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Abstract
Background: An increasing number of miRNAs were confirmed to be involved in the initiation and progression 
of colorectal cancer (CRC) by acting as cancer suppressor genes and oncogenes. The purpose of this study was 
to uncover the role of miR-449b in CRC and its underlying mechanisms.
Methods: The expression profile of miR-449b in human CRC tissues and cell lines was determined using 
quantitative real-time polymerase chain reaction (qRT-PCR) analysis. The effect of miR-449b on CRC was 
assessed by CRC cell migration and invasion as determined using a transwell assay. A luciferase reporter assay 
was also carried out to explore the interaction between MMP2 3′UTR and miR-449b.
Results: The current study revealed that the relative expression of miR-449b was decreased significantly in 
human CRC tissues and cell lines; meanwhile, miR-449b in metastatic CRC tissues was significantly lower 
than that in non-metastatic CRC tissues. We also observed that the forced miR-449b in CRC cells significantly 
restrained cell migration and invasion in vitro. In contrast to miR-449b, our study found that both the MMP-
2 mRNA and protein levels were increased in CRC cells. MiR-449b negatively regulated MMP2 in CRC cells, 
and the result was corroborated by luciferase reporter assay. Most importantly, overexpression of MMP2 
significantly reversed the miR-449b-mediated inhibition on the invasion and migration of CRC cells.
Conclusion: Our data provided encouraging evidence that miR-449b possessed a strong inhibitory effect on 
CRC cell migration and invasion by negative regulation of MMP2.
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and migration of tumor cells [4]. miRNAs are a class of 
noncoding small RNA with a length of about 19–25 nu-
cleotides. miRNAs instruct the functional RNA-induced 
silencing complex (RISC) to trigger mRNA degradation 
and/or translation inhibition through direct binding to 
the 3-untranslated coding regions (UTR) of the target 
mRNA. miRNA is closely related to the progression 
of tumors. About 50% of miRNAs are located on the 
fragile sites associated with tumor development in the 
genome and are more prone to deletion, amplification, 
and translocation. An increasing number of miRNAs 
are confirmed to be involved in the initiation and pro-
gression of human tumors by acting as cancer suppres-
sor genes and oncogenes.
Existing studies have shown that multiple miRNAs 
were implicated in many steps of CRC, including tumor 
growth, angiogenesis, and metastasis [5]. For instance, 
miR-133b was found to be significantly decreased in 
human CRC tissue samples (n=54); the induction of 
miR-133b in CRC cells clearly inhibited cell prolifera-
tion, apoptosis, and microtubule formation in vitro [6,7]. 
A recent study confirmed that miR-133b could sup-
press CRC metastasis by targeting the HOXA9/ZEB1 
pathway and was also an independent and significant 

INTRODUCTION
Colorectal cancer (CRC) is one of the most common 
malignant tumors and has a high morbidity and mor-
tality worldwide [1]. At present, radical surgical resec-
tion is the predominant clinical treatment for CRC [2]. 
Metastasis is the major reason for a poor prognosis and 
death in all cancer patients, including those with CRC 
[3]. Clinically, most CRC patients already have microme-
tastases before radical surgery takes place, which is 
the direct cause of metastasis and recurrence following 
CRC surgery. There is currently a lack of effective diag-
nostic modalities for early metastasis, so an investiga-
tion into the mechanism of CRC metastasis has great 
significance on its diagnosis and treatment.
Emerging evidence has suggested that the differential 
expression of microRNAs (miRNAs) shows significant 
associations with the proliferation, adhesion, invasion, 
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factor for the overall survival of CRC patients [8]. miR-
449b has been identified as a tumor suppressor in 
human cancers [9,10]. More importantly, miR-449b was 
found to inhibit the proliferation of colon cancer stem 
cells, suggesting its vital role in CRC progression [11]. To 
date, the functional role of miR-449b in the develop-
ment of CRC is not yet known.
According to previous reports, matrix metalloprotein-
ase 2 (MMP2), a 72-kDa type IV collagenase, plays a 
critical role in regulating the invasion and metastasis 
of a variety of human cancers. MMP2 is also closely 
associated with tumorigenesis and metastasis through 
various functions. A bioinformatics analysis (microrna.
org) revealed that MMP2 might be a novel downstream 
target of miR-449b. Herein, we inferred that miR-449b 
could be an important regulator associated with CRC 
metastasis by interacting with MMP2. In the present 
study, the expression profile of miR-449b in human 
CRC tissues was determined, and miR-449b was found 
to inhibit the migration and invasion of CRC cells by 
negatively regulating MMP2 in vitro. 

MATERIALS AND METHODS
Human CRC tissue samples

The patients underwent radical resection at The First 
Affiliated Hospital of Zhengzhou University; radiother-
apy and chemotherapy were not administered before 
the resection. The obtained fresh tissue samples were 
stored at -80°C until pathological analysis. This study 
was approved by the Ethics Committee of The First Af-
filiated Hospital of Zhengzhou University, and each pa-
tient provided written informed consent to participate 
in this study.

Quantitative real-time polymerase chain reaction anal-
ysis

The relative expression of miR-449b and MMP2 mRNA 
in human CRC tissues and cell lines was analyzed using 
quantitative real-time polymerase chain reaction (qRT-
PCR) with U6 or β-actin as references, respectively. 
The total RNA and miRNA were isolated using a Trizol 
reagent (Invitrogen) and a mirVANA RNA Isolation Kit 
(Ambion). The purity and concentration values were 
detected using a NanoDrop spectrophotometer (Ther-
mo Scientific). Following miR-449b quantitation, the 
total miRNA was reverse-transcribed according to the 
manufacturer’s instructions provided with the TaqMan 
microRNA reverse transcription kit (Applied Biosys-
tems) to form cDNA. To detect MMP2 mRNA, the total 
RNA was also reverse-transcribed into cDNA using a 
cDNA Synthesis Kit (Fermentas) according to the man-
ufacturer’s protocol. The qRT-PCR procedure followed 
the manufacturer’s instructions for the SYBR Premix 
Ex Taq Kit (TaKaRa) with gene-specific primers. The 

relative expression of miR-449b and MMP2 mRNA was 
assessed using 2- △ △ Ct analysis.

Cell lines and cell culture

Human colon cancer cell lines HCT-116 and SW480 
were purchased from the Institute of Biochemistry 
and Cell Biology at the Chinese Academy of Sciences 
(Shanghai, China), and normal colon epithelial FHC 
cells were obtained from the American Type Culture 
Collection (ATCC, USA). The CRC cells were cultured in 
RPMI-1640 media (HyClone) supplemented with 10% 
fetal bovine serum (FBS, Gibco) and 1% penicillin/
streptomycin (HyClone) at 37°C with 5% CO2. The FHC 
cells were cultured in DMEM:F12 media (HyClone) that 
contained 10% FBS (Gibco) and 1% penicillin/strepto-
mycin (HyClone) at 37°C with 5% CO2.

Western blot analysis

The levels of MMP2 protein expression in the HCT-
116, SW480, and FHC cells were analyzed by western 
blot using β-actin as a reference. The total protein 
was extracted from these cells using a RIPA Lysis 
and Extraction Buffer (Thermo Fisher Scientific) 
and quantified with a BCA protein assay kit (Pierce). 
The total protein (25 μg) of each sample was heat-
ed at 100°C followed by SDS-PAGE electrophoresis. 
The separated proteins were transferred onto PVDF 
membranes (Amersham Biosciences). These PVDF 
membranes were blocked with 5% skim milk for 1 h 
and then probed with the primary antibodies against 
MMP2 (1:1000, Abcam) and β-actin (1:2000, Abcam) 
overnight. After incubation of the horseradish peroxi-
dase-conjugated secondary antibodies, an ECL detec-
tion kit (Invitrogen) was used to detect the target pro-
teins.

Cell transfection

SW480 and HCT-116 CRC cells were transfected with 
a miR-449b mimic to modulate the intracellular levels 
of miR-449b. These SW480 and HCT-116 cells (5×105 
cells/well) were cultured in six-well plates overnight. 
The miR-449b mimic (60 nM) or mimic control was 
purchased from Genepharm Company (Shanghai, 
China) and transfected into these cells using Lipofect-
amine 2000 (Invitrogen) according to the manufactur-
ers’ instructions. After 48 h of transfection, the in vitro 
transfection efficiency was verified using qRT-PCR 
analysis, as previously described.

Luciferase reporter assay

The luciferase reporter vector carrying MMP2-3′UTR 
(WT) or the mutated MMP2-3′UTR (Mutant) was 
constructed. The 293T cells (2×105 cells/well) were 
cultured in 24-well plates overnight. The recombinant 
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vector was co-transfected into the cells combined with 
the miR-449b mimic, inhibitor, or their negative control 
using Lipofectamine 2000 (Invitrogen). After 48 h of 
transfection, the cells were lysed, and the intracellular 
relative activity of luciferase was detected using a lucif-
erase reporter assay (Promega).

Cell migration and invasion analysis by transwell assay 

A transwell system (Corning) with an 8-μm aperture 
microporous membrane coated with or without matri-
gel (Sigma) was used to analyze the CRC cell invasion 
and migration, respectively. The complete medium (500 
μL) was added to the lower chamber. CRC cells (2×105 
cells in 200 μL serum-free media) were added to the 
upper chamber and cultured at 37°C with 5% CO2 for 
48 h. The cells that crossed the membrane were fixed 
in neutral formalin and stained with 0.1% crystal violet 
(Sigma-Aldrich). The migrated or invaded cells were 
counted on five random fields under an inverted micro-
scope.

Statistical analysis

All data came from three independent repeated exper-
iments and were expressed as the mean ± standard 
deviation. Student’s t-test was used to compare the dif-
ferences between the two groups. A paired t-test was 
used to analyze the significant differences in the rela-
tive expression of miR-449b between metastatic CRC 

(CRC-M) and normal CRC (CRC-N). A P-value <0.05 was 
considered to have statistical significance. Western 
blot analysis was performed four times with similar re-
sults, and a representative image was presented in this 
article.

RESULTS
Expression of miR-449b in CRC tissues and cell lines

The relative expression of miR-449b in human CRC 
tissues without metastasis (CRC-N) (n=20), as deter-
mined by qRT-PCR, was significantly lower than that 
in the paired normal tissues (Normal) (n=20) (Figure 
1A). Moreover, compared with CRC-N, the relative 
expression of miR-449b decreased significantly in 
the metastatic CRC tissues (CRC-M) (n=20) (Figure 
1A). Following qRT-PCR analysis, miR-449b was also 
found to significantly downregulate human CRC cell 
lines SW480 and HCT-116, compared with that of the 
control cells (NC), normal colon epithelial FHC cells 
(Figure 1B). In contrast, MMP2 had a high expression 
in SW480 and HCT-116 cells at both the mRNA and 
protein levels (Figure 1C).

Migration and invasion of miR-449b overexpressed 
CRC cells

The miR-449b mimic was transfected into CRC SW480 
and HCT-116 cells to upregulate the intracellular level 
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Figure 1. Expression of miR-449b in CRC tissues and cell lines. (A) The relative expression of miR-449b in human CRC tissues 
without metastasis (CRC-N) (n=20), metastatic CRC tissues (CRC-M) (n=20) or paired normal tissues (Normal) (n=20) were 
determined using qRT-PCR. (B) The relative expression of miR-449b in human CRC cell lines SW480 and HCT-116, and normal colon 
epithelial FHC cells (NC), was determined using qRT-PCR. (C) The relative expression rates of MMP2 mRNA and the MMP2 protein level 
in SW480, HCT-116, and FHC cells were detected using qRT-PCR and western blot, respectively. *P<0.05.
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3′UTR and miR-449b. The results revealed that com-
pared with the control (mimic control), transfection 
of the miR-449b mimic decreased the relative activity 
of luciferase in the cells transfected with recombinant 
vector carrying luciferase and MMP2-3′UTR (WT) (Fig-
ure 3B, left). However, miR-449b overexpression had 
no significant influence on intracellular luciferase ac-
tivity in the cells transfected with recombinant vector 
carrying luciferase and mutated MMP2-3′UTR (Mutant) 
(Figure 3B, left). These results were corroborated by 
the luciferase reporter assay with downregulated miR-
449b (Figure 3B, right), suggesting an interaction be-
tween MMP2 3′UTR and miR-449b. To further verify 
this association, CRC cells were transfected with the 
miR-449b mimic, inhibitor, or their negative control 
(Control). Both the MMP2 mRNA and protein levels 
were significantly reduced by the miR-449b mimic but 
were significantly induced by the miR-449b inhibitor 
(Figure 3C).

miR-449b inhibited the migration and invasion of CRC 
cells by negatively regulating MMP2

of miR-449b and also to observe the effect of miR-
449b on cell migration and invasion. The transfection 
efficiency in vitro was verified using qRT-PCR analysis 
and indicated that the relative expression of miR-449b 
was dramatically induced in SW480 and HCT-116 cells 
due to transfection by the miR-449b mimic (Figure 
2A). Subsequently, the cell invasion and migration 
rates were analyzed using the transwell system. As 
shown in Figure 2B, the invasion ability of miR-449b 
to overexpress SW480 and HCT-116 cells was signifi-
cantly lower than that of the cells transfected with the 
mimic control. In addition, SW480 and HCT-116 cells 
that overexpressed miR-449b also significantly re-
strained the migration of CRC cells (Figure 2C).

MiR-449b was a negative regulator of MMP2 in CRC 
cells 

According to our sequence analysis (microrna.org), 
MMP2 3'-UTR contained miR-449b binding sites. The 
potential binding sites and their mutated forms are 
presented in Figure 3A. A luciferase reporter assay was 
designed to explore the interaction between MMP2-

Figure 2. Migration and invasion of CRC cells that overexpressed miR-449b. (A) CRC cells SW480 and HCT-116 were transfected 
with the miR-449b mimic to modulate the intracellular level of miR-449b. The relative expression of miR-449b was determined using 
qRT-PCR for 48 h following transfection. (B-C) Cell invasion and migration was analyzed using a transwell system combined with 
crystal violet staining. The mimic control was the negative control for the miR-449b mimic. *P<0.05.
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According to our results, miR-449b inhibited the mi-
gration and invasion of SW480 and HCT-116 cells, as 
well as the intracellular MMP2 expression. We further 
explored whether the effect on CRC cells might be me-
diated by MMP2. As shown in Figure 4A, co-transfec-
tion of the miR-449b mimic and pcDNA-MMP2 almost 
completely lifted the inhibitory effect on MMP2 expres-
sion induced by miR-449b. Importantly, co-transfection 
of the miR-449b mimic and pcDNA-MMP2 signifi-
cantly potentiated the invasion and migration ability 
of SW480 and HCT-116 cells compared with the cells 
co-transfected with the miR-449b mimic and pcDNA; 
this outcome indicated that pcDNA-MMP2 also signifi-
cantly reversed the miR-449b-mediated inhibition of 
cell invasion and migration (Figure 4B and 4C). It was 
concluded that miR-449b inhibited the migration and 
invasion of CRC cells by negatively regulating MMP2.

DISCUSSION

Thus far, research into miR-449b’s function has mainly 
concentrated on its involvement in the pathogenesis 
of human tumors. The downregulation of miR-449b 
was discovered in a series of cancer cell lines induced 
by histone H3 Lys27 trimethylation or histone acetyl-
ation [9,12]. Moreover, miR-449b arrested the cell cycle 
in the G1 phase of breast cancer cells and lung carci-
noma cells by targeting oncogenic CDK6 and CDC25A 
[9]. A previous study showed that miR-449b inhibited 
liver cancer cell migration in vitro and tumor growth 
in mice [12]. In addition, Fang et al. reported that miR-
449b reduced the proliferative ability of colon cancer 
stem cells SW1116, suggesting an inhibitory effect of 
miR-449b on CRC [11]. The current study focused on 
the biological roles of miR-449b in CRC metastasis and 
revealed that the relative expression of miR-449b was 
decreased significantly in human CRC tissues and cell 
lines; meanwhile, miR-449b in metastatic CRC tissues 
was significantly lower than that present in non-met-
astatic CRC tissues. We also observed that the forced 
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Figure 3. MiR-449b was a negative regulator of MMP2 in CRC cells. (A) MMP2 3′UTR contained miR-449b binding sites according 
to a sequence analysis (microrna.org). The potential binding sites and their mutated forms were presented. (B) A luciferase reporter 
assay was conducted to explore the interaction between MMP2 3′UTR and miR-449b. The control was the negative control for the miR-
449b mimic or the miR-449b inhibitor. *P<0.05 compared with the control. (C) The effect of the miR-449b level on MMP2 expression. 
CRC cells were transfected with an miR-449b mimic, inhibitor, or their negative control (Control). The relative expression of MMP2 
mRNA and the MMP2 protein level was detected using qRT-PCR and western blot, respectively. Left: the control was the negative 
control for the miR-449b mimic, mimic control; right: the control was the negative control for the miR-449b inhibitor, inhibitor control. 
*P<0.05 compared with the control.
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miR-449b in CRC cells significantly restrained cell mi-
gration and invasion in vitro. The results indicated that 
miR-449b also served as a tumor suppressor in CRC 
progression.
CDK6, CDC25A, CCND1, E2F3, and SOX4 were identified 
as the targets for miR-449b and were negatively regu-
lated by miR-449b by directly binding to their 3-UTRs 
[9-12].  MMP2, a 72-kDa type-IV collagenase, played a 
critical role in regulating the invasion and metastasis of 
a variety of human cancers, including CRC [13]. Previous 
studies have demonstrated that a high level of MMP-2 

protein was detected in human CRC samples and was 
positively correlated with a poor survival outcome 
for CRC patients [14-16]. As a cell surface transducer, the 
MMP-2 protein has also been found to promote CRC 
metastasis [17]. Based upon our bioinformatics analysis, 
we presumed that miR-449b inhibited the migration 
and invasion of CRC cells by modulating MMP-2 protein 
expression. In contrast, our study found that both the 
MMP-2 mRNA and protein levels were increased in CRC 
cells, which was consistent with the result of previous 
studies. However, our focus was on the role of MMP2 

Figure 4. MiR-449b inhibited the migration and invasion of CRC cells by negatively regulating MMP2. CRC SW480 and HCT-
116 cells were co-transfected with the miR-449b mimic and pcDNA-MMP2 or its control pcDNA. (A) The relative expression of MMP2 
mRNA was determined using qRT-PCR for 48 h following transfection. (B-C) Cell invasion and migration were analyzed using a 
transwell system combined with crystal violet staining. *P<0.05.
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in the mechanism by which miR-449b represses CRC 
metastasis. The results of a luciferase reporter assay 
suggested an interaction between MMP2 3′UTR and 
miR-449b, and the result was corroborated by the fact 
that the MMP2 mRNA and protein levels were signifi-
cantly reduced in CRC cells that overexpressed miR-
449b but significantly induced by miR-449b silencing. 
Most importantly, the overexpression of MMP2 signifi-
cantly reversed the miR-449b-mediated inhibition on 
the invasion and migration of CRC cells, indicating that 
miR-449b inhibited the migration and invasion of CRC 
cells by negatively regulating MMP2. A high expression 
of MMP2 in CRC tissues could promote the invasion of 
CRC cells into the gut wall by enhancing the degrada-
tion of the extracellular matrix.
In conclusion, our study demonstrated that miR-449b 
was significantly decreased in human CRC tissues 
and cell lines, and that miR-449b possessed a strong 
inhibitory effect on CRC cell migration and invasion. 
In addition, MMP2 was identified as a new target for 
miR-449b in a CRC context. This study will help to de-
termine the pathogenesis of CRC and also provides a 
promising therapeutic target for CRC treatment. 
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