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1  |  INTRODUC TION

Colorectal cancer (CRC) is ranked as the third most prevalent can-
cer worldwide, with a high incidence rate and mortality rate.1– 3 
The alteration of the life style and the change of dietary composi-
tion have been considered as the fundamental factors contributing 
to the quick rise of CRC incidence.4,5 At present, optimal surgical 
resection and chemotherapy remain as the primary treatment for 
early CRC.6,7 Nevertheless, many patients who are diagnosed with 

advanced stage of CRC face the challenges of the heterogeneity of 
cancer cells, development of drug resistance and metastasis, which 
limit the treatment efficacy in spite of combined chemotherapy and 
radiotherapy.8– 11 Underatdinsing the molecular mechanisms of can-
cer progression could provide novel insights into targeted therapies 
for cancers with high level of maligancny.

Circular RNAs (circRNAs) are a class of covalently closed RNAs 
widely expressed in eukaryotic cells.12– 14 They are usually derived 
from reverse splicing of transcripts by a non- classical splicing 
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Abstract
Background: Circular RNAs (circRNAs) have been implicated in the initiation and 
development of various cancers. This study explored the potential contribution of 
hsa_hsa_circ_0081069 in the progression of colorectal cancer (CRC).
Methods: The gene expression was analyzed by qRT- PCR. Functional roles of hsa_
circ_0081069 were examined by shRNA- mediated silencing using CCK- 8 proliferation 
assay, Transwell migration and invasion assay, tube formation assay. The tumorigenesis 
and metastasis of CRC cells were assess in a xenograft mouse model.
Results: Hsa_circ_0081069 was significantly upregulated in CRC tissues and cells. 
Hsa_circ_0081069 knockdown suppressed the proliferation, migration and invasion 
in	CRC	cells,	as	well	as	the	angiogenesis.	Silencing	hsa_circ_0081069	also	 impaired	
the tumorigenesis of CRC cells in a xenograft mouse model. Furthermore, miR- 665 
was identified as an interacting partner of hsa_circ_0081069, which was negatively 
regulated by hsa_circ_0081069. miR- 665 targeted the mRNA of E2F3 to suppress its 
expression. We further demonsatred that miR- 665/E2F3 axis mediated the functional 
role of hsa_circ_0081069 in regulating the malignant phenotype of CRC cells.
Conclusions: Collectively, our study suggests that hsa_circ_0081069 could serve as a 
prognostic marker in progression of CRC. Targeting hsa_circ_0081069 and miR- 665/
E2F3 axis could serve as potential therapeutic strategies for CRC treatment.
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mechanism.15– 17 Although the majority of circRNAs do not code for 
proteins, some circRNAs were reported to be translated into pro-
tein products in cancer cells with unclear functions.18,19 Compared 
to other non- coding RNAs, circRNAs possess strong stability due to 
its closed- loop structure and resistance to the digestion by RNase 
R exonuclease.20 Recent studies identified multiple cicrRNAs and 
clarified their functions in CRC. For example, has_circ_0000372 
was shown to promote CRC procession by upregulating IL6.21 
Has_circ_0001659 was found to be upregulated in CRC and was 
proposed as a novel diagnostic and prognostic biomarker for CRC.22 
Besides, a recent study showed that hsa_circ_0005615 functions as 
a ceRNA to promote colorectal cancer progression by upregulating 
poly [ADP- Ribose] Polymerase Tankyrase- 1.23

miRNAs (microRNAs) are endogenous non- coding RNAs com-
posed of 21– 25 nucleotides. miRNAs are implicated in the regula-
tion of tumor progression via translation and degradation of target 
mRNAs.24,25 For instance, Ma et al. reported that miR- 665 nega-
tively regulates Homolog 1 to suppress tumor cells growth in CRC.26 
Moreover, miR- 665 impaired the self- renewal capability of tumor 
stem cells inn CRC by suppressing the expression of signal trans-
ducer	and	activator	Of	transcription	3	(STAT3).27 Nevertheless, the 
regulatory mechanism for miR- 665 expression in CRC still needs to 
be clarified.

Hsa_circ_0081069 is a newly identified circRNA with little 
known in cancer biology. Analysis of non- coding RNA profiling of 
CRC	 in	 GEO	 database	 (GSE197991)	 identified	 hsa_circ_0081069	
as one of the upregulated circRNAs in CRC tissues in comparison 
to adjacent normal tissues. Hsa_circ_0081069 is formed from pre- 
mRNA of COL1A2 (Collagen Type I Alpha 2 Chain) through back-
splicing	 (Supplementary	 Figure	 S1A).	 As	 shown	 in	 Supplementary	
Figure S1B,C, COL1A2 is highly expressed in CRC tissues (Gepia: 
www.http://gepia.cance r- pku.cn/) and is correlated with signifi-
cantly lower survival of CRC patients (https://kmplot.com/analy 
sis/). We therefore hypothesize that hsa_circ_0081069 might also 
play a crucial role in the regulation of CRC.

In this study, we found that hsa_circ_0081069 was upregulated 
in	CRC	tissue	and	cell	lines.	Silencing	hsa_circ_0081069	suppressed	
the proliferation, migration, invasion of CRC cells and the angiogenic 
potential. We further identified the downstream factors miR- 665 
and E2F3 (E2F Transcription Factor 3) which mediates the oncogenic 
role of hsa_circ_0081069 in CRC cells. These results indicate that 
targeting hsa_circ_0081069 and miR- 665/E2F3 axis could serve as 
potential therapeutic strategy for CRC treatment.

2  |  MATERIAL AND METHODS

2.1  |  Patient samples collection

A total number of 60 tumor samples and para- cancerous normal 
tissues were collected from patients diagnosed with CRC in Taizhou 
Hospital of Zhejiang Province. All the patients who underwent 
surgical resection had not been treated with radiotherapy or 

chemotherapy. The tissues were instantly frozen in liquid nitrogen 
and	conserved	at	−80°C	until	further	experiment.	All	patients	signed	
the informed consent. All operations and procedures were approved 
by the research ethics committee of Taizhou Hospital of Zhejiang 
Province.

2.2  |  Cell culture and transfection

CRC	cell	lines	were	acquired	from	Shanghai	Fuxiang	Biotechnology	
Co., Ltd, and cultivated in RPMI- 1640 medium supplemented with 
10%	fetal	bovine	serum	(FBS,	Hyclone)	and	1%	penicillin/strepto-
mycin	 (Hyclone)	 in	 a	 humidified	 incubator	 at	 37°C	with	 5%	CO2. 
miR- 665 mimic/inhibitor and negative controls (miR- NC or NC 
inhibitor), and pcDNA.3.1 vector and pcDNA3.1- E2F3 expression 
vector were purchased from RiboBio Co. Ltd. Cell transfection was 
performed using Lipofectamine® 2000 reagent (Thermo Fisher 
Scientific).	 In	6-	well	plates,	60%	confluent	cells	were	 transfected	
with	50 nM	of	miRNA	mimic	or	inhibitor	or	6	μg of plasmid accord-
ing to manufacturer's instruction. Transfected cells were subjected 
to	 subsequent	 analysis	 48 h	 post-	transfection.	 To	 generate	 cells	
with stable hsa_circ_0081069 knockdown, pLKO.1- Puro lentiviral 
vector was used for shRNA- mediated gene silencing. Lentivirus 
with hsa_circ_0081069 shRNA or control shRNA (sh- NC) were 
constructed	 by	 GenePharma	 Co.	 Ltd.	 2 × 105 cells were seeded 
in a 24- well plates at 50%~60% confluence and the cells were in-
fected with recombinant lentivirus at a MOI (multiplicity of infec-
tion) = 5, in the presence of 10 μg	polybrene	 (Sigma,	 tr-	1003-	g).	
Infected cells were selected with 1.0 μg/mL puromycin for 2 week. 
qPCR was performed to confirm the efficiency of shRNA- mediated 
knockdown.

2.3  |  qRT- PCR analysis

Trizol reagent (Beyontime) was employed to extract total RNA from 
tissues and cell lines. The extracted total RNA was dissolved in 
DEPC water and its concentration was measured with NanoDrop. 
5 μg of total RNA was used for reverse- transcription into cDNA 
using	 RevertAid	 First	 Strand	 cDNA	 Synthesis	 Kit	 (Thermo	 Fisher	
Scientific).	 The	 diluted	 cDNA	 was	 then	 quantified	 by	 qPCR	 in	 a	
7500	Real	Time	PCR	System	(Applied	Biosystems)	using	SYBR	pre-
mix EX TAQ II kit (Takara). The following PCR cycling conditions 
were	used:	95°C	2	min,	40 cycles	of	95°C	30 s,	60°C	30 s	and	72°C	
60 s,.	 The	 2–	∆∆Ct	 method	 was	 used	 to	 analyze	 the	 relative	 ex-
pression level and GAPDH was used as the internal reference. All 
primer	sequences	were	synthesized	by	Sangon	Biotechnology	Co.,	
Ltd.:	 hsa_circ_0081069	 F	 5′-	TCGGTCCGGATACCCATATGC-	3′,	 R	
5′-	ATG	CCCCAGGGGCAAGGTGC-	3′.	 miR-	665	 5′-	GCGG	CTAA	TA	
CTG	CCTGGTAA-	3′,	 R	 5′-	GTGCA	GGGTCCGAGGT-	3′	 E2F3,	 F	 5′-	
TAC	GATAC	AAGG	CTGTYAGA-	3′,	 R	 5′-	CGTCCGCAATGTGTTAT-	3′	
GAPDH	 F	 5′-	AGGTCGGTGTGAACGGA-	3′,	 R	 5′-	AGGG	TTTGCCA	
TCCA	CA-	3′.

http://gepia.cancer-pku.cn/
https://kmplot.com/analysis/
https://kmplot.com/analysis/
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2.4  |  CCK- 8 proliferation assay

48 h	 after	 transfection,	 HCT116	 and	 LoVo	 cells	 were	 seeded	 in	
to	 a	 96-	well	 plate	 at	 a	 density	 of	 1500 cell/well	 and	 cultured	 in	 a	
humidified	 cell	 culture	 incubator	 for	 0,	 24,	 48,	 72 h,	 respectively.	
Subsequently,	10	μL	CCK8	reaction	solution	(Solarbio)	was	added	to	
the cell culture at indicated time point and incubated for 1 h in a hu-
midified cell culture incubator. The light absorption value (OD value) 
in	each	condition	was	captured	at	450 nm	wavelength	on	a	Bio-	Rad	
microplate reader (Biorad).

2.5  |  EdU incorporation assay

EdU incorporation assay was performed using Click- iT™ EdU Cell 
Proliferation Kit for Imaging, Alexa Fluor™ 555 (Thermo Fisher 
Scietufic).	Prewarmed	the	2X	EdU	solution	was	mixed	with	an	equal	
volume of culture medium in a 96- well plate, and the cells were in-
cubated for 2 h. The medium was discarded and cells were washed 
twice	with	PBS,	 followed	by	 the	 fixation	with	100 μL of 3.7% for-
maldehyde	 for	15 min.	After	 the	 removal	of	 fixative	 solution,	 cells	
were	washed	twice	with	100 μL	of	PBS	with	3%	BSA.	Then	100 μL 
of	0.5%	Triton®	X-	100	 in	PBS	was	added	 to	each	well	 for	20-	min	
incubation. After the removal of the solution, 1 x Click- iT® reaction 
cocktail was prepared based on the manufacturer's instruction and 
added	to	cells	for	30 min.	After	washing,	cells	were	counter-	stained	
by	500 nM	DAPI	in	PBS	and	the	images	were	captured	under	Leica	
AM6000 microscope (Leica).

2.6  |  Transwell assay

The migration and invasion ability of cells were determined using 
Transwell assay. Cells with different treatments were collected and 
resuspended in serum- free medium. The transwell upper chamber 
(Corning) without Matrigel (BD Biosciences) was used for migration 
assay, and the transwell upper chamber coated with Matrigel was 
used	for	invasion	assay.	About	5 × 105 cells	were	inoculated	into	the	
upper	 chamber	 in	 serum-	free	medium	 and	 500 μL of 20% serum- 
containing	medium	was	added	to	the	lower	chamber.	After	18 h,	the	
cells were fixed with 4% paraformaldehyde at room temperature for 
10	min	and	stained	with	0.5%	crystal	violet	(Sigma)	for	20 min.	Cells	
were photographed under Leica AM6000 microscope (Leica), and 
the number of migrating and invading cells were counted from 5 ran-
domly selected fields in each samples.

2.7  |  RNase R and actinomycin D assay

Rnase R (TaKaRa) was used to degrade linear RNA. The RNA sam-
ple was divided equally into two portions: one was used for RNase 
R treatment (Rnase R+ group), and the other was used as control 
(Rnase R-  group). The two portions of samples were incubated at 

37°C	for	25 min.	The	relative	amount	of	linear	mRNA	and	circRNA	
in each sample was detected by qRT- PCR. For RNA stability assay, 
the transcription was blocked by 3 μg/mL	 actinomycin	 D	 (Sigma,	
Germany)	for	12 h	and	RNA	samples	were	collected	by	TRizol	rea-
gent (Beyontime). The stability of liner mRNA and circRNA was 
analyzed by qRT- PCR by comparing to that in the samples before 
treatment (Control).

2.8  |  Dual- luciferase reporter assay

To demonstrate the functional interaction between two molecules, 
the sequence containing the wild type binding sites (WT) or the 
sequence with mutated binding sites (MUT) were cloned into the 
PmirGLO firefly luciferase reporter vector (Promega). The reporter 
plasmid and Renilla luciferase (hRlucneo) control plasmid were co- 
transfected	into	cells	with	either	miRNA	mimic	or	miR-	NC.	48 h	after	
the transfection, the relative luciferase activities were measured 
using Dual- Luciferase Reporter Assay Kit (Promega) on a lumines-
cence microplate reader (Biorad).

2.9  |  RNA pull- down assay

Cells lysates were collected by IP lysis buffer (Beyotime) and were 
incubated biotinylated has_circ_0081069 oligo and Control oligo. 
10% of the lysates was saved as the input. The mixture was further 
incubated	with	M-	280	streptavidin	magnetic	beads	(Sigma-	Aldrich,	
Germany)	 for	 4	 h	 at	 4°C.	 The	 magnetic	 beads	 were	 precipitated	
using a magnetic bar, and washed 4 times with high salt wash buffer. 
Both the input and the samples on the beads were purified with 
Trizol reagent according to the manufacturer's protocol. The relative 
enrichment of miRNAs was quantified by qRT- PCR.

2.10  |  RNA immunoprecipitation (RIP) assay

Cell lysates were incubated with with Pierce™ Protein A/G Magnetic 
Beads	(Thermo	Fisher	Scientific)	conjugated	with	a	rabbit	anti-	Ago2	
(Abcam, ab32381) antibody or with a negative control normal rab-
bit	anti-	IgG	(Abcam,	ab188776).	The	mixture	was	incubated	at	4°C	
for 4 h and the magnetic beads were precipitated using a magnetic 
bar. Both the input and the samples on the beads were purified with 
Trizol reagent according to the manufacturer's protocol. The relative 
enrichment of miRNAs and circRNA was quantified by qRT- PCR.

2.11  |  Western blot assay

RIPA lysis buffer containing protease inhibitor cocktail (Thermo 
Fisher	 Scientific)	was	 used	 for	 protein	 sample	 extraction.	 The	 su-
pernatant containing total protein lysate was quantified by a BCA 
Protein	assay	kit	(Beyotime).	10 μg of protein sample was separated 
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on	a	SDS-	PAGE	gel	and	then	transferred	to	PVDF	membrane.	After	
blocking with 5% skimmed milk, the membrane was incubated with 
primary	 antibodies	 at	 4°C	 overnight:	 E2F3	 (1:	 2000,	 ab152126,	
Abcam), GAPDH (1: 5000, ab8245, Abcam). The membrane was 
further incubated with HRP- linked secondary antibody (1:3000, 
ab97023, Abcam) at room temperature for 1 h. The protein bands 
were visualized using an enhanced chemiluminescence kit and pho-
tographed on a gel imager system (Bio- Rad).

2.12  |  Tube formation assay

An in vitro angiogenesis assay kit (Abcam) was used to test the 
angiogenic	potentials	of	CRC	cells.	 In	brief,	50 μL extracellular ma-
trix (ECM) solution was added to a prechilled 96- well culture plate 
and	incubated	at	37°C	for	20 min.	2.0 × 104	cells	 in	100 μL medium 
were	 added	 to	 each	 well	 and	 incubated	 for	 18 h.	 Cell	 morphol-
ogy was observed with a phase- contrast microscope (Leica). The 
Image J Angiogenesis Analyzer [National Institutes of Health (NIH), 
Bethesda,	 MD,	 USA]	 was	 used	 for	 quantification	 of	 the	 network	
structure.

2.13  |  Tumor xenograft experiment

12	 Male	 BALB/c	 mice	 (weighting	 15 ~ 18 g,	 12 weeks)	 were	 pur-
chased	from	Vitalstar	and	maintained	in	a	germ-	free	animal	mouse	
with	a	12 h/12 h	 light	and	dark	cycle.	The	mice	were	 randomly	di-
vided	 into	 sh-	hsa_circ_0081069	 group	 (injected	 with	 1 × 10	 6 
HCT116 cells stably expressing sh- hsa_circ_0081069), and sh- NC 
group	(injected	with	1 × 10	6 HCT116 cells stably expressing sh- NC). 
The	 tumor	 volume	was	measured	 every	 7 days.	After	 35 days,	 the	
mice were sacrificed and the xenograft was collected for further 
analysis. Immunohistochemical staining (IHC) and Hematoxylin and 
Eosin (H&E) staining were performed on 5- μm sections of formalin- 
fixed paraffin- embedded (FFPE) tumor tissues. The expression of Ki- 
67 and E2F3 expression in the tumor sections were determined by 
IHC staining, and lung metastasis was assessed by histological H&E 
staining. The above animal procedures were approved by the animal 
use and care committee of Taizhou Hospital of Zhejiang Province.

2.14  |  Statistical analysis

Statistical	analyses	were	carried	out	using	SPSS	20.0	software	(IBM	
SPSS).	Figures	and	data	presentation	were	prepared	by	GraphPad	
Prism	7.0.	(GraphPad).	Unpaired	Student's	t test or one- way analysis 
of	 variance	 (ANOVA)	 was	 applied	 to	 determine	 the	 statistical	
significance between two groups or among multiples groups. 
Spearman	 correlation	 analysis	 was	 performed	 to	 determine	 the	
correlation between the expression levels of two molecules. Kaplan 
Meier Curve and log- rank test were used to compare the cumulative 
survival rates in 120 CRC patients. Chi- square test was employed 

to the association between hsa_circ_0081069 expression level and 
different clinopathologial parameters in CRC patients. p < 0.05	was	
deemed as statistically significant.

3  |  RESULTS

3.1  |  Hsa_circ_0081069 was upregulated in CRC 
tissues and cell lines

Through the curcRNA database (http://www.circb ase.org/), hsa_
circ_0081069	 consists	 of	 558 nt	 and	 is	 formed	 by	 circularization	
of exons 3– 13 of pre- mRNA of COL1A2 (Figure 1A). We examined 
the expression level of hsa_circ_0081069 between CRC cell lines 
(DLD1,	 HCT116,	 HCT8,	 LOVO,	 SW480,	 SW620,	 HT29),	 and	 nor-
mal intestine epithelial FHC cells. qRT- PCR analysis showed that 
hsa_circ_0081069 expression level was significantly higher in CRC 
cell lines (Figure 1B).	 HCT116	 and	 LOVO	 cells	 with	 highest	 hsa_
circ_0081069 expression were selected for the further experiments. 
Actinomycin D treatment showed that after transcription blockage, 
linear COL1A2 mRNA level dereaced gradually, while the level of 
hsa_circ_0081069 remained stable (Figure 1C). RNase R digestion 
experiment further showed that hsa_circ_0081069 was resistant to 
the degradation by RNase R treatment. (Figure 1D). Besides, qRT- 
PCR analysis demonstrated that hsa_circ_0081069 was upregulated 
in CRC tissues when compared to para- cancerous normal tissues 
(Figure 1E). The patients were the divided into high-  and low-  ex-
pression groups based on the median level of hsa_circ_0081069. In 
CRC patients a high level of hsa_circ_0081069 expression was as-
sociated with a poor prognosis (Figure 1F). In addition, we explored 
the relationship between hsa_circ_0081069 expression level and 
the clinicopathological parameters in CRC patients. A high level 
of hsa_circ_0081069 expression was significantly associated with 
advanced tumor stage, a large tumor size, distal node metastasis, 
tumor invasion and lymph node metastasis (Table 1). Together, these 
results suggest that high hsa_circ_0081069 expression indicate a 
poor prognosis in CRC patients.

3.2  |  Silencing hsa_circ_0081069 suppressed the 
proliferation, migration, invasion of CRC cells and the 
angiogenic potential

To confirm the functional role of hsa_circ_0081069, we con-
structed cells stably expressing hsa_circ_0081069 shRNA (sh- hsa_
circ_0081069#1, sh- hsa_circ_0081069#2, sh- hsa_circ_0081069#3) 
or control shRNA (sh- NC) by lentivirus. Among them, sh- hsa_
circ_0081069#1 showed the strongest knockout effect, which was 
used in the following study (Figure 2A). Importantly, we showed 
that sh- hsa_circ_0081069#1 did not affect the level of COL1A2 
mRNA (Figure 2B). CCK- 8 proliferation assay and EdU incorpora-
tion assay demonstrated that hsa_circ_0081069 silencing sup-
pressed cell proliferation and DNA synthesis in both HCT116 and 

http://www.circbase.org/
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LOVO	 cells	 (Figure 2C,D). Transwell assays further showed that 
hsa_circ_0081069 silencing dampened the invasion and migration 
capability (Figure 2E,F).	Similarly,	hsa_circ_0081069	deficiency	im-
paired the tube forming ability (Figure 2G). The above results implied 
that hsa_circ_0081069 is indispensable for maintaining the malig-
nant phenotype of CRC cells.

3.3  |  Hsa_circ_0081069 targeted miR- 665

We next carried out a nucleocytoplasmic fraction to determine the 
abundance of hsa_circ_0081069 between the cytoplasm nd the 

nucleus. It was found that hsa_circ_0081069 was mainly located 
in the cytoplasm (Figure 3A). Through the analysis of three data-
bases, we identified 3 potential interacting miRNAs (hsa- miR- 665, 
hsa- miR- 487a- 3p, hsa- miR- 1286) for hsa_circ_0081069 (Figure 3B). 
Moreover, RNA pull- down assay demonsatred that biotinylaed- hsa_
circ_0081069 probe could enrich miR- 665, while the other two miR-
NAs were not enriched (Figure 3C). Moreover, RIP analysis showed 
that both hsa_circ_0081069 and miR- 665 could be enriched by anti- 
Ago2 antibody, indicating they are interacting with miRNA process-
ing complex (Figure 3D). In CRC cells, miR- 665 was downregulated 
compared to normal intestine epithelial FHC cells (Figure 3E), as well 
as in the CRC tissues (Figure 3F). In CRC tissues, hsa_circ_0081069 

F I G U R E  1 Hsa_circ_0081069	was	upregulated	in	CRC	tissues	and	cells.	(A)	Schematic	illustration	of	Hsa_circ_0081069	structure.	(B)	
qRT- PCR analysis of hsa_circ_0081069 expression in CRC cell lines and FHC cells. (C) Cells were treated with Actinomycin D, and the level 
of Hsa_circ_0081069 and COL1A2 mRNA at different time points were determined by qRT- PCR. (D) Expression level of hsa_circ_0081069 
and COL1A2 mRNA after RNase R treatment was determined by qRT- PCR. (E) Hsa_circ_0081069 expression was determined by qRT- PCR 
in CRC tissues and para- cancerous tissues. (F) KM- plotter analysis of the overall survival of CRC patients in Hsa_circ_0081069 high and low 
expression group. ***p < 0.001
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expression was negatively correlated with the miR- 665 expres-
sion (Figure 3G), and the dual luciferase reporter assay showed 
that miR- 665 mimic could suppress the luciferase activity in WT 
reporter but not the MUT reporter (Figure 3H). In the meanwhile, 
hsa_circ_0081069 depletion caused the upregulation of miR- 665 in 
CRC cells (Figure 3I). These data suggest that hsa_circ_0081069 in-
teracts with miR- 665 and negatively regulates its expression.

3.4  |  miR- 665 negatively regulated E2F3 in 
CRC cells

In order to find the downstream target of miR- 665, we searched 
the	 Starbase	 and	 found	 that	 E2F3	mRNA	3’-	UTR	 contains	 poten-
tial binding sites for miR665, and the dual luciferase reporter assay 
showed that miR- 665 mimic could suppress the luciferase activity in 
WT reporter of E2F2, but showed no effect for the MUT reporter 
(Figure 4A). The expression level of E2F3 mRNA was significantly 
increased in CRC tissues compared to the para- cancerous normal 
tissues (Figure 4B). Using pearson correlation analysis assays, we 
found that E2F3 expression was negatively correlated with miR- 665, 
but positively correlated with hsa_circ_0081069 level (Figure 4C,D). 
Consistently, the level of E2F3 mRNA was significantly higher in CRC 

cell lines (Figure 4E). The transfection of miR- 665 mimic dampened 
E2F3 expression at protein level (Figure 4F). There results indicate 
that E2F3 is a downstream target of miR- 665.

3.5  |  Hsa_circ_0081069 regulated the 
malignancy of CRC cells via miR- 665/E2F3 axis

In order to investigate whether miR- 665/E2F3 axis mediates the 
effect of hsa_circ_0081069 in CRC cells, we transfcted CRC cells 
with miR- 665 inhibitor or pcDNA3.1- E2F3 expression vector to 
knockdown miR- 665 or overexpress E2F2 respetively (Figure 5A,B). 
Further, we showed that silencing hsa_circ_0081069 reduced E2F3 
protein level, while the co- transfection of miR- 665 inhibitor or 
pcDNA- E2F3 could restore E2F3 expression (Figure 5C). Functional 
assays further showed that hsa_circ_0081069 knockdown sup-
pressed cell proliferation, the migration and invasion ability, and the 
tube formation; while the co- transfection of miR- 665 inhibitor or 
pcDNA- E2F3 partially restore these cellular functions (Figure 5D– 
H). The above results indicate that hsa_circ_0081069 regulated the 
malignancy of CRC cells via miR- 665/E2F3 axis.

3.6  |  Hsa_circ_0081069 silencing impaired the 
tumorigenesis in xenograft mouse model

To further validate the oncogenic role of hsa_circ_0081069 in vivo, 
12 Male BALB/c mice randomly divided into sh- hsa_circ_0081069 
group (injected with HCT116 cells stably expressing sh- hsa_
circ_0081069), and sh- NC group (injected with HCT116 cells sta-
bly expressing sh- NC). Cells with hsa_circ_0081069 knockdown 
showed a retarded tumor growth and reduced tumor weight 
(Figure 6A,B). IHC staining in the xenograft sections revealed a 
reduced level of Ki- 67 and E2F3 expression in the group of hsa_
circ_0081069 knockdown (Figure 6C). In the xenograft tissues, si-
lencing hsa_circ_0081069 caused the upregulation of miR- 665 and 
the downregulation of E2F3 expression at RNA level (Figure 6D). 
We also further H&E staining of the lung tissue to examine the lung 
metastasis. The results showed hsa_circ_0081069 silencing signifi-
cantly suppressed the lung metastasis of HCT 116 cells (Figure 6E). 
Therefore, hsa_circ_0081069 is also required for the tumorigenesis 
and malignancy of CRC cells in vivo.

4  |  DISCUSSION

CircRNAs are widely expressed in eukaryotic cells and implicated in 
the regulation of different biological processes.28– 30 Accumulating 
evidence indicate that the deregulation of circRNAs contributes to 
the tumor initiation and progression.31– 33 For example, Chen et al. 
showed that has_circ_101555 promotes the proliferation and pro-
gression of CRC via regulating miR- 597- 5p/CDK6 axis.34 In addition, 
Xie et al. demonstrated that has_circ_001569 acts as a sponge of 

TA B L E  1 Relationship	between	hsa_circ_0081069	expression	
level and clinicopathological parameters in CRC patients

Characteristics

circ_0081069 expression

p valueLow (n = 60) High (n = 60)

Age (years) 0.2636

<60 33 39

≥60 27 21

Gender 0.2709

Male 30 36

Female 30 24

Tumor size 0.0277

≤5	cm 39 27

>5 cm 21 33

Tumor invasion 0.0061

T1 + T2 36 21

T3 + T4 24 39

Lymph node metastasis 0.0175

Negative 38 25

Positive 22 35

Distant metastasis 0.0229

M0 57 49

M1 3 11

Clinical satge 0.0446

I + II 35 24

III + IV 25 36
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miR- 145 to suppress the progression of CRC in vivo.35 The results 
of	Yang	et	al.	 revealed	 that	circPRMT5	promotes	 the	proliferation	
of CRC cells through sponging miR- 377 and upregulating E2F3 ex-
pression.36 Nevertheless, the functional role of hsa_circ_0081069 in 
CRC needs to be elucidated.

We found that hsa_circ_0081069 was upregulated in CRC tis-
sues and cell lines. A high level of hsa_circ_0081069 expression was 
not only associated with advanced tumor stage, tumor invasion and 
lymph node metastasis, but also correlated with a poor prognosis 
in CRC patients. Additionally, functional assays demonstrated that 

F I G U R E  2 Knockdown	of	hsa_circ_0081069	suppressed	the	proliferation,	migration,	invasion	and	angiogenesis.	(A)	qRT-	PCR	analysis	of	
the	knockdown	efficiency	of	sh-	hsa_circ_0081069	#1,	#2	and	#3	in	HCT116	and	LoVo	cells.	(B)	COL1A2	mRNA	expression	in	sh-	NC	and	
sh- hsa_circ_0081069 was measured by qRT- PCR. (C) CCK8 proliferation assay was performed upon hsa_circ_0081069 silencing. (D) EdU 
incorporation assay was performed upon hsa_circ_0081069 silencing. (E, F) Transwell migration and invasion assays were performed upon 
hsa_circ_0081069 silencing. (G) Tube formation assay in cells upon hsa_circ_0081069 silencing. *p < 0.05.	**p < 0.01.	***p < 0.001
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F I G U R E  3 Hsa_circ_0081069	targeted	miR-	665.	(A)	qRT-	PCR	was	used	to	quantify	the	relative	abundance	of	hsa_circ_0081069	
in	the	nucleus	and	cytoplasm.	(B)	The	potential	interacting	miRNAs	of	hsa_circ_0081069	were	predicted	via	Starbase,	circBank,	and	
circIntreactome. (C) RNA pull- down analysis using biotinylated control oligo or hsa_circ_0081069 probe. (D) RIP assay using IgG or anti- 
Ago2 antibody. (E) MiR- 665 expression was assessed in different cell lines by qRT- PCR. (F) MiR- 665 expression was assessed in CRC tissue 
and para- cancerous tissues by qRT- PCR. (G) Pearson correlation analysis of the correlation between hsa_circ_0081069 and miR- 665 in CRC 
tissues. (H) Dual luciferase reporter assay using WT or MUT reporter, in the presence of miR- 665 mimic or miR- NC. (I) miR- 665 expression 
level was assess by qRT- PCR upon hsa_circ_0081069 knockdown. ***p < 0.001
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hsa_circ_0081069 silencing impaired cell proliferation, migration 
and invasion, as well as the angiogenic potential of CRC cells, indicat-
ing that hsa_circ_0081069 serves as an indispensable oncogenic fac-
tor in CRC. Angiogenesis is an important process for tumor growth 
and metastasis.37,38 The growth and survival of a rapidly- growing 
tumor population depends on neovascularization to supply oxygen 
and nutrients.39 As Qian et al. showed, miR- 143 suppresses the pro-
liferation and angiogenesis in CRC, which promotes the chemosen-
sitivity to oxaliplatin administration.40 Our data further showed that 
silencing hsa_circ_0081069 not only retarded the tumorigenesis of 
CRC cells in vivo, but also suppressed the metastasis of CRC to lung 
tissues. Together, these data imply that hsa_circ_0081069 upregula-
tion contributes to the malignant progression of CRC.

To further explore the molecular mechanism of hsa_circ_0081069 
in CRC, we identified miR- 665 as a downstream target, which is 
negatively regulated by hsa_circ_0081069. Both dual luciferase re-
porter assay and RNA pull- down analysis corroborated the physical 

and functional interaction between miR- 665 and hsa_circ_0081069. 
Furthermore, the expression level of miR- 665 was negatively cor-
related with hsa_circ_0081069 in CRC tissues and cells, suggesting 
that they play opposite roles in CRC. Ma et al. reported that miR- 
665 negatively regulates Homolog 1 to suppress tumor cells growth 
in CRC.26 Moreover, miR- 665 impaired the self- renewal capability 
of tumor stem cells inn CRC by suppressing the expression of sig-
nal	transducer	and	activator	Of	transcription	3	(STAT3).27 Together, 
these data suggest that in CRC miR- 655 acts as a tumor- suppressor 
and is downregulated in CRC.

E2F3 is an important positive regulator of cell cycle progres-
sion.41 Hong et al. showed that E2F3 was upregulated in bladder 
cancer, and its silencing restrained the proliferation of bladder can-
cer cells.42 E2F3 could also promote liver cancer progression and 
its expression is regulated by circ- PRKAR1B.43 Our results showed 
that E2F3 was upregulated in CRC in tissues and cells, which was 
positively correlated with sh- hsa_circ_0081069 and negatively 

F I G U R E  4 MiR-	665	targeted	E2F3.	(A)	Dual	luciferase	reporter	assay	using	WT	or	MUT	reporter,	in	the	presence	of	miR-	665	mimic	or	
miR- NC. (B) E2F3 expression was determined via qRT- PCR in CRC tissues and para- cancerous tissues. (C- D) Pearson correlation analyses of 
the correlations between E2F3 and hsa_circ_0081069, or between E2F3 and miR- 665. (E) E2F3 expression determined in different cell lines 
by qRT- PCR. (F) E2F3 protein protein level was determined by Western blot upon the transfection of miR- 665 mimic. **/***p < 0.01/0.001
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F I G U R E  5 Hsa_circ_0081069	regulated	the	malignancy	of	CRC	cells	via	miR-	665/E2F3	axis.	(A)	miR-	665	expression	level	was	
determined by qRT- PCR upon miR- 665 inhibitor transfection. (B) E2F3 expression level was determined by Western blot upon the 
transfection of pcDNA3.1- E2F3. (C) Western blot analysis of E2F3 expression in the following groups: control, sh- hsa_circ_0081069, 
sh-	hsa_circ_0081069 + miR-	665	inhibitor,	sh-	hsa_circ_0081069 + pcDNA-	E2F3.	(D–	H)	Cell	proliferation	assay,	EdU	incorporation	assay,	
transwell migration and invasion assay, and tube formation assay were performed in cells of different groups: control, sh- hsa_circ_0081069, 
sh-	hsa_circ_0081069 + miR-	665	inhibitor,	sh-	hsa_circ_0081069 + pcDNA-	E2F3	transfection.	***p < 0.001	compared	with	sh-	NC,	
&&/&&&p < 0.01/0.001	compared	with	sh-	hsa_circ_0081069



    |  11 of 13XIE et al.

F I G U R E  6 Hsa_circ_0081069	silencing	suppressed	tumorigenesis	in	vivo.	12	Male	BALB/c	mice	randomly	divided	into	sh-	hsa_
circ_0081069 group (injected with HCT116 cells stably expressing sh- hsa_circ_0081069), and sh- NC group (injected with HCT116 cells 
stably	expressing	sh-	NC).	(A)	Tumor	volume	was	measured	every	7 days.	(B)	Tumor	weight	was	determined	at	day	35.	(C)	IHC	staining	of	Ki-	
67 and E2F3 expression level in the xenograft tissue sections. (D) Hsa_circ_0081069, E2F3 and miR- 665 expression levels were determined 
by qRT- PCR. (E) H&E staining of the lung tissue section to evaluate the metastases. **/***p < 0.01/0.001



12 of 13  |     XIE et al.

correlated with miR- 665. miR- 665 overexpression could directly 
decrease E2F3 protein level. Furthermore, our functional assays 
demonstrated that hsa_circ_0081069 regulates the malignancy of 
CRC cells by targeting miR- 665/E2F3 axis. Those data collectively 
highlighted the oncogenic role of E2F3 in CRC progression, and its 
regulation by hsa_circ_0081069 and miR- 665.

In summary, our study showed that the upregulation of hsa_
circ_0081069 in CRC tissues and cells, and its oncogenic role in 
maintaining the malignancy of CRC cells. Hsa_circ_0081069 si-
lencing suppresses tumorigenesis and metastasis in CRC via tar-
geting miR- 665/E2F3 axis. Future work need to elucidate how 
hsa_circ_0081069 is upregulated in order to formulate strategy 
to dampen its expression in CRC. In addition, as little is known 
about the role of hsa_circ_0081069 in cancer biology, its potential 
implications in other types of cancers need to be studied in future 
work.
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