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Purpose: Recent studies have shown that noncoding RNAs (ncRNAs) play essential roles in

the development of a number of cancers. Circular RNAs (circRNAs) have been shown to

contribute to the progression of colorectal cancer (CRC).

Methods: In this study, the expression levels of circular RNA 0060745 (circ_0060745), and

microRNA 4736 (miR-4736) were measured using qRT-PCR. Kaplan–Meier survival ana-

lysis and receiver operating characteristic (ROC) analysis were used to evaluate the diag-

nostic value of circ_0060745. Transwell assay and cell counting kit-8 (CCK8) assay were

used to determine the metastatic and proliferative capacity of CRC cells. The expression of

chromosome segregation one like (CSE1L) was measured using Western blotting and

immunohistochemistry (IHC). In addition, RNA pull-down assay and luciferase assay were

performed to verify the targeted binding between miR-473,6 and circ_0060745, and between

as miR-4736 and CSE1L.

Results: We showed that circ_0060745 was upregulated in CRC, and was associated with

unfavorable clinicopathological characteristics. We also showed that circ_0060745 acted as

an oncogene and promoted CRC cell proliferation and metastasis. Circ_0060745 was

primarily located in the cytoplasm. Furthermore, miR-4736 was downregulated in CRC,

was a downstream target of circ_0060745, and mediated proliferation and metastasis. We

showed that circ_0060745 sequestered miR-4736, which resulted in CRC cell proliferation

and metastasis. Finally, we showed that CSE1L, a downstream target of miR-4736, was

upregulated in CRC and mediated suppression of proliferation and metastasis in CRC.

Conclusion: The results of this study showed that circ_0060745 promoted CRC cell

proliferation and metastasis via modulation of miR-4736/CSE1L signaling. The

Circ_0060745/miR-4736/CSE1L axis might be a novel target for the treatment of CRC.
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Introduction
Colorectal cancer (CRC) is the third most common malignant disease, and the

fourth most frequent cause of cancer-related death worldwide.1 Approximately 25%

of patients with CRC present with clinically detectable liver metastases at initial

diagnosis.2 Furthermore, 50% of patients with CRC develop colorectal liver metas-

tasis (CLM) during disease progression.3 The natural history of metastatic color-

ectal cancer (mCRC) is different. However, because of the non-adaptation of

surgical treatment, the prognosis of untreated CLM is extremely unfavorable,

with median survival rates of less than eight months.4 Therefore, characterization
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of the mechanisms of CRC might allow for the develop-

ment of targeted biological therapeutic strategies.

Circular RNAs (circRNAs), a class of noncoding

RNAs, are stable, highly conserved, covalently closed

RNA transcripts generated by back-splicing of a single

pre-mRNA.5 Studies have shown that circRNAs are asso-

ciated with a number of human diseases, particularly

malignancies.6–9 A number of studies focused on

circRNAs and CRC have been gradually increasing. Li

found that the circRNA CBL.11 suppressed cell prolifera-

tion via modulation of the miR-6778-5p/YWHAE axis in

CRC.10 Zeng reported that circHIPK3 was significantly

upregulated in CRC tissues and cell lines and that

circHIPK3 promoted colorectal cancer growth and metas-

tasis by sponging miR-7.11 Chen used circRNA expression

profiling to show that 6264 circRNAs were upregulated

(including circ_0060745), and 3981 circRNAs were down-

regulated, in 4 CRC tissue samples compared with 4

paired adjacent tissue samples.12 In this study, we evalu-

ated the role of circ_0060745 in CRC. The results showed

that circ_0060745 was upregulated in CRC, and correlated

with poor prognosis. Furthermore, we showed that

circ_0060745 functioned as an oncogene in CRC.

Circular RNAs are often located in the cytoplasm.

Therefore, they can act as sponges of miRNAs to regulate the

expression of miRNAs and their target genes.13,14 Circular

RNAs have been extensively reported to function as competing

endogenous RNAs (ceRNAs) in many malignancies. For

example, Su reported that circRNA 0001649 suppressed pro-

liferation and migration of HepG2 and SMMC-7721 hepato-

cellular carcinoma cells via sponging of miR-127-5p, miR-612,

and miR-4688.15 Zhang found that the circRNA circNRIP1

was highly expressed in gastric cancer using RNA-seq analysis,

and circNRIP1 promoted gastric cancer progression via regula-

tion of the AKT1/mTOR pathway by sponging microRNA-

149-5p.16 In our present study, we showed that circ_0060745

acted as a ceRNA to sequester microRNA-4736 (miR-4736),

and promoted chromosome segregation 1-like (CSE1L)-

mediated proliferation and metastasis of CRC cells.

Materials and Methods
Patients and Tissue Samples
In this study, we collected 28 paired CRC tissue specimens and

paratumor specimens from patients diagnosed with CRC at the

Cancer Hospital of China Medical University/Liaoning Cancer

Hospital & Institute (Shenyang, China). Three pairs of tissue

specimens were used for immunohistochemistry (IHC) analysis.

Each of the 28 pairs of tissue specimenswas evaluated for expres-

sion of circ_0060745, miR-4736, and CSE1L using qRT-PCR.

Sixty formalin-fixed paraffin-embedded (FFPE) CRC

specimens were evaluated for expression of circ_0060745.

The patients included in this study were seen between

March 2011 and October 2017. All patients in this study

provided written informed consent. The Institute of Research

Medical Ethics Committee of Liaoning Cancer Hospital &

Institute granted approval for this study. Each of the included

patients was clinically diagnosed based on definitive patho-

logical diagnosis, and clinical stages were determined

according to the tumor, node, and metastasis (TNM) classi-

fication of the International Union Against Cancer (UICC).

Cell Culture
A human colon epithelial cell line (NCM460) and four human

CRC cell lines (HT29, LOVO, PKO, and SW480) were pur-

chased from the cell bank of the Chinese Academy of Sciences

(Shanghai, China). All cell lines were cultured in RPMI1640

medium (Gibco, Carlsbad, CA, USA) supplementedwith 10%

fetal bovine serum (FBS, Invitrogen, Carlsbad, CA,USA), 100

IU/mL penicillin and 100 mg/mL streptomycin (Abcam,

Cambridge, MA, UK). All cell lines were maintained at 37°C

in a humidified atmosphere containing 5% CO2.

Treatment with RNase R
This procedure was performed as previously described.17 Two

milligrams of RNAwas incubated for 30 min at 37°C with or

without 5 U/μg of RNase R (Epicentre Technologies, Madison,

WI, USA), purified using an RNeasy MinElute Cleaning Kit

(Qiagen, Valencia, CA, USA), then analyzed using RT-PCR.

Actinomycin D Assay
This procedure was performed as previously reported.17

We exposed HT29 cells to 2 μg/mL of actinomycin

D (Sigma, St. Louis, MO, USA) at the indicated time

points. The cells were harvested, and total RNA was

extracted. The expression levels of circ_0060745 and lin-

ear CSE1L mRNA were analyzed using qRT-PCR.

Extraction of RNA and Quantitative

Real-Time PCR (qRT-PCR)
These procedures were performed as previously described.17

Total RNA was extracted using TRIzol reagent (Invitrogen,

Carlsbad, CA, USA). To detect circ_0060745, total RNAwas

treated with RNase R (Epicentre Technologies) to improve

the purity of circ_0060745. MiScript Reverse Transcription
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Kit (Qiagen) was used for reverse transcription with or with-

out 500 ng of total RNA treated with RNase R, and qRT-PCR

was performed using diluted cDNA, special primers, and

SYBR Green Mix (Thermo Fisher Scientific). Beta-actin

and small nuclear U6 were used as internal controls for

circ_0060745, CSE1L, and miRNAs (miR-4736, miR-577,

and miR-126). Primer sequences are listed in Table 1.

Western Blot Analysis
Western blot analysis was performed as previously

described.18 Total proteins were extracted using RIPA lysis

buffer (Sigma, St. Louis, MO, USA). Twenty-microgram

samples were separated using 10% SDS-PAGE and trans-

ferred to PVDF membranes (Merck Millipore, Billerica,

MA, USA). After blocking for nonspecific binding, the mem-

branes were incubated with primary antibodies (Abcam,

1:1000 for CSE1L and 1:500 for GAPDH) at 4°C overnight.

The membranes were then incubated with a secondary anti-

body (Abcam, 1:2000) at 24°C for 1 h. Signals of targeted

proteins were detected using an ECL detection system.

Plasmid and Oligonucleotide Transfection
Specific circ_0060745 small interfering RNAs (sicirc-1 and

sicirc-2) and negative control siRNAs (siNCs), specific

CSE1L siRNA (siCSE1L) and corresponding scrambled con-

trol siRNA (siSCR), and specific overexpression plasmids

loaded with circ_0060745 (oecirc) and CSE1L (oeSCE1L)

were purchased from GenePharma (Shanghai, China).

MicroRNA 4736 mimic and negative control (NC mimic),

and miR-4736 inhibitors and negative control (NC inhibitor)

were purchased from RiboBio Co, Ltd (Ribobio, Guangzhou,

China) for upregulation and downregulation of miR-4736. All

oligonucleotides and plasmids were transfected into LOVO

and HT29 cells using Lipofectamine 3000 (Invitrogen)

according to the manufacturer’s instructions.

Cell Counting Kit-8 (CCK8) Assay
The procedure was performed as previously described.19

In brief, HT29 and LOVO cells were seeded in 96-well

plates (2 × 103 cells/well), supplemented with 200 µL of

culture medium, and incubated at 37°C in a 5% CO2

atmosphere. At days 1, 2, 3, 4, and 5, 20 μL of CCK8

(Keygen, Nanjing, China) solution was added to each well,

and the cells were incubated for 2 h. The absorbance was

measured at 450 nm using a microplate reader (Bio-Rad,

Hercules, CA, USA).

Transwell Assay
This procedure was performed as previously reported.20

Briefly, HT29 and LOVO cells (with incubation density of

5 × 104) were incubated on upper chambers (Corning,

Corning, NY, USA) coated with Matrigel (BD

Biosciences) for migration, or uncoated for invasion, in

serum-free medium. Medium supplemented with 10%

FBS was placed in the lower chambers. After incubation

for 24 h, the CRC cells that had migrated or invaded were

fixed, stained, and counted using an inverted microscope

(Olympus, Tokyo, Japan).

Dual-Luciferase Reporter Assay
This procedure was performed as previously described.21

For the luciferase reporter assay, pmirGLO dual-luciferase

vectors (GenePharma, Shanghai, China) were used to con-

struct dual-luciferase reporter plasmids. Then, HT29 or

LOVO cells were co-transfected with plasmids and

microRNA, and luciferase activity was measured using

the dual-luciferase reporter kit (Promega, Madison, WI,

USA). Relative firefly luciferase activity was normalized

to Renilla luciferase activity.

Table 1 Primer and oligonucleotide sequences used in the pre-

sent research

Primers Sequences (5ʹ-3ʹ)

circ_0060745 forward TCTGTGAAAAGGTTATTGTGCC

circ_0060745 reverse GCGGCATTATCACAAATCTGG

CSE1L forward ACAAGTTCAAAAGGAGAACT

CSE1L reverse AGTATCTCCAAGGGTACC

β-actin forward CCTTGCACATGCCGGAG

β-actin reverse GCACAGAGCCTCGCCTT

miR-4736 forward GCGGCGGAGGCAGGTTATCTGG

miR-4736 reverse ATCCAGTGCAGGGTCCGAGG

miR-577 forward GCGGCGGTAGATAAAATATTGG

miR-577 reverse ATCCAGTGCAGGGTCCGAGG

miR-126 forward GCGGCGGTCGTACCGTGAGTAA

miR-126 reverse ATCCAGTGCAGGGTCCGAGG

U6 forward primer CTCGCTTCGGCAGCACA

U6 reverse primer AACGCTTCACGAATTTGCGT

Oligonucleotide Sequences (5ʹ-3ʹ)

sicirc-1 sense AACATGGAATTTAGAGGATGA

sicirc-1 antisense UCAUCCUCUAAAUUCCAUGUU

sicirc-2 sense ATGGAATTTAGAGGATGAAGA

sicirc-2 antisense UCUUCAUCCUCUAAAUUCCAU

siCSE1L-1 sense GGCUUAUUGGAGCUCUUAATT

siCSE1L-1 antisense UUAAGAGCUCCAAUAAGCCGG

siCSE1L-2 sense GAACAUCUUUUAGUCUCGATT

siCSE1L-2 antisense UCGAGACUAAAAGAUGUUCTT

miR-4736 mimic AGGCAGGUUAUCUGGGCUG

miR-4736 inhibitor CAGCCCAGAUAACCUGCCU
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RNA Pull-Down Assay
The procedure was performed as previously described.22 Wild-

type and mutant circ_0060745 transcripts were biotin-labeled

using a Biotin RNA Labeling Mix (Roche, Basel, Switzerland)

and T7 RNA polymerase (Roche), treated with RNase-free

DNase I (Roche) and purified using an RNeasy Mini Kit

(Qiagen, Valencia, CA, USA). One milligram of whole-cell

lysates from HT29 cells or LOVO cells was incubated with 3

μg of purified biotinylated transcripts for 1 h at 25°C. Complexes

were isolated using streptavidin agarose beads (Invitrogen). Any

RNA present in the pull-down material was detected using real-

time PCR analysis to determine the enrichment of miRNAs.

Immunohistochemistry (IHC) Assay
The procedure was performed as previously described.23

Colorectal cancer specimens were fixed in paraformaldehyde

fixation, decalcified, dehydrated, paraffin-embedded, then

sliced. Sections were incubated with primary antibodies (anti-

CSE1L, Abcam, 1:1000) at 4 °C overnight. Then, the slices

were incubatedwith a secondary antibody (Abcam) at 37 °C for

30 min. Slices were then incubated with streptavidin horse-

radish peroxidase for an additional 30 min (LSAB kit; Dako,

Glostrup, Denmark) and stained with 3,3-diaminobenzidine

(DAB). Slices were counterstained with hematoxylin, dehy-

drated, and mounted.

Statistical Analysis
Data were collected from three independent experiments for

each analysis, and results were expressed as means ± SD. Data

analysiswas performed usingGraphPad PrismV5.0 (GraphPad

Software, Inc., La Jolla, CA, USA) software and SPSS 19.0

statistical software (IBM, Armonk, New York, USA).

Correlations between circ_0060745 and clinicopathological

features of patients with CRC were analyzed using Pearson’s

chi-squared test. Survival analysis was performed using the log-

rank test. Student’s t-test was used to determine differences

between the two groups. One-way analysis of variance was

Figure 1 Circular RNA 0060745 was upregulated in CRC and correlated with poor prognosis.

Notes: (A, B) The expression levels of circ_0060745 in 28 CRC tissue specimens and paired paratumor tissue specimens were determined using qRT-PCR. (C, D) The

expression of circ_0060745 was upregulated in patients with liver metastasis (C, p = 0.0008) and lymph node metastasis (N1 and N2) (D, ***p < 0.001 and ****p < 0.0001,

respectively). (E) Overall survival (OS) of patients with high circ_0060745 expression was shorter than that of patients with low circ_0060745 expression, as determined

using Kaplan-Meier analysis. p = 0.0002, n = 30 for each group. (F) Receiver operating characteristic curve analysis showed that circ_0060745 had diagnostic value for CRC

(AUC=0.8442, and p < 0.0001). (G) Circ_0060745 was upregulated in HT29, LOVO, PKO, and SW480 CRC cell lines compared to that in normal human colon epithelial

NCM460 cells. ***p < 0.001. (H) Diagram showing that circ_0060745 was derived from exon 9 to exon 10 of linear CSE1L (spliced mature full length was 412 bp). (I) Two
milligrams per milliliter of actinomycin D was added to HT29 cells, and the expression of circ_0060745 and CSE1L mRNA was measured using qRT-PCR. (J) RNase R assay

was performed to evaluate the stability of circ_0060745. n.s. p > 0.05 and ***p < 0.0001. All data are presented as mean ± SD from three independent experiments.

Abbreviation: n.s., not significant.
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used to determine differences among three or more sets of data.

Differences were considered significant when *p < 0.05.

Results
Circular RNA 0060745 Was Upregulated

in Patients with CRC and Correlated with

Poor Prognosis
We determined the expression of circ_0060745 in 28 CRC

tissue specimens and paired paratumor tissue specimens. As

shown in Figure 1A and B, circ_0060745 was upregulated in

most (25/28, 89.29%) CRC tissue specimens (p < 0.0001).

Furthermore, circ_0060745 was upregulated to a greater

degree in CRC tissue specimens from patients with liver

(Figure 1C) and lymph-node metastases (Figure 1D). We

also measured circ_0060745 expression in 60 paraffin-

embedded CRC tissue samples, and classified patients into

high and low circ_0060745 groups according to the median

value. As shown in Figure 1E and Table 2, high circ_0060745

levels significantly correlated with shorter survival time (p =

0.0002), advanced clinical stage (p = 0.038), nodal (N) classi-

fication (p = 0.009), metastasis (M) classification (p = 0.018),

and livermetastasis (p=0.037). Furthermore, anAUCvalue of

0.8442 (95% confidence interval: 0.7737–0.9147) obtained

from ROC curve analysis indicated that circ_0060745 may

be a biomarker of CRC (Figure 1F). We then measured the

expression of circ_0060745 in CRC cell lines. Quantitative

RT-PCR showed that circ_0060745 was upregulated in four

CRC cell lines (HT29, LOVO, RKO, and SW480) compared

with a normal human colon epithelial cell line (NCM460)

(Figure 1G; p < 0.001). Comparison of circ_0060745 with its

precursor gene CSE1L showed that circ_0060745 was derived

from exon 9 to exon 10 of linear CSE1L (spliced mature full

length was 412 bp) (Figure 1H and Supplementary Figure 1A

and B). Furthermore, we evaluated the stability of

circ_0060745. The transcription inhibitor actinomycin D was

added to NCM460 cells, and the expression of circ_0060745

and linear CSE1L mRNAwas detected across a range of time

points using qRT-PCR. As shown in Figure 1I, circ_0060745

had a half-life of more than 24 hrs, whereas linear CSE1L

mRNA had a half-life of fewer than 4 hrs (p < 0.01). We then

used RNase R assay to determine the stability of circ_0060745

further. As shown in Figure 1J, the expression of circ_0060745

did not change in response to RNase R (p > 0.05), but the

expression of linear CSE1L mRNA decreased substantially

following treatment with RNase R (p < 0.01).

Circular RNA 0060745 Promoted

Proliferation and Metastasis of HT29 and

LOVO Cells
Weperformed loss of function experiments to determine the role

of circ_0060745 in CRC at the cellular level. Specific

circ_0060745 siRNAs were used to knock down circ_0060745

in HT29 and LOVO cells. Quantitative RT-PCR results showed

a significant reduction in circ_0060745 expression, particularly

in response to sicirc-1 (Figure 2A and B). Furthermore, CCK8

assay was used to evaluate the proliferation of HT29 and LOVO

cells. As is shown in Figure 2C and D, downregulation of

circ_0060745 inhibited HT29 and LOVO cell proliferation

(p < 0.01). In addition, the metastatic capacities of HT29

Table 2 Correlation of Circ_0060745 Expression and

Clinicopathological Features in CRC

Features No. of

Cases

circ_0060745 p value ⃰

High Low

Age at diagnosis 0.796

≤50 29 14 15

>50 31 16 15

Gender 0.795

Female 33 17 16

Male 27 13 14

Location 0.793

Colon 34 16 18

Rectal 26 14 12

Clinical stage 0.009

I + II 27 8 19

III + IV 33 22 11

T classification 0.038

T1 + T2 29 11 18

T3 + T4 31 19 12

N classification 0.009

No 27 8 19

Yes 33 22 11

M classification 0.018

M0 26 8 18

M1 34 22 12

Liver metastasis 0.037

No 27 9 18

Yes 33 21 12

Pathologic differentiation 0.414

Poor 23 14 9

Moderate 21 9 12

Well 16 7 9

Note: ⃰p-value obtained from Pearson Chi-Square test.
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(Figure 2E) and LOVO (Figure 2F) cells were determined using

the transwell assay. Knockdown of circ_0060745 suppressed

CRC cell migration and invasion (p < 0.01). These findings

indicated that circ_0060745 promoted proliferation and metas-

tasis in HT29 and LOVO cells.

MicroRNA 4736 Acted as a Tumor

Suppressor in HT29 and LOVO Cells
Recent studies indicated that circRNAs function as

ceRNAs to sequester multiple miRNAs. We hypothe-

sized that circ_0060745 functioned via a similar

mechanism in CRC. Circ_0060745 was mainly located

in the cytoplasm (Figure 3A and B), which indicated

that circ_0060745 likely acted as an miRNA sponge in

CRC. We used online prediction software CircBank,

Targetscan, and miRWalk, which resulted in the identi-

fication of 6 miRNAs (miR-7-1-3p, miR-1290, miR-

219b-3p, miR-4736, miR-6808-5p, and miR-6893-5p)

that might be targeted by circ_0060745 (Figure 3C).

Analysis of the GEO dataset GSE12218224 resulted in

the selection of miR-4736 (probe ID: hsa-miR-4736_st)

for further study, as the expression of this microRNA

was downregulated in 15 CRC samples compared to that

in 10 paratumor samples (Figure 3D and E).

Upregulation of miR-4736 suppressed proliferation and

metastasis of LOVO and HT29 cells (Figure 3F and G),

and vice versa (Figure 3H). These results indicated that

miR-4736 acted as a tumor suppressor in CRC cells.

Circular RNA 0060745 Promoted

Proliferation and Metastasis via

Sequestration of miR-4736 in HT29 and

LOVO Cells
We evaluated the relationship between circ_0060745 and

miR-4736. Circular RNA 0060745 contains eight base pairs

of binding sites for miR-4736 (Figure 4A). We performed

RNA pull-down assay to evaluate targeted binding between

circ_0060745 and miR-4736. A biotinylated circ_0060745

probe was designed and incubated with lysates from HT29

and LOVO cells. Pulled-down miR-4736 was measured using

qRT-PCR by using of miR-577 and miR-126 (two previously

identified metastasis-related miRNAs in CRC19,25,26) as cor-

responding control. As shown in Figure 4B and C, miR-4736

was pulled down by circ_0060745.

Luciferase assay was used to confirm the specific binding

sites between miR-4736 and circ_0060745. Co-transfection

with a luciferase reporter plasmid containing circ_0060745

sequences with wild-type miR-4736 binding sites and miR-

4736 mimic resulted in significantly decreased luciferase

activity (Figure 4D and E). Mutation of the binding sites

for miR-4736 resulted in increased luciferase activity.

Furthermore, we showed that circ_0060745 affected miR-

4736 with a reciprocal suppression manner (Figure 4F and

G). Finally, we evaluated the role of miR-4736 in

circ_0060745-induced proliferation and metastasis. As

shown in Figure 4H–K, circ_0060745 promoted HT29 and

LOVO cell proliferation, and this effect was blocked bymiR-

Figure 2 Circular RNA 0060745 promoted proliferation and metastasis of HT29 and LOVO cells.

Notes: (A) Specific siRNAs (sicirc-1 and sicirc-2) targeted to circ_0060745 were transfected into HT29 (A) and LOVO (B) cells, and the expression of circ_0060745 was

measured using qRT-PCR. Small interfering circ-1 showed the best silencing efficacy and was chosen for subsequent RNAi experiments. *p < 0.05 and **p < 0.01. (C, D)

Knockdown of circ_0060745 suppressed proliferation of HT29 (C) and LOVO (D) cells, as determined using CCK8 assay. *p < 0.05 and **p < 0.01. (E, F) Transwell
chamber migration and invasion assays were performed to determine the metastatic capacity of HT29 (E) and LOVO (F) cells. **p < 0.01. All data are presented as mean ±

SD from three independent experiments.
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4736 mimic. In contrast, knockdown of circ_0060745 sup-

pressed HT29 and LOVO cell proliferation, and this effect

was attenuated by inhibition of miR-4736. These findings

indicated that circ_0060745 promoted proliferation and

metastasis via sequestration of miR-4736.

MicroRNA 4736 Suppressed Proliferation

and Metastasis via Targeted Inhibition of

CSE1L in HT29 and LOVO Cells
Circular RNAs have been reported to affect the function of

their genes of origin via sponging of miRNAs.21,27,28 We

showed that circ_0060745 was derived from exon 9 to exon

10 of linear CSE1L and that circ_0060745 sequestered miR-

4736. Therefore, we evaluated whether CSE1L was

a downstream target gene of the circ_0060745/miR-4736

axis. Analysis of the GEO datasets GSE110224 (probe ID:

201112_s_at) and GSE37364 (probe ID: 201112_at, either)

showed that CSE1L was upregulated in CRC (Figure 5A and

B and Supplementary Figure 2A and B). Furthermore, we

obtained a similar from the online cancerOMICS data analysis

software UALCAN (Supplementary Figure 2C and D).29

Immunohistochemistry results showed that CSE1L was upre-

gulated in CRC (Figure 5C). In addition, the expression of

CSE1L was positively correlated with circ_0060745, but

negatively correlated with miR-4736 (Figure 5D and E).

Furthermore, the expression of miR-4736 inversely correlated

with CSE1L protein expression, but not CSE1L mRNA

Figure 3 MiR-4736 suppressed the proliferation of HT29 and LOVO cells.

Notes: (A) Circular RNA 0060745 was primarily located at the cytoplasm, as determined using FISH assay. (B) Relative expression of circ_0060745 in the nuclear and

cytoplasmic fractions of HT29 and LOVO cells was determined using qRT-PCR. (C) CircBank (http://www.circbank.cn/), Targetscan (http://www.targetscan.org/vert_71/),

and miRWalk (http://mirwalk.umm.uni-heidelberg.de/) were used to filter potential miRNAs that might have interacted with circ_0060745. (D) MicroRNA 4736 was

expressed at low levels in CRC, as determined by analysis of the GEO dataset GSE122182 (p = 0.0198). (E) The expression of miR-4736 in GSE122182. Probe ID for hsa-

miR-4736_st. (F) The expression levels of miR-4736 in HT29 and LOVO cells following transfection with a miR-4736 mimic and miR-4736 inhibitors (miR-4736 inh) were

determined using qRT-PCR. **p < 0.01 and ***p < 0.001. (G) Transfection with miR-4736 mimics suppressed cell proliferation, and transfection of miR-4736 inhibitors

promoted cell proliferation, in HT29 and LOVO cells. *p < 0.05 and **p < 0.01. (H) The metastatic capacity of HT29 and LOVO cells was evaluated using the transwell

chamber migration and invasion assay. **p < 0.01. All data are presented as mean ± SD from three independent experiments.
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expression (Figure 5F and G). MicroRNAs have been shown

to regulate downstream genes via directly binding to 3ʹ

untranslated regions (3ʹUTR). Luciferase assay showed that

miR-4736 bound directly to the 3ʹUTR of CSE1L (position

3215–3221) (Figure 5H). In addition, miR-4736 mimics sup-

pressed proliferation, and this effect was reversed by the

upregulation of CSE1L (oeCSE1L) in HT29 and LOVO

cells. In contrast, miR-4736 inhibitors induced HT29 and

LOVO cell proliferation, and this effect was reversed by

CSE1L suppression (Figure 5I). Finally, transwell assay

results showed that miR-4736 suppressed HT29 and LOVO

cell migration and invasion via CSE1L (Figure 5J and K).

These findings indicated that circ_0060745 promoted CRC

cell proliferation and metastasis through modulation of the

miR-4736/CSE1L axis.

Discussion
Noncoding RNAs contribute to the progression of can-

cer through the regulation of a variety of molecules.

Long noncoding RNAs, circRNAs, and miRNAs have

been associated with a number of malignant tumors,

including CRC.30–33 The functions of circRNAs include

miRNA sponging, regulation of alternative splicing, and

modulation of the expression of precursor genes.14,34,35

Recently, the role of circRNAs in CRC has received

increased attention. Chen S reported that circ_0060745

Figure 4 Circ_0060745 promoted proliferation and metastasis via sequestration of miR-4736 in HT29 and LOVO cells.

Notes: (A) A diagram showing targeted binding sites between circ_0060745 andmiR-4736. (B,C) Compared to oligo, biotinylated-circ_0060745 absorbedmoremiR-4736 by usingmiR-
577 and miR-126 as control miRNAs, as detected by an RNA pulldown assay. n.s. p > 0.05 and ****p < 0.0001. (D, E) Luciferase assay was used to confirm binding between circ_0060745

andmiR-4736. n.s. p> 0.05 and **p< 0.01. (F) Upregulation and downregulation of circ_0060745 negatively regulatedmiR-4736 expression. (G) Upregulation and downregulation ofmiR-

4736 inversely regulated circ_0060745 expression. **p < 0.01. (H, I) Changes in cell proliferation following circ_0060745 and miR-4736 interventions, as determined using CCK8 assay in
HT29 (H) and LOVO (I) cells. *p < 0.05 and **p < 0.01. (J, K) Changes in metastatic capacity following different circ_0060745 and miR-4736 interventions, as determined using the

transwell chamber migration and invasion assay in HT29 (J) and LOVO (K) cells. **p < 0.01. All data are presented as mean ± SD from three independent experiments.

Abbreviation: n.s., not significant.
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was upregulated 2.027748-fold in CRC compared with

that in paratumor tissue.12 In the present study, we

showed that circ_0060745 was upregulated in most

(25/28, 89.29%) CRC tissue specimens. Further clinico-

pathological evaluation showed that upregulated

circ_0060745 was closely correlated with liver

metastasis, lymph node metastasis, and shorter survival

time in patients with CRC. These findings indicated that

circ_0060745 might serve as an oncogene in CRC. Loss

of function analyses with CCK8 and transwell assays

showed that circ_0060745 promoted CRC proliferation

and metastasis.

Figure 5 MicroRNA 4736 suppressed proliferation and metastasis via targeted inhibition of CSE1L in HT29 and LOVO cells.

Notes: (A, B) Chromosome segregation 1-like was upregulated in CRC in the GEO datasets GSE110224 (A, p = 0.0039) and GSE37364 (B, p < 0.0001). (C) Furthermore, CSE1L was
upregulated in 3 CRC tissue specimens, as determined using IHC. ****p < 0.0001. (D) Chromosome segregation 1-like was positively correlated with circ_0060745, as determined using

Spearman correlation analysis. p= 0.0003. (E) Chromosome segregation 1-likewas negatively correlated withmiR-4736, as determined using Spearman correlation analysis. p= 0.0048. (F,
G) The expression of CSE1L protein was inversely regulated by miR-4736 in HT29 (F) and LOVO (G) cells. n.s. p > 0.05 and **p < 0.01. (H) Luciferase assay was used to confirm binding

betweenCSE1L andmiR-4736. n.s. p> 0.05 and **p<0.01. (I) Changes in cell proliferation following differentCSE1L andmiR-4736 interventions, as determined usingCCK8 assay inHT29
and LOVOcells. *p< 0.05 and **p< 0.01. (J,K) Changes inmetastatic capacity following different CSE1L andmiR-4736 interventions, as determined using the transwell chambermigration
and invasion assay in HT29 (J) and LOVO (K) cells. **p < 0.01. All data are presented as mean ± SD from three independent experiments.

Abbreviation: n.s., not significant.
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Circular RNAs are produced by pre-mRNA back-

splicing of exons, which results in the exclusion of

a circular RNA molecule with a 3ʹ,5ʹ-phosphodiester

bond at the junction site.36 Circular RNAs can modulate

gene expression through modulation of transcription, pro-

tein binding, sponging of miRNAs, and protein

translation.17,37,38 In this study, we showed that

circ_0060745 was derived from exon 9 to exon 10 of

linear CSE1L. Previous studies have shown that

circRNAs are primarily located in the cytoplasm, and

function as competitive endogenous RNAs and modulators

of miRNA activity by competing for miRNA-binding

sites.14,35,39 MicroRNA 577 and miR-126 have been

shown to exhibit tumor suppression activity in CRC and

was involved in CRC proliferation and metastasis.19,40-42

We found that circ_0060745 was primarily located in the

cytoplasm of CRC cells. Therefore, we hypothesized that

circ_0060745 acted as an miRNA sponge. Online predic-

tion and bioinformatics analysis resulted in the identifica-

tion of miR-4736 for further study. Wang reported that

miR-4736 was significantly over-expressed in ALK-

negative anaplastic large cell lymphoma and was impli-

cated in the pathogenesis of this form of lymphoma.43 We

found that miR-4736 acted as a tumor suppressor, and

upregulation of miR-4736 inhibited proliferation and

metastasis of CRC cells. To further determine the relation-

ship between miR-4736 and circ_0060745, we performed

an RNA pull-down assay and luciferase assay. The results

showed that circ_0060745 was a target of miR-4736.

Furthermore, circ_0060745 promoted CRC cell prolifera-

tion and metastasis via miR-4736 sequestration.

Chromosome segregation 1-like (CSE1L) is located at

chromosome 20q13.13 and contains 25 exons. Studies have

shown that CSE1L is involved in the progression of several

cancers.44 Pimiento reported that CSE1L knockdown inhib-

ited cell proliferation and induced apoptosis in CRC cells.45

Li found that CSE1L acted as an oncogene in gastric cancer

(GC), and knockdown of CSE1L suppressed GC cell pro-

liferation and metastasis via inhibition of glycoprotein non-

metastatic melanoma protein B (GPNMB) expression.46 In

this study, analysis of GEO datasets (GSE110224 and

GSE37364) and IHC analysis showed that CSE1L was upre-

gulated in CRC. Spearman correlation analysis indicated that

CSE1L was positively correlated with circ_0060745 and that

CSE1L was inversely correlated with miR-4736. Luciferase

assay showed that CSE1L was a direct target of miR-4736,

and binding of miR-4736 to CSE1L suppressed proliferation

and metastasis of CRC cells.

In summary, this study showed that circ_0060745 may

play a role in CRC by promoting oncogenesis, cell pro-

liferation, and metastasis via regulation of CSE1L. This

regulation occurred through miR-4736 sponging of

SCE1L. These findings demonstrated that circ_0060745

may be a novel target for the treatment of CRC.
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