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Background: Recent studies have revealed that circular RNAs are involved in the bio-
logical process of some kinds of human cancers. However, little is known about their 
diagnostic values and functions in colorectal cancer (CRC).
Methods: The expression levels of hsa_circ_0000567 in 102 paired CRC tissues and 
adjacent noncancerous tissues, 5 CRC cell lines, and a normal colorectal epithelial cell 
line were detected by quantitative real-time polymerase chain reaction (qRT-PCR). 
The correlations between hsa_circ_0000567 expression levels and the clinicopatho-
logical factors of patients with CRC were analyzed. Furthermore, the loss-of-function 
assay was performed to investigate the functions of hsa_circ_0000567 in vitro. Finally, 
a receiver operating characteristic (ROC) curve was established to evaluate the diag-
nostic value of hsa_circ_0000567.
Results: Hsa_circ_0000567 expression was significantly downregulated in CRC tis-
sues and CRC cell lines. In addition, the decreased hsa_circ_0000567 expression in 
CRC was negatively correlated with tumor size (P = .011), lymph metastasis (P = .003), 
distal metastasis (P < .0001), and tumor–node–metastasis (TNM) stage (P = .003) in 
CRC. Moreover, knockdown of hsa_circ_0000567 promoted CRC cells proliferation 
and migration in vitro. Importantly, the area under the ROC curve (AUC) was 0.8653, 
which indicates hsa_circ_0000567 can serve as a diagnostic biomarker.
Conclusion: Hsa_circ_0000567 may be a novel suppressor and a potential diagnosis 
biomarker in CRC.
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1  | INTRODUCTION

Circular RNAs (circRNAs) are a novel type of endogenous noncod-
ing RNAs (ncRNAs), which are more stable, highly conserved and 
often exhibit tissue type-specific and developmental stage-specific 
expression.1,2 Unlike linear RNAs, such as microRNAs (miRNAs), 
long noncoding RNAs (lncRNAs), and messenger RNAs (mRNAs), 
circRNAs can resist to the digestion induced by exonucleolytic 

RNA for their closed-loop structure.3 These properties provide cir-
cRNAs with the potential to become ideal diagnostic biomarkers in 
diseases.

Emerging evidence has indicated that circRNAs are involved 
in many pathophysiological processes in many human diseases.4–7 
In the study field of tumorigenesis and progression, recent stud-
ies have revealed that certain circRNAs are deregulated in many 
kinds of human cancers through high-throughput RNA sequenc-
ing, such as gastric cancer, breast cancer, basal cell carcinoma, 
and cutaneous squamous cell carcinoma.8–11 Furthermore, several 
aberrant circRNAs have been identified as oncogenes or tumor 
suppressors.12–14 However, the expression and functions of most 

Abbreviations: AUC, area under the ROC curve; circRNAs, circular RNAs; CRC, colorectal 
cancer; lncRNA, long noncoding RNA; miRNA, microRNA; ncRNA, noncoding RNA; qRT-PCR, 
quantitative real-time polymerase chain reaction; ROC, receiver operating characteristics; 
siRNA, small interfering RNA.
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deregulated circRNAs remain largely unknown, and the mechanisms 
are rarely uncovered.

Colorectal cancer (CRC) is the third most commonly diagnosed 
cancer in men and the second in women worldwide. It is the fourth 
leading cause of cancer death worldwide.15,16 Although the diagnostic 
methods and treatments have been developed, CRC is still a stable 
contributor to cancer deaths for lack of sensitive, specific diagnostic 
biomarkers and effective targets. Therefore, exploring the molecu-
lar mechanism underlying CRC carcinogenesis and metastasis may 
provide novel insight into CRC diagnosis and therapy. As is known, 
ncRNAs, such as miRNAs, lncRNAs are involved in the development 
and progression of CRC.17 However, as a novel identified ncRNAs, 
the relationship between circRNAs and CRC development is still 
unknown.18

Based on the previous studies,19,20 which identified the de-
regulated circRNAs in CRC samples and normal colorectal 
tissues by high-throughput RNA sequencing, we focused on hsa_
circ_0000567 (http://circbase.org/cgi-bin/simplesearch.cgi) for it is 
one of the most obviously downregulated circRNAs in CRC tissues. 
Hsa_circ_0000567 is located at chr14: 99924616-99932150, and 
its spliced mature sequence length is 683 nt. Hsa_circ_0000567 is 
derived from exon 2-6 of SET domain-containing 3 (SETD3). The 
expression and function of hsa_circ_0000567 in CRC have not yet 
been known. In this study, we first elucidated hsa_circ_0000567 
was downregulated in CRC, and knockdown of hsa_circ_0000567 
promoted CRC cells proliferation and migration in vitro. In addition, 
the diagnostic value of hsa_circ_0000567 was assessed. Our find-
ings indicate that hsa_circ_0000567 may be related to the growth 
and metastasis of CRC and can serve as a promising diagnostic bio-
marker for CRC.

2  | MATERIALS AND METHODS

2.1 | Cell culture

Normal human colorectal epithelial cell line (FHC) and 5 CRC cell 
lines (SW480, RKO, CACO2, SW620, and HCT116) were purchased 
from the American Type Culture Collection (ATCC, USA). All cell 
lines were cultured in RPMI-1640 Medium (Gibco, USA) supple-
mented with 10% fetal bovine serum (Gibco, USA) at 37°C with 5% 
CO2.

2.2 | Tissue samples collection

Total 102 pairs of fresh CRC tissues and adjacent noncancerous tis-
sues were obtained from Yijishan hospital, a subsidiary of Wannan 
Medical College (Wuhu, China). After being removed from the bod-
ies, the tissue samples were immediately frozen in liquid nitrogen and 
stored at −80°C. All tissues were confirmed to be adenocarcinoma 
by 2 experienced pathologists. No radiotherapy or chemotherapy was 
carried out before operation. The Human Research Ethics Committee 
from College approved all aspects of this study, and verbal consent 
was obtained from all patients.

2.3 | RNA extraction and reverse transcription (RT)

Total RNA from tissues or cells was extracted using RNAiso Plus 
reagent (Takara, Japan) following the manufacturer’s instructions. 
Then, chloroform was added to separate organic phase from inor-
ganic phase. The isopropanol was used for the precipitation of total 
RNA. RNA reverse transcription reaction was performed with Reverse 
Transcription Kit (Takara, Japan).

2.4 | Quantitative real-time polymerase chain 
reaction (qRT-PCR)

qRT-PCR was performed using Sybr Green qPCR master mix (DBI 
Bioscience, Germany) according to the manufacturer’s instruc-
tions. The threshold cycle (Ct) value for each sample was obtained 
through ABI 7500 software v2.0.6, and the ΔCt value was cal-
culated by normalizing to the GAPDH mRNA or 18S rRNA ap-
propriately (ΔCt = Cthsac irc0000567

-CtGAPDH
 or ΔCt = Cthsac irc0000567

−Ct18SrRNA
.  

The relative RNA expression was calculated using the 2−ΔΔCt 
method.21 2−ΔΔCt = (Cancer) 2−ΔCt/(Normal) 2−ΔCt. The primers 
were synthesized by RiboBio (Guangzhou, China). The primer se-
quences: hsa_circ_0000567, forward, 5′-AGTTCGGTATCTTCAGT 

F IGURE  1 Validation of hsa_circ_0000567 in human CRC tissues 
and CRC cell lines. (A) Hsa_circ_0000567 is generated from exon 
2-6 of SETD3 gene locus by back slicing. Black arrows indicate the 
divergent primers. (B) Melt curves of qRT-PCR amplified products. 
(C) Sanger sequencing of a PCR amplified product resulting from 
divergent primers indicating the head-to-tail junction of exon 2 and 
exon 6. Black arrow denotes the back-splice junction

http://circbase.org/cgi-bin/simplesearch.cgi
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CCACAC-3′, reverse, 5′-TCTTACCCATTTTTCTGACTGGATG-3′. GAP 
DH: forward, 5′-GGAGCGAGATCCCTCCAAAAT-3′, reverse, 5′-GGC 
TGTTGTCA TACTTCTCATGG-3′, 18S rRNA, forward, 5′-ACACGG 
ACAGGATTGACAGA-3′, reverse, 5′-GGACATCTAAGGGCATCACA-3′.

2.5 | RNase R digestion and Actinomycin 
D treatment

RNA samples were degraded using RNase R (2 U/μg RNA, Epicentre 
Biotechnologies, USA) for 0, 5, 15, 20 minutes at 37°C and then sub-
jected to qRT-PCR as described above. In addition, SW480 cells were 
treated with 50 ng/mL Actinomycin D (Amresco, USA) to block new 
RNA synthesis for 24 hours, and then, total RNA was extracted and 
qRT-PCR was performed.

2.6 | Small interfering RNA (siRNA) and transfection

The siRNA used to inhibit hsa_circ_0000567 expression was pur-
chased from RiboBio (Guangzhou, China), and the sequences are 
TAAAGTCATCCAGTCAGAA. Cells were transfected with siRNA oli-
gonucleotides using Lipofectamine 3000 (Invitrogen, USA) according 
to the manufacturer’s instructions.

2.7 | MTT proliferation assay

About 1 × 103 cells suspended in 100 μL culture medium were seeded 
in 96-well plates, and 50 μL 1× MTT (KeyGen, China) per well was 
added at 1, 2, 3, 4, 5 days. After incubated at 37°C for a further 
4 hours, MTT was removed, and 150 μL DMSO (Sigma, Japan) was 
added to dissolve the formazan. Absorbance was detected at 570 nm.

F IGURE  2 Hsa_circ_0000567 was more stable than linear RNA. 
(A) qRT-PCR was performed to detect hsa_circ_0000567 and GAPDH 
mRNA after digested with RNase R (2 U/μg RNA) for the indicated 
time points. (B) The levels of hsa_circ_0000567 and GAPDH mRNA 
were measured by qRT-PCR normalizing to 18S rRNA in SW480 
cells after treated with Actinomycin D (50 ng/mL) for 24 h. *P < .05, 
**P < .01, ***P < .001, ****P < .0001

F IGURE  3 Hsa_circ_0000567 was 
downregulated in CRC tissues and CRC 
cell lines. (A) qRT-PCR was performed 
to detect hsa_circ_0000567 expression 
in 102 paired CRC tissues and adjacent 
noncancerous tissues, and the results 
were presented as the fold change in CRC 
cancer tissues relative to the matched 
normal tissues. (B) The relative expression 
of hsa_circ_0000567 in 102 pairs of human 
CRC tissues (Cancer) and the adjacent 
noncancerous tissues (Normal) by qRT-
PCR analysis. (C) Hsa_circ_0000567 was 
decreased in 5 CRC cell lines (SW480, RKO, 
CACO2, SW620, and HCT116) compared 
with the normal colorectal epithelium cell 
line FHC by qRT-PCR analysis. **P < .01, 
****P < .0001
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2.8 | Cell migration assay

Transwell chamber (BD Company, USA) was used for migration assay. 
About 1 × 105 cells suspended in 250 μL serum-free medium were 
placed in the upper chamber, and 600 μL medium with 20% FBS was 
added to the lower chamber. After cultured for 36 hours, the nonmi-
grated cells were erased, and the migrated cells were stained using 
Giemsa (KeyGen, China). The cells were captured in 5 fields (× 200) 
under a microscope and counted.

2.9 | Statistical analysis

Statistical analyses were performed using SPSS 20.0 software (IBM, 
USA) and GraphPad Prism version 6.0. Data were presented as 

mean ± standard deviation (SD). The differences between groups 
were tested using a two-tailed Student’s t test. The relationships be-
tween hsa_circ_0000567 expression levels and clinicopathological 
factors of patients with CRC were analyzed by a two-tailed Student’s 
t test or one-way analysis of variance (ANOVA). The receiver oper-
ating characteristic (ROC) curve was built using GraphPad Prism. 
Differences were considered significant if P < .05. *P < .05, **P < .01, 
***P < .001, ****P < .0001.

3  | RESULTS

3.1 | Validation of hsa_circ_0000567 in CRC tissues 
and CRC cell lines

Hsa_circ_0000567 is derived from exon 2-6 of SETD3 gene locus 
by back-splicing. We designed the divergent primers crossing the 
back-splice junction for detecting hsa_circ_0000567 expression 
(Figure 1A). The melt curve analysis of qRT-PCR yielded only a single 
peak, demonstrating the amplified product was specific without non-
specific amplification or primer dimmers (Figure 1B). Subsequently, 
the Sanger sequencing of the amplified product confirmed the exist-
ence of back-splice junction (Figure 1C). These results demonstrate 
that hsa_circ_0000567 exists in CRC and can be detected specifically 
by qRT-PCR.

3.2 | Hsa_circ_0000567 was more stable than 
linear RNA

As circRNAs can resist the digestion of RNase R for lack of free 5′- and 
3′-ends, we used RNase R to test the stability of hsa_circ_0000567. 
Results indicated hsa_circ_0000567 was more stable than the en-
dogenous linear GAPDH mRNA (Figure 2A). Additionally, SW480 
cells were treated with Actinomycin D to block new RNA synthesis 
for 24 hours. As a result, hsa_circ_0000567 levels were not obviously 
changed, while GAPDH mRNAs were significantly decreased (P < .05) 
(Figure 2B).

3.3 | Hsa_circ_0000567 was downregulated 
in CRC and associated with tumor growth and 
metastasis of patients with CRC

We detected the expression of hsa_circ_0000567 in 102 pairs of 
CRC tissues and adjacent noncancerous tissues using qRT-PCR. The 
results showed that hsa_circ_0000567 was lower in 96 of 102 cases 
of CRC samples compared with those of the counterparts (P < .0001) 
(Figure 3A,B).

To further investigate the clinical significance of hsa_circ_0000567 
in CRC, we analyzed the relationship between the expression of 
hsa_circ_0000567 and the clinicopathological features of patients 
with CRC. As shown in Table 1, hsa_circ_0000567 expression was 
negatively correlated with tumor size (P = .011), lymph metastasis 
(P = .003), distal metastasis (P < .0001), and tumor–node–metastasis 
(TNM) stage (P = .003) in CRC.

TABLE  1 Relationship between hsa_circ_0000567 relative 
expression (2−ΔΔCt) in CRC tissues and clinicopathological factors of 
patients with CRC

Characteristics
No. of 
patients Mean ± SD P value

Age (years)a

≤60 55 0.385 ± 0.375 .324

>60 47 0.319 ± 0.273

Gender

Male 58 0.378 ± 0.362 .417

Female 44 0.324 ± 0.288

Cancer location

Colon 58 0.345 ± 0.360 .728

Rectum 44 0.368 ± 0.294

Diameter (cm)b

≤4.5 51 0.438 ± 0.394 .011

>4.5 51 0.272 ± 0.232

Differentiation

Well 19 0.432 ± 0.377 .403

Moderate 60 0.354 ± 0.350

Poor 23 0.292 ± 0.226

Serosal invasion

No 31 0.376 ± 0.328 .675

Yes 71 0.346 ± 0.336

Lymphatic metastasis

No 45 0.474 ± 0.424 .003

Yes 57 0.260 ± 0.192

Distal metastasis

No 82 0.389 ± 0.358 <.0001

Yes 20 0.216 ± 0.116

TNM classification

I-II 54 0.476 ± 0.429 .003

III-IV 48 0.263 ± 0.192

aGroup of age was performed according to median.
bTumor size was grouped according to median.
The bold values denote the differences between groups are significant.
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We also examined hsa_circ_0000567 expression levels in CRC cell 
lines. Consistent with the findings in CRC tissues, hsa_circ_0000567 
expression levels in 5 CRC cell lines (SW480, RKO, CACO2, SW620, 
and HCT116) were all significantly downregulated compared with nor-
mal colorectal epithelial cell line FHC. Moreover, hsa_circ_0000567 
expression was significantly lower in highly metastatic CRC cell line 
SW620 compared with the low metastasis cell line SW480 (P < .0001, 
Figure 3C). These results demonstrate hsa_circ_0000567 may play a 
suppressor role in CRC growth and metastasis.

3.4 | Knockdown of hsa_circ_0000567 promoted 
CRC cells proliferation and migration in vitro

To further verify the inhibitory role of hsa_circ_0000567 in CRC, 
we performed the loss-of-function assay in vitro. We chose SW480 
and CACO2 cells because hsa_circ_0000567 expression could be 
knocked down more efficiently in them than in the other cell lines 
using siRNA. qRT-PCR revealed hsa_circ_0000567 expression was 
significantly reduced in SW480 and CACO2 cells after transfection 
with hsa_circ_0000567 siRNA (Figure 4A). MTT assay showed that 
cell proliferation ability was enhanced after knockdown of hsa_
circ_0000567 expression (Figure 4B). Furthermore, repression of 
hsa_circ_0000567 expression promoted the migration of CRC cells 
(Figure 4C).

3.5 | Potential diagnostic value of hsa_circ_0000567 
in CRC

We have verified hsa_circ_0000567 was deregulated in CRC and 
more stable than linear RNA, which suggests hsa_circ_0000567 may 
serve as a promising biomarker. To evaluate the diagnostic value of 

hsa_circ_0000567 in CRC, we built a ROC curve using the expression 
of hsa_circ_0000567 in CRC tissues and adjacent noncancerous tissues. 
The calculated area under the ROC curve (AUC) was 0.8653, which 
means the higher diagnostic value of hsa_circ_0000567 in CRC. The 
sensitivity, specificity, Youden’s index, and cut-off value were 0.8333, 
0.7647, 0.598, and 0.4714, respectively (Figure 5). In addition, we found 
that hsa_circ_0000567 in human blood exosome from the patients with 
CRC was also lower than that from the normal individuals in exoRBase 
(Figure S1), which suggests the circulating hsa_circ_0000567 may also 
be used as a diagnostic biomarker. However, future work is needed to 
validate the diagnostic value of hsa_circ_0000567 in blood exosome.

F IGURE  4 Knockdown of hsa_circ_0000567 promoted CRC cells proliferation and migration in vitro. (A) qRT-PCR analysis of hsa_
circ_0000567 expression in SW480 and CACO2 cells after transfection of hsa_circ_0000567 siRNA and NC siRNA. (B) Decreased expression 
of hsa_circ_0000567 enhanced CRC cells proliferation. (C) Inhibition of hsa_circ_0000567 expression increased cells migration as determined 
by transwell assay. Bars represent the migrated cell numbers. ***P < .001, ****P < .0001

F IGURE  5 ROC curve was constructed to evaluate the potential 
diagnostic value of hsa_circ_0000567. The area under the ROC 
curve (AUC) was 0.8653 (95% CI = 0.8166-0.9141; P < .0001). The 
sensitivity, specificity, Youden’s index, and cut-off value were 0.8333, 
0.7647, 0.598, and 0.4714, respectively
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4  | DISCUSSION

CircRNAs are covalently closed continuous loop structure without 5′ 
caps or 3′ tails. They were first observed in eukaryotic cells using elec-
tron microscopy more than three decades ago but originally perceived 
as by-products of splicing.22 With the development of next-generation 
sequencing technology and novel computational approaches, thousands 
of circRNAs have been identified and cataloged. The majority of circRNAs 
are derived from exons of protein-coding genes, which are termed as ex-
onic circRNAs (ecircRNAs). In addition, they can also arise from the introns 
or intron-containing exons to form intronic circRNAs (ciRNA) and exon-
intron circRNAs (EIciRNAs).23 Studies demonstrated that ecircRNAs are 
predominantly located in the cytoplasm functioning as miRNA sponges 
or binding to RNA-binding proteins,24,25 while ciRNA and EIciRNAs could 
regulate transcription of their parent genes in the nucleus.26,27

To our best knowledge, this is the first study to elucidate the 
expression, function, and diagnostic value of hsa_circ_0000567 in 
CRC. We validated the existent of hsa_circ_0000567 in CRC tissues 
and CRC cell lines by Sanger sequencing. Further studies revealed 
hsa_circ_0000567 was more stable than linear RNA after treated 
with RNase R or Actinomycin D (Figure 2). The biological stability of 
hsa_circ_0000567 makes it more suitable as biomarker than miRNA, 
lncRNA, or other linear RNAs. To date, several circRNAs have emerged 
as new biomarkers in cancers. For example, hsa_circ_0000190 could 
serve as a biomarker for gastric cancer diagnosis, hsa_circ_0005986 was 
used as a biomarker in the diagnosis of HCC, and circular RNA ciRS-7 
was identified as a prognostic biomarker in colorectal cancer.28–30 In 
this study, we investigated that hsa_circ_0000567 was downregulated 
in CRC tissues and CRC cell lines (Figure 3). Furthermore, we con-
firmed that hsa_circ_0000567 expression in CRC tissues can be used 
to diagnose CRC by building a ROC curve (Figure 5). In addition, body 
fluids are convenient in the diagnosis of human diseases, and certain 
circRNAs were abundant and stable in plasma or exosomes.31,32 We 
found that hsa_circ_0000567 in blood exosomes from patients with 
CRC was also decreased compared with that from normal persons in 
exoRBase, indicating the circulating hsa_circ_0000567 may be used 
as a biomarker for CRC screening (Figure S1). However, future work 
still needs to be done to examine hsa_circ_0000567 level in exosomes 
from clinical samples.

Previous studies have reported that circRNAs play a crucial role in 
cancer biological processes, such as proliferation, migration, and me-
tastasis.33–36 Our study revealed that the decreased hsa_circ_0000567 
was negatively correlated with tumor size, lymph metastasis, distal 
metastasis, and TNM stage in patients with CRC (Table 1). Consistent 
with the findings in CRC tissue samples, hsa_circ_0000567 expression 
in CRC cell lines was also associated with the metastasis ability of cells 
(Figure 3C). These results suggest hsa_circ_0000567 may be involved 
in the growth and metastasis of cells. Subsequently, the hypothesis 
was verified by the loss-of-function assay in vitro (Figure 4).

As hsa_circ_0000567 is generated from exons of SETD3 gene, as 
an ecircRNAs, it is possibly located in the cytoplasm and may function 
as miRNA sponges or bind to proteins to regulate gene expression at 
the post-transcriptional level according to previous studies.24,25 Future 

work is needed to uncover the mechanisms of hsa_circ_0000567 in 
CRC progression.

In summary, our data identified hsa_circ_0000567 plays a sup-
pressor role in CRC proliferation and metastasis. More importantly, 
hsa_circ_0000567 may serve as a potential novel biomarker for the 
diagnosis of CRC.
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