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CircPACRGL promoted cell proliferation, migration and invasion
as well as inhibited cell apoptosis in colorectal cancer via regulation
of the miR-330-3p/CNBP axis
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Abstract

CircRNAs are a member of noncoding RNAs and have been verified to play an important regulatory role in cancers. In CRC,
the regulatory mechanisms of various circRNAs have not been elucidated. The expression of circPACRGL and miR-330-3p
was detected with qRT-PCR. The protein expression of CDK4, MMP-9, Bcl-2, Bax, cellular nucleic acid-binding protein
(CNBP) and p-actin was measured with western blot. Cell proliferation was analyzed using MTT assay, colony formation
assay, and EDU assay. Cell apoptosis was detected using flow cytometry. Cell migration and invasion were measured with
wound healing and transwell invasion assay. Luciferase reporter assay and RIP assay was used to determine the relation-
ship of among miR-330-3p, circPACRGL and CNBP in CRC cells. In this study, we found that circPACRGL and CNBP
expressed high and miR-330-3p expressed low in CRC tissues and cells. Functional experiments showed that inhibition of
circPACRGL reduced cell proliferation, migration and invasion in CRC. In addition, knockdown of circPACRGL contributed
to cell apoptosis in CRC. Dual-luciferase report assay determined that circPACRGL was a miR-330-3p sponge molecular and
CNBP was a target of miR-330-3p. Reversed experiments showed that the effects of sh-circPACRGL transfection on CRC
cells were rescued by up-regulating CNBP expression. In this study, we for the first time found a novel regulatory network
of circPACRGL in CRC. The results manifested that circPACRGL affected tumor growth by targeting miR-330-3p/CNBP
axis in CRC, highlighting the potential of circPACRGL as a therapeutic target for colorectal cancer.
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Colorectal cancer (CRC) is a common malignant tumor in
the world, and its incidence in China continues to rise [1].
Owing to the widespread use of colorectal screening and
surgery, the overall survival rate of CRC has significantly
enhanced [2]. Because of the various causes of CRC, the
difficulty in treatment is also increased [3]. Therefore, an in-
depth understanding of the pathogenesis of CRC contributed
to the development of targeted treatment, as well as effective
biopharmaceutical therapy.

In the recent years, emerging evidence has determined
that noncoding RNAs (ncRNAs) exert a vital regulatory
function in tumors. Both circRNAs and microRNAs are
ncRNAs and they are vital to the development and diag-
nosis of tumors [4-8]. CircRNAs are mainly localized in
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the cytoplasm without cap structure and polyA tail, and are
circRNAs linked by exons of primary gene [9, 10]. CircRNA
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was notified to engage in the regulation of the occurrence
and development of a variety of cancers, which has great
research potential [11]. For example, circRNA UBAP2
promote cell progression in osteosarcoma through spong-
ing miR-143 [12]. CircRNA-5692 was identified to inhibit
hepatocellular carcinoma through modulating miR-328-5p/
DAB2IP axis [13]. In CRC cancers, circRNA_CBL.11, circ-
PACRGL and circRNA_0000392 have been verified to be
related to cell proliferation, metastasis and invasion [14—16].
Some scholars have proposed the potential of using circRNA
as a novel biomarker for the clinical diagnosis and treatment
of cancer [8, 17, 18]. For example, Yang et al., reported
that circRNA_PTK?2 was positively correlated with tumor
growth and metastasis, as well as poorer survival rates, then
has been verified to be a novel therapeutic target for CRC
metastasis [19]. Not only that, but miRNAs also have simi-
lar effects. The miRNA length is only 22-25nt, and it is an
important regulator in regulating the post-transcriptional
level of genes [20]. The most important mechanism of
action of circRNAs is known to affect transcription silenc-
ing, translation and specific mRNA degradation by binding
to miRNAs [21]. Therefore, circRNAs are important regula-
tors in cancers. However, the functions of many important
circRNAs in CRC are not clear, which is of great value for
further study.

In this paper, we mainly studied the role of circPACRGL
in CRC tumor development and experimentally verified its
regulatory mechanism. CircPACRGL expression was ele-
vated in CRC, and inhibition of circPACRGL could inhibit
the development of CRC cells by regulating miR-330-3p/
cellular nucleic acid-binding protein (CNBP) axis.

Materials and methods
Tissue collection, cell culture and transfection

CRC tissues and paired normal tissues were selected from
39 patients in Jiangxi University of Chinese Medicine. This
test received the approval of the Ethics Committee of Jiangxi
University of Chinese Medicine. Informed written consent
were gained from patients. All patients did not undergo pre-
operation treatment. All samples were restored at -80°C for
subsequent analysis.

CRC cell lines (SW480, SW620, LOVO, HT29) and
normal cell line (NCM460) procured from RiboBio Co.
(Guangzhou, China) were maintained in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS, Thermo, Waltham, MA, USA),
1% penicillin/streptomycin at 37 °C with 5% CO,.

Short hairpin RNA (shRNA) targeting circPACRGL (sh-
circPACRGL) or CNBP (sh-CNBP), pcDNA-CNBP, miR-
330-3p mimic, inhibitor, and their negative controls (sh-NC,

@ Springer

pcDNA, mimic NC, and inhibitor NC) were procured from
Genepharma (Shanghai, China). These oligos and plasmids
were introduced into SW480 and LOVO cells through Lipo-
fectamine 2000 (Invitrogen, CA, USA).

Quantitative real-time PCR

The total RNA from CRC tissues and cells was isolated via
TRIzol reagent (Invitrogen) and quantified by spectropho-
tometry. TagMan® MicroRNA real-time PCR assay reagent
was exploited for the detection of miR-330-3p expression.
For the expression of circPACRGL and CNBP, M-MLV
Reverse Transcriptase (Invitrogen) and SYBR Green Real-
time PCR kit (Invitrogen) were applied. GAPDH or U6 was
employed as the normalized gene for circPACRGL, CNBP
and miR-330-3p, respectively. The 27*2Ct method was used
to evaluate the data [22]. The primer sequences were repre-
sented in Table 1.

Western blot

Cells and tissues were isolated via RIPA buffer (Ther-
moFisher Scientific, 1 ml per 100 mm dish) and concentra-
tions were estimated by BCA Protein Assay Kit (Beyotime,
Shanghai, China). Western blot analyses were performed as
previously described [23]. 20 pg proteins were added into
the wells of the SDS—polyacrylamide gel electrophoresis
(SDS-PAGE) gel. After running at 60 V for 10 min and
developing the voltage to 120 V for 1 h, the bands were
electro-transferred onto PVDF membranes (Millipore).
Then, the membranes were incubated with antibodies against
CDK4, MMP9, Bcl-2, Bax, CNBP, and p-actin (1:2000,
Cell Signaling Technology, Danvers, MA, USA) at 4 °C
overnight, followed by incubating with goat antimouse IgG
(1:2000 dilution, Cell Signaling Technology) at 37 °C for

Table 1 The primer sequences for RT-qPCR assay

Sequences (5'-3")

citcPACRGL (hsa_  5-TTTTTGCATTTCATAGCCAGA-3'
circ_0069313) 5-CTGCGTTTGGGGAAATGAG-3'
CNBP 5-CATTGCCAAGGACTGCAAGG-3'
5-GCCTCAATTGTGCATTCCCG-3'
miR-330-3p 5"GCAAAGCACACGGCCTG-3'
5"AGTGCAGGGTCCGAGGTATT-3'
PACRGL 5-GGTACAGGTGTCCTGTCTGC-3'
5'-CTGACCCTCTACCCCAGGAA-3'
GAPDH 5"AATGGGCAGCCGTTAGGAAA-3'

5'-GCGCCCAATACGACCAAATC-3'
U6 5-GCTTCGGCAGCACATATACTAAAAT-3'
5-CGCTTCACGAATTTGCGTGTCAT-3'
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1 h. Finally, the blots were measured by PierceTM ECL
western blotting substrate (ThermoFisher Scientific).

Cell proliferation

MTT assay kit (Sigma, St. Louis, MO, USA) was utilized
to evaluate cell proliferation. 2 x 10° transfected cells were
plated into the 96-well plates. After being cultured for 48 h,
the cells were nurtured with 20 uL. MTT solution (5 mg/mL)
at 37 °C for 4 h. Subsequently, 200 uL of dimethyl sulfoxide
(DMSO; Sigma) were added into each well for 30 min. Cell
proliferation was detected at a wavelength of 490 nm using
the Labsystems MultiSkan Ascent Type 354 microplate
reader (Thermo Labsystems, Waltham, MA, USA).

Colony formation assay

The transfected cells (1000 cells/per well) were plated into
six-well plates. 10 days later, colonies were settled with 10%
formaldehyde for a half hour and spotted by 0.5% crystal
violet (Sigma-Aldrich, San Francisco, CA, USA). The colo-
nies were imaged with NIKON camera and counted.

Cell apoptosis

Flow cytometry was implemented to evaluate cell apoptosis.
Transfected cells were trypsinized and washed 3 times with
PBS, then spotted with FITC-Annexin V and PI (BD Bio-
sciences, San Jose, CA) for 30 min. The apoptosis rate was
estimated using flow cytometry (BD Biosciences).

Transwell

Cell invasion abilities were conducted via transwell cham-
bers precoated with Matrigel (BD Biosciences). Briefly,
transfected cells in the DMEM medium were added into the
upper chamber, while the lower chamber was supplemented
with DMEM medium including 10% FBS. 24 h later, the
cells on the upper chamber were removed and spotted with
0.2% crystal violet for 30 min. Cell invasion was calculated
using an inverted microscope.

Wound healing assay

In brief, about 4000 transfected cells were plated on to the
six-well plates and maintained until 70-90% confluence.
Then, a sterile pipette tip was utilized to make a “wound”,
and the morphological images of the cells were recorded by
a microscope at 0 h and 24 h.

Luciferase reporter assay

CircPACRGL wt, circPACRGL mut, CNBP 3’UTR wt and
CNBP3’UTR mut sequences were cloned into pGL3 (Pro-
mega, Madison, WI, USA) to construct luciferase reporter
vectors. These vectors and miR-330-3p were co-introduced
into the cells by Lipofectamine 2000 (Invitrogen) for 48 h.
Relative luciferase activity was estimated by Dual-Lucif-
erase Reporter Assay System (Promega).

RIP assay

The Magna RIP™ RNA-Binding Protein Immunoprecipita-
tion Kit (Merck Life Science (Shanghai) Co., Ltd. Shanghai,
China) was utilized to measure the ability to bind between
miRNA and circRNA/mRNA. Briefly, transfected cells
were fixed with formaldehyde and lysed in lysis buffer.
Then, 100 pL of cell lysates in RIP buffer was hatched with
magnetic beads integrated with the human anti-Argonaute2
(Ago2) antibody (Cell Signaling Technology) or negative
control IgG (Cell Signaling Technology). After purified with
proteinase K, the precipitation of RNA was examined by
qPCR.

EdU assay

Briefly, transfected cells were cultured on a six-well plate
overnight. The EdU assay was fulfilled using a Cell-Light
EdU DNA Cell Proliferation Kit (RiboBio, Shanghai, PR,
China) for testing cells as per manufacturer’s instructions.

Immunohistochemistry staining (IHC)

The tumor was settled in paraformaldehyde overnight and
embedded in paraffin. Then the slices were incubated with
CNBP, Ki-67, MMP9, and MMP?2 antibodies (1:150). After
incubating with the secondary streptavidin horseradish per-
oxidase conjunct antibody at room temperature, the sig-
nals were visualized in 3,3’-diaminobenzidine (ZLI9018,
ZSGBBIO, China). All images were obtained by a light
microscope.

Animal experiments

BABL/c female nude mice were procured from the Animal
Center of Central South University. Animal experiments
received the approval of the Ethical Committee for Animal
Research of Jiangxi University of Chinese Medicine. The
LOVO cells introduced with sh-circPACRGL and sh-NC
were subcutaneously inoculated into mice. The tumor
volume was calculated every 7 days for 30 days using the
formula: 0.5 X length X wide2. Finally, the mice were eutha-
nized and the tumors were weighed.
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Statistical analysis

The data are presented as the mean + standard deviation
(SD) using the GraphPad Prism (GraphPad Software, San
Diego, CA, USA). Student's 7 test was used for the compari-
son, and the correlation relationship among the expression
of miR-330-5p, circPACRGL and CNBP was analyzed by
Pearson's correlation analysis. P < 0.05 was considered sta-
tistically significant.

Results

CircPACRGL was highly expressed in CRC tissues
and cells

Here, 39 pairs of CRC tumor tissues and adjacent normal tis-
sues, as well as CRC cell lines (SW480, SW620, LOVO and
HT?29) and normal cells (NCM460 cells) were used. As dis-
played in Fig. 1 A and B, the analysis of qRT-PCR suggested
that circPACRGL expression was remarkably enhanced in
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Fig. 1 CircPACRGL was overexpressed in CRC tissues and cells.
A The expression of circPACRGL was measured in tumor tissues
and adjacent tissues in CRC. B The expression of circPACRGL
was detected in CRC cells and normal cells. C The genomic loci
of PACRGL and circPACRGL. D The expression of circPACRGL
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CRC tissues and cells as against with adjacent tissues and
cells. We selected SW480 and LOVO cells for followed
experiments. CircPACRGL is derived from the PACRGL
gene (Fig. 1C), and harbors a loop structure in SW480 and
LOVO cells (Fing 1D). Moreover, circPACRGL is more sta-
ble than linear PACRGL through actinomycin D treatment
(Fig. 1E). These results suggested that circPACRGL played
arole in CRC.

Knockdown of circPACRGL inhibited cell growth
in CRC

To investigate the function of circPACRGL, sh-circPACRGL
and sh-NC were introduced into SW480 and LOVO cells,
and sh-circPACRGL sharply inhibited the expression of
circPACRGL in SW480 and LOVO cells (Fig. 2A). The
analysis of MTT assay and colony formation assay deter-
mined that inhibition of circPACRGL significantly reduced
cell viability in SW480 and LOVO cells (Fig. 2B and C).
Furthermore, EDU, transwell and wound healing assays
determined that sh-circPACRGL transfection inhibited cell

circPACRGL

oxons

and liner PACRGL was analyzed after treatment with RNase R in
SW380 and LOVO cells. E The expression of circPACRGL and liner
PACRGL was analyzed after treatment with RNase R at 6, 12, 24 h in
SW380 and LOVO cells
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Fig.2 Knockdown of circPACRGL inhibited cell growth in CRC. A
and B qRT-PCR displayed that circPACRGL expression was inhibited
in SW480 and LOVO cells with transfection of sh-circPACRGL. B, C
and D MTT assay B, colony formation C and EDU assay D deter-
mined that cell proliferation was suppressed in SW480 and LOVO
cells with transfection of sh-circPACRGL. E and F Transwell assay
E and wound healing assay F were used to detect cell invasion and

invasion and migration (Fig. 2D-F). Moreover, the analysis
of flow cytometry showed that cell apoptosis was promoted
by sh-circPACRGL transfection (Fig. 2G). As displayed in
Fig. 2H, the protein levels of CDK4, MMP3, and Bcl-2 were

migration in SW480 and LOVO cells. G Flow cytometry suggested
that cell apoptosis was increased in SW480 and LOVO cells with
transfection of sh-circPACRGL. H Western blot indicated that the
protein expression of CDK4, MMP3, and Bcl-2 was reduced while
Bax protein expression was induced in SW480 and LOVO cells with
transfection of sh-circPACRGL. *P <0.05

obviously suppressed while the protein level of Bax was sig-
nificantly elevated in the sh-circPACRGL group (Fig. 2H).
Thus, the reduction of circPACRGL could decrease cell pro-
liferation, invasion and migration in CRC.
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CNBP was involved in the cellular progression
of CRC

As shown in Fig. 3A-D, CNBP level was heightened in
CRC tissues and cells, and strongly connected with circ-
PACRGL, implying CNBP had roles in CRC cell progres-
sion. Knocked down CNBP could inhibit cell proliferation,
migration and invasion significantly, while it induced cell
apoptosis in SW480 and LOVO cells (Fig. 4A-G). Mean-
while, decreasing the expression of CNBP could reduce
the protein expressions of CDK4, MMP9, and Bcl-2, and
increase the protein expression of Bax in SW480 and
LOVO cells (Fig. 4H). These effects were consistent with
the effect of sh-circPACRGL on CRC cells. Therefore, it
is reasonable to speculate that circPACRGL and CNBP
may have some relationship in the regulation of CRC cell
growth.

Promotion of CNBP could reverse the suppressive
effects of low circPACRGL on cell growth

To verify the relation of circPACRGL and CNBP in CRC,
rescue experiments was applied and sh-circPACRGL was
cotransfected with pcDNA-NC or pcDNA-CNBP into
SW480 and LOVO cells. As displayed in Fig. 5A, the pro-
tein expression of CNBP was inhibited by sh-circPACRGL
transfection, which was reversed by up-regulation of CNBP
in SW480 and LOVO cells. More than that, reduction of
circPACRGL repressed cell proliferation, invasion and
migration but facilitated cell apoptosis, which was impaired
by induction of CNBP in SW480 and LOVO cells (Fig. 5B
- H). Besides, the influences of sh-circPACRGL on CDK4,
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MMP?9, Bax, and Bcl-2 protein were overturned by pcDNA-
CNBP (Fig. 51). Thus, circPACRGL regulated cell growth
by modulating CNBP expression in CRC.

CircPACRGL regulated CRC cell progression
through miR-330-3p/CNBP axis

To further study the regulatory mechanism of circPACRGL
in CRC, the prediction of the bioinformatics analysis showed
that circPACRGL has binding sites with miR-330-3p
(Fig. 6E) and CNBP was the target of miR-330-3p (Fig. 6F).
In addition, miR-330-3p expression was significantly
decreased in CRC tissues and cells (Fig. 6A and B). Besides,
miR-330-3p was inversely associated with circPACRGL and
CNBP in CRC tissues (Fig. 6C and D). Moreover, luciferase
activity was markedly downregulated when the miR-330-3p
was binding to circPACRGL wt or CNBP 3’UTR wt, but
not circPACRGL mut or CNBP 3’UTR mut (Fig. 6G and
I). In addition, RIP assay showed that anti-Ago2 antibody
could decrease the levels of endogenous circPACRGL and
miR-330-3p in SW480 and LOVP cells (Fig. 6H). Moreover,
CircPACRGL protein expression was inhibited by down-
regulation of circPACRGL, which was overturned by inhi-
bition of miR-330-3p (Fig. 6J). Thus, the data determined
that circPACRGL regulated CNBP through sponging miR-
330-3p in CRC.

Knockdown of circPACRGL inhibited tumor
progression in vivo

To further investigate whether circPACRGL affected
tumor growth, we established mouse models by subcutane-
ous injection of sh-NC and sh-circPACRGL transfection,
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Fig.3 The expression of CNBP was upregulated in CRC tissues and cells. A—C The expression of CNBP was measured in tumor tissues and
cells. D Pearson's correlation analysis was used to determine the relationship between CNBP and circPACRGL in CRC tissues. *P <0.05
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Fig.4 CNBP was involved in the cellular progression of CRC. A
qRT-PCR displayed that circPACRGL expression was inhibited in
SW480 and LOVO cells with transfection of sh-CNBP. B, C, and
D MTT assay B, colony formation C and EDU assay D determined
that cell proliferation was suppressed in SW480 and LOVO cells
with transfection of sh-CNBP. E and F Transwell assay E and wound
healing assay F were used to detect cell invasion and migration in sh-

CNBP and sh-NC groups of SW480 and LOVO cells. G Flow cytom-
etry suggested that cell apoptosis was increased in SW480 and LOVO
cells with transfection of sh-CNBP. H Western blot indicated that the
protein expression of CDK4, MMP3, and Bcl-2 was reduced while
Bax protein expression was induced in SW480 and LOVO cells with
transfection of sh-CNBP. *P <0.05
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«Fig.5 Promotion of CNBP could reverse the suppressive effects
of low circPACRGL on cell growth. A pcDNA-CNBP transfec-
tion induced CNBP expression in SW380 and LOVO cells by using
western blot. B and C Western blot determined that the protein level
of CNBP was repressed by sh-circPACRGL transfection, which
increased by pcDNA-CNBP transfection in SW480 B and LOVO C
cells. D and E colony formation assay D and EDU assay E showed
that cell proliferation was inhibited by sh-circPACRGL transfection,
which increased by pcDNA-CNBP transfection in SW480 and LOVO
cells. F and G Transwell assay F and wound healing assay G showed
that cell migration and invasion were reduced by sh-circPACRGL
transfection, which was induced by pcDNA-CNBP transfection in
SW480 and LOVO cells. H Flow cytometry showed that cell apop-
tosis was increased by circPACRGL transfection, which was inhibited
by pcDNA-CNBP transfection in SW480 and LOVO cells. I Western
blot indicated that the protein expression of CDK4, MMP3, and Bcl-2
was reduced while Bax protein expression was induced in SW480 and
LOVO cells with transfection of sh-circPACRGL, which was reversed
by pcDNA-CNBP transfection in SW480 and LOVO cells. *P <0.05

and measured tumor volume every seven days. The
results showed that the tumor volume was significantly
reduced after circPACRGL was knocked out (Fig. 7A).
After 27 days of injection, the tumor was removed and
weighed, and it was found that the silencing of circ-
PACRGL resulted in tumor reduction (Fig. 7B). In addi-
tion, inhibition of circPACRGL can decrease the expres-
sion of circPACRGL and CNBP, and increase the level of
miR-330-3p (Fig. 7C and D). IHC analysis showed that
CNBP, ki-67, MMP9, and MMP2 were decreased in the
sh-circPACRGL group as opposed to that in the sh-NC
group, indicating that knockdown of circPACRGL could
inhibit tumor proliferation and invasion in vivo (Fig. 7E).
Therefore, circPACRGL silencing inhibited tumor growth
in CRC by regulating miR-330-3p/CNBP axis.

Discussion

Herein, circPACRGL expression was elevated in CRC tis-
sues and cells, which was consistent with preceding research
[14]. Moreover, circPACRGL silencing impeded colorectal
cancer cell proliferation, migration and invasion, and pro-
moted apoptosis in CRC cells.

It is well known that each circRNA does not play roles
in cancer alone, which has the most important role to act as
ceRNAs, which bind to miRNAs to regulate mRNA expres-
sion; thereby, affecting the translation of downstream pro-
teins. Herein, we found that miR-330-3p is downregulated
in colorectal cancer tissues and cells, and further confirmed
that miR-330-3p is a miRNA of circPACRGL. MiR-330-3p
was reported to play multiple functions in human diseases
and was closely linked with cell progression and poor prog-
nosis [24-29]. Thus, miR-330-3p is essential in the regula-
tory network of circPACRGL. Meanwhile, we further pre-
dicted and verified that CNBP is the target of miR-330-3p.
Nora B Calcaterra et al. summarized that CNBP is a mul-
tifunctional nucleic acid chaperone involved in cell death
and proliferation and may be related to transcriptional and/
or translational level regulation [30]. More than that, CNBP
was also related to tumorigenesis and development, which
directly regulate tumor-promoting gene expression [31].
Moreover, we found that circPACRGL affected the expres-
sion of miR-330-3p and miR-330-5p regulated the expres-
sion of CNBP in CRC cells. Based on the above evidence
and findings, we predicted that circPACRGL regulates cell
growth and apoptosis by modulating the miR-330-3p/CNBP
axis. Further reverse experiments showed that promotion
of CNBP could reverse the oppressive effects of low circ-
PACRGL on cell growth. Thus, circPACRGL promoted cell
proliferation, migration and invasion but inhibited cell apop-
tosis in colorectal cancer via regulation of the miR-330-3p/
CNBP axis. Whether the circPACRGL/miR-330-3p/CNBP
axis has a role in other tumors is unclear, which could be
explored in the future.

In this paper, circPACRGL functioned as a miR-330-3p
sponge molecular to elevate CNBP expression, resulting
in the promotion of CRC progression, which expanded the
understanding of circRNA-mediated CRC progression and
supported circPACRGL as a potential therapeutic target in
CRC. The weakness of this study is the small clinical sam-
ple size. In the future, the function of circPACRGL needs
to be validated and the signaling pathways it regulates and
whether it regulates CRC growth through other ceRNA path-
ways need to be investigated.
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Fig.6 circPACRGL regulated CRC cell progression through miR-
330-3p/CNBP axis. A and B The expression of miR-330-3p was
measured in tumor tissues and cells. C Pearson's correlation analysis
was used to determine the relationship between miR-330-3p and circ-
PACRGL in CRC tissues. D Pearson's correlation analysis was used
to determine the relationship between miR-330-3p and CNBP in CRC
tissues. E The bioinformatics analysis predicted that miR-330-3p
was a target miRNA of circPACRGL through binding sites. F The
bioinformatics analysis predicted that CNBP was a target miRNA of
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H RIP assay determined that circPACRGL and miR-330-3p were
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the expression of CNBP was decreased by sh-circPACRGL transfec-
tion, which was reversed by miR-330-3p transfection in SW480 and
LOVO cells. *P <0.05
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