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Abstract. Colon carcinoma is one of the most common 
cancers worldwide. Epidemiological studies have revealed 
that colon cancer is the third leading cause of cancer‑related 
deaths, which is due to the increased incidence and mortality 
rates. However, the treatment strategies for colon cancer 
remain unsatisfactory for patients, especially for those with 
advanced or recurrent colon cancer. Dysregulated microRNAs 
(miRNAs) are considered to influence tumor development 
and metastasis. However, the molecular mechanism through 
which miRNAs affect cancer progression is not yet completely 
understood. The aim of the present study was to investigate 
the expression levels of has‑miR‑15a‑5p and its molecular 
mechanism in colon cell carcinoma. In the present study, the 
expression levels of hsa‑miR‑15a‑5p were found to be decreased 
in colon tumor tissues and cancer cell lines. Hsa‑miR‑15a‑5p 

overexpression inhibited colon cell proliferation and migra‑
tion. Mechanistically, the G1/S‑specific cyclin‑D1 (CCND1) 
gene was predicted as a target of hsa‑miR‑15a‑5p, as evidenced 
by bioinformatics and dual‑luciferase reporter assay analyses. 
CCND1 overexpression significantly increased the progres‑
sion of colon cancer. Furthermore, CCND1 was demonstrated 
to mediate the effects of hsa‑miR‑15a‑5p on colon cancer cells. 
The present study demonstrated that hsa‑miR‑15a‑5p allevi‑
ated the proliferation, migration and invasion of colon cancer 
by targeting the CCND1 gene, which represents a potential 
molecular target for the diagnosis and treatment of colon 
cancer. 

Introduction

Colon carcinoma is a common digestive systemic sarcoma, with 
increasing incidence each year. According to the global cancer 
statistics in 2018, colon carcinoma has become the fourth 
leading cause of tumor‑related deaths (1). Despite apparent 
curative surgery and chemotherapy, the mortality of colon 
carcinoma remains high, leading to poor five‑year survival 

rates (2‑5). Although dietary habits and living environments 
are improving, the onset age is shifting towards the younger 
population (6). Hence, patients succumb to colon carcinoma 
due to the rapid progression of this disease and its frequent 
recurrent metastasis. However, the pathological mechanism of 
colon cancer remains unclear. Thus, it is urgent to discover a 
pathogenic target gene that facilitates this disease.

Multiple factors, including oncogenes and tumor suppres‑
sors, are involved in tumorigenesis and metastasis. Among 
which, the irregular function of microRNAs (miRs/miRNAs) 
has been demonstrated to play an important role in cancer 
pathogenesis (7‑9). miRNAs are highly conserved non‑coding 
RNA molecules consisting of 20‑24 nucleotides. miRNAs 
affect mRNA degradation or expression by completely or 
incompletely binding to the 3'‑untranslated region (3'‑UTR) 
of target genes. In addition, various miRNAs have been 
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reported to modulate colon cancer progression  (10‑12). 
For example, miR‑487b‑3p has been found to inhibit colon 
cancer progression through directly targeting metabotropic 
glutamate receptor 3 (GRM3), thus indicating that the 
miR‑487b‑3p/GRM3/TGF‑β signaling axis is an important 
regulator of colon cancer tumorigenesis  (13). Meanwhile, 
miR‑524‑5p was also reported to repress angiogenesis in colon 
cancer cells via targeting serine/threonine‑protein kinase 
WNK1 (14). Of note, hsa‑miR‑15a‑5p has been identified to 
be downregulated in colon cancer (15). However, its biological 
role and potential mechanism in colon cancer remains to be 
elucidated.

The present study aimed to identify the key functions of 
has‑miR‑15a‑5p in colon cell carcinoma and demonstrated that 
hsa‑miR‑15a‑5p targeted G1/S‑specific cyclin‑D1 (CCND1) 
and functioned as a tumor suppressor of colon cancer progres‑
sion in  vitro, as evidenced by the reduced proliferation, 
migration and invasion in colon cancer cells with overex‑
pressed hsa‑miR‑15a‑5p. The present findings provided a novel 
mechanism via which hsa‑miR‑15a‑5p regulated colon cancer 
progression, thus hsa‑miR‑15a‑5p could be a promising target 
for colon cancer diagnosis and therapy.

Materials and methods

Tissue samples. A total of 30 colon cancer and paired adjacent 
normal tissues (>5 cm from cancer tissue) were obtained from 
patients (18 male patients and 12 female patients) undergoing 
surgery between March 2017 and December 2018 at Jiangsu 
Cancer Hospital (Nanjing, China). The patients were aged 
between 42 and 65 years. Among them, the median age of male 
patients was 53.4 years (range, 42‑63 years), while the median 
age of female patients was 51.3 years (range, 45‑65 years). 
The inclusion criteria were as follows: None of the patients 
received antitumor therapy, such as radiotherapy or chemo‑
therapy, before surgery and final diagnosis was confirmed by 
routine pathological examination. The exclusion criteria were 
as follows: Patients who received pre‑operative radiotherapy 
or chemotherapy. All specimens were frozen and conserved 
in liquid nitrogen at ‑80˚C. Written informed consent was 
obtained from all patients before surgery. The present study 
was approved by the Ethics Committee of the Affiliated 
Cancer Hospital of Nanjing Medical University and Jiangsu 
Cancer Hospital and Jiangsu Institute of Cancer Research 
[(2016) approval no. 231].

Cell culture and transfection. Human colon cancer cell lines, 
SW480 and HCT116, the human colorectal cancer cell line, 
HT29, and human normal colonic epithelial cells, NCM460, 
were obtained from the American Type Culture Collection. 
Human colon cancer cell lines, SW480 and HCT116, were 
derived from patients with colon cancer. The human colorectal 
cancer cell line, HT29, was derived from patients with colorectal 
adenocarcinoma and HT29 cell line was authenticated by 
STR profiling before distribution. All cells were incubated in 
DMEM (cat. no. 319‑005‑CL; Wisent, Inc.) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 µg/ml streptomycin in a humid atmosphere 
at  37˚C in 5% CO2. miRNA mimics (hsa‑miR‑15a‑5p), 
miRNA inhibitors (hsa‑miR‑15a‑5p), negative control mimics 

(NC mimics) and miRNA negative control inhibitors (NC 
inhibitors) were purchased from Guangzhou RiboBio Co., 
Ltd. Among them, non‑targeting NC mimics and NC inhibi‑
tors were used as the controls. HT29 cell lines were seeded 
on 6‑well plates (1x105 cells/well) one day prior to transfec‑
tion. The synthetic oligonucleotides or plasmids were used at 
50 nmol/ml for transfection. Transfection was performed with 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C according to the manufacturer's instructions. The 
cells were harvested 24‑48 (for miRNA and mRNA expres‑
sion) or 48‑72 h (for protein expression) after transfection for 
functional assays or RNA/protein extraction. The sequences 
were as follows: hsa‑miR‑15a‑5p mimics, 5'‑UAG​CAG​AUC​
CCA​AUG​GUC​GGU​G‑3'; hsa‑miR‑15a‑5p inhibitor, 5'‑CAC​
AAA​CCA​UUA​UGU​GCU​GCU​A‑3'; mimic NC, 5'‑AAU​UCG​
UAG​CUU​GCA​UGC​AAG​C‑3' and inhibitor NC, 5'‑CAG​UAC​
UUU​GUG​UAG​UAC​AA‑3'.

Overexpression of CCND1 in HT29 cells. The CCND1 
cDNA sequence was cloned into pcDNA 3.1 vector to 
upregulate its expression. Plasmids (pcDNA3.1‑CCND1 
and pcDNA 3.1) were purchased from OBiO Technology 
(Shanghai) Corp., Ltd. For plasmid transfection, HT29 cells 
were seeded into 6‑well plates (1x105 cells/well). Cells were 
cultured to 80% confluence, and either pcDNA3.1 vector 
(2.5 µg) or pcDNA3.1‑CCND1 (2.5 µg) was transfected using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C according to the manufacturer's instructions. 
Cells were cultured in DMEM for 6 h at 37˚C. Subsequent 
experiments were performed 48 h post‑transfection. pcDNA 
3.1 vector (NC) was used as a negative control.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Cells were harvested and total RNA was extracted 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). RNA concentration was quantified using a NanoDrop™ 
spectrophotometer (NanoDrop Technologies; Thermo Fisher 
Scientific, Inc.). RNA (1 µg) was reverse‑transcribed at 37˚C 
for 15 min and 85˚C for 5 sec using the PrimeScript Reverse 
Transcriptase system (Takara Biotechnology Co., Ltd.). The 
qPCR amplification was performed using SYBR Green 
Master Mix (Takara Biotechnology Co., Ltd.) under the 
following conditions: Initial denaturation at 95˚C for 10 min; 
followed by 40 cycles at 94˚C for 15 sec, 55˚C for 30 sec and 
70˚C for 30 sec. The 2‑DDCq method was employed to calculate 
the relative expression levels and U6 was taken as an endog‑
enous control to normalize miR‑15a‑5p expression (16). The 
following primers were used for PCR: miR‑15a‑5p forward 
(F), 5'‑TAG​CAG​CAC​ATA​ATG​GTT​TGT​G‑3' and reverse (R), 
5'‑GAA​CAT​GTC​TGC​GTA​TCT​CAC‑3'; CCND1 F, 5'‑GGC​
GGA​GGA​GAA​CAA​ACA‑3' and R, 5'‑ATG​CAG​GGC​GGA​
TTG​GAA​A‑3'; β‑actin F, 5'‑CCT​CGC​CTT​TGC​CGA​TCC‑3' 
and R, 5'‑GGA​TCT​TCA​TGA​GGT​AGT​CAG​TC‑3'; and U6 F, 
5'‑CTC​GCT​TCG​GCA​GCA​C‑3' and R, 5'‑ACG​CTT​CAC​GAA​
TTT​GCG​T‑3'.

Western blot assay. Total protein from HT‑29 cells was extra
cted using a RIPA kit (Beyotime Institute of Biotechnology) 
with the addition of 1% proteinase inhibitor. Protein concentra‑
tions were detected via the BCA method (Beyotime Institute 
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of Biotechnology). After 5 min heating at 95˚C, proteins from 
each sample were separated by 10% SDS‑PAGE (Nanjing 
KeyGen Biotech Co., Ltd.) using 20 µg per lane, then trans‑
ferred onto a 0.22 µm PVDF membrane (Beyotime Institute 
of Biotechnology). The proteins were blocked with 5% non‑fat 
milk at room temperature for 2 h, then protein bands were 
incubated with primary antibodies overnight at 4˚C. Next, 
the protein bands were washed with TBST (TBS buffer with 
0.1% Tween 20) three times and incubated with a horseradish 
peroxidase (HRP)‑conjugated goat anti‑rabbit secondary IgG 
(1:5,000; cat. no. ab6721; Abcam) for 1h at room temperature. 
The protein bands were washed with TBST an additional four 
times and visualized using an ECL kit (Bio‑Rad Laboratories, 
Inc. and observed using Image Lab software 4.0 (Bio‑Rad 
Laboratories, Inc.). Primary antibodies against CCND1 
(cat.  no.  ab40754, 1:5,000) and β‑actin (cat.  no.  ab8227, 
1:5,000) were purchased from Abcam. β‑actin was used as an 
endogenous control to normalize CCND1 expression.

5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. The cellular prolif‑
eration rate was measured using an EdU assay. A total of 
1x105 cells/well were plated into 24‑well plates and left to 
adhere overnight. Following transfection, the cells were incu‑
bated with 100 µl/well EdU (Nanjing KeyGen Biotech Co., Ltd.) 
for 2 h, fixed with 4% paraformaldehyde for 30 min at room 
temperature and incubated with DAPI solution to counterstain 
cell nuclei for 15‑30 min at room temperature. Proliferative 
cells were determined under a fluorescence microscope (Leica 
Microsystems GmbH) at 400x magnification.

Cell Counting Kit (CCK)‑8 assay. A CCK‑8 assay was 
performed to assess cell viability. HT29 cells were seeded into 
a 96‑well plate at a density of 1x105 cells/well. The detection 
was performed at 0, 24, 48 and 72 h. After adding 10 µl CCK‑8 
reagent (Nanjing Jiancheng Bioengineering Institute) per well 
and incubating for 2 h, the absorbance at 450 nm was measured 
using a Multiscan FC plate reader and analyzed with SkanIt 
for Multiscan FC 3.1 software (Thermo Fisher Scientific, Inc.).

Wound scratch assay. The HT29 cells (1x105  cells/well) 
cultured in a 6‑well plate were grown to form a monolayer. 
Meanwhile, in order to inhibit cell proliferation, the monolayer 
of cells was treated with 5 µM mitomycin‑C (Sigma‑Aldrich; 
Merck KGaA) for 2 h. Following incubation for 48 h at 37˚C 
to 90% confluence, cells were scratched using a 100‑µl 
pipette tip. The cells were cultured in 10% FBS‑free DMEM 
at 37˚C and washed twice using PBS. Images were captured 
at 0 and 48 h after scratching using a light microscope at 
x100 magnification (Olympus Corporation). The wound zone 
distances were measured using ImageJ 1.51 software (National 
Institutes of Health).

Transwell assay. Cell migration and invasion assays were 
performed using 24‑well Transwell chambers (Nanjing 
KeyGen Biotech Co., Ltd.). For the invasion assay, the 
Transwell chambers were precoated with Matrigel (Nanjing 
KeyGen Biotech Co., Ltd.) for 6 h at 37˚C. A total of 1x106 cells 
in 100 µl serum‑free DMEM were plated in the upper chamber 
and 500 µl medium supplemented with 10% FBS was used 
in the bottom chambers as chemoattractant. The cells were 

incubated at 37˚C and 5% CO2 for 24 h. The migrated and 
invaded cells on the reverse side of the chamber inserts were 
fixed with 4% polyoxymethylene (Sigma‑Aldrich; Merck 
KGaA) for 30 min at  25˚C and stained with 0.1% crystal 
violet (Sigma‑Aldrich; Merck KGaA) for 15 min at 25˚C. The 
number of cells was measured in five randomly selected fields 
of view using a light microscope (IX73, Olympus Corporation; 
magnification, x200).

Dual‑luciferase reporter assay. The target gene of 
hsa‑miR‑15a‑5p was analyzed using bioinformatics to verify 
whether CCND1 was the direct target gene of hsa‑miR‑15a‑5p.

The amplified 3'‑UTR fragments of CCND1 were cloned 
into the pmirGLO luciferase reporter vector (Promega 
Corporation). The HT29 cells were seeded in 24‑well plates 
at a density of 1x105 cells/well with DMEM supplemented 
with 10% FBS. Subsequently, cells were transfected with 
50 nM hsa‑miR‑15a‑5p mimics (5'‑UAG​CAG​AUC​CCA​AUG​
GUC​GGU​G‑3'), 100 nM mimic negative control (5'‑AAU​
UCG​UAG​CUU​GCA​UGC​AAG​C‑3') and 0.5 µg pmirGLO 
luciferase reporter vector containing the wild type (WT) or 
mutant (Mut) 3'‑UTR sequences of CCND1. Transfection were 
performed using Lipofectamine 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C according to the manufac‑
turer's instructions. At 48 h post‑transfection, the luciferase 
activity was assessed by dual‑luciferase reporter assay system 
(Promega Corporation). Firefly luciferase activities were 
normalized to Renilla luciferase activities.

Statistical analysis. All data were analyzed using SPSS 
19.0 statistical software (IBM Corp.). Data are expressed as 
the mean ± SD (n=3). Differences between the paired tissue 
samples from patients in Fig. 1A were analyzed using a paired 
Student's t‑test, while comparisons between two groups were 
determined using an unpaired Student's t‑test for unpaired 
samples. Comparisons among multiple groups were analyzed 
by one‑way ANOVA followed by Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference. 

Results

hsa‑miR‑15a‑5p is decreased in colon tumor tissues and 
cell lines. RT‑qPCR analysis was performed to detect 
hsa‑miR‑15a‑5p expression levels in colon carcinoma. The 
results showed that hsa‑miR‑15a‑5p expression was signifi‑
cantly decreased in colon carcinoma tissues compared with 
adjacent normal tissues (Fig. 1A). Likewise, hsa‑miR‑15a‑5p 
expression levels were significantly downregulated 
in human colon carcinoma cell lines (SW480 and HCT116) 
and human colorectal cancer cell line (HT29) compared with 
the human normal colonic epithelial cell line NCM460, espe‑
cially in HT29 cells (Fig. 1B). Hence, HT29 cells were chosen 
for subsequent experiments.

hsa‑miR‑15a‑5p overexpression inhibits proliferation, 
migration and invasion of colon cancer cells. To further 
investigate the role of hsa‑miR‑15a‑5p in the regulation of 
colon cancer, hsa‑miR‑15a‑5p was artificially overexpressed 
in HT29 cells. As shown in Fig. 2A, the results showed that 
hsa‑miR‑15a‑5p expression was increased following transfection 
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with the hsa‑miR‑15a‑5p mimic. CCK‑8 and EdU incorporation 
assays revealed that hsa‑miR‑15a‑5p overexpression signifi‑
cantly inhibited the cell viability and proliferative activity of 
HT29 cells (Fig. 2B and C). In line with the aforementioned 
results, hsa‑miR‑15a‑5p repressed cell migration and invasion 
of HT29 cells (Fig. 2D‑F). These findings suggested that the 
proliferative, migratory and invasive abilities of HT29 cells 
were reduced by hsa‑miR‑15a‑5p overexpression.

hsa‑miR‑15a‑5p directly targets the CCND1 gene. To 
investigate the underlying mechanism of hsa‑miR‑15a‑5p 
in regulating colon cancer progression in vitro, the present 
study first predicted the target gene of hsa‑miR‑15a‑5p using 

multiple bioinformatics analyses. ENCORI (starbase.sysu.edu.
cn/), TargetScan (targetscan.org/mamm_31/) and miRWalk 
(mirwalk.umm.uni‑heidelberg.de/) were used to predict and 
screen the putative target of has‑miR‑15a‑5p. As shown in 
Fig. 3A, 159 potential targets were clustered, and CCND1 
was considered as the potential target since it is a well‑known 
cancer‑associated gene (17). To verify whether hsa‑miR‑15a‑5p 
binds to the CCND1 gene, the present study designed lucif‑
erase reporter plasmids containing WT CCND1 3'‑UTR or 
hsa‑miR‑15a‑5p binding site mutated at the CCND1 3'‑UTR 
(Fig. 3B). As presented in Fig. 3C, hsa‑miR‑15a‑5p overexpres‑
sion decreased the luciferase activity of WT CCND1 3'‑UTR, 
whereas a mutation at the hsa‑miR‑15a‑5p binding site in the 

Figure 1. hsa‑miR‑15a‑5p is decreased in colon tumor tissues and cell lines. (A) Relative expression levels of hsa‑miR‑15a‑5p in colon cancer and normal 
tissues were detected via RT‑qPCR. (B) Relative expression levels of hsa‑miR‑15a‑5p in different colon cancer cell lines were detected via RT‑qPCR. Data are 
presented as the mean ± standard deviation and analyzed using a Student's t‑test. *P<0.05 and **P<0.01 vs. normal tissues or normal cells. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR.

Figure 2. hsa‑miR‑15a‑5p overexpression inhibits the proliferation, migration and invasion of colon cancer cells. HT29 cells were transfected with miR‑15a‑5p 
mimic or NC mimic. (A) Reverse transcription‑quantitative PCR analysis of the transfection efficiency of hsa‑miR‑15a‑5p mimic. (B) Cell viability was 
measured using a Cell Counting Kit‑8 assay. (C) Determination of cell proliferation using an EdU incorporation assay. Scale bar, 50 µm. (D) Representative 
images and quantitative data of scratch wound closure assay. Scale bar, 200 µm. (E) Representative images and quantitative data of Transwell migration assay. 
Scale bar, 200 µm. (F) Representative images and quantitative data of Transwell invasion assay. Scale bar, 200 µm. Data are presented as the mean ± standard 
deviation and analyzed using Student's t‑test. **P<0.01 vs. NC mimic. miR, microRNA; NC, negative control; EdU, 5‑ethynyl‑2'‑deoxyuridine.
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3'‑UTR of CCND1 almost completely abolished the repressive 
effects of hsa‑miR‑15a‑5p overexpression on luciferase activity. 
Moreover, the expression levels of hsa‑miR‑15a‑5p in HT29 
cells transfected with hsa‑miR‑15a‑5p inhibitor were assessed. 
It was found that the expression of hsa‑miR‑15a‑5p was 
reduced (Fig. 3D). Meanwhile, RT‑qPCR and western blotting 
indicated that hsa‑miR‑15a‑5p repressed CCND1 expression 
at both transcriptional and translational levels (Fig. 3E and F). 
In addition, to estimate the role of CCND1 in colon cancer, 
the present study examined the expression levels of CCND1 
in human normal colonic epithelial cell line NCM460, human 
colon carcinoma cell lines (SW480 and HCT116) and human 
colon adenocarcinoma cell line (HT29) by RT‑qPCR and 
western blotting. Compared with the NCM460 cell line, the 
mRNA and protein expression levels of CCND1 in colon 
cancer cell lines were significantly increased, especially in the 
HT29 cell line (Fig. 3G and H).

CCDN1 overexpression promotes colon cancer progression. 
To investigate the function of CCDN1 in colon cancer 
progression, pcDNA‑control and pcDNA‑CCDN1 were 
transfected into HT29 cells. CCK‑8 and EdU incorporation 
assays revealed that CCDN1 overexpression significantly 
promoted the cell viability and proliferative activity of HT29 
cells (Fig. 4A and B). In line with the aforementioned results, 
CCDN1 overexpression promoted cell migration and invasion 
of HT29 cells (Fig. 4C and D). Therefore, CCDN1 overexpres‑
sion could promote colon cancer progression.

hsa‑miR‑15a‑5p inhibits oncogenic progression of colon 
cancer via targeting the CCND1 gene. To confirm whether the 
effects of hsa‑miR‑15a‑5p on colon cancer cells were medi‑
ated by CCND1, CCND1 was overexpressed in HT29 cells 
transfected with hsa‑miR‑15a‑5p mimic. As shown in Fig. 5A, 
the expression of CCND1 was increased following transfec‑
tion with pcDNA‑CCND1 compared with pcDNA‑control 
in HT29 cells. CCK‑8 and EdU assays indicated that the 
proliferative capacity of HT29 cells was inhibited by transfec‑
tion with a hsa‑miR‑15a‑5p mimic, while this was promoted 
following CCND1 overexpression (Fig. 5B and C). Similar to 
the results of cell proliferation assays, CCND1 overexpression 
partially abolished the inhibitory effects of hsa‑miR‑15a‑5p on 
HT29 cell migration and invasion (Fig. 5D‑F). These results 
suggested that CCND1 functions as a mediatory factor in 
relaying hsa‑miR‑15a‑5p signaling to colon cancer progression 
in vitro.

Discussion

Colon carcinoma is the third most common malignancy and 
the fourth leading cause of cancer mortality worldwide (1). 
It has been well‑established that aging, the environment, a 
high‑fat diet and heredity factors are key risk factors for colon 
carcinoma (2‑4). The majority of patients suffer from poor 
prognosis due to the high recurrence of colon cancer (18). 
Hence, understanding the underlying molecular mechanism of 
colon cancer is of importance.

Figure 3. hsa‑miR‑15a‑5p directly targets the CCND1 gene. (A) Schematic presentation of hsa‑miR‑15a‑5p target genes. (B) hsa‑miR‑15a‑5p binding site on 
the 3'‑UTR of CCND1 mRNA. (C) Dual‑luciferase reporter assays in HT29 cells. (D) Reverse transcription‑quantitative PCR analysis of the transfection 
efficiency of hsa‑miR‑15a‑5p inhibitor. (E) mRNA expression levels of CCND1 in hsa‑miR‑15a‑5p‑knockdown HT29 cells. (F) Protein expression levels of 
CCND1 in hsa‑miR‑15a‑5p‑knockdown HT29 cells. (G) mRNA expression of CCND1 in colon cancer cells. (H) Protein expression of CCND1 in colon cancer 
cells. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. NC group or normal tissues/cells. miR, microRNA; NC, negative control; 
CCND1, G1/S‑specific cyclin‑D1; UTR, untranslated region; WT, wild‑type; Mut, mutant.
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Figure 4. Overexpression of CCDN1 promotes the progression of colon cancer. HT29 cells were transfected with pc‑CCDN1 or pc‑NC. (A) Cell viability 
measured using a Cell Counting Kit‑8 assay. (B) Determination of cell proliferation using an EdU incorporation assay. Scale bar, 50 µm. (C) Representative 
images and quantitative data of Transwell migration and invasion assays. Scale bar, 200 µm. (D) Representative images and quantitative data of scratch 
wound closure assay. Scale bar, 200 µm. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. pc‑NC. NC, negative control; CCND1, 
G1/S‑specific cyclin‑D1; EdU, 5‑ethynyl‑2'‑deoxyuridine.

Figure 5. hsa‑miR‑15a‑5p represses oncogenic progression via targeting CCND1. HT29 cells were co‑transfected with hsa‑miR‑15a‑5p with pc‑CCDN1 or pc‑NC 
for 48 h. (A) Reverse transcription‑quantitative PCR analysis of the transfection efficiency of pc‑CCND1. (B) Cell Counting Kit‑8 assay was performed to measure 
cell viability. (C) Determination of cell proliferation using an EdU incorporation assay. Scale bar, 50 µm. (D) Representative images and quantitative data of scratch 
wound closure assay. Scale bar, 200 µm. (E) Representative images and quantitative data of Transwell invasion assay. Scale bar, 200 µm. (F) Representative images 
and quantitative data of Transwell migration assay. Scale bar, 200 µm. Data are presented as the mean ± standard deviation and were analyzed using one‑way ANOVA. 
*P<0.05, #P<0.05 and **P<0.01 v. NC + pc‑NC. miRNA, microRNA; NC, negative control; CCND1, G1/S‑specific cyclin‑D1; EdU, 5‑ethynyl‑2'‑deoxyuridine.
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In the past decades, numerous studies have reported that 
miRNAs act as regulatory factors in cancer progression and 
metastasis via targeting crucial genes (19,20). Identification of 
miRNAs with key roles in targeting and regulating genes in 
signaling and metabolic pathways is a novel approach for cancer 
treatment (21). Of note, hsa‑miR‑15a‑5p is reported to be closely 
associated with colorectal cancer survival (15). miR‑15a‑5p is 
part of the miR‑15/16 cluster on chromosome 13q14.3, which 
acts as a tumor suppressor of chronic lymphocytic lymphoma by 
promoting apoptosis via targeting BCL2 (22). The present study 
found that hsa‑miR‑15a‑5p expression was significantly downreg‑
ulated in colon tumor tissues and cell lines. To further investigate 
the effects of hsa‑miR‑15a‑5p on colon cancer, hsa‑miR‑15a‑5p 
was overexpressed in HT29 cells via hsa‑miR‑15a‑5p mimic 
transfection. The present study found a negative regulatory effect 
of hsa‑miR‑15a‑5p overexpression on colon cancer cell prolifera‑
tion, migration and invasion. Therefore, similar to its function in 
chronic lymphocytic lymphoma, hsa‑miR‑15a‑5p acts as a tumor 
suppressor in colon cancer. 

Multiple bioinformatics analyses predicted CCND1 was a 
potential target of hsa‑miR‑15a‑5p. CCND1 has emerged as 
a key regulator of cell cycle progression by interacting with 
CDKs during the G1 to S‑phase transition (17). Dysregulation 
of the cell cycle is the most typical cause of carcinomas, while 
CCND1 expression is upregulated in various cancers, including 
non‑small cell lung cancer, pancreatic ductal adenocarcinoma 
and ovarian cancer, resulting in abnormalities of cell prolif‑
eration (23‑25). More importantly, it has also been found to 
induce malignant phenotypes by promoting cell migration 
and metastasis (26,27). The present study demonstrated that 
CCND1 was the direct target of hsa‑miR‑15a‑5p using a 
dual‑luciferase reporter assay. In addition, CCND1 expression 
was upregulated, and negatively regulated by hsa‑miR‑15a‑5p 
in colon cancer cells, which was confirmed by RT‑qPCR and 
western blot analyses. Consistently, CCND1 was correspond‑
ingly highly expressed in colon cancer tissues and cell lines. To 
further determine the role of CCND1 in colon cancer, CCND1 
was artificially overexpressed in HT29 cells, and it was found 
that CCND1 overexpression partially hindered the repressive 
effects of hsa‑miR‑15a‑5p on the proliferation, migration and 
invasion of colon cancer cells.

In summary, the present study found that hsa‑miR‑15a‑5p 
expression was significantly decreased in clinical colon tumor 
samples and cell lines. The present study provided evidence 
that hsa‑miR‑15a‑5p may act as a tumor suppressor of colon 
cancer by targeting CCND1. These findings provided an inno‑
vative target and a potential for the treatment and prognosis of 
colon cancer.
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