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Abstract. Increasing evidence supports the essential roles of 
circular RNAs (circRNAs) and microRNAs (miRNAs/miRs) 
in different types of human cancer. For example, hsa_
circ_0137008 functions as a sponge for mi‑338‑5p and inhibits 
the malignant phenotype in colorectal cancer. Furthermore, 
hsa_circ_RNA_0011780 downregulates FBXW7 by targeting 
miR‑554a and suppressing the progression of non‑small cell 
lung cancer. Thus far, only a single report has identified that 
the miRNA miR‑331‑3p exerts a pivotal effect on human 
colorectal cancer (CRC) evolution. However, both the up‑ 
and downstream regulatory mechanisms of miR‑331‑3p are 
unclear. In the present study, it was predicted via bioinfor-
matics analysis that the circRNA, hsa_circ_0038646, and the 
glutamate receptor ionotropic kainate 3 (GRIK3) gene contain 
binding sites that can interact with miR‑331‑3p. Thus, hsa_
circ_0038646/miR‑331‑3p/GRIK3 may be a novel therapeutic 
pathway for CRC. Reverse transcription‑quantitative PCR and 
western blotting analyses were performed, as well as cell prolif-
eration, luciferase reporter and Transwell migration assays. 
Hsa_circ_0038646 was overexpressed in both CRC cells and 
tissues, and this aberrant expression was positively related with 
increasing tumor grade. Knockdown of hsa_circ_0038646 
significantly weakened human CRC cell proliferation and 
migration. It was shown that hsa_circ_0038646 can sponge 
miR‑331‑3p to suppress its expression, and that suppression 
of miR‑331‑3p can reverse the effects of hsa_circ_0038646 
inhibition in CRC cells. It was determined that GRIK3 is a 
downstream target of miR‑331‑3p, and that hsa_circ_0038646 
could increase the levels of GRIK3 by suppressing miR‑331‑3p 
in CRC cells. Restoring GRIK3 expression rescued the 
weakened CRC cell proliferation and migration following 

hsa_circ_0038646 knockdown. The present study indicated 
that hsa_circ_0038646 functions as a tumor promoter in CRC 
by increasing GRIK3 expression via sponging of miR‑331‑3p. 
The hsa_circ_0038646/miR‑331‑3p/GRIK3 axis may be a 
novel therapeutic and diagnostic target of CRC.

Introduction

Colorectal cancer (CRC) is a familial malignancy of the 
alimentary canal (1). CRC is the second most common tumor 
of the gastrointestinal tract, the third most frequent malig-
nancy and the fourth most common cause of cancer‑associated 
mortality worldwide  (2,3). The metastasis and recurrence 
rates of CRC are high, and its morbidity and mortality are 
increasing each year (4,5). According to the histopathologic 
malignant degree grade of the World Health Organization 
(WHO) criteria, CRC can be divided into low (I and II) and 
high (III and IV) grades (6). Research into the pathobiology 
and underlying molecular mechanisms of CRC metastasis is 
limited (7). Further exploration of these molecular mecha-
nisms is required.

Increasing evidence has indicated that microRNAs 
(miRNAs/miRs) regulate the occurrence and development of 
a variety of cancer cell types (8). miRNAs can modulate cell 
proliferation, differentiation, apoptosis and carcinogenesis by 
combining with the 3' untranslated region (3'‑UTR) of target 
mRNAs in cancer  (9‑11). miR‑331‑3p, located on 12q22n 
and a member of the miR‑331 family, functions as a tumor 
suppressor in CRC; marked downregulation of miR‑331‑3p in 
CRC is linked to increased cell proliferation and decreased 
apoptosis (12,13). This aberrant expression of miR‑331‑3p is 
also linked to cell proliferation and migration in various other 
cancers, such as acute lymphocytic leukemia, lung cancer, 
glioblastoma, gastric cancer, prostate cancer, non‑small cell 
lung cancer and pancreatic cancer (14‑20). The functions of 
miR‑331‑3p in CRC cell migration, as well as the up‑ and 
downstream regulatory mechanisms of miR‑331‑3p, are 
unclear.

Circular RNAs (circRNAs) are competitive endogenous 
RNAs which modulate gene expression and biological function 
via miRNA sponging (21,22). CircRNAs are highly expressed 
in multiple tumor tissues, including CRC (23,24). CircRNAs 
participate in cancer‑associated physiological and pathological 
processes, such as cell proliferation, migration and invasion, 
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cell cycle progression, metastasis and carcinogenesis  (25). 
Numerous studies show that circRNAs or long non‑coding 
RNAs promote the progression of cancer by sponging 
miR‑331‑3p  (26‑28). Bioinformatics analysis predicted the 
presence of a binding site between hsa_circ_0038646 and 
miR‑331‑3p  (26‑29). In the present study, bioinformatics 
analysis was used to predict the binding sites for miR‑331‑3p in 
hsa_circ_0038646 and glutamate receptor ionotropic kainate 3 
(GRIK3). To the author's best knowledge, no reports regarding 
hsa_circ_0038646 have been published to date. GRIK3 is 
shown to be a novel oncogenic factor in different types of 
cancer, including breast cancer (30) and gastric cancer (31). 
Thus far, the interaction between GRIK3 and miR‑331‑3p in 
CRC has not been reported.

In the present study, the expression and function of 
hsa_circ_0038646 and miR‑331‑3p in CRC were assessed, and 
the role of the hsa_circ_0038646‑miR‑331‑3p‑GRIK3 axis in 
CRC progression was determined.

Materials and methods

Human CRC tissue collection. Human CRC tumor tissues 
and adjacent normal control tissues were acquired from 62 
enrolled patients with CRC who were diagnosed based on 
pathology, and had undergone curative surgery resection at 
Tianjin Baodi Hospital between May and October 2018. The 
cohort of patients with CRC was comprised of 25 females 
and 37 males, aged 52‑73  years, with an average age of 
59.48±6.36 years. According to the Tumor Node Metastasis 
(TNM) classification standard of the Union for International 
Cancer Control (32), the cohort included TNM stage I (n=20), 
TNM stage II (n=23), TNM stage III (n=12) and TNM stage IV 
(n=7). None of the patients had received anticancer treatments 
such as radiotherapy or chemotherapy prior to surgery. Based 
on WHO grading (6), the CRC tumor samples were divided 
into low‑ and high‑grade groups. The present study was 
approved by the Clinical Ethical Committee of Tianjin Baodi 
Hospital and written informed consent was provided by all 
participants prior to the study start.

Cell culture. The human CRC cell lines SW480, HT29, DLD‑1, 
SW620 and HCT116, as well as the normal human colon epithe-
lial cell line NCM460, were provided by the Cell Bank of Type 
Culture Collection of Chinese Academy of Sciences. After cells 
were tested and authenticated via STR profiling, SW480 and 
SW620 cells were seeded in Leibovitz's L‑15 medium (Gibco, 
Invitrogen; Thermo Fisher Scientific, Inc.). HT29 and HCT116 
cells were grown in McCoy's 5A medium (Gibco, Invitrogen; 
Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum 
(FBS; Invitrogen; Thermo Fisher Scientific, Inc.). DLD‑1 cells 
were cultured in RPMI 1640 medium (Invitrogen; Thermo 
Fisher Scientific, Inc.) containing 5% FBS, and 1% penicillin 
and streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.). 
Notably, all cells were cultured in a humidified atmosphere of 
5% CO2 at 37˚C. Experiments were performed after 72 h of 
incubation, when the cells achieved 60‑70% confluency.

Cell transfection. SW620 and HCT116 cells were seeded into 
24‑well plates at a density of 5x104 for 24 h at 37˚C. When 
the cells reached 70‑80% confluence, they were transfected 

with 120 nM small interfering (si)RNAs, with the following 
sequences: hsa_circ_0038646, 5'‑GUA​UGG​ACU​CAU​CCA​
CCA​GGG​GA‑3', and NC, 5'‑GGG​UAU​UCA​CAU​ACC​CGG​
GCA​GA‑3'; and GRIK3, 5'‑GGU​CUC​UGG​GCC​AUU​CAG​
GGG​AU‑3', and NC, 5'‑GUG​CUU​GGG​CAC​CUC​GGU​AUG​
GA‑3'. Recombinant plasmids of pcDNA3.1‑hsa_circ_0038646 
and pcDNA3.1‑GRIK3 (120  nM) were purchased from 
Shanghai GenePharma Co., Ltd., which were cloned into the 
pcDNA3.1 plasmid and the corresponding empty pcDNA3.1 
plasmid (Invitrogen; Thermo Fisher Scientific, Inc.), which 
was used as the negative control. miR‑331‑3p mimics (120 nM) 
(5'‑GCC​CCU​GGG​CCU​AUC​CUA​GAA‑3') and mimics 
NC (5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'), miR‑331‑3p 
inhibitors (120 nM) (5'‑UUC​UAG​GAU​AGG​CCC​CAG​GG​
GC‑3') and inhibitors NC (5'‑CAG​UAC​UUU​UGU​GUA​GUA​
CAA‑3'), as well as the corresponding negative controls 
(NCs) were purchased from Applied Biosystems; Thermo 
Fisher Scientific, Inc., and performed for at least 5 h at 37˚C 
with Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's instructions. After 72 h, cells were harvested.

Cell proliferation assay. Following 48 h of transfection and 
at 70% confluency, the cells were incubated for an additional 
24, 48, 72 or 96 h. Then, 12 µl of Cell Counting Kit‑8 (CCK‑8) 
solution (7sea Biotech Co., Ltd.) was added into each well for 
24, 48 and 72 h, respectively, and maintained at 37˚C for 2 h. 
For quantification, cell viability was detected at 450 nm using 
the SUNRISE Microplate Reader (Tecan Group, Ltd.), as 
previously described (33).

Cell migration assay. A Transwell assay was performed to 
assess cell migration. After cultured SW620 and HCT116 cells 
reached 80% confluence, cells (5x104) were plated in the upper 
chamber of Transwell plates in serum‑free medium without 
FBS, for 24 h. Leibovitz's L‑15 medium (for SW620) (Gibco; 
Thermo Fisher Scientific, Inc.) or McCoy's 5A medium (for 
HCT116) (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS were pre‑added in the lower chambers, 
respectively. and the temperature were maintained at 37˚C for 
24 h. Subsequently, cells in the upper chamber were discarded, 
and the migratory cells were fixed with 4% formaldehyde 
for 30 min at room temperature, prior to staining with 0.5% 
crystal violet solution for 30 min at room temperature. The 
migratory cells were blindly counted in five randomly selected 
fields, under a light microscope (magnification, x200) and 
using Image J software (version 1.42; National Institutes of 
Health). The experiment was performed in triplicate.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from human CRC 
tissues or cells with TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
instructions. cDNA was synthesized using the RevertAid™ 
First Strand cDNA Synthesis kit (DBI Bioscience) at 95˚C. 
NanoDrop™ ND 1000 microspectrophotometer (NanoDrop 
Technologies; Thermo Fisher Scientific, Inc.) was used to 
quantify the extracted RNA. RT‑qPCR was carried out on 
an ABI 7900 system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using SYBR Select Master Mix (Applied 
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Biosystems; Thermo Fisher Scientific, Inc.). The following 
primer sequences (Generay Biotech Co., Ltd.) were used for 
qPCR: hsa_circ_0038646 forward, 5'‑TAT​GGT​GGA​GAA​
GCG​GGT​GTT‑3' and reverse, 5'‑CCA​GGG​CAG​GAG​AAT​
GTG​A‑3'; GRIK3 forward, 5'‑GCT​GGT​CTG​CAC​TGA​ACT​
CT‑3' and reverse, 5'‑AAA​GGG​CAT​CCC​CTG​AAT​GG‑3'; 
GAPDH forward, 5'‑AGG​TGA​AGG​TCG​GAG​TCA​AC‑3' and 
reverse, 5'‑CGC​TCC​TGG​AAG​ATG​GTG​AT‑3'; miR‑331‑3p 
forward, 5'‑GAG​CTG​AAA​GCA​CTC​CCA​A‑3' and reverse, 
5'‑CAC​ACT​CTT​GAT​GTT​CCA​GGA‑3'; and U6 forward, 
5'‑AGA​GCC​TGT​GGT​GTC​CG‑3' and reverse, 5'‑CAT​CTT​
CAA​AGC​ACT​TCC​CT‑3'. The following thermocycling 
conditions were used for qPCR: Initial denaturation at 95˚C for 
1 min, followed by 28 cycles of denaturation at 95˚C for 10 sec, 
annealing at 58˚C for 15 sec, elongation at 72˚C for 5 sec and 
a final extension at 72˚C for 5 sec. GAPDH and human U6 
RNA were used as internal controls for quantification of 
hsa_circ_0038646 and GRIK3, and miR‑331‑3p, respectively. 
The 2‑∆∆Cq method (34) was used for quantification and a 2‑fold 
change was considered significant. All RT‑qPCR assays were 
performed in triplicate. Furthermore, the correlation between 
expression of hsa_circ_0038646 and miR‑331‑3p, or between 
the expression of miR‑331‑3p and GRIK3 was calculated.

Western blotting. Total protein was obtained from CRC cells 
with RIPA lysis buffer (Beyotime Institute of Biotechnology) 
according to the manufacturer's instructions. Protein 

concentrations were determined using a BCA protein assay 
kit (Beyotime Institute of Biotechnology). Proteins (40 µg) 
were isolated via 10% SDS‑PAGE and transferred to PVDF 
membranes (EMD Millipore). After blocking with 5% milk 
prepared in Tris‑buffered saline with 0.05% Tween‑20 (TBST) 
at room temperature for 1  h, membranes were incubated 
at 4˚C overnight with primary antibodies against GRIK3 
(1:1,000; cat. no. ab183035; Abcam) and GAPDH (1:2,500; cat. 
no. ab9845; Abcam). The membranes were rinsed four times 
with TBST. A secondary antibody conjugated to horseradish 
peroxidase (1:2,000; cat. no. ab6721; Abcam) was added, and 
the membranes were incubated for 1 h at room temperature. 
Protein bands were visualized using the enhanced chemilumi-
nescence kit (EMD Millipore). Image Lab Software (version 
2.0; Bio‑Rad Laboratories, Inc.) in the ChemiDoc XRS System 
(Thermo Fisher Scientific, Inc.) was used for quantification.

Luciferase reporter assay. Bioinformatics software Circular 
RNA Interactome (https://circinteractome.nia.nih.gov/index.
html) was used to predict the presence of binding sites for 
miR‑331‑3p in hsa_circ_0038646 and GRIK3, and a luciferase 
reporter assay was performed to validate the association 
between hsa_circ_0038646, miR‑331‑3p and GRIK3. SW620 
and HCT116 cells were seeded into 24‑well plates at the 
density of 5x104 and co‑transfected with wild‑type (WT) or 
mutated (Mut) hsa_circ_0038646, which were inserted into 
the reporter vector pmirGLO (600 ng; Promega Corporation) 

Figure 1. Downregulation of hsa_circ_0038646 inhibits human CRC cell proliferation and migration. (A) Relative hsa_circ_0038646 mRNA expression in 
human CRC tissues. (B) Relative hsa_circ_0038646 expression in different grades of CRC tumor tissues. (C) Relative hsa_circ_0038646 mRNA expres-
sion in human CRC cell lines. (D) Hsa_circ_0038646 mRNA expression in SW620 and HCT116 cells following transfection with siCirc. (E) Effect of 
hsa_circ_0038646 on SW620 and HCT116 cell proliferation as detected by CCK‑8 assays. (F) Role of hsa_circ_0007534 in cell migration as determined by 
Transwell assays. *P<0.05 vs. NCM460 cells and siNC group, respectively. All experiments were performed in triplicate. CRC, colorectal cancer; NC, negative 
control; si, small interfering; Circ, hsa_circ_0038646; OD, optical density.
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and GRIK3 3'‑UTR reporter plasmid sequences, which were 
inserted into the pGL3 vector (600 ng; Shanghai GenePharma, 
Co., Ltd.) with either miR‑331‑3p mimics or NC (120 nM), 

using Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). After 24 h of transfection, 
luciferase activity was measured with the Dual Luciferase 

Figure 2. Hsa_circ_0038646 modulates cell proliferation and migration via sponging of miR‑331‑3p. (A) Predicted binding site between hsa_circ_0038646 
and miR‑331‑3p. (B) Expression of hsa_circ_0038646 after transfection with oeCirc or siCirc. (C) Overexpression or inhibition of miR‑331‑3p by mimics or 
inhibitors, respectively. (D) miR‑331‑3p is a target of hsa_circ_0038646, as shown by dual‑luciferase reporter assays in SW620 and HCT116 cells. (E) Hsa_
circ_0038646 negatively regulated miR‑331‑3p expression in vitro. (F) Overexpression of WT hsa_circ_0038646 inhibited miR‑331‑3p expression in CRC 
cells compared to oeVector group. (G) Relationship between hsa_circ_0038646 and miR‑331‑3p expression in CRC tissues. (H) Relative miR‑331‑3p mRNA 
expression in CRC tissues. Inhibition of miR‑331‑3p rescued the suppressed CRC cell. (I) proliferation and (J) migration mediated by hsa_circ_0038646 
knockdown. *P<0.05 vs. oeCirc‑Mut group, miR NC, oeVector group and siNC group, respectively; #P<0.05 vs. siNC group and Inh NC group, respectively. All 
experiments were performed in triplicate. CRC, colorectal cancer; NC, negative control; si, small interfering; miR, miR‑331‑3p; WT, wild‑type; Mut, mutated; 
oe, overexpression vector; Inh, inhibitor; OD, optical density.
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Reporter Assay System (Promega Corporation) and normal-
ized to Renilla luciferase activity.

Statistical analysis. Data were analyzed with SPSS 16.0 
software (SPSS, Inc.) and presented as the mean ± standard 
deviation. Student's t‑tests and one‑way ANOVAs followed by 
Tukey's test were used for the analysis of differences between 
two and multiple groups, respectively. Correlation analysis was 
conducted using Pearson correlation test where appropriate. 
Statistical significance was considered as P<0.05. All experi-
ments were performed in triplicate.

Results

Expression and function of hsa_circ_0038646 in human 
CRC. Hsa_circ_0038646 exhibited increased expression in 
human CRC tissue compared to normal tissue (Fig. 1A). This 
aberrant expression was positively associated with a higher 
tumor grade (III/IV) in CRC (Fig. 1B). Hsa_circ_0038646 
also had increased expression, compared to a control cell line, 
in various human CRC cell lines, including SW480, HT29, 

DLD‑1, SW620 and HCT116, and was particularly highly 
expressed in SW620 and HCT116 cells (Fig. 1C). These find-
ings indicated that increased hsa_circ_0038646 expression 
might be related to CRC progression.

SW620 and HCT116 cells with reduced expression of 
hsa_circ_0038646 were generated using siRNA targeting 
hsa_circ_0038646 (siCirc), and hsa_circ_0038646 expression 
levels were detected by RT‑qPCR (Fig. 1D). Reduced expres-
sion of hsa_circ_0038646 reduced the proliferative capacity 
of SW620 and HCT116 cells, and showed a significant differ-
ence on day 4 of incubation as determined using a CCK‑8 
assay (Fig. 1E). Moreover, Transwell assays also revealed that 
reduced expression of hsa_circ_0038646 inhibited the migra-
tion of SW620 and HCT116 cells (Fig. 1F).

Hsa_circ_ 0038646 regulates CRC cell proliferation 
and migration by targeting miR‑331‑3p. Bioinformatics 
analysis predicted the presence of a binding site between 
hsa_circ_0038646 and miR‑331‑3p (Fig. 2A). However, the 
expression levels of hsa_circ_0038646 in CRC with low 
tumor grades (I and II) are not currently available in public 

Figure 3. GRIK3 is a target of miR‑331‑3p. (A) Predicted binding site between miR‑331‑3p and GRIK3. (B) Expression of GRIK3 following transfection with 
oeGRIK3 or siRNA. (C) GRIK3 is a target of miR‑331‑3p, as shown by dual‑luciferase reporter assay in vitro. (D) RT‑qPCR and (E) western blotting show that 
upregulation of miR‑331‑3p repressed GRIK3 mRNA and protein levels in human CRC cells, respectively. (F) Association between miR‑331‑3p and GRIK3 
expression in CRC tissues. Roles of GRIK3 in CRC cell (G) proliferation and (H) migration. *P<0.05 vs. oeNC group, miR NC and siNC group, respectively; 
#P<0.05 vs. siNC group. All experiments were performed in triplicate. CRC, colorectal cancer; NC, negative control; si, small interfering; miR, miR‑331‑3p; 
WT, wild‑type; Mut, mutated; oe, overexpression vector; OD, optical density; GRIK3, glutamate receptor ionotropic kainate 3.
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databases. WT and Mut luciferase reporter plasmids were 
designed (Fig. 2A). Additionally, to validate the targeting 
relationship between hsa_circ_0038646 and miR‑331‑3p, oe 
of hsa_circ_0038646 was conducted using plasmids encoding 
WT or Mut hsa_circ_0038646 cDNA (oeCirc‑WT and 
oeCirc‑Mut, respectively), with hsa_circ_0038646 upregu-
lated in cells transfected with the WT vector compared with 
the Mut vector (Fig. 2B). Subsequently, miR‑331‑3p expression 
was upregulated or inhibited via transfection with miR‑331‑3p 
mimics or inhibitors, respectively (Fig.  2C). It was then 
found that upregulation of miR‑331‑3p reduced the luciferase 
activity in SW620 and HCT116 cells transfected with the 
WT reporter plasmid. Interestingly, no effect was observed 
in the luciferase reporter assay with cells transfected with 
the Mut plasmid (Fig. 2D). RT‑qPCR and Pearson correla-
tion analysis also indirectly indicated that miR‑331‑3p is a 
target of hsa_circ_0038646 (Fig. 2E‑G). Downregulation of 
hsa_circ_0038646 expression resulted in a significant increase 
in miR‑331‑3p levels in SW620 and HCT116 cells (Fig. 2E). In 
addition, compared with the oeVector group, the expression 
of miR‑331‑3p was significantly suppressed by oeCirc‑WT, 
but not by oeCirc‑Mut (Fig. 2F). Pearson correlation analysis 
showed that miR‑331‑3p levels were also negatively correlated 
with hsa_circ_0038646 levels in human CRC tissues (Fig. 2G).

RT‑qPCR revealed that miR‑331‑3p was downregulated 
in human CRC tissues (Fig.  2H). Reduced expression of 

hsa_circ_0038646 resulted in reduced human CRC cell prolifer-
ation and migration in vitro. However, following co‑transfection 
with both siCirc and miR‑331‑3p inhibitors, there was no 
reduction in cell proliferation and migration, indicating that 
decreased expression of miR‑331‑3p attenuated the effects of 
hsa_circ_0038646 siRNA (Fig. 2I and J).

GRIK3 is a target of miR‑331‑3p. Bioinformatics analysis revealed 
that GRIK3 contains a binding site for miR‑331‑3p (Fig. 3A). 
GRIK3 was upregulated or downregulated using oeGRIK3 or 
siRNA, respectively (Fig. 3B). The luciferase reporter assays 
were then repeated, and this confirmed that transfection of 
miR‑331‑3p mimics decreased the luciferase activity of SW620 
and HCT116 cells transfected with the WT‑GRIK3‑3'‑UTR, but 
had no effect in SW620 and HCT116 cells transfected with the 
Mut‑GRIK3‑3'‑UTR (Fig. 3C). RT‑qPCR and western blotting 
analyses revealed that upregulation of miR‑331‑3p decreased 
GRIK3 mRNA and protein levels (Fig. 3D and E). GRIK3 
levels were inversely correlated with miR‑331‑3p in CRC tissues 
(Fig. 3F). To the author's best knowledge, the present study has 
shown the first evidence suggesting that the downregulation of 
GRIK3 expression significantly inhibits SW620 and HCT116 
cell proliferation and migration (Fig. 3G and H).

Hsa_circ_0038646 accelerates human CRC cell prolifera‑
tion and migration by upregulating GRIK3 via sponging of 

Figure 4. Hsa_circ_0038646 facilitates CRC cell proliferation and migration via upregulation of GRIK3 by sponging miR‑331‑3p. Relative GRIK3 (A) mRNA 
and (B) protein levels in SW620 and HCT116 cells transfected with targeted plasmids. (C) Relationship between hsa_circ_0038646 and GRIK3 expression 
in CRC tissues. Overexpression of GRIK3 rescued the suppressed CRC cell (D) proliferation and (E) migration mediated by hsa_circ_0038646 knockdown. 
*P<0.05 vs. siNC group or siCirc group. All experiments were performed in triplicate. CRC, colorectal cancer; NC, negative control; si, small interfering; miR, 
miR‑331‑3p; WT, wild‑type; Mut, mutated; oe, overexpression vector; OD, optical density; GRIK3, glutamate receptor ionotropic kainate 3.
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miR‑331‑3p. Compared to the control group, miR‑331‑3p upreg-
ulation or hsa_circ_0038646 knockdown decreased mRNA 
and protein levels of GRIK3 in SW620 and HCT116 cells, 
as shown by RT‑qPCR and western blotting (Fig. 4A and B). 
Furthermore, transfection with oeCirc‑WT, but not oeCirc‑Mut, 
abolished the effects of miR‑331‑3p mimics on GRIK3 levels 
compared with the siCirc group. GRIK3 expression was also 
positively correlated with hsa_circ_0038646 in human CRC 
tissues (Fig. 4C).

CCK‑8 and Transwell assays showed that compared to the 
siNC group, cell proliferation and migration were significantly 
decreased in the siCirc group, whilst oeGRIK3 markedly 
rescued the suppression effect of siCirc on SW620 and HCT116 
cell proliferation and migration (Fig. 4D and E).

Discussion

CRC is a fatal illness with high mortality and morbidity (35), 
and high rates of metastasis and recurrence (6). Despite the 
use of surgical and adjuvant therapy, the survival rate has 
not improved dramatically, and ~50% of patients die from 
local recurrence or metastasis following surgery (36). Novel 
biomarkers and effective therapeutic targets are urgently 
required. A single report has demonstrated that miR‑331‑3p 
is significantly downregulated in both human CRC cells 
and tissues (28). This suppression of miR‑331‑3p expression 
accelerated cell proliferation and inhibited apoptosis  (14). 
miR‑331‑3p has also been reported to be downregulated 
in cervical cancer (CC)  (37). Upregulation of miR‑331‑3p 
restrained migration and invasion, and facilitated apoptosis in 
CC cells (28). Downregulation of miR‑331‑3p has also been 
shown to inhibit apoptosis and promote cell proliferation in 
human papillomavirus‑positive CC (38), as well as facilitate 
proliferation, invasion and migration in gastric cancer (39). 
The role of miR‑331‑3p in CRC cell migration is unclear, and 
the potential up‑ and downstream regulatory mechanisms of 
miR‑331‑3p are unknown. In the present study, it was shown 
that miR‑331‑3p was downregulated in human CRC tissues, 
and reduced expression of miR‑331‑3p resulted in increased 
cell proliferation. Reduced expression of miR‑331‑3p also 
inhibited cell migration in human CRC cells. It was predicted 
using bioinformatic analysis that hsa_circ_0038646 and 
GRIK3 contain miR‑331‑3p binding sites, and may be up‑ and 
downstream of miR‑331‑3p, respectively. Based on this, it was 
hypothesized that the hsa_circ_0038646/miR‑331‑3p/GRIK3 
axis may play a pivotal role in CRC progression.

The expression and functions of hsa_circ_0038646 in 
CRC tissues and cells were assessed by RT‑qPCR, and CCK‑8 
and Transwell assays, respectively. To the author's knowledge, 
there has been no report on the role of hsa_circ_0038646 
in any disease. It was determined in the present study that 
hsa_circ_0038646 exhibited increased expression compared 
to controls in human CRC tissues, as well as various human 
CRC cell lines (SW480, HT29, DLD‑1, SW620 and HCT116). 
Hsa_circ_0038646 was especially highly expressed in 
SW620 and HCT116 cells. This aberrant hsa_circ_0038646 
expression was positively associated with higher tumor grade 
(III/IV) in CRC tissues. Next, SW620 and HCT116 cells with 
reduced expression of hsa_circ_0038646 were constructed. 
Decreased expression of hsa_circ_0038646 inhibited CRC 

cell proliferation and migration. These data indicated that 
hsa_circ_0038646 acts as an oncogene in CRC progression. 
Previous reports have shown that circRNAs are differentially 
expressed in various cancers, including CRC (39). Increasing 
evidence has indicated that circRNAs modulate multiple phys-
iological and pathological processes, including cell survival, 
proliferation, metastasis, tumorigenesis and tumor progres-
sion, and may be significant biomarkers in cancers (40,41). The 
present study demonstrated that hsa_circ_0038646 is upregu-
lated in CRC, which may result in increased cell proliferation 
and migration.

CircRNAs exert their functions by acting as miRNA 
sponges (42). To further confirm whether hsa_circ_0038646 
exerts its role in CRC via sponging of miR‑331‑3p, 
hsa_circ_0038646 reporter plasmids sequences were gener-
ated containing the WT and Mut 3'‑UTR, according to the 
predicted binding site. Using luciferase reporter assays and 
RT‑qPCR, it was found that miR‑331‑3p was a potential target 
of hsa_circ_0038646, and that hsa_circ_0038646 could 
negatively regulate miR‑331‑3p expression. Furthermore, 
CCK‑8 and Transwell assays suggested that suppression of 
miR‑331‑3p inhibits the effects of reduced hsa_circ_0038646 
expression on CRC cell proliferation and migration. These 
outcomes indicated that miR‑331‑3p functions as a tumor 
inhibitor in CRC. The present study is the first to report that 
hsa_circ_0038646 exerts its functions in CRC via sponging 
of miR‑331‑3p.

miRNAs play roles in cancer by transcriptionally and 
post‑transcriptionally suppressing the expression of target 
genes via complementation of the 3'‑UTR of mRNAs (43). 
In the present study, a downstream target of miR‑331‑3p was 
investigated. GRIK3 was identified as a target of miR‑331‑3p 
in vitro, and inhibition of GRIK3 repressed CRC cell prolif-
eration and migration. GRIK3 has been reported to function 
as an oncogenic protein, and has served as a prognostic and 
therapeutic target in several cancers, including glioma (44), 
lung adenocarcinoma  (45), gastric cancer  (31) and breast 
cancer (30). To the author's best knowledge, the role of GRIK3 
in CRC has not been reported, and the present study is the first 
to demonstrate that GRIK3 functions as an oncogenic protein 
in CRC.

In the present study, RT‑qPCR and western blotting were 
used to determine that GRIK3 expression was modulated by 
hsa_circ_0038646 in human SW620 and HCT116 cells. This 
demonstrated that hsa_circ_0038646 accelerates human CRC 
cell proliferation and migration by upregulating GRIK3 via 
sponging of miR‑331‑3p.

Overall, the present study suggested that hsa_circ_0007534 
and GRIK3 act as tumor promoters in CRC progression, and 
miR‑331‑3p can inhibit human CRC cell migration. This 
demonstrates that the hsa_circ_0007534/miR‑331‑3p/GRIK3 
axis may be a promising therapeutic target for CRC.
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