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Abstract. The present study aimed to elucidate the biological 
function of circular RNAs (circRNA) 0074027 in colorectal 
cancer (CRC). The expression of circRNA‑0074027 in 
CRC tissues and cells was determined by reverse transcrip‑
tion‑quantitative PCR. The in vitro experiments, including 
Cell Counting Kit‑8 (CCK‑8) assay, 5‑Ethynyl‑2'‑deoxyuridine 
assay, flow cytometry and Transwell assay, were applied to 
evaluate cell proliferation, apoptosis and metastasis ability 
respectively following downregulation of circRNA‑0074027. 
The correlation between circRNA‑0074027 and micro 
(mi)RNA‑525‑3p was determined via dual‑luciferase reporter 
assay. Finally, western blotting was used to explore the possible 
regulatory mechanism. CircRNA‑0074027 was upregulated 
in CRC tissues, while miR‑525‑3p expression was reduced. 
In addition, patients with CRC and circRNA‑0074027 
overexpression were more likely to have low tumor differ‑
entiation, lymph node metastasis and advanced TMN stage. 
Deletion of circRNA‑0074027 could suppress cell prolif‑
eration and metastasis through upregulating p53 expression 
and forbidding epithelial‑mesenchymal transition signaling 
pathway. The addition of miRNA‑525‑3p inhibitors could 
reverse the anti‑tumor effects induced by the deletion of 
circRNA‑0074027. The downregulation of cirRNA_0074027 
inhibited tumor progression via sponging miR‑525‑3p, which 
could be a promising treatment bio‑marker for CRC.

Introduction

Colorectal cancer (CRC) is one of the commonest malignant 
tumors worldwide, with high mortality and morbidity (1,2). 
Due to a lack of early symptoms and effective screening 
strategies, patients are commonly diagnosed with advanced 

CRC (2). Although there has been major progress in molecular 
target therapy and immunotherapy (3,4), the overall survival 
time for patients with CRC is still not satisfactory. Therefore, 
it is essential to identify an effective bio‑marker for CRC and 
explore its potential regulatory mechanism.

Circular RNAs (circRNAs), a novel type of non‑coding 
RNA, are characterized as closed ring structure without 
5' caps or 3' poly‑A tails (5,6). Emerging studies have shown 
that circRNAs may serve a function in the regulation of 
physiological and pathological processes via serving as 
microRNA (miRNA) sponges (7‑9). A number of circRNAs 
are believed to serve a function as a tumor promoter or a 
tumor inhibitor in various cancer progression, including 
liver, ovarian and lung cancer  (10‑12). For example, 
silencing of circRNA‑0060428 can inhibit cell growth in 
osteosarcoma by regulating the miR‑375/RPBJ axis  (13). 
CircRNA‑0003645 can sponge miR‑1229 and then promote 
hepatocellular carcinoma progression  (14). However, the 
biological role of circRNAs in the development of CRC 
remains to be elucidated.

CircRNA‑0074027 is a newly discovered competing 
endogenous (ce)RNA, which is oriented from chr5:134363423-
134369964. The biological role of circRNA‑0074027 in 
malignant transfection has been explored (15,16). Gao et al (16) 
reported that circRNA‑0074027 is upregulated in lung cancer and 
its overexpression can promote cell growth and metastasis ability 
via regulation of the miR‑185‑3p/bromodomain‑containing 
protein 4/MAPK‑activating death domain protein axis. 
In addition, Qian et al  (15) demonstrated that the deletion 
of circRNA‑0074027 can inhibit glioblastoma cell prolif‑
eration and metastasis by regulating the miR‑518a‑5p/IL17RD 
signaling pathway. However, it remains to be fully elucidated 
whether circRNA‑0074027 serves as a tumor promoter in 
CRC progression.

The present study detected the expression of circRNA-
0074027 in CRC tissue samples and further investigated 
the role of circRNA‑0074027 in oncogenesis. In  vitro 
experiments were performed to identify the cell apoptosis 
rate, cell proliferation and metastasis ability. In addition, 
miR‑525‑3p was identified as a downstream target gene of 
circRNA‑0074027 by bioinformatics analysis and the rela‑
tionship was further confirmed by dual‑luciferase reporter 
assays. Taken together, circRNA‑0074027 is a promising 
bio‑marker in CRC.
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Materials and methods

Patient tissue samples. A total of 60 paired CRC tissue and 
normal tissue samples were obtained from the patients with 
CRC who underwent surgery at Dazhou Central hospital 
between January 2014 and January 2018. The inclusion criteria 
were: i) Age >18 and <80 years; ii) written informed consent; 
and iii) primary CRC confirmed by pathological examination. 
The exclusion criteria were: i) Patients with other malignant 
diseases and ii) patients with previous neoadjuvant chemo‑
therapy or radiotherapy. All samples were preserved in liquid 
nitrogen following histological confirmation by experienced 
pathologists. Written informed consent was sought from the 
participants before the samples were obtained. The present 
study was approved by the Ethical Committees of Dazhou 
Central Hospital (approval no. KY2020‑086‑01).

Cell culture. Normal epithelial cells (FHC) and CRC cancer 
cells (Caco‑2, LoVo, SW480, HCT‑116 and HCT‑8), as well as 
293T cell lines were acquired from American Type Culture 
Collection. All cell lines were incubated in 10% fetal bovine 
serum (FBS; Thermo Fisher Scientific, Inc.) supplemented 
with DMEM medium (Thermo Fisher Scientific, Inc.) under 
standard culture conditions (5% CO2 and 37˚C).

RNA transfection. Small interfering (si) RNA against 
c i r cR NA‑ 0 074 027  (s i ‑ c i r cR NA‑ 0 074 027‑1  a nd 
si‑circRNA‑0074027‑2) and its paired control (si‑Control), 
as well as miR‑525‑3p inhibitors and its negative control 
(miR‑525‑3p NC) were acquired from Shanghai GenePharma 
Co., Ltd. Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used for cell transfection. In brief, 
Lipofectamine® 3000 was incubated with miRNA inhibitor at 
a concentration of 100 nmol/l or siRNAs at a concentration of 
200 nmol/l for 20 min at room temperature and the complex 
was then added to each well of a 6‑well plate. Following trans‑
fection for 24 h, the subsequent experiments were performed. 
The sequences were: si‑circRNA‑0074027‑1 (5'‑GCG​TGC​
TAA​GCA​CCT​GGC​GCA‑3'), circRNA‑0074027‑2 (5'‑GTG​
CTA​AGC​ACC​TGG​CGC​AGG‑3') and miR‑525‑3p inhibitor 
(5'‑CGC​UCU​AAA​GGG​AAG​CGC​CUU​C‑3').

Reverse transcription‑quantitative (RT‑q) PCR. According 
to the manufacturer's protocols, TRIzol® (Thermo Fisher 
Scientific, Inc.) was used for total RNA extraction from 
tissue and cell samples. Subsequently, total RNA (1 µg) was 
transcribed to cDNA via using PrimeScript RT Master Mix 
(Takara Biotechnology Co., Ltd.). The temperature and dura‑
tion of RT were: 37˚C for 30 sec, followed by 85˚C for 5 sec 
and 4˚C for 10 min. The cDNA (10 ng) was subjected to qPCR 
(Bio‑Rad Laboratories, Inc.) using SYBR Premix Ex Taq II kit 
(Takara Biotechnology Co., Ltd.), and the reaction volume was 
10 µl. The thermocycling conditions were: 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 40 sec. 
GAPDH was used as reference gene and relative mRNA 
expression changes were calculated by 2-ΔΔCq method (17). The 
primer sequences used are shown in Table I.

Cell proliferation assay. A CCK‑8 kit (Dojindo Molecular 
Technologies, Inc.) was used to assess the cell viability at 

different time points. A 5‑Ethynyl‑2'‑deoxyuridine (EdU) cell 
proliferation kit (Guangzhou RiboBio Co., Ltd.) was used to 
identify the EdU positive rate of CRC cells. 

Flow cytometry. An Annexin V‑FITC/PI apoptosis detection 
kit (Nanjing KeyGen Biotech Co., Ltd.) was used for the detec‑
tion of the cell apoptosis rate. According to the manufacturer's 
protocols, the transfected cells were collected and suspended 
with binding buffer. Then, Annexin V‑FITC and propidium 
iodide were added to the buffer. Subsequently, the mixture 
was shielded from light and incubated at room temperature 
for 15  min. Subsequently, the samples were detected by 
flow cytometer (BD FACSCelestaTM Flow Cytometer; BD 
Biosciences), and early plus late apoptotic cells were analyzed 
using FlowJo software (FlowJo LLC).

Transwell assay. For the cell migration assay, the transfected 
cells were suspended in DMEM without FBS, added into the 
upper Transwell chambers (0.8 µm; Corning, Inc.) and incu‑
bated for 48 h. The lower chamber was filled with DMEM 
supplemented with 20% FBS. The migrated and invasive 
CRC cells were fixed with 4% methanol for 10 min, stained 
with crystal violet for 10 min at room temperature, and finally 
captured with a light microscope. For the cell invasion assay, 
the filter membranes were precoated with Matrigel® (Corning, 
Inc.) at 37˚C for 30 min, and the other steps were performed as 
described in the migration assay.

Western blotting. The un‑transfected and transfected 
cells were lysed using RIPA buffer (Beyotime Institute of 
Biotechnology), followed by homogenization at 4˚C for 
10  min. Protein concentration was evaluated with BCA 
Protein Assay kit (Beyotime Institute of Biotechnology). Equal 
amounts (20 µg) of proteins were loaded and subjected to 10% 
SDS‑PAGE electrophoresis, followed by transferred onto 
polyvinylidene fluoride membranes. The membranes were 
blocked with 10% bovine serum albumin (Beijing Solarbio 
Science & Technology Co., Ltd.) for 1 h at room temperature. 
Subsequently, the membranes were incubated with primary 
antibodies: p‑53 (cat. no. ab32389), Bcl‑2 (cat. no. ab32124), 
Bax (cat.  no.  ab32503), E‑cadherin (cat.  no.  ab11512), 
N‑cadherin (cat. no. ab245117), Vimentin (cat. no. ab16700) 
and GAPDH (cat. no. ab9485; all 1:1,000 dilution; Abcam) 
overnight at 4˚C. Subsequently, proteins were incubated with 
the goat anti‑rabbit IgG H&L (HRP; cat. no. ab6721; 1:2,000 
dilution; Abcam) for 1 h at room temperature. Finally, the 
protein bands were then analyzed with super sensitive ECL 
luminescence reagent (Dalian Meilun Biology Technology 
Co., Ltd.). The protein expression levels were detected using 
a chemi‑luminescence detection system with Quantity One 
software (v3.0; Sigma‑Aldrich; Merck KGaA). 

Prediction of downstream molecules regulated by circRNA-
0074027. A publicly available bioinformatics algorithm 
(Starbase 2.0) was utilized to predict the downstream miRNAs 
of circRNA‑0074027 (9).

Dual‑luciferase reporter assays. The wild-type (WT) and 
mutant (MUT) circRNA‑0074027 fragments were constructed 
and inserted into the pmirGLO vector (Ybscience). The WT 
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and MUT plasmids, as well as miR‑525‑3p inhibitor and 
miR‑525‑3p NC, were co‑transfected into 293T cells using 
Lipofectamine®3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). After 24 h, the firefly and Renilla luciferase activities were 
measured using a dual‑luciferase reporter assay system (Promega 
Corporation) according to the manufacturer's instructions.

Statistical analysis. All experiments were repeated at least 
three times. The data are shown as the mean ± standard devia‑
tion. Comparisons between two groups were performed using 
Student's t‑test. In addition, the samples were divided into a 
high and a low expression group according to the median value 
of circRNA‑0074027 expression and χ2 test was performed 
to analyze the relationship between the circRNA‑0074027 
expression and clinicopathological characterization of 
patients with CRC. The data among three or more groups 
were performed using one‑way ANOVA followed by Fisher's 
least significant difference post hoc test. The correlation 
between circRNA‑0074027 and miR‑525‑3p were analyzed 
by Pearson's correlation. Statistical analyses were performed 
using SPSS 20.0 (IBM Corp.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

CircRNA‑0074027 expression is increased in CRC tissue 
samples. Results comparing circRNA‑0074027 expression 
levels in CRC tissues samples and samples obtained from 
adjacent normal tissues revealed that there was an overex‑
pression of circRNA‑0074027 in the CRC tissues (Fig. 1A). 
Subsequently, it was discovered that among 60 paired 
tissue samples, almost 73.3% (44/60) demonstrated higher 
circRNA‑0074027 expression in CRC tissues (Fig. 1B). Next, 
these 60 patients with CRC were divided into two groups, 
including circRNA‑0074027 high and low expression group, 
based on the median value of circRNA‑0074027 expression. 
According to the results of statistical analysis, it was found 
that the circRNA‑0074027 expression was closely related to 
the differential status (P=0.001), N stage (P=0.004), vascular 
invasion (P=0.016), tumor size (P<0.001) and TNM stage 
(P=0.02; Table II). Similarly, the data revealed that patients 
with CRC and circRNA_0047027 overexpression were more 

likely to have low tumor differentiation (Fig. 1C), lymph node 
metastasis (Fig. 1D) and advanced TMN stage (Fig. 1E). In 
summary, circRNA‑0074027 might have a role as a tumor 
inhibitor role in CRC progression.

Knockdown of circRNA‑0074027 suppresses CRC cell growth. 
Since the expression of circRNA‑0074027 was reduced in CRC 
tissues, its expression was further detected in normal epithe‑
lial cells and five different CRC cell lines. When compared 
with normal epithelial cell lines (FHC), the expression of 
circRNA‑0074027 was higher in CRC cell lines, especially in 
Caco‑2 and LoVo cells (Fig. 2A). Therefore, the Caco‑2 and 
LoVo cells were selected in the present study for future in vitro 
experiments. The expression of circRNA‑0074027 in Caco‑2 
and LoVo cells was knocked down using RNA transfection 
(Fig. 2B and C). The results of CCK‑8 assay displayed that 
silencing of circRNA‑0074027 could markedly inhibit the cell 

Table I. Sequences of oligomers and primers used in the 
present study.

Name	 Sequence (5'‑3')

CircRNA‑0074027	 GATTTCCCGACCCCGTACAA
forward
CircRNA‑0074027	 GGGGTGTTCTGAGATGGACC
reverse	
miR‑525‑3p forward	 GGAAGGCGCTTCCCTTT
miR‑525‑3p reverse	 GTTGTGGTTGGTTGGTTTGT
GAPDH forward	 CCTTCCGTGTCCCCACT
GAPDH reverse	 GCCTGCTTCACCACCTTC

circRNA, circular RNA; miR, microRNA.

Table II. Correlation between the clinicopathological data and 
circRNA‑0074027 expression of in colorectal cancer (n=60).

	 circRNA‑
	 0074027
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 n	 High	 Low	 P‑value

Sex				  
  Male	 27	 12	 15	 0.586
  Female	 33	 17	 16	
Age 				  
  <60 years	 25	 12	 13	 0.879
  ≥60 years	 35	 18	 17	
Differential status				  
  Moderate/well	 20	 13	 7	 0.001
  Undifferentiated/	 40	 9	 31	
  poorly
Vascular invasion				  
  Negative	 22	 14	 8	 0.016
  Positive	 38	 12	 26	
Tumor size				  
  ≤ 5 cm	 25	 19	 6	 <0.001
  > 5 cm	 35	 8	 27	
N stage				  
  N0	 27	 19	 8	 0.004
  N1‑N3	 33	 11	 22	
TNM stage				  
  I‑II	 24	 16	 8	 0.02
  III‑IV	 36	 13	 23	
Tumor location				  
  Left colon cancer	 20	 8	 12	 0.625
  Right colon cancer	 22	 10	 12	
  Rectal cancer	 18	 10	 8	

Significant differences are presented in bold. circRNA, circular RNA. 
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growth rate in both of HGC‑27 and AGS cells (Fig. 2D and F). 
Consistent with the previous results, the EdU assay also 
indicated that there were fewer EdU‑positive Caco‑2 cells in 
siRNA‑circRNA‑0074027‑1 and siRNA‑circRNA‑0074027‑2 
group than that in si‑Control group (Fig. 2E). Additionally, 
EdU‑positive LoVo cells in siRNA‑circRNA‑0074027‑1 and 
siRNA‑circRNA‑0074027‑2 group were fewer compared 
with the si‑Control group (Fig.  2G). In total, silencing of 
circRNA‑0074027 could suppress cell growth rate in CRC. 

Knockdown of circRNA‑0074027 increases cell apoptosis 
rate via activating the p53 pathway. As circRNA‑0074027 
upregulation could suppress cell proliferation ability in 
CRC, the changes of apoptosis level with low expression of 
circRNA‑0074027 required further research. Therefore, in 
current study, the cell apoptosis rate was detected by flow 
cytometry experiments. As shown in Fig. 3A, the total cell 
apoptosis rate of Caco‑2 cells in siRNA‑circRNA‑0074027‑1 
and siRNA‑circRNA‑0074027‑2 group were higher 
compared with the si‑Control group. Similarly, silencing of 
circRNA‑0074027 could induce more apoptosis in LoVo cells 
compared with the si‑Control group (Fig. 3B). 

Western blotting was performed to identify the potential 
mechanism of the downregulation of circRNA‑0074027 on 
cell apoptosis. The downregulation of circRNA‑0074027 
could significantly increase p53 and Bax proteins expression, 
while reducing the expression of anti‑apoptosis protein Bcl‑2 
compared with the si‑Control group (Fig. 3C and D). In all, 

these data consistently displayed that the downregulation of 
circRNA‑0074027 could significantly promote cell apoptosis 
via the regulation of p53 signaling pathway in CRC.

Knockdown of circRNA‑0074027 inhibits cell metastasis 
via interfering with the epithelial to mesenchymal transition 
(EMT) signaling pathway. Statistical analysis of data revealed 
that circRNA‑0074027 expression was associated with lymph 
node metastasis in CRC. Therefore, Transwell assay was 
performed to determine the involvement of circRNA‑0074027 
in CRC cell metastasis. As shown in Fig. 4A, the number of 
cells migrating and invading decreased markedly following 
downregulation of the expression of circRNA‑0074027 
in Caco‑2 cells compared with si‑Control group. Fig.  4B 
demonstrates that the silencing of circRNA‑0074027 could 
significantly suppress cell migration and invasion ability in 
LoVo cells compared with the control group. The results of 
western blot analysis demonstrated that there was an increase 
of epithelial‑like phenotype protein (E‑cadherin) and a 
decrease of mesenchymal phenotype proteins (N‑cadherin 
and vimentin) when circRNA‑0074027 was downregulated 
(Fig. 4C and D). Taken together, these data suggested that 
knockdown of circRNA‑0074027 suppresses CRC cell 
metastasis ability by inhibiting the EMT pathway.

miR‑525‑3p is the target gene of circRNA‑0074027. Previous 
studies (18‑20) have revealed that circRNAs may act as miRNA 
sponges in regulation of CRC progression. In the present 

Figure 1. Expression of circRNA‑0074027 is enhanced in CRC. (A) The expression of circRNA‑0074027 in CRC tissues. (B) CircRNA‑0074027 is upregulated 
(73.3%; 44/60) in CRC. (C) Relationship between circRNA‑0074027 expression and tumor differentiation. (D) The relationship between circRNA‑0074027 
expression and lymph node metastasis. (E) The relationship between circRNA‑0074027 expression and TMN stage. **P<0.01, ***P<0.001. circRNA, circular 
RNA; CRC, colorectal cancer.
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study, miR‑525‑3p was proposed as the downstream gene 
of circRNA‑0074027 based on the results of bioinformatics 
algorithms (Starbase.2). Subsequently, we discovered that the 
low‑expression of miR‑525‑3p accounted for 80.0% (48/60) of 
the CRC tissue samples (Fig. 5A). The potential binding site 
between circRNA‑0074027 and miR‑525‑3p was predicted as 
shown in Fig. 5B. Similarly, the results of RT‑qPCR demon‑
strated that miR‑525‑3p was significantly downregulated in 
CRC tissue samples (Fig. 5C). Pearson correlation analysis 
revealed that the circRNA‑0074027 expression was negatively 
correlated with the expression of miR‑525‑3p in CRC (Fig. 5D, 
r=‑0.5483, P<0.0001). To further explore their association, 
luciferase reporter assay was performed and the results indi‑
cated that miR‑525‑3p mimics could markedly decrease the 
luciferase activity of wild-type circ_0074027, but with no effect 
on MUT circ_0074027 (Fig. 5E). The results of RT‑qPCR 
indicated that miR‑525‑3p inhibitor could significantly 
downregulate the expression of miR‑525‑3p in Caco‑2 cells, 
when compared with the control group (Fig. 5F). In addition, 
RT‑qPCR assay was performed to determine the expression of 
miR‑525‑3p in Caco‑2 cells. Notably, both si‑Circ_0074027‑1 
and si‑Circ_0074027‑2 groups demonstrated higher expression 

of miR‑525‑3p in comparison with si‑Control group, with the 
si‑Circ_0074027‑1 group showing the highest expression 
(Fig.  5G). Thus si‑circRNA‑0074027‑1 Caco‑2 cells were 
suggested as ideal for future rescue experiments. To elucidate 
the potential regulatory role of miR‑525‑3p, the miR‑525‑3p 
inhibitor was used to decrease the intra‑cellular miR‑525‑3p 
expression in Circ_0074027 downregulated Caco‑2 cells and 
this was verified with the RT‑qPCR assay (Fig. 5H). These 
data consistently revealed that miR‑525‑3p would be direct 
target gene of circRNA‑0074027 in CRC.

Knockdown of miR‑525‑3p expression reverses the anti‑tumor 
effects induced by the overexpression of circRNA‑0074027 
in CRC. To explore the regulatory role of miR‑525‑3p in 
the regulation of CRC progression, miR‑525‑3p inhibi‑
tors were added to inhibit the expression of miR‑525‑3p 
in circRNA‑0074027‑downregulated Caco‑2 cells. As the 
results of CCK‑8 and EdU assay demonstrated, the effects 
of circRNA‑0074027 downregulation on suppression of cell 
proliferation could be rescued by adding miR‑525‑3p inhibitors 
(Fig. 6A and B). Addition of miR‑525‑3p inhibitors may also 
reduce the cell apoptosis rate in the si‑circRNA‑0074027‑1 

Figure 2. Downregulation of circRNA_100395 suppresses CRC cell proliferation. (A) The expression of circRNA‑0074027 in CRC cells. Successful construc‑
tion of circRNA‑0074027‑downregulated (B) Caco‑2 and (C) LoVo cells. The cell proliferation ability of (D) Caco‑2 and (F) LoVo cells upon inhibiting 
circRNA‑0074027 expression. 5‑Ethynyl‑2'‑deoxyuridine assay of (E) Caco‑2 and (G) LoVo cells upon inhibiting circRNA‑0074027 expression. Every 
experiment was repeated three times. **P<0.01, ***P<0.001. circRNA, circular RNA; CRC, colorectal cancer; N.S., no significance; si, short interfering.

https://www.spandidos-publications.com/10.3892/mmr.2021.11963
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Figure 3. Downregulation of circRNA‑0074027 promotes cell apoptosis in CRC. The cell apoptosis images (left) and statistical analysis (right) of (A) Caco‑2 
and (B) LoVo cells upon circRNA‑0074027 downregulation. The total apoptosis rate includes cells in right quadrants (Q2 and Q4). Western blotting images of 
p53, Bcl‑2 and Bax protein expression in (C) Caco‑2 and (D) LoVo cells with circRNA‑0074027 downregulation. Every experiment was repeated three times. 
***P<0.001. circRNA, circular RNA; CRC, colorectal cancer; si, short interfering.
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Figure 4. Downregulation of circRNA‑0074027 inhibits cell metastasis in CRC. The cell migration and invasion images (left) and statistics analysis (right) of 
(A) Caco‑2 and (B) LoVo cells upon downregulation of circRNA‑0074027. Western blotting images of EMT signaling pathway related proteins expression in 
(C) Caco‑2 and (D) LoVo cells when circRNA‑0074027 is downregulated. Every experiment was repeated three times. ***P<0.001. circRNA, circular RNA; 
CRC, colorectal cancer; si, short interfering.

https://www.spandidos-publications.com/10.3892/mmr.2021.11963
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Caco‑2 cells (Fig. 6C). Similarly, the western blotting results 
also revealed that when incubating with miR‑525‑3p inhibitors 
could lead to increased expression of p53 and Bax proteins but 
decrease Bcl‑2 protein expression in si‑circRNA‑00074027‑1 
Caco‑2 cells (Fig. 6D).

An increase in migrated and invasive Caco‑2 cells were 
was observed in si‑circRNA‑0074027‑1 groups following the 
addition of miR‑525‑3p inhibitors (Fig. 6E). Furthermore, the 
EMT signaling pathway‑related markers in CRC cells were 
also determined following adding miR‑525‑3p inhibitor. The 
addition of miR‑532‑3p could lead to decreased expression of 
E‑cadherin proteins and an increased expression of N‑cadherin 
and Vimentin proteins in circRNA‑0074027‑low expression 
CRC cells (Fig. 6F). Therefore, these data revealed that down‑
regulation of circRNA‑0074027 could exert anti‑tumor effects 
through sponging miR‑525‑3p in CRC.

Discussion

CRC is one of the most prevalent malignancies in the 
world (1,2). The main strategies for CRC treatment include 
surgery, radiotherapy and chemotherapy, which have shown 
positive therapeutic effects in early‑stage patients. However, 
due to the shortage of effective biomarkers, most patients are 
diagnosed with advanced CRC and thus have short survival 
periods  (1). Therefore, the present study was designed to 
identify effective diagnosis and therapeutic bio‑markers and 
determine their potential mechanism. 

It is known that circRNAs are evolutionally conserved 
and more stable than other non‑coding RNAs, suggesting 
that circRNAs might be the most suitable bio‑markers for 
human diseases (21‑23). Several studies (15,16,24) indicate 
that circRNA‑0074027 is an important regulatory factor in the 

Figure 5. miR‑525‑3p is a downstream target gene of circRNA‑0074027. (A) miR‑525‑3p is downregulated in CRC tissues. (B) The predicted 3'UTR binding 
regions of circRNA‑0074027 on miR‑525‑3p. (C) The expression of miR‑525‑3p in CRC tissues. (D) The Pearson correlation analysis between the miR‑525‑3p 
and circRNA‑0074027 expression. (E) Relative luciferase activity in 293T cells following co‑transfection. (F) The expression level of miR‑525‑3p in Caco‑2 
cells following treatment with miR‑525‑3p inhibitors, as detected by RT‑qPCR. (G) The expression of miR‑525‑3p in circRNA_007402‑downregulated 
Caco‑2 cells. (H) The expression of miR‑525‑3p in circRNA_007402‑downregulated Caco‑2 cells following treatment with miR‑525‑3p inhibitors. ***P<0.001. 
miR, microRNA; circRNA, circular RNA; CRC, colorectal cancer; RT‑qPCR, reverse transcription‑quantitative PCR; N.S., no significance; si, short 
interfering; WT, wild-type; MUT, mutant; NC, negative control.
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progression of various types of cancer, including glioblastoma 
and non‑small‑cell lung cancer. However, no study, to the best 
of the authors' knowledge, has been performed on the regu‑
latory role of circRNA‑0074027 in CRC progression. In the 
current study, RT‑qPCR was performed to detect the expres‑
sion of circRNA‑0074027 in CRC tissue and adjacent normal 
tissue samples. The results indicated that circRNA‑0074027 
expression was upregulated in CRC tissues compared with the 
normal tissues. According to the results of statistical analysis, 
patients with CRC and circRNA‑0074027 overexpression were 
more likely to have poor differential status, larger tumor size, 
advanced TNM stage, advanced N stage and vascular inva‑
sion. These results demonstrated that circRNA‑0074027 might 
function as a tumor promoter in the development of CRC. 

To clarify the biological role of circRNA‑0074027 in 
CRC progression, circRNA‑0074027‑downregulated CRC 
cells were constructed. Results revealed that the deletion of 
circRNA‑0074027 could markedly inhibit cell growth and 
promote cell apoptosis. However, it remains unclear how 
circRNA‑0074027 participated in the regulation of cell prolifer‑
ation and apoptosis in CRC. Previous studies report that p53 is a 
pivotal anti‑oncogene in cancer progression and its dysfunction 

might contribute to the rapid cell proliferation and decreased 
DNA repair capacity (25,26). circRNA ZNF609 is shown to 
promote cell apoptosis rate via upregulating p53 expression in 
CRC (27). Su et al (28) showed that circRNA_0055538 can exert 
an anti‑tumor effect by activating the p53/caspase signaling 
pathway. The present study also demonstrated that knockdown 
of circRNA‑0074027 increased p53 and Bax proteins expression 
and decreased Bcl‑2 protein expression. Therefore, the silencing 
of circRNA‑0074027 could activate the p53‑mediated pathway, 
which contributes to the suppression of cell proliferation and 
promotion of cell apoptosis in CRC.

The present study discovered that the patients with CRC 
and circRNA‑0074027 overexpression had advanced N stage, 
thus it was hypothesized that circRNA‑0074027 participated 
in the regulation of cell migration and invasion ability in CRC. 
The data of the present study demonstrated that the deletion 
of circRNA‑0074027 could markedly inhibit the cell metas‑
tasis ability in CRC, but the potential regulatory mechanism 
remains to be elucidated. EMT is a significant biological 
process, in which the epithelial (E) cells transition to a mesen‑
chymal (M) phenotype  (29‑31). Previous studies indicate 
that EMT signaling pathway serves an important role in the 

Figure 6. Downregulation of miR‑525‑3p rescues anti‑tumor effects induced by depletion of circRNA‑0074027. (A) Cell proliferation analysis of 
circRNA‑0074027‑downregulated Caco‑2 cells. (B) 5‑Ethynyl‑2'‑deoxyuridine assay of circRNA‑0074027‑downregulated Caco‑2 cells. (C) Cell apop‑
tosis rate of circRNA‑0074027‑downregulated Caco‑2 cells. (D) Expression of p53, Bax and Bcl‑2 proteins in circRNA‑0074027‑downregulated Caco‑2 
cells following addition of miR‑135a‑5p. (E) Cell migration and invasion of circRNA‑0074027‑downregulated Caco‑2 cells. (F) Expression of epithelial to 
mesenchymal transition signaling pathway‑related proteins in of circRNA‑0074027‑downregulated Caco‑2 cells following addition of miR‑135a‑5p. Every 
experiment was repeated three times. ***P<0.001. miR, microRNA; circRNA, circular RNA; OD, optical density.
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development of malignant tumors (32‑34). Wang et al  (35) 
revealed that the circRNA circP4HB can promote cell aggres‑
siveness and metastasis of non‑small cell lung carcinoma via 
sponging miR‑133a‑5p. In addition, circRNA circPTPRA can 
sponge miR‑96‑5p, thereby inhibiting cell metastasis ability in 
non‑small cell lung carcinomas cells via regulating the EMT 
pathway (36). The results of the present study were consistent 
with these previous studies and revealed that the downregu‑
lation of circRNA‑0074027 led to increased expression of 
epithelial‑like phenotype protein (E‑cadherin) and decrease 
expression of mesenchymal phenotype proteins (N‑cadherin 
and vimentin). Taken together, the present study hypothesized 
that downregulation of circRNA‑0074027 mediated inhibi‑
tion of cell migration and invasion in CRC and this might be 
caused by the inactivation of EMT signaling pathway.

The primary function of circRNAs is miRNA sponging, 
which contributes to the carcinogenesis and progression of 
various types of cancer (8,37). For example, circRNA‑MAN2B2 
had been identified as a tumor promotor in hepatocellular 
carcinoma progression via sponging miRNA‑217 (38). Another 
study indicates that circFOXK2 can sponge miR‑942, followed 
by enhanced cell proliferation, migration and invasion ability 
in pancreatic ductal adenocarcinoma (39). The present study 
proposed miR‑525‑3p as the target gene of circRNA‑0074027 
in CRC progression. The results of RT‑qPCR revealed 
that miR‑525‑3p was downregulated in CRC tissues in 
comparison with normal tissue samples. The Pearson correla‑
tion analysis showed that circRNA‑0074027 expression was 
negatively correlated with the expression of miR‑525‑3p, 
suggesting that miR‑525‑3p might be the downstream 
target gene of circRNA‑0074027. The association between 
the circRNA‑0074027 and miR‑525‑3p was confirmed by 
dual‑luciferase reporter assays. Previous studies identify that 
miR‑525‑3p may function as a significant regulatory factor 
in the development of various types of cancer, including liver 
cancer (40) and Hodgkin lymphoma (41). Pang et al (40) deter‑
mined that miR‑525‑3p can enhance the cell migration and 
invasion of liver cancer via modulating ZNF395 expression. 
The results of the current study demonstrated that the addition 
of miR‑525‑3p could reverse the anti‑tumor effects induced 
by the silencing of circRNA‑0074027. Therefore, these data 
suggested that circRNA‑0074027 could sponge miR‑525‑3p, 
thereby participating in the regulation of cell proliferation, 
cell metastasis and cell apoptosis in CRC. However, the 
present study has some limitations. First, the molecular targets 
downstream of the circRNA‑0074027/miR‑525‑3p axis were 
not fully elucidated. Second, the present study was performed 
in vitro and there is a need to carry it out in vivo to confirm 
the biological function of circRNA‑0074027. Third, the 
sample size and the follow‑up duration was insufficient. In 
the future, a large sample size and a longer follow‑up duration 
should be employed to validate the diagnostic and prognostic 
significance of circRNA‑0074027.

CircRNA‑0074027 might function as a tumor promoter 
in CRC, as the patients with CRC and overexpression were 
more likely to have poor prognosis. In addition, the in vitro 
experiments indicated that silencing of circRNA‑0074027 
could directly regulate the function of miR‑525‑3p and then 
lead to the suppression of cell proliferation and metastasis 
ability via interfering with the p53/EMT signaling pathway. 

In conclusion, circRNA‑0074027 could act as a promising 
therapeutic bio‑marker for CRC.
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