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Abstract. – OBJECTIVE: Growing evidence has 
revealed that circular RNAs (circRNAs) play import-
ant roles in the development of cancers, including 
colorectal cancer (CRC). In this study, we mainly fo-
cused on the expression of circ_0056618 and po-
tential functions of circ_0056618 in CRC patients.

PATIENTS AND METHODS: RT-PCR was per-
formed to detect circ_0056618 and miR-206 ex-
pressions in CRC tissues and adjacent non-tumor 
tissues. Correlation analysis was used to analyze 
the correlation between circ_0056618 and miR-
206. Kaplan-Meier method was conducted to an-
alyze the overall survival (OS) for CRC patients. 
Moreover, CCK-8 assay was used to measure cell 
proliferation ability and transwell assay was per-
formed to detect cell migration ability. Besides, 
tube formation assay was performed to measure 
cell angiogenesis capacity. Western blot (WB) was 
performed to measure protein levels of tissues 
samples and CRC cell lines. Notably, the Lucif-
erase reporter assay was performed to prove the 
binding sites in circ_0056618 with miR-206, miR-
206 with CXCR4 and VEGF-A.

RESULTS: We found that circ_0056618 was el-
evated in CRC tumor tissues and CRC cell lines, 
which was related to poor diagnosis for CRC 
patients. MiR-206 was reduced in CRC tissues, 
which was negatively related with circ_0056618. 
Protein levels of CXCR4 and VEGF-A were ele-
vated in CRC tumor tissues, which were nega-
tively related with miR-206. Circ_0056618 inhi-
bition inhibited proliferation, angiogenesis and 
migration of HT29 cells, and repressed protein 
levels of Cyclin D1, VEGF-A and N-cadherin and 
increased E-cadherin. Notably, Luciferase re-
porter assay indicated that circ_0056618 could 
sponge with miR-206, which could directly tar-
get at CXCR4 and VEGF-A. Finally, we proved a 
pathway that circ_0056618 promoted cell pro-
liferation, migration and angiogenesis through 
sponging with miR-206 and removing the re-
pressing effects of miR-206, thereby upregulat-
ing CXCR4 and VEGF-A in CRC.

CONCLUSIONS: Above all, this study revealed 
that circ_0056618 was increased in CRC tissues, 
which was related with the poor OS of CRC pa-
tients. We found that circ_0056618 could pro-
mote cell proliferation, migration and angiogen-
esis through sponging with miR-206 and upreg-
ulating CXCR4 and VEGF-A in CRC, which might 
provide a novel potential therapeutic target for 
treating CRC.

Key Words:
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Introduction

Colorectal cancer (CRC) is one of the most 
commonly digestive system cancers. Its incidence 
and mortality are among top five in the world and 
it has been reported to be the second cause of 
cancer death worldwide1-4. Although therapeutic 
treatments and diagnosis methods have increased 
diagnosis rate and 5-year survival rate for CRC 
patients; however, the prognosis of patients with 
metastasis and distant metastasis is extremely 
poor5-8. Therefore, new drugs with selective cy-
totoxicity and early-stage diagnosis methods for 
CRC patients are urgently needed. CircRNAs play 
important functions in the progression of CRC9-15, 
which shape a closed loop structure that has no 
terminal 5’ caps and 3’ polyadenylated tails16-22. 
CircRNAs can regulate various functions through 
sponging with microRNAs (miRNAs), thereby 
regulating gene expressions, which is called a 
competing endogenous RNA (ceRNA) mecha-
nism16-22. Consistently, Li et al10 demonstrated that 
circRNA CBL.11 suppressed cell proliferation 
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through sponging with miR-6778-5p in colorectal 
cancer. Wang et al13 found that exosome-delivered 
hsa_circ_0005963 could promote glycolysis to 
induce chemoresistance via miR-122/PKM2 axis 
in colorectal cancer. Although researchers have 
found some roles of circRNAs in CRC, howev-
er, most circRNAs and the functions in CRC are 
largely unknown. Circ_0056618 was a novel cir-
cRNA reported to be elevated in gastric cancer 
and it regulated cell proliferation and metastasis 
through regulating CXCR4 in gastric cancer23. 
However, expressions of circ_0056618 and its role 
in CRC remained unknown. 

MicroRNAs (miRNAs) can affect various 
functions by binding to the 3’ untranslated re-
gions (UTR) of target genes in CRC 24-27. MiR-
206 is a miRNA that can regulate invasion, pro-
liferation and angiogenesis in cancers28-33, such 
as non-small cell lung cancer33, prostate cancer30, 
breast cancer32, etc. Zhu et al28 demonstrated that 
miR-206 was significantly repressed in CRC and 
it was involved in regulating CRC cell prolifera-
tion and metastasis. However, the detailed mech-
anism of miR-206 in CRC remained not fully un-
derstood.

In this study, we investigated the expressions 
of circ_0056618 in CRC tumor tissues and non-tu-
mor tissues, founding that it was elevated in CRC 
tissues and CRC cell lines. As a result, we aimed 
at exploring the functions and potential mecha-
nism of circ_0056618 in CRC patients.

Patients and Methods

Tissues Samples
60 cases of CRC patients with tumor tissues 

and the corresponding non-tumor tissues were 
collected after surgical resection in our hospital 
from September 2012 to October 2013, which 
were frozen at -80°C. Detailed clinical parame-
ters of CRC patients were showed in Table I. All 
patients signed the informed consent and this 
study was approved by Faculty of Medicine’s Eth-
ics Committee of our hospital.

Cell Culture
Human colon epithelial cell line NCM460 

(INCELL, San Antonio, TX, USA) and human 
CRC cell lines, including LoVo, HCT116, SW480, 
SW620 and HT29 (ATCC, Manassas, VA, USA), 
were cultured in Dulbecco’s Modified Eagle’s Me-
dium (DMEM; Invitrogen, Carlsbad, CA, USA), 

which were supplemented with 10% fetal bovine 
serum (FBS; Gibco, Grand Island, NY, USA), 1% 
penicillin (HyClone, South Logan, UT, USA) and 
streptomycin (HyClone, South Logan, UT, USA). 
Cells were cultured in an incubator with 37°C and 
5% CO2.

Construction of SiRNA 
and Cell Transfection

Small interfering RNA (siRNA) for 
circ_0056618 was constructed into a plasmid, 
which was named si-circ_0056618. SiRNA nega-
tive control (si-NC) was obtained from Invitrogen 
(Carlsbad, CA, USA). Cells were seeded on 6-well 
plates until they reached about 60% confluence. 
Then, si-circ_0056618 or si-NC was respectively 
transfected to prepared cells with Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) according 
to its protocol. Cells with circ_0056618 down-
regulation were obtained. After MiRNA trans-
fection, cells were seeded on 6-well plates until 
they reached about 60%. Then, miR-206 inhibitor 
or inhibitor NC was respectively transfected into 
prepared cells with Lipofectamine 2000 accord-
ing to the protocol. 

RNA Extraction and Quantitative 
Real-Time PCR

Total RNAs in tissue samples and cell lines 
were extracted by TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to its protocol. 
RNAs were reversed transcribed into cDNA by 
PrimeScript™ RT reagent Kit (TaKaRa, Da-
lian, China) in accordance with its protocol. 
PCR primers were synthesized by Gene Pharma 
(Gene Pharma, Shanghai, China), which were 
listed in Table II. The mRNA expressions were 
detected by SYBR Premix Ex Taq II (Takara, 
Dalian, China), relative gene expressions were 
calculated by 2-DDCT method and were normalized 
to β-actin or U6. 

Protein Extraction and Western Blot
Total proteins of human tissue samples and 

CRC cell lines were extracted using a radioim-
munoprecipitation assay buffer (RIPA) protein 
extraction buffer (Sigma-Aldrich, St. Louis, MO, 
USA) with a protease inhibitor (Roche, Basel, 
Switzerland) and the concentrations were detect-
ed using a bicinchoninic acid (BCA) kit (Pierce 
Chemical Co., Rockford, IL, USA). 40 μg total 
proteins form each group were added onto 10% 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) for separation and 
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were transferred onto polyvinylidene difluoride 
(PVDF) membranes. Membranes were blocked 
with non-fatty milk at room temperature for 1 h 
and washed with Tris Buffered Saline and Tween 
(TBST; Boster, China) for three times. Primary 
antibodies were used to incubate these mem-
branes, which were purchased from Abcam (Ab-
cam, Cambridge, MA, USA): CXCR4 (ab1670, 
1:500, 39 kDa), VEGF-A (ab46154, 1:5000, 23 
kDa), Cyclin D1 (ab134175, 1:5000, 34 kDa), 
N-cadherin (ab18203, 1:1000, 100 kDa), E-cad-
herin (ab40772, 1:10000, 110 kDa) and β-actin 
(ab8226, 1:5000, 42 kDa). After incubating over-
night at 4°C, membranes were then incubated with 
corresponding secondary antibodies (1:5000) for 
1 h. Finally, proteins were visualized by adding 

SuperSignal® ECL Kit (Thermo Fisher Scientif-
ic, Waltham, MA, USA) in enhanced chemilumi-
nescence (ECL) detection system (Thermo Fisher 
Scientific, Waltham, MA, USA). 

Cell Viability Assay
Cell viability was tested by using Cell Count-

ing Kit-8 (CCK-8) assay (Dojindo Molecular 
Technologies, Kumamoto, Japan) according to 
the protocol. Cells were then seeded on 96-well 
plates (3×103 cells/well) and cultured for 12 h. For 
each well, 10 µl CCK-8 reagent were added at in-
dicated time points. Then, the absorbance value 
was recorded at 450 nm with a microplate read-
er (BioTek, Thorold, ON, Canada) and cell. Each 
group was set with three replicate wells.

Table I. Correlation between circ_0056618 expression and clinicopathological features in patients of CRC.

Parameters	 Total (n=60)	 Low circ_0056618 	 High circ_0056618	 p-value
		  (n=30)	 (n=30)		

Age					    0.793
    <65 Y	 36	 17	 19	
    ≥65 Y	 24	 13	 11	
Gender					    0.596
    Male	 37	 20	 17	
    Female	 23	 10	 13	
Tumor site					    0.604
    Colon	 33	 15	 18	
    Rectum	 27	 15	 12	
Tumor size
    <5 cm	 27	 18	 9	 0.037*
    ≥5 cm	 33	 12	 21	
TNM stage
    I-II	 31	 20	 11	 0.038*
    III-IV	 29	 10	 19	
Lymph node metastasis
    Yes	 26	 8	 18	 0.018*
    No	 34	 22	 12	
Distant metastasis
    Yes	 21	 6	 15	 0.029*
    No	 39	 24	 15

Table I. Primer sequences for RT-PCR.

Gene names	 Primer sequences	 Species		

circ_0056618	 Forward: 5'-GAACCCACCCCACCTCTAC-3'	 Human	 Reverse: 5'-CTTCCCCGGGATAAACAAACC-3'	

miR-206	 Forward: 5'-CGGGCTTGTGGAATGGTAAGC-3'	 Human	 Reverse: 5'-GGGCATACATCGGCTAATACA-3'	

β-actin	 Forward:5'-GCTTCGGCAGCACATATACTAAAAT-3'	 Human	 Reverse:5'-AGGGTACATGGTGGTGCCGCCA-3'	

U6	 Forward:5'-CGCTTCACGAATTTGCGTGTC-3'	 Human	 Forward:5'-TAAAACGCAGCTCAGTAACAGTC-3'
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Tube Formation Assay
HT29 cells were seeded on 48-well plates 

(3×104 cells/well) and cells were coated with ice-
cold Matrigel (Phenol Red-Free, BD Biosciences, 
Franklin Lakes, NJ, USA), which was then incu-
bated at 37°C for 30 mins. Next, HT29 cells were 
harvested and suspended in 2% FBS-reduced 
medium. Moreover, cells were plated in Matri-
gel-coated wells with a density of 15×104 cells/
well and incubated at 37°C for 30 min for cell at-
tachment. Images of the tubular structures were 
photographed using a real-time cell recorder (Na-
noEntek, Seoul, South-Korea) after 12 h and the 
number of tube branches was counted.

Cell Migration Assay
Cell migration ability was measured by tran-

swell assay, HT29 cells (2×104 cells/well) were 
seeded into the upper transwell chambers (BD 
Biosciences, Franklin Lakes, NJ, USA) with 10% 
FBS, and 20% FBS was added into the lower 
chambers. After culturing at 37°C with 5% CO2 
for 24 h, migrated cells on the other side were fixed 
with 95% methanol for 10 mins and stained with 
0.5% crystal violet (Beyotime, Shanghai, China). 
Migrated cells were examined and counted using 
a light microscope (Olympus Corporation, Tokyo, 
Japan). Three independent experiments were re-
peated to get the mean value.

Luciferase Gene Reporter Assay
To examine the 3’-UTR Luciferase activity, the 

wild type and mutant sequences of circ_0056618, 
VEGF-A and CXCR4 were constructed into GLO 
plasmids (Promega, Madison, WI, USA). HT29 
cells and 293 cells were respectively seeded in 48-
well plates and cultured at an incubator for 12 h. 
Then, Renilla Luciferase vector and firefly Lucif-
erase plasmids were transfected into cells for 12 
h; then, indicated wild type and mutant sequences 
were respectively transfected into the prepared cells 
for 24 h. In addition, miR-206 mimic or mimic NC 
has respectively transfected these indicated cells 
for another 24 h. Finally, cells were harvested, and 
Luciferase activities were measured using a Lucif-
erase assay system (Promega, Madison, WI, USA). 
Relative activities of Luciferase were calculated and 
normalized to the Renilla Luciferase activity.

Statistical Analysis
All data were analyzed by SPSS 18.0 (SPSS 

Inc., Chicago, IL, USA) and GraphPad Prism 6.0 
(La Jolla, CA, USA). Count data were processed 

by chi-square test. Statistical significance was 
analyzed by Student’s t-test or one-way ANOVA 
and SNK method. Correlations were analyzed us-
ing Pearson’s correlation analysis and overall sur-
vival of patients was analyzed by Kaplan-Meier 
survival test. p<0.05 was considered to be statis-
tically significant.

Results

Circ_0056618 Was Evaluated 
In CRC Tissues and CRC Cell Lines

For the first time, we detected the circ_0056618 
expression by RT-PCR in 60 paired CRC tissues 
and non-tumor tissues. Results revealed that 
circ_0056618 was evaluated in CRC tissues, com-
pared to non-tumor tissues (n=60) (Figure 1A) 
(p<0.001). Notably, we found that circ_0056618 
in patients with metastasis (n=26) was much high-
er than that in patients without metastasis (n=34) 
(Figure 1B) (p<0.001). Besides, Kaplan-Mei-
er survival analysis revealed that CRC patients 
with circ_0056618 high expression showed 
a lower overall survival (OS) than patients 
with circ_0056618 low expression (Figure 1C) 
(p<0.05). Additionally, we found that expressions 
of circ_0056618 in CRC cell lines were signifi-
cantly increased (Figure 1D) (p<0.05). In addi-
tion, clinicopathological analyses showed that the 
high expression of circ_0056618 was associated 
with tumor size, TNM stage, lymph node metas-
tasis and distant metastasis in CRC patients (Ta-
ble I) (p<0.05). Collectively, these data suggested 
that circ_0056618 was increased in CRC tissues, 
which might play some roles in the development 
of CRC.

Circ_0056618 Inhibition Repressed 
Cell Proliferation, Migration and 
Angiogenesis In HT29 Cells

To investigate the functions of circ_0056618 
in CRC, circ_0056618 si-RNA was constructed 
(si-circ_0056618), resulting with circ_0056618 
downregulation (Figure 2A) (p<0.001). Then, 
CCK-8 assay revealed that circ_0056618 inhibi-
tion repressed cell proliferation, compared to con-
trol and si-NC (Figure 2B) (p<0.01). Furthermore, 
tube formation assay showed that circ_0056618 
inhibition repressed cell capacity of angiogene-
sis, compared to control and si-NC (Figure 2C) 
(p<0.01). Moreover, transwell assay demonstrated 
that circ_0056618 inhibition repressed cell migra-
tion ability in HT29 cells (Figure 2D, E) (p<0.01). 
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Additionally, Western blot (WB) was performed 
to detect protein expressions of proliferation as-
sociated gene Cyclin D1, migration associated 
genes, including N-cadherin and E-cadherin, 
angiogenesis associated gene VEGF-A. Results 
showed that protein levels of Cyclin D1, N-cadher-
in and VEGF-A were repressed, while E-cadherin 
was increased (Figure 2F, G) (p<0.01). These data 
suggested that circ_0056618 inhibition repressed 
cell proliferation, migration and angiogenesis in 
HT29 cells. 

MiR-206 Was Reduced In CRC 
Tissues, Which Could Be Sponged 
With Circ_0056618 In HT29 Cells

To understand the mechanism that 
circ_0056618 regulated proliferation, migration 
and angiogenesis in CRC cells, bioinformat-
ics analysis was used to predict target miRNAs 
of circ_0056618. Results showed that miR-206 
might be a target for circ_0056618, which had 
been revealed to be related with the progression 
of cancers, including CRC10-15. Then, we detected 

miR-206 expressions in CRC tissue samples and 
the responding non-tumor tissues, which showed 
that miR-206 was reduced in CRC tissues (Fig-
ure 3A) (p<0.001), especially in patients with 
metastasis, compared to patients without metas-
tasis (Figure 3B) (p<0.001). Correlation analysis 
showed that miR-206 was negatively correlated 
with circ_0056618 in metastasis patients (Figure 
3C) (p<0.01), but not in non-metastasis patients 
(Figure 3D) (p>0.05). Moreover, we found that 
miR-206 levels were significantly reduced in 
CRC cell lines (Figure 3E) (p<0.01), while they 
were increased after si-circ_0056618 transfection 
(Figure 3F) (p<0.001). These data indicated that 
circ_0056618 was negatively related with miR-
206, which might be a target for circ_0056618. 
To verify that circ_0056618 could competitively 
sponge with miR-206, wild type and mutant se-
quences of circ_0056618 were constructed into 
GLO vectors (Figure 3G) and Luciferase gene 
reporter assay was performed. Results revealed 
that the relative Luciferase activity in HT29 cells 
co‑transfected with wt-circ_0056618 and miR-

Figure 1. Circ_0056618 was evaluated in CRC tissues and CRC cell lines. A, RT-PCR was used to detect circ_0056618 levels in 
CRC tissues (n=60) and corresponding non-tumor tissues (n=60). B, Circ_0056618 levels in CRC patients with metastasis (n=26) 
and non-metastasis (n=34) were analyzed. C, Kaplan-Meier survival analysis was performed to analyze the OS for patients with 
circ_0056618 low and high expression. D, RT-PCR was used to detect circ_0056618 levels in CRC cell lines. *p<0.05, **p<0.01, 
***p<0.001.
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Figure 2. Circ_0056618 inhibition repressed cell proliferation, migration and angiogenesis in HT29 cells. Si-circ_0056618 or si-
NC was transfected into HT29 cells. A, Circ_0056618 expressions were detected by RT-PCR. B, Proliferation abilities of treated 
cells were measured by CCK-8 assay. C, Tube formation assay was performed to detected angiogenesis ability of HT29 cells. D-E,  
Migration abilities were measured by transwell assay. F-G, Protein levels of Cyclin D1, N-cadherin, E-cadherin and VEGF-A were 
detected by WB (magnifications x 0.8). **p<0.01, ***p<0.001.

A B C

D E

F G

Figure 3. MiR-206 was reduced in CRC tissues, which could be sponged with circ_0056618 in HT29 cells. A, MiR-206 expressions 
were detected by RT-PCR in CRC tissues (n=60) and non-tumor tissues (n=60). B, MiR-206 levels in CRC patients with metastasis 
(n=26) and non-metastasis (n=34) were analyzed. C-D, Correlation analysis was performed between circ_0056618 and miR-206 
in patients with metastasis and non-metastasis. E-F, MiR-206 expressions were detected in CRC cell lines and in HT29 cells after 
transfection with si-NC or si-circ_0056618. G, Wild type and mutant sequences of circ_0056618 were constructed into GLO vectors. 
H, Luciferase gene reporter assay was performed. *p<0.05, **p<0.01, ***p<0.001.

A B C D



X. Zheng, Y.-F. Ma, X.-R. Zhang, Y. Li, H.-H. Zhao, S.-G. Han

4196

206 mimic was inhibited, while it was reversed 
following co‑transfecting with mut-LINC00511 
(Figure 3H) (p<0.01). These data indicated that 
miR-206 was reduced in CRC tissues, which could 
be sponged with circ_0056618 in HT29 cells.

MiR-206 Overexpression Repressed 
Cell Proliferation, Migration
 and Angiogenesis In HT29 Cells

To find out whether miR-206 could regulate 
the progression of CRC, miR-206 mimic was 
transfected into HT29 cells, which resulted with 

miR-206 overexpression (Figure 4A) (p<0.001). 
Then, CCK-8 assay revealed that miR-206 over-
expression repressed cell proliferation (Figure 
4B) (p<0.01). Furthermore, tube formation assay 
showed that miR-206 overexpression repressed 
cell capacity of angiogenesis (Figure 4C) (p<0.01). 
Besides, transwell assay demonstrated that miR-
206 overexpression repressed cell migration abili-
ty in HT29 cells (Figure 4D, E) (p<0.01). In addi-
tion, WB results showed that the protein levels of 
Cyclin D1, N-cadherin and VEGF-A were inhib-
ited, while E-cadherin was promoted (Figure 4F, 

Figure 4. MiR-206 overexpression repressed cell proliferation, migration and angiogenesis in HT29 cells. MiR-206 mimic or 
mimic NC was transfected into HT29 cells. A, Circ_0056618 expressions were detected by RT-PCR. B, Cell Proliferation abilities 
were measured by CCK-8 assay. C, Tube formation assay was performed to detect cell angiogenesis ability. D-E, Migration abilities 
were measured by transwell assay. F-G, Protein levels of Cyclin D1, N-cadherin, E-cadherin and VEGF-A were detected by WB 
(magnifications x 0.8). **p<0.01, ***p<0.001.
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G) (p<0.01). These data suggested that miR-206 
played some roles in the development of CRC, 
which could repress cell proliferation, migration 
and angiogenesis in HT29 cells

MiR-206 Was Negatively Related 
With VEGF-A and CXCR4 In CRC 
Tissues

To further understand how miR-206 regulated 
the progression of CRC, we used Targetscan da-
tabase to analyze the target genes of miR-206. It 
showed that VEGF-A and CXCR4 were predicted to 
be two potential targets for miR-206; further, these 
two genes had been reported to be closely associat-
ed with tumor formation and angiogenesis in can-
cers34-36. Therefore, we detected the protein levels of 
VEGF-A and CXCR4 in CRC tissues and non-tu-
mor tissues. Results showed that both VEGF-A and 
CXCR4 were significantly elevated in CRC tissues 
(Figure 5A, B) (p<0.001), and the levels of VEGF-A 
and CXCR4 in patients with metastasis were much 
higher than that in patients without metastasis (Fig-

ure 5C, D) (p<0.001). Furthermore, correlation 
analysis indicated that VEGF-A and CXCR4 were 
both negatively related with miR-206 in metastasis 
patients (Figure 5E, F) (p<0.05), but not in non-me-
tastasis patients (Figure 5G, H) (p>0.05). Addition-
ally, we found that protein levels of VEGF-A and 
CXCR4 were upregulated in CRC cell lines (Figure 
5I, J) (p<0.05), while levels of VEGF-A and CXCR4 
were repressed after miR-206 mimic transfection 
into HT29 cells (Figure 5K, L) (p<0.001). Above all, 
these data suggested that miR-206 was negatively 
related with VEGF-A and CXCR4 in CRC tissues 
and HT29 cells.

MiR-206 Could Directly Bind 
With VEGF-A and CXCR4 In HT29 
and 293 Cells

Above data suggested that miR-206 was neg-
atively related with VEGF-A and CXCR4, which 
were predicted to be two potential target genes 
for miR-206 by Targetscan database. To verify 
that miR-206 could directly bind to VEGF-A and 

Figure 5. MiR-206 was negatively related with VEGF-A and CXCR4 in CRC tissues. A-B, Protein expressions of VEGF-A and 
CXCR4 were detected by WB in CRC tissues (n=60) and non-tumor tissues (n=60). C-D, Protein expressions of VEGF-A and CX-
CR4 were analyzed in CRC patients with metastasis (n=26) and non-metastasis (n=34). E-H, Correlation analysis was performed 
between miR-206 with VEGF-A and CXCR4 in patients with metastasis and non-metastasis. I, J, Protein levels of VEGF-A and 
CXCR4 were detected in CRC cell lines. K, L, Protein levels of VEGF-A and CXCR4 were detected in HT29 cells after transfection 
with mimic-NC or miR-206 mimic. *p<0.05, **p<0.01, ***p<0.001.
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CXCR4, the wild type and mutant sequences of 
VEGF-A and CXCR4 were synthesized and con-
structed into GLO vectors (Figure 6A, D) and 
Luciferase gene reporter assay was performed. 
Results illustrated that the relative Luciferase ac-
tivity in HT29 cells or 293 cells that co‑transfect-
ed with WT-VEGF-A and miR-206 mimic was re-
pressed, while it was reversed in MUT-VEGF-A 
group (Figure 6B, C) (p<0.05). Furthermore, 
the relative Luciferase activity in HT29 cells or 
293 cells that co‑transfected with WT- CXCR4 
and miR-206 mimic was repressed, while it was 
reversed in MUT-CXCR4 group (Figure 6E, F) 
(p<0.01). Collectively, these data demonstrated 
that miR-206 could directly bind with VEGF-A 
and CXCR4 in HT29 and 293 cells.

Circ_0056618 Promoted Cell 
Proliferation, migration and 
angiogenesis through sponging with 
miR-206 and upregulating CXCR4 
and VEGF-A in HT29 cells

Above all, according to these data, we might 
assume that circ_0056618 could sponge with 
miR-206, which would remove the repressing 

effects of CXCR4 and VEGF-A, thereby pro-
moting tumor progression of cell proliferation, 
migration and angiogenesis. To verify that, we 
transfected miR-206 inhibitor or inhibitor NC 
into HT29 cells with si-circ_0056618 or si-NC 
to observe the effects. Results showed that the 
repressed circ_0056618 in si-circ_0056618 was 
increased following with miR-206 inhibitor 
transfection (Figure 7A) (p<0.001), while the in-
creased miR-206 in si-circ_0056618 was inhib-
ited following with miR-206 inhibitor transfec-
tion (Figure 7A) (p<0.001). Furthermore, CCK-8 
assay revealed that the repressed cell prolifera-
tion capacity in si-circ_0056618 was increased 
following with miR-206 inhibitor transfection 
(Figure 7B) (p<0.01). Besides, tube formation 
assay showed that the repressed angiogene-
sis in si-circ_0056618 was promoted following 
with miR-206 inhibitor transfection (Figure 7C) 
(p<0.01). In addition, transwell assay illustrated 
that the repressed migration in si-circ_0056618 
was reversed following with miR-206 inhibi-
tor transfection (Figure 7D, E) (p<0.01). Final-
ly, WB results showed that the repressed pro-
tein levels of CXCR4, VEGF-A, Cyclin D1 and 

Figure 6. MiR-206 could directly bind with VEGF-A and CXCR4 in HT29 and 293 cells. A-D, Wild type and mutant sequences of 
VEGF-A or CXCR4 were constructed into GLO vectors. B-C, Luciferase gene reporter assay was performed to prove the binding 
site between miR-206 and VEGF-A in HT29 and 293 cells. E-F, Luciferase gene reporter assay was performed to prove the binding 
site between miR-206 and CXCR4 in HT29 and 293 cells. *p<0.05, **p<0.01.
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N-cadherin were increased, while the increased 
E-cadherin level in si-circ_0056618 was reduced 
following with miR-206 inhibitor transfection 
(Figure 7F, G) (p<0.001). Collectively, these 
results confirmed that Circ_0056618 promoted 
cell proliferation, migration and angiogenesis 
through sponging with miR-206 and upregulat-
ing CXCR4 and VEGF-A in CRC patients.

Discussion

CRC is a malignancy with high incidence and 
mortality for patients worldwide1-4. Although 
novel therapeutic treatments, chemotherapy and 
diagnosis methods have increased the 5-year sur-
vival rate for CRC patients; however, the outcome 
of patients with metastasis is extremely poor1-4. 

Figure 7. Circ_0056618 promoted cell proliferation, migration and angiogenesis through sponging with miR-206 and upregulating 
CXCR4 and VEGF-A in HT29 cells. MiR-206 inhibitor or inhibitor NC was transfected into HT29 cells with si-circ_0056618 or 
si-NC. A, The mRNA expressions of circ_0056618 and miR-206 were detected by RT-PCR. B, CCK-8 assay was used to measure 
cell proliferation abilities. C, Tube formation assay was performed to detect cell angiogenesis ability. D-E, Migration abilities were 
measured by transwell assay. F-G, Protein levels of CXCR4, VEGF-A, Cyclin D1, N-cadherin and E-cadherin were detected by WB 
(magnifications x 0.8). **p<0.01, ***p<0.001.
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Therefore, novel biomarkers and treatments for 
CRC patients are needed to improve future prog-
nosis for CRC patients. CircRNAs have been re-
vealed to play important roles in CRC10-15, which 
have the capacity to regulate biological func-
tions through sponging with miRNA and affect 
its target gene expressions16-20. The expression 
of circ_0056618 in CRC was unknown. Then, 
we detected the circ_0056618 expressions in 60 
paired tumor tissues and non-tumor tissues from 
CRC patients. Results revealed that circ_0056618 
was evaluated in CRC tissues and CRC cell lines, 
which was associated with poor overall survival 
for CRC patients. Then, circ_0056618 might play 
some roles in CRC.

To investigate potential roles of circ_0056618 
in CRC, si-circ_0056618 or si-NC was construct-
ed into plasmids and transfected into HT29 cells, 
which resulted with circ_0056618 inhibition. We 
found that circ_0056618 inhibition reduced cell 
viability, tube formation and cell migration. Cy-
clin D1 is a protein that transits cells from G1 to 
S phase, which is responsible for cell proliferation 
in various cancers37-39. N-cadherin and E-cadher-
in are from cadherin family, N-cadherin helps to 
promote cell invasion and migration for cancers, 
while E-cadherin represses these functions40,41. 
VEGF-A and CXCR4 are two genes closely as-
sociated with tumor formation and angiogen-
esis in cancers34-36. WB results revealed that 
circ_0056618 inhibition repressed protein levels 
of Cyclin D1, VEGF-A, N-cadherin and promot-
ed E-cadherin, which proved that circ_0056618 
inhibition repressed cell proliferation, angiogen-
esis and migration. However, the mechanism re-
mained unknown.

CircRNAs could affect biological functions 
through sponging with miRNAs and regulate tar-
get gene expressions16-20. We used bioinformatics 
analysis and miR-206 was predicted as a target 
miRNA, which was reported to regulate cell inva-
sion, proliferation and angiogenesis in cancers28-33. 
We found that miR-206 was reduced in CRC pa-
tients and Luciferase reporter assay proved that 
circ_0056618 could directly bind to miR-206 in 
HT29 cells and miR-206 could regulate the bio-
logical functions of cell proliferation, angiogene-
sis and migration in CRC cell lines.

MiRNAs could affect various functions by 
binding to the 3’-UTR of target genes in diseas-
es24-27. Therefore, target genes of miR-206 were 
analyzed using Targetscan database. VEGF-A 
and CXCR4 were predicted as potential target 
genes, which were related with the formation 

and angiogenesis of cancers34-36. We found that 
levels of VEGF-A and CXCR4 were upregulat-
ed in CRC tissues, which was negatively related 
with miR-206. Then, Luciferase reporter assay 
further confirmed that miR-206 could directly 
bind to VEGF-A and CXCR4 in HT29 cells and 
293 cells, and regulate the progression of CRC. 
Finally, miR-206 inhibitor was transfected into 
HT29 cells with circ_0056618 inhibition. Results 
indicated that the repressed proliferation, migra-
tion and angiogenesis were ameliorated, which 
suggested that circ_0056618 regulated the tumor 
progression through sponging with miR-206 and 
affecting the expressions of VEGF-A and CXCR4 
in CRC patients.

For the first time, we revealed that circ_0056618 
was upregulated in human CRC tissues, which 
might be a prognostic marker for CRC. We demon-
strated that circ_0056618 could promote cell pro-
liferation of CRC; importantly, we found that 
circ_0056618 could interact with miR-206 and 
affect the expressions of VEGF-A and CXCR4, 
which were critical factors for cell migration and 
angiogenesis, thereby weakening cell migration 
ability. We uncovered a new molecule that might 
predict the prognosis and solve the difficult prob-
lem for CRC patients with metastasis. It might pro-
vide a new insight for the treatment of CRC and 
reducing the metastatic ability.

Conclusions

In all, we firstly revealed that circ_0056618 
was increased in CRC tissues, which was relat-
ed with the poor OS of CRC patients. We found 
that circ_0056618 could promote cell prolifera-
tion, migration and angiogenesis through spong-
ing with miR-206 and upregulating CXCR4 and 
VEGF-A in CRC, which might provide a novel 
potential therapeutic target for treating CRC.
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