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Abstract

Recently, an increasing number of studies have reported that dysregulation of circular RNA (circRNA) expression plays critical
roles in the progression of several cancers, including colorectal cancer (CRC). However, the detailed molecular mechanisms of
circRNAs involvement in CRC remain largely unknown. Here, we confirmed that the level of circEGFR was significantly
increased in CRC tissues compared to matched adjacent non-tumor tissues, and a high level of circEGFR was correlated with
poor clinicopathological characteristics and poor prognosis in patients with CRC. Moreover, increased circEGFR expression
promoted CRC cell proliferation, migration, and invasion in vitro. Mechanistically, circEGFR acted as a ceRNA for miR-106a-5p
to relieve the repressive effect of miR-106a-5p on DDX5 mRNA. Moreover, circEGFR enhanced DDX5 expression, thereby
upregulating p-AKT levels. Together, these findings showed that circEGFR promoted CRC cell proliferation, migration, and
invasion through the miR-106a-5p/DDX5/AKT axis, and may serve as a promising diagnostic marker and therapeutic target for
CRC patients.
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Introduction

Colorectal cancer (CRC) is the third most lethal
malignancy worldwide and is responsible for the second
most frequent cause of cancer deaths each year (1,2).
High frequencies of relapse and metastasis contribute to
the poor prognosis of CRC patients. Despite advances
in surgery, chemotherapy, targeted therapy, and immu-
notherapy for CRC, the 5-year survival rate for patients
with relapse and metastasis is still poor (3). Therefore,
exploring the biological molecular mechanisms underlying
CRC relapse and metastasis is extremely urgent, as it
may provide promising targets for diagnosis and therapy.

Circular RNAs (circRNAs) are a class of RNAs with or
without protein coding ability that are widely dysregu-
lated and exist in different cancers (4,5). Their structure
contains a covalently closed loop without a poly-A tail at
the 3’ end and without a cap structure at the 5’ end. Due
to this specific structure, circRNA can avoid degradation
by nucleic acid exonucleases and has a much longer half-
life than linear mRNA (48 h vs 10 h). In addition, it is also
highly conserved, and thus there is a relationship between
the dysregulation of its expression and the development
of various diseases (including various cancers) (4–6).
Recently, an increasing number of studies have also iden-
tified many circRNAs that contribute to tumorigenesis and

can directly regulate transcription and translation pro-
cesses by interacting with mRNAs and miRNAs (7,8).
Among them, circRNAs were found to affect tumorigen-
esis by sponging miRNAs to regulate the function of
target genes. However, their biological functions are
poorly understood. To date, several studies have reported
the biological role of circRNAs in CRC. For example, Han
et al. (9) reported that circLONP2 enhances invasion and
metastasis of CRC cells. Pei et al. (10) confirmed that
circ_0000218, as a sponge for miR-139-3p, is able to
inhibit CRC progression. These studies make circRNAs
promising prognostic biomarkers and therapeutic targets
in the treatment of CRC.

DDX5 is a prototypical member of the DEAD box
family of RNA helicases and plays important roles in
multiple biological processes, including cell proliferation,
early organ development, and maturation (11,12). Shin
et al. have reported that DDX5 was overexpressed in
CRC, and it was associated with the progression of
cancers (13). Furthermore, several studies have shown
that miRNAs can regulate the function of DDX5, such as
the interaction of DDX5 with miR-28-5p in prostate cancer
(14), or miR-431 regulation of the function of DDX5 in lung
cancer (15).
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A previous study has confirmed that circEGFR may
play an important role in ovarian granulosa cells by modu-
lating Fyn via competitive binding with miR-125a-3p (16).
However, the mechanism of circEGFR in CRC has not
been studied. Here, we confirmed that circEGFR expres-
sion was frequently increased in CRC tissues compared
with paired adjacent non-tumor tissues, and patients with
higher circEGFR expression had a poorer prognosis.
Mechanistically, circEGFR has biological functions in CRC
by sponging miR-106a-5p to upregulate DDX5 expression
and promote CRC cell proliferation and invasion.

Material and Methods

Patients and tissues
A total of 90 paired CRC tissues and adjacent non-

tumor tissues were obtained from patients with CRC at the
Jiangxi Provincial People’s Hospital. None of the patients
had received therapy before surgery. This study was ap-
proved by the Institutional Ethical Committee of the
Jiangxi Provincial People’s Hospital. Written informed
consent was obtained from every patient. The information
of CRC patients is shown in Supplementary Table S1.

Cell culture
The human CRC cell lines HCT-116, HT-29, SW480,

and LOVO were purchased from the Institute of Bio-
chemistry and Cell Biology of the Chinese Academy of
Sciences (China). All cells were cultured in Dulbecco’s
modified Eagle’s medium supplemented with 10% of fetal

bovine serum (FBS), 100 IU/mL penicillin, and 100 mg/mL
streptomycin at 37°C in a humidified incubator with
5% CO2.

Transfection
The transfection process was performed with Lipofec-

tamine 2000 (Invitrogen, USA) following the manufacturer’s
instructions. The miRNA mimics were chemically synthe-
sized by GenePharma (China), double-stranded RNAS that
mimic mature endogenous miRNAS after transfection into
cells. Overexpression and short hairpin RNA adenovirus
were purchased from Genomeditech (China).

qRT-PCR and western blotting
An ABI PRISM 7900 Sequence Detection System

(Applied Biosystems, USA) was used for relative gene
amplification and detection. The quantitative real-time
polymerase chain reaction (qRT-PCR) process was per-
formed as described in a previous study (4). GAPDH and
U6 served as internal controls. The primers were designed
as follows: circEGFR: F (forward) 50-CGGGACATAGTCA
GCAGTGA-30, R (reverse) 50-ACATCCTCTGGAGGCT
GAGA-30; miR-106a-5p: F 50-GATGCTCAAAAAGTGCTT
ACAGTGCA-30, R 50-TATGGTTGTTCTGCTCTCTGTCT
C-30; U6: F 50-GCTTCGGCAGCACATATACTAAAAT-30,
R 50-CGCTTCACGAATT TGCGTGTCAT-30; DDX5: F 50-G
CCGGGACCGAGGGTTTGGT-30, R 50-CTTGTGCTGTG
CGCCTAGCCA-30; GAPDH: F 50- CAATGACCCCTTCAT
TGACC-30, R 50-GACAAGCTTCCCGTTCTCAG-30 (San-
gon, China). For western blotting analysis, RIPA buffer

Figure 1. circEGFR is overexpressed in colorectal cancer (CRC) tissues and is correlated with poor prognosis. A, circEGFR expression
in 90 paired CRC tissues and their adjacent normal tissues. B, circEGFR expression is upregulated in larger tumors. Data are reported
as means±SD. ****Po0.0001 (unpaired t-test). C and D, The higher circEGFR expression is correlated with poor prognosis in CRC
patients (overall survival: P=0.0033; recurrence rate: P=0.0048, Kaplan-Meier).
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(Beyotime, China) was used to extract the total cell pro-
tein, and then, a BCA kit (Beyotime) was used to detect
the protein concentration. The proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto the nitrocellulose
membranes. Then, the membranes were incubated over-
night at 4°C with AKT (#2920), p-AKT (#4051), DDX5
(#9877) antibodies (1:1000, Cell Signaling Technology,
USA), and b-actin antibodies (sc-8432) (1:1000, Santa
Cruz, USA) after blocking with 5% skim milk. The mem-
branes were then incubated with the HRP-conjugated
secondary antibody (A0208 and A0216) (1:5000, Beyo-
time) for 1 h. Finally, the expression of immune complexes
was detected with enhanced chemiluminescence reagents
(Pierce, USA) (17).

Cell proliferation assay and clone formation assay
A Cell Counting Kit-8 (CCK-8, Yeasen, China) was

used to assess the proliferative ability of CRC cells. Then,
100 mL culture media containing 1000 transfected or
untransfected cells was seeded onto each well of a 96-
well plate, and CCK-8 reagent (10 mL) was added to each
well for the next 24, 48, 72, 96, and 120 h. The absorb-
ance was assessed at 450 nm. For the clone forma-
tion assay, a thousand CRC cells and transfected cells
were inoculated onto cell culture plates. Then, the cells
were washed with PBS and fixed with 4% paraformalde-
hyde after culturing for 14 days. After that, the cells
were stained with crystal violet and the number of clones
was counted. All the experiments were performed three
times.

Figure 2. Increased circEGFR expression promoted proliferation, migration, and invasion of colorectal cancer (CRC) cells in vitro.
A, The expression level of circEGFR in CRC cell lines. B, The circEGFR expression level in HCT-116 and LOVO cells after transfection
with circEGFR overexpression and shRNA lentivirus. C and D, The cell viability of HCT-116-circEGFR and LOVO-circEGFR shRNA was
assessed by CCK-8 assay. E, Transwell assays were performed to assess the invasion ability of HCT-116-circEGFR and LOVO-
circEGFR shRNA cells. Scale bar: 100 mm. F, Colony formation assays were performed to assess the proliferative ability of CRC cells.
Data are reported as means±SD. *Po0.05; **Po0.01; ***Po0.001; ****Po0.0001 (t-test and ANOVA).

Braz J Med Biol Res | doi: 10.1590/1414-431X2020e10940

circEGFR regulates CRC progression 3/9

https://doi.org/10.1590/1414-431X2020e10940


Transwell assay
Transwell plates (24-well) were used for invasion

experiments. CRC cells and transfected cells (10,000)
were seeded onto the upper chamber containing 200 mL
serum-free medium. Then, 500 mL of medium containing
20% FBS was added to the lower chamber. Cells were
fixed with 4% paraformaldehyde and stained with crystal
violet after culturing for 48 h. A cotton swab was used to
wipe the upper cell layer and the number of cells was
counted under a microscope (Olympus (Beijing) Sales
Service Co., Ltd., China).

Luciferase reporter assays
Wild-type and mutated circEGFR miRNA binding

sequences were inserted into the KpnI and SacI sites of
a pGL3 promoter vector for luciferase reporter assays
(Genomeditech). The vectors were co-transfected into
CRC cells using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions. The cells were
harvested at 48 h and the luciferase activity was assessed
using a dual-luciferase reporter assay (Promega, USA).

The wild-type circEGFR miRNA binding sequence is 50-
GCUCACGCAGUUGGGCACUUUU-30 and the mutated
circEGFR miRNA binding sequence is 50-GCUCACCGU
GAAGGCGUGAAAU-30.

Statistical analysis
IBM SPSS software (21.0; SPSS, Inc, USA) was used

for the Student’s t-tests, the correlation analysis, the chi-
squared test, Kaplan-Meier analyses, and the log-rank
test. GraphPad Prism 7.0 (USA) was used to produce the
diagrams and charts. Po0.05 was considered statistically
significant.

Results

circEGFR expression in CRC tissues and correlation
with prognosis

First, we analyzed the EGFR-derived circRNA expres-
sion in 4 CRC tissues and paired adjacent non-tumor
tissues using RT-qPCR. The results showed that hsa_
circ_0080220 was upregulated in all the 4 CRC tissues

Figure 3. circEGFR functions as a ceRNA to regulate DDX5 expression in colorectal cancer (CRC). A and B, The potential miRNA and
its target gene sequences were explored by starBase 3.0 software. C and D, The relative luciferase activity was detected in CRC cells
co-transfected with wild-type (wt) or mutated-type (mu) circEGFR or DDX5 30-UTR and miR-106a-5p mimic. E, DDX5 expression was
significantly increased after overexpression of circEGFR. F, DDX5 expression was significantly reduced after the knockdown of
circEGFR. Data are reported as means±SD. **Po0.01; ***Po0.001 (t-test). NS: not significant; NC: negative control.
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compared with paired adjacent non-tumor tissues. Hence,
we have termed hsa_circ_0080220 as ‘‘circEGFR’’.

circEGFR expression was significantly increased in
CRC tissues compared to adjacent non-tumor tissues
(52/90) (Figure 1A). Clinically, the circEGFR expression
was significantly higher in larger tumors (45 cm) than in
smaller tumors (p5 cm) (Figure 1B). Then, we divided the
90 patients into circEGFRhigh (not all large tumors)
and circEGFRlow groups (tumors of different sizes). The
Kaplan-Meier analysis and log-rank test results showed
that increased circEGFR expression was associated with
poor prognosis in CRC patients in terms of overall sur-
vival and cumulative recurrence after surgery (Figure 1C
and D).

circEGFR expression and CRC cell proliferation,
migration, and invasion

Loss-of-function and gain-of-function assays were
carried out to explore whether circEGFR could affect the
biological function of CRC cells. Since HCT-116 cells
expressed the lowest level of circEGFR and LOVO cells
expressed the highest level of circEGFR, these cell lines
were chosen for further study (Figure 2A). As shown in
Figure 2B, transfection with circEGFR overexpression
lentivirus markedly increased the circEGFR levels in HCT-
116 cells, and transfection with circEGFR shRNA lenti-
virus markedly decreased the circEGFR levels in LOVO
cells. Compared with the mock-transfected cells, HCT-
116-circEGFR cells exhibited significantly increased

viability according to CCK-8 assays (Figure 2C). Con-
versely, compared with the negative control (NC) group,
LOVO-sh-circEGFR cells exhibited significantly de-
creased viability (Figure 2D). Furthermore, Matrigel trans-
well analysis was performed to determine whether
circEGFR could affect the invasion ability of CRC cells.
The invasion ability of HCT-116 cells was increased in the
circEGFR-overexpressing group, and the invasion ability
of LOVO cells was decreased in the circEGFR-knock-
down group (Figure 2E). Moreover, colony formation
assays showed that the proliferative ability of HCT-116
cells was increased in the circEGFR-overexpressing
group and that of LOVO cells was decreased in the
circEGFR-knockdown group (Figure 2F).

circEGFR functioned as a ceRNA to regulate DDX5
expression in CRC

Recently, several studies have shown that circRNAs
can serve as competing endogenous RNA (ceRNA) spong-
es of miRNAs in many malignant tumors including
CRC (4,6,18,19). Here, starBase 3.0 (https//bio.tools) was
used to explore potential target miRNAs of circEGFR, and
the results revealed miR-106a-5p as a predicted target
miRNA (Figure 3A). A previous study reported that forced
DDX5 expression promotes carcinogenesis and progres-
sion in several tumors (20,21). Therefore, miR-106a-5p
attracted our attention, as it might directly target DDX5
(Figure 3B). Next, we investigated whether circEGFR and
DDX5 mRNA 30UTR could bind to miR-106a-5p. To further

Figure 4. circEGFR regulates the expression of the DDX5 and the DDX5-mediated signaling pathway in colorectal cancer (CRC). A and
B, circEGFR overexpression upregulated the level of p-AKT while circEGFR knockdown reduced the p-AKTexpression; actin served as
internal control. Data are reported as means±SD. C and D, A positive correlation was observed between circEGFR and DDX5 while a
negative correlation was observed between circEGFR and miR-106a-5p.
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verify these predicted interactions, wild-type (wt) and
mutant (mu) circEGFR and DDX5 mRNA 30UTR luciferase
reporter plasmids (pLG3 vector) were used. Luciferase
reporter plasmids containing a wild type or mutant
circEGFR and DDX5 mRNA 30UTR were co-transfected
with miR-106a-5p mimics or NC into HCT-116 cells. The
relative luciferase activity was significantly lower in HCT-
116 cells co-transfected with the wild type circEGFR or
DDX5 mRNA 30UTR luciferase reporter and miR-106a-5p
mimic than in the control groups (Figure 3C and D).
Importantly, DDX5 mRNA expression was significantly
increased after overexpression of circEGFR (Figure 3E).
In contrast, DDX5 mRNA expression in the circEGFR

knockdown group was significantly reduced compared with
that in the negative control cells (Figure 3F).

circEGFR regulated the expression of the DDX5 and
the DDX5-mediated signaling pathway in CRC

The AKT pathway is activated abnormally in several
types of cancers with increased expression of DDX-5 and
is closely related to cancer progression (16,22,23). In this
study, we speculated that circEGFR may enhance CRC
cell proliferation and invasion via the AKT signaling path-
way. The downregulation of the circEGFR expression
markedly reduced the expression of phosphorylated-
AKT (p-AKT), whereas increased circEGFR expression

Figure 5. DDX5 knockdown affected the circEGFR-induced colorectal cancer (CRC) progression. A, qRT-PCR was performed to verify
the knockdown efficacy of DDX5. B, Western blot was performed to validate the knockdown efficacy of DDX5, and actin served as
the internal control. C and D, The proliferative abilities of HCT-116 and LOVO cells were determined using CCK-8 assays, and
downregulated DDX5 suppressed the proliferation of HCT-116 and LOVO cells. E and F, The invasion abilities of HCT-116 and LOVO
cells was assessed by transwell assays, and downregulated DDX5 suppressed the invasion of HCT-116 and LOVO cells (scale bar
100 mm). Data are reported as means±SD. *Po0.05, **Po0.01, ***Po0.001 (t-test). NC: negative control.
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upregulated the level of p-AKT (Figure 4A and B). How-
ever, the total AKT expression showed no significant
change (Figure 4A and B). To further verify whether
circEGFR upregulates the DDX5 expression by sponging
miR-106a-5p, we measured the expression of miR-
106a-5p and DDX5 in tissues from the 70 CRC tissue
samples. The results showed that there was a negative
correlation between circEGFR and miR-106a-5p in the
CRC tissues. Moreover, positive correlations between
circEGFR and DDX5 were observed in the CRC tissues
(Figure 4C and D).

DDX5 knockdown affected the circEGFR-induced CRC
progression

circEGFR promoted the DDX5 expression and activated
AKT signaling in CRC cells, therefore, we investigated
whether the oncogenic functions of circEGFR could be
inhibited by DDX5 knockdown. We first transfected a DDX5
shRNA plasmid into HCT-116-circEGFR and LOVO-circ-
EGFR cells. The shRNA knockdown efficacy was validated
by qRT-PCR and western blot analysis (Figure 5A and B).
Reduced DDX5 inhibited the circEGFR overexpression-
mediated AKT phosphorylation and cell proliferation and
invasion in vitro (Figure 5C–F) (22,24). These results indi-
cated that circEGFR might regulate the AKT pathway by
upregulating the DDX5 expression (Figure 6).

Discussion

CRC patients have continued to suffer high recur-
rence rates and mortality (25). The pathogenic mecha-
nism underlying CRC is also elusive. Although CRC is a
serious health problem, there are few interventions avail-
able for this disease. Therefore, our goal was to further
determine the pathogenic genes promoting the develop-
ment of CRC.

Recent studies point to the carcinogenesis of circRNA
in many types of cancer, such as circRNA_100290 in oral
cancer (26), circHIPK3 in bladder cancer (27), and circRNA
CCDC66 in colon cancer (28), etc. A number of genes
including circRNAs have been found to participate in
ceRNA networks (29,30). A previous study has established
the circRNA-miRNA-mRNA regulatory framework, which
is of great importance to further substantiate the function
of circRNAs and their target genes (31). circEGFR as a
conserved RNA is more stable than linear RNA in certain
challenging environments (such as in RNase R digestion
experiment), and it is also overexpressed in ovarian cell
lines (16). In addition, the upregulation of circEGFR can
affect the proliferation of granulosa cells. Because of the
functions of circRNA, we hypothesized that circEGFR may
be related to many diseases. Our study confirmed that
the circEGFR expression in CRC tissues was significantly
higher than that in the adjacent normal tissues. The
expression of circEGFR was highly associated with CRC
patient prognosis. High circEGFR expression was corre-
lated with poor prognosis and a high recurrence rate. In
vitro, we demonstrated that circEGFR as an oncogene can
promote CRC cell viability, invasion, and proliferation.

Previous studies have elucidated that circRNAs as a
ceRNAs can sponge miRNAs to alleviate their repression
of their target mRNA (32–34). Therefore, we predicted the
circEGFR-related miRNAs by using bioinformatics anal-
ysis. miR-106a-5p was found to be a target for circEGFR.
The miR-106a-5p can inhibit the cell migration and inva-
sion in renal cell carcinoma and osteosarcoma (35,36).
Furthermore, it has been reported that miR-106a-5p can
inhibit the progression of CRC. However, its role in CRC
progression remains unclear. In the present study, we
assumed that circEGFR served as a ceRNA by sponging
miR-106a-5p to promote the CRC progression. We first
examined the circEGFR expression in CRC tissues and
their corresponding adjacent normal tissues. The results
showed that the expression of circEGFR was upregulated
in CRC. Through luciferase reporter assays, we confirmed
that circEGFR can bind the miR-106a-5p. In addition, we
identified a negative correlation between circEGFR and
miR-106a-5p. We also found that the functions of DDX5
could be suppressed by miR-106a-5p. Many studies have
reported that DDX5 is associated with many types of
cancer, such as prostate cancer (14), gastric cancer (37),
and colorectal cancer (38), etc. However, the existing
studies have not been sufficient to clarify the underly-
ing mechanism. Here, we investigated the correlations
between circEGFR and DDX5 and miR-106a-5p via west-
ern blot and qRT-PCR. The results indicated that a positive
correlation existed between circEGFR and DDX5, and a
negative correlation existed between miR-106a-5p and
circEGFR/DDX5, in both overexpression and knockdown
contexts. Then, we verified that the expression of these
three genes can regulate the CRC progression. Ultimately,

Figure 6. Working model and mechanism diagram of colorectal
cancer cell proliferation and invasion.
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we describe a new axis initiated by circEGFR, which is
newly confirmed to have oncogenic potential in CRC.

In our study, there are some limitations. For example,
our experimental design was not perfect, and there are
many details not fully explored. Most importantly, results
were all validated at the cellular level, but no in vivo
experiments were conducted to further deepen the
validation. The results obtained so far do not elucidate
these molecular mechanisms well; however, they still have
some significance to advance to the next step of research.

Conclusion
Our study identified the relationship between circ-

EGFR and prognosis in CRC and suggested that a new
mechanism of circEGFR may serve as an oncogenic
factor through the circEGFR/miR-106a-5p/DDX5/AKTaxis
in CRC.

Supplementary Material

Click here to view [pdf].
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