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Abstract. The aim of the present study was to investigate the 
role of microRNA (miR)‑34a expression in the proliferation, 
invasion and metastasis of colon cancer and its underlying 
mechanisms. HCT116 cells were cultured in high‑sugar 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% fetal bovine serum and 1000 U/ml penicillin‑strepto-
mycin. Following digestion and resuspension, the cells were 
used for transfection, expression and western blot analysis. 
HCT116 cells from miR‑34a transfection, negative control 
and blank control groups were seeded into a 96‑well plate at 
a density of 105 cells/ml, and 200 µl complete DMEM was 
added. The data are presented as the mean ± standard error. 
A one‑way analysis of variance was performed to compare 
groups. miR‑34a‑HCT116 cells demonstrated significantly 
increased expression levels of miR‑34a. The proliferation of 
HCT116 cells with overexpression of miR‑34a was signifi-
cantly inhibited to 0.49±0.11 compared with the blank control 
group (P<0.001). Compared with the blank control and nega-
tive control groups, the protein expression levels of B‑cell 
lymphoma 2 (Bcl‑2) were markedly reduced in the miR‑34a 
transfected group. Furthermore, the protein expression levels 
of Bcl‑2‑associated X protein were significantly increased 
and those of matrix metalloproteinase (MMP)‑2 and MMP‑9 
were markedly reduced in the miR‑34a transfected group, 
MMP‑9 to a greater extent. The present study suggested that 

overexpression of miR‑34a may inhibit the proliferation, inva-
sion and metastasis of HCT116 cells.

Introduction

Colon cancer is one of the most common types of gastrointes-
tinal cancers in China. It has the third greatest incidence of 
all cancer types. Epidemiological studies of the etiology and 
underlying mechanisms of colon cancer have demonstrated 
significant value for its early diagnosis, clinical treatment 
and prognosis. Tumor invasion and lymph node metastasis 
are important factors for determining the prognosis of the 
disease. At present, the primary treatment for colon cancer is 
chemotherapy. However, there are a number of severe adverse 
effects associated with currently available anticancer drugs, 
particularly chemotherapeutic agents, including nausea, 
vomiting, mouth ulcers, bone marrow suppression and hair 
loss. In addition, anticancer drugs may affect the heart, kidney, 
liver, lungs, as well as additional organs, which may lead to 
infertility or malformation. Furthermore, resistance to therapy 
is a major obstacle in the successful treatment of patients with 
colon cancer (1,2). Therefore, novel individualized treatment 
strategies are required to improve the survival of patients, and 
the prevent cancer invasion and metastasis (3).

MicroRNA (miRNA) is a type of endogenous non‑coding 
RNA with an evolutionarily highly conserved structure. 
Previous research involving miRNAs have revealed a role of 
miRNAs in the regulation of numerous cellular functions, 
including development and differentiation, cell cycle regu-
lation, metabolism and apoptosis (4,5). A large number of 
miRNAs are encoded by genes located in regions frequently 
exposed to changes in cancer cells, and alterations in 
miRNA expression levels have been associated with various 
cancers (6,7). In addition, specific miRNA expression signa-
tures have been demonstrated to correlate with the prognosis 
and progression of different cancers (8). By downregulating 
protein‑encoding genes that promote or inhibit cell prolifera-
tion, several miRNAs have been demonstrated to function 
as tumor suppressors or oncogenes (6‑8). miRNA (miR)‑34a 
may be an effector molecule of the tumor suppressor gene 
p53, and thus inhibit the proliferation of various cancer 
cells  (9‑11). However, the underlying mechanisms of 
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miR‑34a and its role in colon cancer remain unclear. The 
present study investigated the role of miR‑34a expression in 
the proliferation, invasion and metastasis of colon cancer and 
its underlying mechanisms, via construction of an miR‑34a 
expression vector and its transfection into HCT116 colon 
cancer cells.

Materials and methods

Cell strains and reagents. The HCT116 human colon cancer 
cell line was purchased from the Cell Bank of the Chinese 
Academy of Sciences (Beijing, China). Cell culture reagents 
including high‑sugar Dulbecco's modified Eagle's medium 
(DMEM), fetal bovine serum, penicillin and streptomycin 
were purchased from Gibco; Thermo Fisher Scientific, 
Inc. (Waltham, MA, USA), the miRNA Extraction kit was 
purchased from Qiagen, Inc. (Valencia, CA, USA), and the 
Taqman MicroRNA Reverse Transcription and the TaqMan 
MicroRNA Detection kit were obtained from Takara 
Biotechnology, Co., Ltd. (Dalian, China). MTT reagent was 
purchased from Sigma‑Aldrich; Merck Millipore (Darmstadt, 
Germany), the miR‑34a eukaryotic expression vector (GAU​
GUU​CUA​UUG​AAG​AGU​GUU​UG), miR‑34a negative control 
(GGA​CAC​GA​AAT​CTA​TGC​GCG​TG) and green fluorescent 
protein (GFP)‑carrying recombinant plasmid were designed 
and synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, 
China), and the transfection reagent Lipofectamine® 2000 
was obtained from Invitrogen; Thermo Fisher Scientific, Inc. 
Western blotting reagents (loading buffer, protein marker, 
electrophoretic liquid, transfer buffer and developer) were 
purchased from Beyotime Institute of Biotechnology (Haimen, 
China), and primary and secondary antibodies were purchased 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
Other common reagents were purchased from Sigma‑Aldrich; 
Merck Millipore.

Cell culture. HCT116 cells were cultured in high‑sugar 
DMEM containing 10% fetal bovine serum and 1,000 U/ml 
penicillin‑streptomycin, in a constant temperature incubator at 
37˚C and 5% CO2. The medium was refreshed every 2‑3 days. 
Trypsin was used to digest cells when they had reached >80% 
confluence, before they were used for downstream experi-
ments.

miR‑34a transfection. Following digestion and resuspension, 
the HCT116 cells were diluted to 105 cells/ml with complete 
DMEM. Cells (2  ml) were seeded into 6‑well plates and 
cultured in a constant temperature incubator at 37˚C and 5% 
CO2 for 24 h. The serum‑free medium was replaced when 
cell fusion was >50% and transfection was performed. The 
transfection solution was prepared in advance according to 
the manufacturer's protocol. Plasmid (5 µg) was added into 
500 µl DMEM, mixed and incubated at room temperature for 
5 min. Lipofectamine 2000 (10 µl) was added into DMEM, 
mixed and incubated at room temperature for 5 min. The two 
solutions were subsequently mixed and incubated at room 
temperature for 20 min. This mixture was added into 6‑well 
plates, mixed and incubated. Complete DMEM was replaced 
12 h after transfection and cultured in a constant temperature 
incubator at 37˚C and 5% CO2 for further experiments.

miR‑34a expression detection. Total miRNA was extracted 
from cultivated HCT116 cells with an miRNA Extraction kit 
and the extracted miRNA was reverse‑transcribed to cDNA 
with the TaqMan MicroRNA Reverse Transcription (RT) kit 
under the following reaction conditions: 16˚C for 30 min, 42˚C 
for 30 min and 85˚C for 5 min. Quantitative polymerase chain 
reaction (qPCR) was performed on the prepared cDNA using 
the TaqMan MicroRNA Detection kit under the following 
conditions: 95˚C for 10 min, followed by 40 cycles of 95˚C for 
15 sec and 60˚C for 1 min. Following completion of qPCR, 
gene amplification was analyzed on a LightCycler® 480 (Roche 
Diagnostics, Basel, Switzerland) to obtain the corresponding 
quantitation cycle (Cq) value. U6 served as the internal refer-
ence to correct the copy number of the PCR template. Primer 
sequences were as follows: U6 forward, 5'‑CTC​GCT​TCG​GC 
A​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; 
miR‑143a forward, 5'‑GAG​CTA​CAG​TGC​TTC​ATC​TCA​GCT​
CAG​CA‑3' and reverse, 5'‑GCT​GAG​CTG​AGA​TGA​AGC​ACT​
GTA​GCT​CA‑3'. Each group was tested in triplicate. Relative 
gene expression was calculated using the 2‑ΔΔCq method (12).

Western blot analysis. HCT116 cells of the miR‑34a transfec-
tion, negative control and blank control groups were cultured 
for 24 h, following which the medium was removed. Precooled 
PBS was added to wash cells, followed by 10 µl radioimmu-
noprecipitation assay lysis buffer (Shanghai Qiaoyu Industrial 
Co., Ltd., Shanghai, China). Following 10 min, total protein 
was extracted and the protein concentration was quantified 
using the bicinchoninic acid method. Proteins (50 µg) from 
each group were subjected to 10% SDS‑PAGE. Following 
electrophoresis, proteins were transferred to a polyvinylidene 
difluoride membrane, which was blocked with 5% milk 
in TBS for 1 h. Membranes were then incubated with the 
following primary antibodies at 4˚C overnight: anti‑Bcl‑2 
(cat. no. AB112; dilution, 1:1,000), anti‑Bax (cat. no. YK1165; 
dilution, 1:500), anti‑MMP‑2 (cat. no. PA129183; dilution, 
1:1,000), anti‑MMP‑9 (cat. no.  3852S; dilution, 1:1,000) 
and anti‑GAPDH (cat. no. XB‑1572; dilution, 1:1,000). The 
following day, the membrane was washed with TBS containing 
Tween-20 (0.05%), and incubated with a horseradish peroxi-
dase‑conjugated IgG secondary antibody (cat. no. KC‑GT‑035; 
dilution, 1:5,000) for 1 h at room temperature. Protein bands 
were visualized with 3,3‑diaminobenzidine, and BandScan 5.0 
(Informer Technologies, Inc., Los Angeles, CA, USA) was 
used for analysis of the protein bands.

MTT assay for cell proliferation. HCT116 cells from the 
miR‑34a transfection, negative control and blank control 
groups were seeded into a 96‑well plate at a density of 105/ml, 
and 200 µl complete DMEM was added. Following transfec-
tion, the cells were incubated at 37˚C and 5% CO2 for 24, 36, 
48 or 72 h. The medium was removed and MTT was added 
at 10 µl/well. The cells were subsequently incubated at 37˚C 
for 1 h. A microplate reader (Thermo Fisher Scientific, Inc.) 
was used to record the absorbance of each well at 450 nm, to 
calculate the inhibition of cell proliferation.

Transwell invasion assay. HCT116 cells from the miR‑34a 
transfection, negative control and blank control groups were 
seeded into a 6‑well plate. An 8‑µm diameter Corning culture 
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chamber was used to assess the invasiveness of HCT116 cells. 
The chamber membrane was coated with a single layer of 
Matrigel in advance. HCT116 cells (105) from the transfec-
tion, negative control and blank control groups were added to 
the upper chamber, whereas complete DMEM was added to 

the lower chamber, and plates were incubated 37˚C for 24 h. 
The culture medium was removed, and cells were fixed with 
4% paraformaldehyde and stained with hematoxylin. A total 
of five fields of view were randomly selected under a light 
microscope to count cells. Cell invasion rate = (number of cells 
penetrating the lower chamber/number of cells penetrating the 
lower chamber in the blank control group) x 100.

Statistical analysis. Data analysis was performed using 
GraphPad Prism software version 5.0 (GraphPad Software, 
Inc., La Jolla, CA, USA). The data are expressed as the 
mean ± standard error. A one‑way analysis of variance was 
performed to compare groups followed by a Dunnett's test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Upregulation of miR‑34a expression levels in miR‑34a‑trans‑
fected HCT116 cells. A total of 24 h after transfection of 
HCT116 cells with miR‑34, visible fluorescence was detected 
from the GFP present in the plasmid (Fig. 1), which suggested 
a successful transfection. Total miRNA was extracted from the 
cells for RT‑qPCR, which demonstrated that miR‑34a expres-
sion levels in HCT116 cells increased 7.46±1.36‑fold compared 
with the blank control group (P<0.001), whereas no significant 
differences were identified between the negative control 
(0.99±0.01) and blank control (1.00±0.02) groups  (Fig. 2). 
Therefore, transfection of HCT116 cells with miR‑34a signifi-
cantly increased the expression levels of miR‑34a.

miR‑34a transfection inhibits HCT116 cell proliferation. 
Proliferation of HCT116 cells was analyzed following transfec-
tion with miR‑34a. An MTT assay revealed that proliferation 
of HCT116 cells overexpressing miR‑34a was significantly 
inhibited to 0.49±0.11 compared with the blank control group 
(P<0.001), whereas no significant differences were identified 
between the negative control (1.00±0.08) and blank control 
(0.99±0.06) groups (Fig. 3). This suggested a close association 
between miR‑34a and the proliferation of HCT116 cells.

miR‑34a transfection influences the protein expression 
levels of B‑cell lymphoma 2 (Bcl‑2) and Bcl‑2‑associated X 
protein (BAX). Bcl‑2 and BAX are important molecules in 

Figure 1. Confirmation of transfection of HCT116 cells with miR‑34a. Fluorescence images of HCT116 cells in the (A) negative control and (B) miR‑34a 
transfection groups reveal the presence of green fluorescent protein in the miR‑34a‑transfected cells, indicating successful transfection (magnification, x40). 
miR, microRNA.

Figure 2. miR‑34a expression levels in HCT116 cells following transfec-
tion. miR‑341 expression levels in the blank control, negative control and 
miR‑34a‑transfected groups were determined by reverse transcription‑quan-
titative polymerase chain reaction. Data are expressed as the mean ± standard 
error (n=3). ***P<0.001 vs. the Con group. miR, microRNA; Con, blank 
control; NC‑con, negative control. 

Figure 3. Viability of HCT116 cells following transfection. Cell viability in 
the blank control, negative control and miR‑34a‑transfected groups were 
determined by an MTT assay. Data are expressed as the mean ± standard 
error (n=3). ***P<0.001 vs. the Con group. miR, microRNA; Con, blank 
control; NC‑con, negative control.
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apoptosis. Western blotting revealed that, compared with the 
blank control and negative control groups, the protein expres-
sion levels of Bcl‑2 were markedly reduced in the miR‑34a 
transfected group (P=0.002), whereas those of BAX were 
significantly increased (P=0.010). No significant differences 
were identified between the blank control and negative control 
groups (Fig. 4). This suggested that miR‑34a may inhibit the 

proliferation of HCT116 cells by regulating the protein expres-
sion levels of Bcl‑2 and BAX.

miR‑34a transfection influences the invasiveness of HCT116 
cells. Colon cancer is refractory primarily due to its ability to 
invade and metastasize. Therefore, the present study assessed 
the invasiveness of miR‑34a‑transfected HCT116 cells. A 
Transwell assay demonstrated that the invasiveness of HCT116 
cells overexpressing miR‑34a was significantly inhibited, to 
62.76±8.44% of the level in the blank control group (P<0.001). 
No significant differences were identified between the nega-
tive control (92.98±10.13%) and blank control (100.51±8.22%) 
groups (Fig. 5). This suggested that miR‑34a may be involved 
in HCT116 cell invasion.

miR‑34a transfection influences the protein expression levels 
of matrix metalloproteinase (MMP)‑2 and ‑9. There is a close 
association between the activity of MMPs and the invasion 
and metastasis of colon cancer cells. Western blot analysis 
demonstrated that compared with the blank control and nega-
tive control groups, protein expression levels of MMP‑2 and 
MMP‑9 were markedly reduced in the miR‑34a‑transfected 
group, the MMP‑9 protein expression levels to a greater extent. 
No significant differences were identified between the blank 
control and negative control groups (Fig. 6). This suggested 
that miR‑34a may inhibit the invasion and metastasis of 

Figure 6. Protein expression levels of MMP‑2 and MMP‑9 in HCT116 cells following transfection with miRNA‑34a. Protein expression levels in the blank 
control, negative control and miRNA‑34a‑transfected groups were determined by western blotting, with GAPDH serving as the internal reference. Data are 
expressed as the mean ± standard error (n=3). *P<0.05 and **P<0.01 vs. the Con group. MMP, matrix metalloproteinase; miRNA‑34a, microRNA‑34a; Con, 
blank control; NC‑con, negative control.

Figure 4. Protein expression levels of Bcl‑2 and BAX in HCT116 cells following transfection. Protein expression levels in the blank control, negative control and 
miRNA‑34a‑transfected groups were determined by western blotting, with GAPDH serving as the internal reference. Data are presented as the mean ± stan-
dard error (n=3). #P<0.05 vs. the Con group; **P<0.01 vs. the miR‑34a group. Bcl‑2, B‑cell lymphoma 2; BAX, B‑cell lymphoma 2‑associated X protein; miR, 
microRNA; Con, blank control; NC‑con, negative control.

Figure 5. Invasiveness of HCT116 cells following transfection. Invasiveness 
in the blank control, negative control and miR‑34a‑transfected groups was 
determined by a Transwell assay. Data are expressed as the mean ± standard 
error (n=3). ***P<0.001 vs. the Con group. miR, microRNA; Con, blank 
control; NC‑con, negative control.
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HCT116 cells by regulating the protein expression levels of 
MMP‑2 and MMP‑9.

Discussion

Cancer of the colon is a common malignant digestive tract 
tumor in China, and up to 8 million new cases are diagnosed 
every year worldwide. Characteristics of the disease include 
invasive growth, a high degree of malignancy and a high 
recurrence rate. Its etiology and underlying mechanisms 
remain to be understood, providing challenges for the clinical 
treatment of the disease (13,14). Further investigation of the 
underlying molecular mechanisms and drug targets of colon 
cancer is therefore required. miRNAs are single‑stranded, 
endogenous, non‑coding small molecule RNAs, the functions 
of which have become clearer in recent years. It is highly 
conserved in structure, and may alter this by specific binding 
to the target mRNA at the 3'‑untranslated region, promoting 
the degradation of the target gene mRNA or inhibiting its 
translation and transcription, and therefore regulating target 
protein expression (15‑17). Previous studies have demonstrated 
that numerous miRNAs are located in chromosomal regions 
of the tumor‑associated genomes, which possess different 
functions and serve different regulatory roles in the malignant 
biological behaviors of tumor cells, particularly proliferation, 
invasion and metastasis  (1). Functional studies on miRNA 
provide novel insights and strategies for the diagnosis and 
treatment of a variety of tumors, including colon cancer. Such 
studies have increased or decreased the expression levels of a 
specific miRNA, via expression vectors or antisense miRNA, 
to inhibit the growth and metastasis of tumor cells (16). In 
addition, previous studies have demonstrated the differential 
expression of multiple miRNAs in colon cancer. For example, 
Wang et al (18) demonstrated that miRNA‑21 inhibited the 
proliferation and cell cycles of colon cancer cells by targeted 
regulation of CDC25a expression. In addition, miR‑143 
and miR‑145 have been implicated in the proliferation and 
chemosensitivity of colon cancer cells, thus rendering them 
potential diagnostic and therapeutic targets (19,20). miR‑34a 
may promote the apoptosis of glioma cells, block the cell cycle 
at G1 phase and inhibit proliferation; in addition, it may inhibit 
the invasion and metastasis of tumor cells (21). Furthermore, 
miR‑34a reveals different regulatory functions in a variety 
of cancers, including prostate, liver and lung. Therefore, it is 
considered an important tumor suppressor (22). However, a 
limited number of studies have been performed on the role of 
miR‑34a in colon cancer.

To investigate the role of miR‑34a in colon cancer, the 
present study designed and synthesized a eukaryotic expres-
sion vector of miR‑34a and transfected it into HCT116 cells. 
RT‑qPCR demonstrated a significant increase of miR‑34a 
expression levels in transfected cells. Overexpression of 
miR‑34a inhibited the proliferation, invasion and metastasis 
of HCT116 cells. The results demonstrated that miR‑34a 
inhibited tumor‑associated genes in HCT116 cells, which 
indicated that miR‑34a may be used as a potential target for 
gene therapy of colon cancer, consistent with the findings of 
previous studies (4,19). Certain studies have identified that 
certain miRNAs regulate target proteins associated with 
the proliferation, invasion and metastasis of cancer cells; for 

example, miR‑146b may inhibit the invasion of glioma cells by 
regulating MMP expression levels (23). Therefore, the present 
study examined the expression of proteins closely associated 
with cell proliferation and metastasis, and the results were 
consistent with those of previous studies. Protein expression 
levels of Bcl‑2 were suppressed, whereas those of BAX were 
upregulated following miR‑34a overexpression. Protein levels 
of both MMP‑2 and MMP‑9, which are associated with tumor 
metastasis, were inhibited. This suggested that miR‑34a may 
reduce colon cancer cell proliferation and invasion by regu-
lating the protein expression levels of Bcl‑2/BAX, and MMP‑2 
and MMP‑9.

In conclusion, the results of the present study demonstrated 
that overexpression of miR‑34a may inhibit the proliferation, 
invasion and metastasis of HCT116 cells. This effect may be 
associated with the regulation of protein expression levels 
of Bcl‑2/BAX, and MMP‑2 and MMP‑9. These findings 
suggested that miR‑34a may be a potential target for the diag-
nosis and treatment of colon cancer, and provides a theoretical 
and experimental basis for subsequent studies.
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