. 
R software 3.5.1, GraphPad 7.0 and SPSS 22.0 software 
was used to analyze all statistical data.

Results
Identification of candidate circRNAs and validation
The whole work was visualized in Fig. 1. In preliminary 
screenings to identify differentially expressed circR-
NAs in CRC plasma, we performed microarray circRNA 
expression analysis using eight samples, including four 
CRC plasma and normal plasma. As depicted by the 
volcano plot, our results indicated that of the 204 circR-
NAs differentially expressed (fold change > 2) between 

Fig. 1 The flow chart of the whole work
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Fig. 2 Profiling of circRNAs in the plasmas from GC patients CRC and normal plasma and the biological structure of circRNAs. a Volcano plot 
displays the circRNAs differentially expressed (fold change > 2) between CRC and normal plasma (P < 0.05). b Heat map shows the top 20 
dysregulated circRNAs between CRC and normal plasma. c Schematics shows the biological structure of hsa_circ¬_0082182, hsa_circ¬_0000370, 
and hsa_circ¬_0035445
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the CRC and normal plasma (P < 0.05), 26 were down-
regulated, while 178 were up-regulated in CRC plasma 
(Fig.  2a). Then we used CircBase [13] and CSCD [14] 
database to select CRC-related circRNAs from the differ-
entially expressed circRNAs. Among them, top 20 circR-
NAs were eventually identified as CRC-related circRNAs 
(Fig.  2b, Table  1). Then, two sets of primers, namely 
divergent and convergent, were designed and used. The 
qRT-PCR, which used 156 CRC plasma and 45 normal 
plasma, was performed to validate the results of micro-
array. Hsa_circ_0082182, hsa_circ_0000370 were shown 
significantly upregulated in CRC plasma, while the hsa_
circ_0035445 was down-regulated (Figs. 2c, 3a–c), which 
was in accordance with the results of microarray analysis. 
In addition, the expression in cell lines revealed the same 
results (Fig. 3d–f). More importantly, hsa_circ_0082182, 
hsa_circ_0000370, and hsa_circ_0035445 also showed 
the same trend in the 66 stages I-CRC plasma in both 
CRC and normal group (Fig.  3g–i). Furthermore, ROC 
curve evaluation was performed to calculate the diag-
nostic value of three circRNAs, respectively. In Fig. 4a–c, 
the AUC of hsa_circ_0000370 showed the best perfor-
mance in terms of its AUC was 0.8152 (95% CI 0.7647–
0.8903). Hsa_circ_0082182 had an AUC of 0.7371 (95% 
CI 0.6807–0.8236), while the hsa_circ_0035445 had an 
AUC of 0.7028 (95% CI 0.6344–0.8013), respectively. It 
is a remarkable fact that the mixture of the three values 
circRNA expression of was the best discriminating evi-
dence, with an AUC of 0.8347, highlighting their promis-
ing diagnostic performance as a panel of biomarkers for 
early CRC.

Relationship between the clinicopathological 
characteristics and expression of the three circRNAs
A logistic regression analysis was carried out to inves-
tigate the relationships between clinicopathological 
characteristics and circRNAs expression. As shown in 
Table  2, the expression of hsa_circ_0082182 and hsa_
circ_0000370 was strongly connected with lymph node 
metastasis, while the hsa_circ_0035445 expression was 
connected with the TNM stage. Notably, there is no 
correlation between circRNAs and ages, gender, tumor 
size, depth of invasion of the patient. Furthermore, we 
examined hsa_circ_0082182, hsa_circ_0000370 and hsa_
circ_0035445 expression in the plasma of CRC patients 
before and after surgery. As indicated in Fig. 4a–c, hsa_
circ_0082182 and hsa_circ_0035445 presented a signifi-
cant difference between preoperative and postoperative 
stages, while hsa_circ_0000370 had no significant differ-
ence between these two stages (Fig. 5).

Prediction of the ceRNA network construction 
and functional enrichment analysis of targeted genes
To identify miRNAs and downstream target genes 
of hsa_circ-_0082182, hsa_circ-_0000370, and hsa_
circ_0035445, the CircInteractome online software was 
applied to predict the targeted miRNA binding sites of 
the circRNAs. Then, the downstream mRNAs were pre-
dicted based on the TargetScan, miRTarBase and MIRDB 
databases. Cytoscape software was used to visualize the 
result (Additional file 1: Figure S1, Additional file 2: Fig-
ure S2 and Additional file  3: Figure S3). Here, we stud-
ied the downstream of circRNAs, respectively, and the 
targeted genes were served as input data to run a further 
functional analysis.

Based on the DAVID database, GO and KEGG analysis 
were conducted for hsa_circ_0082182, hsa_circ_0000370 
and hsa_0035445, respectively. As shown in Fig.  6, the 
targeted genes of hsa_circ_0082182 were mainly enriched 
in positive regulation of GTPase activity (BP), membrane 
(CC), protein binding (MF), and the KEGG analysis 
showed that the genes were mainly clustered in path-
ways in cancer, choline metabolism in cancer, etc. Also, 
we found that the targeted genes of hsa_circ_0000370 
and hsa_0035445 were mainly enriched in extracellular 
exosome, nucleoplasm, etc., and KEGG showed that tar-
geted genes were clustered in endocytosis, MAPK signal-
ing pathway, etc. Some of the function or pathways, like 
extracellular exosome, endocytosis, were found in the 

Table 1 Top 20 of differential expression circRNAs

ID LogFC P‑value Adj. P‑value Host gene

hsa_circ_0035445 − 6.44344 1.07E−10 2.11E−09 ALDH1A2

hsa_circ_0003600 − 5.20904 1.30E−05 3.11E−05 SOX13

hsa_circ_0000977 − 4.8718 7.68E−07 2.11E−06 NOL10

hsa_circ_0006220 − 4.27188 3.21E−05 9.38E−05 TADA2A

hsa_circ_0001666 − 2.92925 2.45E−03 7.56E−03 FAM120B

hsa_circ_0000375 − 2.5011 3.20E−02 4.30E−02 IFFO1

hsa_circ_0043278 − 2.33609 1.95E−07 6.24E−06 TADA2A

hsa_circ_0006174 5.58599 1.37E−06 2.15E−05 RAD23B

hsa_circ_0072088 4.52354 1.74E−06 2.91E−05 ZFR

hsa_circ_0000511 4.4377 7.02E−07 5.93E−07 RPPH1

hsa_circ_0000512 4.27232 7.88E−08 2.82E−06 RPPH1

hsa_circ_0001806 4.18008 1.36E−08 5.48E−06 CSPP1

hsa_circ_0000981 4.11314 1.43E−08 1.05E−04 LAPTM4A

hsa_circ_0082182 3.98254 2.96E−07 2.16E−05 FAM71F2

hsa_circ_0008274 3.92307 4.15E−07 3.22E−05 UGGT2

hsa_circ_0000519 3.81443 2.30E−08 4.19E−05 RPPH1

hsa_circ_0001955 3.74701 1.24E−05 5.18E−04 CSNK1G1

hsa_circ_0000370 3.67115 8.16E−09 5.00E−08 FLI1

hsa_circ_0011385 3.66986 7.68E−06 1.94E−05 EIF3I

hsa_circ_0005273 3.63367 2.89E−07 1.46E−06 PTK2
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functional analysis, which reflected the potential roles 
the three circRNAs played in CRC.

Discussion
The initiation and development of CRC, which occurred 
within the colonic epithelium, could be due to the hered-
ity and several environmental factors, especially dietary 
factors [15]. Since the advanced CRC patients usually 
have a poor prognosis, the detection of early CRC has 
become a huge challenge. In other words, the higher sen-
sitive and specific biomarkers for early CRC are needed 
for CRC prevention and treatment [16–18]. Traditional 
serum biomarkers, including carcinoembryonic antigen 
(CEA) and CA19-9, were limited by their low sensitivity 
and specificity. Novel biomarkers were indeed demanded 
to be studied. As a type of non-coding RNA, circRNA 
is more stable and abundant in body fluids (including 

plasma, saliva and exosomes) than linear RNA and has 
more potential to be reliable candidates for biomarker 
detection [19–21]. Recently, accumulating evidence 
noted that circRNAs could serve as promising biomark-
ers for cancer diagnosis [4, 22]. Therefore, we considered 
that circulating circRNAs are the potential biomarkers 
for the early diagnosis of CRC. Non-coding RNAs were 
previously thought to be “transcriptional noises”, and 
their functions were hugely ignored [23]. CircRNAs, 
deriving from linear RNAs, are the exons back-splicing 
products [24]. As previously noted, Chen and his col-
leagues screened the differentially expressed circRNAs 
in CRC tissues and adjacent tissues. Totally 10,245 cir-
cRNAs were found to be aberrant expressed, including 
3981 down-regulated and 6264 up-regulated. Functional 
analysis and ceRNA network were performed in their 
research, which provided much information for further 

Fig. 3 Relative expression of hsa_circ¬_0082182, hsa_circ¬_0000370, and hsa_circ‑_0035445. a–c The expression of hsa_circ_0082182, 
hsa_circ_0000370 and hsa_circ_0035445 in CRC plasma and healthy control. d–f The expression of hsa_circ_0082182, hsa_circ_0000370 and 
hsa_circ_0035445 in cell lines. g–i The expression of hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445 in the 66 stages I‑CRC plasma and 
normal group. Student’s t‑test or ANOVA was used to compare the differences in circRNA expression between different groups. *** means P < 0.001, 
**** means P < 0.0001
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experiments [25]. Also, Zhu et  al. also investigated the 
different expression of circRNAs by using a circRNA 
microarray. They chose the most significantly up-regu-
lated circRNA, hsa_circ_0007142, for further study and 
found that hsa_circ_0007142 was associated with the 
lymphatic metastasis and differentiation of CRC [26]. 
In this study, we analyzed the meaningful circRNAs in 
CRC plasma compared to the healthy control group by 
circRNA microarray, and the verified circRNAs (has_
circ_0082182, has_circ_0000370, and has_circ_0035445) 
were chosen for further ROC curve analysis and bioinfor-
matics analysis. After comprehensive consideration, we 
verified the single diagnostic value of has_circ_0082182, 
has_circ_0000370, and has_circ_0035445, respectively. 
Besides, we combined the three circRNAs expressions 
and interestingly found that the 3-circRNAs diagnos-
tic panel provided the best discrimination, with higher 
detection accuracy than using each of them alone. 
Additionally, hsa_circ_0082182 and hsa_circ_0035445 
showed significant differences between preoperation and 
postoperation stages, while hsa_circ_0000370 had no 
significant difference between the preoperative and post-
operative stages (P = 0.6092). Since the 3-circular RNA 
signature was built based on the data of preoperative 

patients, this result had no influence on the proposed 
3-circular RNA signature. To further understand the 
mechanisms of the above-mentioned circRNAs, we care-
fully searched and read the relevant studies, and found 
has_circ_0035445 was reported to be the highest upreg-
ulated circRNA in gastric cancer tissues [27]. So, fur-
ther experiments may still need to explore the functions 
and mechanisms of circ_0035445 and we could find the 
roles it played in the digestive system. Besides, bioinfor-
matics analysis was performed to predict the potential 
mechanisms of circRNAs. As shown in Fig. 6, we found 
some important functions or pathways, like extracel-
lular exosomes, cell–cell adhesion (hsa_circ_0000370), 
positive regulation of GTPase activity, cell growth, cell 
migration (hsa_circ_0082182), MAPK signaling path-
way (hsa_circ_0035445), etc., were cancer-related. Also, 
some functions, like viral process, ossification (hsa_
circ_0082182), positive regulation of smooth muscle cell 
apoptotic process (hsa_circ_0035445) might suggest the 
circRNAs play roles in other diseases. Certainly, fur-
ther follow-up experiments are needed for exploring its 
mechanism (Additional file 4: Table S1).

Fig. 4 ROC curves analysis of hsa_circ_0082182, hsa_circ_0000370, hsa_circ‑_0035445, and mixture of these three circRNAs (a–d)
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Fig. 5 The expression of circRNAs (hsa_circ_0082182, hsa_circ_0000370, and hsa_circ_0035445) in the plasma of CRC patients before and after 
surgery (a–c)

Fig. 6 Functional analysis for three circRNAs. a GO and KEGG analysis of hsa_circ_0082182 based on the ceRNA network. b GO and KEGG analysis 
of hsa_circ_0000370 based on the ceRNA network. c GO and KEGG analysis of hsa_circ_0035445 based on the ceRNA network
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Conclusions
In conclusion, differentially expressed circRNAs were 
found in CRC plasma by circRNA microarray analysis, 
and the qRT-PCR was used to validate the results. Hsa_
circ_0082182, hsa_circ_0000370, and hsa_circ_0035445 
were identified and ROC curves analysis was used to cal-
culate the single and joint diagnostic value. Furthermore, 
we found circ_0082182 and circ_0035445 had different 
expression in the preoperative and postoperative plasma 
of LUAD patients. Finally, the bioinformatics analysis 
indicated that the above-mentioned circRNAs might be 
involved in the development of CRC.
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