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Circ_0001982 accelerates the progression
of colorectal cancer via sponging microRNA-144
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Abstract. - OBJECTIVE: The aim of this study
was to uncover the expression pattern and bio-
logical function of circ_0001982 in the progres-
sion of colorectal cancer (CRC).

PATIENTS AND METHODS: Relative expression
level of circ_0001982 in 66 paired CRC tissues and
adjacent normal tissues was detected by quantita-
tive Real Time-Polymerase Chain Reaction (qRT-
PCR). The association between circ_000d4982
level and clinical indexes of CRC patients
sessed. The effect of circ_0001982 on cellu
haviors of HT29 and HCT-116 cells was eval®
in vitro. Dual-Luciferase reporter gene assay
conducted to verify the binding relatlon betwé

experlments were performed

the circ_0001982/microRNA

the progression of CRC.
RESULTS: Circ_0001982

normal ones. CRC
level of circ_000

e, migratoryy
ells. However

NA-144 was verified as a target
982, which could be negatively

versing the regulatory ef-
the proliferative, migratory,

: Up-regulated circ_0001982
elated to distant metastasis and

Attenuated the progression of CRC by ﬁegative-
egulating microRNA-144.

A
Circ_ 0001982 MiIRNA-144, Colorectal cancer (CRC),
Malignant progression.
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Central

and mortality globally, re-
al procedures accompanied
emotherapy or radiotherapy

patients®. However, there is still a lack of biologi-
cal hallmarks for predicting tumor recurrence and
metastasis. Therefore, it is significant to develop
prognostic hallmarks for early-stage intervention
and improvement of overall survival of CRC'7%,

As a classical RNA molecule, circRNA forms
a covalently closed continuous loop. It was first
discovered in viroids in 1976>'°. CircRNA is wide-
ly involved in intervening gene expression and
regulation. Functionally, circRNA regulates the
transcription of target mRNAs by sponging miR-
NAs. CircRNA can also form protein complexes
accompanied by RNAs. A small part of circRNAs
is able to synthesize proteins as transcriptional
templates''>. CircRNA has been found widely
distributed in cell components, showing time-, tis-
sue- and disease-specificity'?. Due to the lack of 3’
and 5’ ends structure, circRNA is resistant to exo-
nuclease. Furthermore, stably expressed circRNA
in exosomes, cells, or tissues makes it a promising
hallmark for tumor diagnosis and prognosis'>>.

In this paper, we first analyzed the expression
of circ_0001982 in CRC and investigated its func-
tion in vitro. After predicting and verifying the
target gene of circ_0001982, we further explored
their interaction in the progression of CRC.
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Patients and Methods

Patients and CRC Samples

Paired CRC tissues and adjacent normal tis-
sues were surgically resected from 66 CRC pa-
tients. None of the patients received preoperative
anti-tumor therapies. Clinical indexes were col-
lected from CRC patients for further analyses.
Informed consent was obtained from patients and
their families before the investigation. This study
was approved by the Ethics Committee of The
Second Affiliated Hospital of Zhejiang University
School of Medicine.

Cell Lines and Reagents

CRC cell lines (HT29, HCTS, and HCT-116)
and colorectal mucosal cell line (FHC) were
provided by ATCC (Manassas, VA, USA). All
cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Thermo Fisher Scientific,
Waltham, MA, USA) containing 10% fetal bovine
serum (FBS; Life Technologies, Gaithersburg,
MD, USA) and maintained in a 37°C, 5% CO,
incubator. A culture medium was replaced every
2-3 days. The cell passage was conducted
90% of confluence.

Cell Transfection
Transfection plasmids were provided by
nePharma (Shanghai, China). g
pre-seeded into 6-well plateg
was performed according
Lipofectamine 2000 at 76
48 h, transfected cell

. apphed in the upper side of the
answell chamber (Millipore, Billerica, MA,
) pre-coated with Matrigel. Meanwhile, 700
edium containing 10% FBS was added to
ower side. After 48 h of incubation, invasive
cells to the bottom side were fixed with methanol
for 15 min and stained with crystal violet for 20
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min. Penetrating cells were observed under a mi-
croscope and the number of invading cells was
counted. 5 fields of view were randomly selected
for each sample.

Wound Healing Assay
Cells were seeded into 6-well
ty of 5.0x10° cells/well. Until 909

®s at a densi-
. nﬂuence

x Ex Taq™ (Takara, Otsu,
raldehyde 3-phosphate dehy-
) and U6 were used as internal
NA and miRNA, respectively.

ion level of the gene was calculated by
ethod and analyzed by iQ5 2.0. Primers
used in this study were as follows: Circ_0001982:
forward: 5-TAGCAGTTCCCCAATCCTTG-3’,
reverse: 5-CACAAATTCCCATCATTCCC-3;
GAPDH: forward: 5-CGCTCTCTGCTCCTC
CTGTTC-3’, reverse: 5-ATCCGTTGACTC-
CGA CCTTCAC-3; miRNA-144: forward:
5’-GGAGAAACGCCG CCACGTATCC-3’, re-
verse: 5-GCTCGATGGG AGCGATGGACC-3’;
ue6: forward: 5-CTCGCTTCGGCAGCACA-3’,
reverse: 5-AACGCTTCACGAATTTGCGT-3".

Dual-Luciferase Reporter Gene Assay

Cells were co-transfected with pmirGLO-
circ_0001982-WT/pmirGLO-circ_0001982-
MUT/pmirGLO and microRNA-144 mimics/NC
using Lipofectamine 2000. 24 h later, co-trans-
fected cells were harvested. The luciferase activ-
ity was determined in accordance with the Du-
al-Luciferase reporter assay system (Promega,
Madison, WI, USA).

Statistical Analysis

GraphPad Prism 5 V5.01 (Version X; La Jolla,
CA, USA) was used for all statistical analyses.
Experimental data were expressed as mean =+
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standard deviation (SD). Intergroup differenc-
es were analyzed by the #-test. Kaplan-Meier
curve was introduced to assess the prognosis
of CRC patients. Spearman regression test was
performed to evaluate the relation between the
two genes. p < 0.05 was considered statistically
significant.

Results

Circ_0001982 Was Highly Expressed
in CRC Tissues and Cells

A total of 66 paired CRC tissues and adjacent
normal tissues were collected. Circ_ 0001982 was
found significantly up-regulated in CRC tissues
when compared with normal tissues (Figure 1A,
1B). Identically, circ 0001982 was significantly
up-regulated in CRC cell lines compared to the
colorectal mucosal cell line (Figure 1C). Results
suggested that circ_ 0001982 might exert a car-
cinogenic role in the progression of CRC.
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1. Circ_0001982 was highly expressed in CRC tissues and cell lines. A, Relative level of circ_0001982 in CRC tissues

and adjacent normal tissues (n=66). B, Relative level of circ 0001982 inl6 paired CRC tissues and adjacent normal tissues.
C, Relative level of circ_ 0001982 in CRC cell lines (HT29, HCT8 and HCT-116) and colorectal mucosal cell line (FHC). D,
Kaplan-Meier curves revealed the overall survival of CRC patients with high and low expression of circ_0001982.
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Figure 2. Knockdow
cacy of pcDNA-mrc
cells transfected

c_0001982 in HT29 cells signifi-
antly accelerated cell viability, the number of
asive cells, and the percentage of wound clo-
igure 2B-2D, left). On the contrary, oppo-
site Tesults were observed after the transfection
of anti-circ_0001982 in HCT-116 cells (Figure
2B-2D, right).
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and HCT-116 cells transfected with anti-NC/anti-circ_0001982. C, Transwell
ith NC/pcDNA-circ_0001982 and HCT-116 cells transfected with anti-NC/an-
. D, Wound healing assay showed the percentage of wound closure in HT29 cells transfected
T-116 cells transfected with anti-NC/anti-circ_0001982 (magnification X 40).

MicroRNA-144 Was Down-regulated
in CRC

MicroRNA-144 was predicted as the potential
target of circ_ 0001982 in CRC through a bioin-
formatics method (data not shown). Compared
with adjacent normal tissues, microRNA-144
was significantly down-regulated in CRC tissues
(Figure 3A). Meanwhile, microRNA-144 was
lowly expressed in CRC cell lines as well (Figure
3B). 16 CRC tissues were selected and the rela-
tion between circ_0001982 and microRNA-144
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Table I. Association of circ_0001982 expression with clinicopathologic characteristics of colorectal cancer.

Circ_0001982 expression
No. p-value

Parameters of cases Low (%) High (%)
Age (years)

<60 28 16 12

>60 38 17 21
Gender

Male 33 18 15

Female 33 15 18
T stage

T1-T2 38 22

T3-T4 28 11
Lymph node metastasis

No 41 23

Yes 25 10
Distance metastasis

No 38 23

Yes 28 10

was evaluated. Spearman regression test showed
that a negative relation was observed between
circ_0001982 expression and microRNA-1
pression in CRC tissues (Figure 3C). By
ing the follow-up data, CRC patients with
level of microRNA-144 presented signific
worse survival (Figure 3D).

To further explore the intg
circ_0001982 and microRNA- 14

sion of microRNA-144 rd
luciferase activity of vy
gesting the binding

has been proved to interact
. Next, we speculated whether
tcroRNA-144 to medi-
CRC cells. First of all,
cy of microRNA-144 mim-
T29 and HCT-116 cells was
CR (Figure 4A). Transfection
44 mimics in HT29 cells overex-
/ essmg circ_0001982 markedly increased cell
gbility, the percentage of wound closure, and
ber of invasive cells (Figure 4B-4D). Con-
verscly, transfection of microRNA-144 inhibitor
in HCT-116 cells with circ_ 0001982 knockdown
yielded the opposite results (Figure 4B-4D).

scussion

CR al tumor, whose prognosis de-
ds on TNM staging at the first time of diagno-
e other malignancies, high-risk adeno-
rly-stage CRC are possible to be cured*.
The postoperative 5-year survival of early-stage
CRC is up to 90%°¢. Current reports have found
that the etiology and pathogenesis of CRC are ex-
tremely complex. Epigenetic changes and gene
mutations are the major reasons for the tumori-
genesis of CRC. Meanwhile, genetic factors can
also result in the occurrence of CRC (i.e., Lynch
syndrome)’. In recent years, several researches
have mainly focused on developing the effective
hallmarks for screening and diagnosing CRC.
Abundant circRNAs have been discovered by
bioinformatics methods and sequencing technol-
ogies”!!, Meanwhile, vital functions of circRNAs
in the occurrence and progression of tumors have
been extensively concerned, especially in the di-
gestive system tumors'é. CircRNAs can sponge
corresponding miRNAs and block their func-
tions, thereby altering the expressions of down-
stream miRNAs'">. In this study, we revealed that
circ_ 0001982 was significantly up-regulated in
CRC. Meanwhile, circ_ 0001982 expression was
related to distant metastasis and overall survival
of CRC patients. Overexpression of circ_0001982
remarkably promoted the proliferative, migratory,
and invasive capacities of CRC cells. Conversely,
opposite results were observed after the knock-
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ure 3. 44 was down-regulated in CRC. A, Relative level of miR-144 in CRC tissues and adjacent normal tissues
=66). B, Relative level of miR-144 in CRC cell lines (HT29, HCT8 and HCT-116) and colorectal mucosal cell line (FHC).
negative correlation between expression levels of circ 0001982 and miR-144 in CRC tissues. D, Kaplan-Meier curves
d the overall survival of CRC patients with high and low expression of miR-144. E, Dual-Luciferase reporter gene assay
relative luciferase activity in HT29 and HCT-116 cells co-transfected with pmirGLO-circ_0001982-WT/pmirGLO-
circ_0001982-MUT/pmirGLO and miR-144 mimics/NC.
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transfected with pcDNA-circ_0001982+NC/pcDNA-circ_0001982+miR-144 mimics and HCT-116
anti-circ_0001982+NC/anti-circ_0001982+miR-144 inhibitor. B, CCK-8 assay showed the viability
cDNA-circ_0001982+NC/pcDNA-circ_0001982+miR-144 mimics and HCT-116 cells trans-
Cl/anti-circ_0001982+miR-144 inhibitor. C, Wound healing assay showed the percentage of
transfected with pcDNA-circ_0001982+NC/pcDNA-circ_0001982+miR-144 mimics and HCT-
anti-circ_0001982+NC/anti-circ_0001982+miR-144 inhibitor (magnification x 40). D, Transwell

n of circ_0001982 in vitro. The above results od. Finally, microRNA-144 was screened out. QRT-
psted that circ 0001982 exerted a carcino- PCR results demonstrated that microRNA-144 was

geniC role in CRC. lowly expressed in CRC tissues and cell lines. CRC
Furthermore, we predicted the miRNA sponged patients with low expression of microRNA-144
by circ_0001982 through the bioinformatics meth- presented a significantly worse survival relative to
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those with a high level. These findings verified that 5) Manar AL, Compron C, HaLagi S, Hess KR, Weiser
circ_0001982 could directly bind to microRNA-144 rctal comeor i et T Gty
in CRC C.e Lls. Notably, mlcroRNA-144.Was capable and nature of clinical prognostic tools for survwal
of reversing the regulatory effect of circ_0001982 outcomes. J Surg Oncol 2017; 116: 969-3
on the proliferative, migratory, .and invasive abili- 6) Zrou L, Wane JZ, Wana JT, Wu YJ,
ties of CRC cells. Therefore, circ 0001982 accel- WB, Cao F, CrenG GX. Correlation 3
erated the malignant progression of CRC via nega- CT on colorectal cancer lymph
tively regulating microRNA-144. characteristics and prognosis.
macol Sci 2017; 21: 1219-1
7) Cuvie PJ, Prenen H. Curg
: ers in the treatment of
Conclusions Belg 2017; 72: 103-1
. . 8) DasV, K J, P
Collectively, up-regulated circ_0001982 was ) bi/(\nsmarké\rLs'T?n i

closely related to distant metastasis and poor
prognosis of CRC. Furthermore, circ_ 0001982
could attenuate the progression of CRC by nega- 9) , , . . Ci A: a novel
tively regulating microRNA-144. i i r human can-
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