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Abstract. An imbalance in microRNA (miRNA/miR) 
expression is closely associated with tumorigenesis and 
progression. miR‑206 is downregulated in different types 
of tumors, including colorectal cancer (CRC). However, the 
effects of miR‑206 on the progression of CRC, and its under‑
lying molecular mechanisms are yet to be elucidated. The 
present study aimed to investigate the effects of miR‑206 on 
the proliferation, migration and invasion of colorectal cancer 
cells, and determine its potential molecular mechanism. The 
results of the present study demonstrated that the expression 
levels of miR‑206 and c‑Met were affected in HCT116 and 
SW480 cells by transfected with miR‑206 mimic, inhibitor or 
small interfering RNA‑c‑Met. A Dual‑luciferase reporter assay 
was performed to identify the miRNA targets. Cell prolifera‑
tion, migration and invasion assays were also performed. The 
results demonstrated that overexpression of miR‑206 signifi‑
cantly decreased the viability of HCT116 and SW480 cells. The 
results of the Transwell assay indicated that the cell migratory 
and invasive abilities were inhibited following transfection 
with miR‑206 mimic. As a target of miR‑206, knockdown of 
c‑Met significantly suppressed cell viability, migration and 
invasion. In addition, c‑Met knockdown or overexpression of 
miR‑206 inhibited activation of the AKT/GSK‑3β pathway. 
Collectively, these results suggest that miR‑206 suppresses the 

proliferation, migration and invasion of CRC cells by targeting 
the c‑Met/AKT/GSK‑3β pathway.

Introduction

Colorectal cancer (CRC) is the third most common malig‑
nancy among both sexes and the third leading cause of 
cancer‑associated mortality worldwide, and the rates of 
incidence and mortality are 6.1 and 9.2% of the total cases in 
2018 (1). Several factors, such as dysregulation of oncogenes 
or tumor suppressor genes, are involved in the occurrence and 
development of CRC, which affects the therapeutic efficacy 
and prognosis of CRC (2). In addition, tumor recurrence, inva‑
sion and metastasis are the main causes of mortality of patients 
with CRC (3). However, the underlying molecular mechanisms 
remain unknown.

MicroRNAs (miRNAs/miRs) belong to a family of 
endogenous non‑coding small RNAs that usually consist of 
19‑24 nucleotides (4). miRNAs perform multiple functions by 
targeting the 3'‑untranslated region (UTR) of target genes to 
induce transcriptional suppression or mRNA degradation (5‑7). 
Previous studies have reported that abnormal expression of 
miRNAs exists in cancer tissues or cancer cell lines, which 
is associated with the initiation and progression of tumors, 
including breast cancer, bladder cancer and lung cancer (8‑10). 
miRNAs also serve important roles in regulating tumor cell 
proliferation, apoptosis, migration and invasion by acting as 
oncogenes or tumor suppressors, or by targeting oncogenes or 
tumor suppressor genes (10,11).

miR‑206 belongs to the miR‑206/133b cluster, which 
is responsible for the growth and development of skeletal 
muscle (12). Recently, miR‑206 expression has been demon‑
strated to be downregulated in different types of human 
tumors, including CRC (13,14), prostate (15,16), lung (17) and 
breast cancer (17,18), suggesting that miR‑206 expression may 
be closely associated with the development of tumors. It has 
been reported that overexpression of miR‑206 can decrease 
tumor cell viability, proliferation, migration, invasion and 
epithelial‑to‑mesenchymal transition, thus inhibiting the 
metastatic potential in breast cancer (8,19), while miR‑206 
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knockdown promotes CRC promotion by activating C‑C motif 
chemokine ligand 2 (CCL2) (20) and upregulating C‑X‑C 
chemokine receptor type 4 and VEFG‑A (14). However, the 
underlying molecular mechanism of how miR‑206 regulates 
the progression of CRC requires further investigation.

Thus, the present study aimed to investigate whether 
miR‑206 inhibits CRC progression by regulating the 
c‑Met/AKT/GSK‑3 pathway. The effects of miR‑206 on 
proliferation, migration, and invasion of CRC cells were 
assessed via gain or loss of function of miR‑206. Taken 
together, the results of the present study demonstrated 
that overexpression of miR‑206 suppressed the prolifera‑
tion, migration and invasion of CRC cells by targeting the 
c‑Met/AKT/GSK‑3β pathway.

Materials and methods

Cell culture and treatment. The human colonic cancer cell 
lines, HCT116 and SW480, were purchased from The Cell 
Bank of Type Culture Collection of Chinese Academy of 
Sciences. Cells were maintained in DMEM (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% fetal bovine 
serum (FBS; Cytiva), at 37˚C in 5% CO2.

Reagents and transfection. miR‑206 mimic, mimic negative 
control (mimic NC), miR‑206 inhibitor, inhibitor NC, c‑Met 
small interfering (si)RNA targeting c‑Met (si‑c‑Met) and si‑NC 
(scramble siRNA) were purchased from Guangzhou RiboBio 
Co., Ltd. The sequences of miR‑206 mimic and inhibitor were 
as follows: miR‑206 mimic, 5'‑UGG AAU GUA AGG AAG 
UGU GUG G‑3'; mimic NC, 5'‑UUG UAC UAC ACA AAA GUA 
CUG‑3'; miR‑206 inhibitor, 5'‑CCA CAC ACU UCC UUA CAU 
UCC A‑3'; and inhibitor NC, 5'‑CAG UAC UUU UGU GUA GUA 
CAA‑3'. The sequences of si‑c‑Met and si‑NC were as follows: 
si‑c‑Met sense, 5'‑GGU GUU GUC UCA AUA UCA ATT‑3', and 
antisense, 5'‑UUG AUA UUG AGA CAA CAC CTT‑3'; si‑NC 
sense, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3' and antisense, 
5'‑ACG UGA CAC GUU CGG AGA ATT‑3'. CRC cells were 
transfected with oligonucleotides using Lipofectamine® 2000 
reagent (Thermo Fisher Scientific, Inc.), according to the 
manufacturer's instructions. Briefly, CRC cells were seeded 
into 6‑well plates at a density of 1x105 cells/ml and trans‑
fected with 50 nM oligonucleotides or scrambled duplexes 
using transfection reagent at 37˚C in a humidified incubator 
with 5% CO2 for 48 h. Transfection efficiency was assessed 
via reverse transcription‑quantitative PCR or western blot 
analyses 48 h post‑transfection.

RT‑qPCR. Total RNA was extracted from CRC cells in each 
group using TRIzol reagent (Thermo Fisher Scientific, Inc.) 
and cDNA was synthesized using the One‑Step miRNA RT kit 
(cat. no. 639503, Takara Bio, Inc.), at 37˚C for 60 min. miR‑206 
expression was detected and analysed using qPCR using SYBR 
PremixEx Taq (cat. no. RR820A, Takara Bio, Inc.). U6 was used 
as the internal control to normalize relative miR‑206 expres‑
sion. The following primer sequences were used for qPCR: 
miR‑206 RT primer, 5'‑CTC AGC GGC TGT CGT GGA CTG 
CGC GCT GCC GCT GAG CCA CAC AC‑3'; miR‑206 forward, 
5'‑GGC GGT GGA ATG TAA GGA AG‑3' and reverse, 5'‑GGC 
TGT CGT GGA CTG CG‑3'; U6 RT primer, 5'‑GTC GTA TCC 

AGT GCA GGG TCC GAG GTG CAC TGG ATA CGA CAA AAT 
ATG G‑3'; and U6 forward, 5'‑CTC GCT TCG GCA GCA CA‑3' 
and reverse, 5'‑CTC GCT TCG GCA GCA CA‑3'. The thermo‑
cycling conditions were as follows: 95˚C for 10 min, followed 
by 40 cycles of amplification (95˚C for 30 sec, 58˚C for 60 sec, 
72˚C for 90 sec), and a final extension step of 72˚C for 5 min. 
miRNA levels were quantified using the 2‑ΔΔCq method (21).

Dual‑luciferase reporter assay. The 3'‑UTR of the human 
c‑Met gene has a putative hsa‑miR‑206 binding sequence using 
the TargteScan database (release 7.2; http://www.targetscan.
org/vert_72/). The luciferase reporter vector Pgl4Luc‑RLuc 
(Addgene, Inc.) was used to establish a wild‑type (WT) 
c‑Met luciferase reporter plasmid or a mutant (MUT) c‑Met 
luciferase reporter plasmid (Shanghai GenePharma Co., Ltd.). 
SW480 cells were subsequently co‑transfected with miR‑206 
mimic (100 nM) or mimic NC and 200 ng WT or MUT c‑Met 
3'‑UTR luciferase reporter plasmid using Lipofectamine® 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Following incubation for 48 h at 37˚C, relative luciferase 
activities were detected using a Dual‑luciferase reporter assay 
system (Beijing Abace Biotech, Co., Ltd.). and normalized by 
using the ratio of firefly to Renilla luciferase activity.

MTT assay. HCT116 or SW480 cells were transfected with 
oligonucleotides (miR‑206 mimic, mimic NC, si‑c‑MET 
or si‑NC), with concentrations ranging from 50‑100 nM. 
Following incubation for 48 h at 37˚C, cell viability was 
assessed via the MTT assay. Briefly, cells were seeded into 
96‑well microdilution plates at a density of 2x103 cells/well with 
DMEM containing 10% FBS. MTT reagent (cat. no. C0009S; 
Beyotime Biotech, Co., Ltd.) was added on 3 consecutive 
days at a final concentration of 5 mg/ml. Following the MTT 
incubation at 37˚C for 4 h, the purple formazan crystals were 
dissolved using 150 µl DMSO and viability was subsequently 
analyzed at a wavelength of 570 nm, using an Enzyme 
Immunoassay Analyzer (Bio‑Rad Laboratories, Inc.). Cell 
viability was calculated and normalized to the respective NC 
group.

Cell migration and invasion assays. Cell migration and inva‑
sion were assessed via the Transwell assays, with or without 
Matrigel. For the invasion assay, Transwell membranes were 
precoated with 50 µl diluted Matrigel (BD Biosciences) for 
2 h at 37˚C. Following transfection, 6x104 cells were plated in 
the upper chambers of Transwell plates in 200 µl serum‑free 
DMEM medium, while 600 µl cell‑free DMEM medium 
supplemented with 10% FBS was plated in the lower cham‑
bers. Following incubation for 24 h at 37˚C, cells in the upper 
chambers were removed using a cotton swab. The invasive 
cells in the lower chambers were fixed with 100% pre‑cold 
methanol for 10 min and stained with 0.1% crystal violet for 
30 min at room temperature. For the migration assay, the same 
process was performed; however, Matrigel was not added 
in the upper chambers. Stained cells were counted in five 
randomly selected fields using a light microscope (Olympus 
Corporation; magnification, x200).

Western blotting. Transfected cells were collected and lysed 
using RIPA lysis buffer (Beyotime Institute of Biotech). 
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Extracted total protein was quantified using the BCA protein 
assay kit (cat. no. P0012; Beyotime Institute of Biotech). A 
total of 25 µg protein was separated via 8 or 10% SDS‑PAGE 
and transferred onto PVDF membranes. The membranes 

were blocked with 5% skim milk for 1 h at room temperature 
and then incubated with primary antibodies against: AKT 
(1:1,000; cat. no. 9272; Cell Signaling Technology, Inc.), 
phosphorylated (p)‑AKT (Ser473) (1:500; cat. no. 4060; Cell 

Figure 1. Effects of miR‑206 on the proliferation, migration and invasion of colorectal cancer cells. (A) Reverse transcription‑quantitative PCR analysis was 
performed to detect miR‑206 expression in HCT116 and SW480 cells following transfection with miR‑206 mimic or inhibitor for 48 h. (B) Viability of HCT116 
and SW480 cells was assessed via the MTT assay following transfection with miR‑206 mimic or miR‑206 inhibitor. (C and D) Cell migratory and invasive 
abilities were assessed via Transwell assays. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; NC, negative control.
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Signaling Technology, Inc.), GSK‑3β (1:1,000; cat. no. 12456; 
Cell Signaling Technology, Inc.), phosphorylated (p)‑GSK‑3β 
(Ser9) (1:500; cat. no. 5558; Cell Signaling Technology, Inc.), 
β‑actin (1:1,000; cat. no. 4970; Cell Signaling Technology, Inc.) 
and c‑Met (1:1,000; cat. no. ab216330; Abcam) overnight at 
4˚C. Following the primary incubation, membranes were incu‑
bated with HRP‑linked secondary antibodies (anti‑mouse IgG, 
1:10,000; cat. no. 7076; anti‑rabbit IgG, 1:10,000, cat. no. 7074; 
Cell Signaling Technology, Inc.) for 1 h at room temperature. 
Immunoreactive bands were detected using Immobilon Forte 
Western HRP substrate reagents (EMD Millipore) and imaged 
using automatic chemiluminescence analyzer (Tanon Science 
and Technology Co., Ltd.). The gray value of target bands 

in each group was analyzed using ImageJ software (1.50d; 
National Institutes of Health).

Statistical analysis. Statistical analysis was performed 
using SPSS 22.0 software (IBM Corp.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard deviation. Paired or unpaired Student's t‑test 
were used to compare differences between two groups, while 
one‑way ANOVA followed by Tukey's post hoc test were used 
to compare differences between multiple groups. Spearman's 
correlation analysis was performed to assess the correlation 
between miR‑206 and c‑Met. P<0.05 was considered to 
indicate a statistically significant difference.

Figure 2. c‑Met is a direct target of miR‑206. (A) Complementary sequences of miR‑206 binding site in WT c‑Met 3'‑UTR and MUT c‑Met 3'‑UTR. 
(B) Luciferase activity was measured to assess the binding ability of miR‑206 on the c‑Met 3'‑UTR WT or MUT in SW480 cells. (C) Spearman's correlation 
analysis was performed to determine the correlation between miR‑206 and c‑Met expression levels in SW480 cells. (D) mRNA and (E) protein expression 
levels of c‑Met in HCT116 and SW480 cells were detected via reverse transcription‑quantitative PCR and western blot analyses, respectively. *P<0.05, **P<0.01, 
***P<0.001. miR, microRNA; WT, wild‑type; UTR, untranslated region; MUT, mutant; NC, negative control. 
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Results

miR‑206 inhibits the proliferation, migration and invasion 
of CRC cells. As presented in Fig. 1A, miR‑206 expression 
significantly increased in HCT116 and SW480 cells following 
transfection with miR‑206 mimic (P<0.001), while transfec‑
tion with miR‑206 inhibitor significantly decreased miR‑206 
expression (P<0.001). In addition, overexpression of miR‑206 
significantly suppressed the proliferative, migratory and 
invasive abilities of CRC cells (P<0.05); however, transfection 
with miR‑206 inhibitor promoted the proliferation, migration 
and invasion of cells (Fig. 1B‑D).

c‑Met is a direct target gene of miR‑206. The potential target 
genes of miR‑206 were screened using the TargetScan Human 
database. c‑Met was identified as one of the potential targets 
of miR‑206. To further verify that c‑Met was a direct target 
gene of miR‑206, the fluorescent reporter vectors with WT or 
MUT 3'‑UTR sequences of c‑Met were co‑transfected with 
miR‑206 mimic (Fig. 2A). As presented in Fig. 2B, relative 
luciferase activity of the c‑Met WT 3'‑UTR vector signifi‑
cantly decreased (P<0.01), whereas relative luciferase activity 

of the c‑Met MUT 3'‑UTR vector was not affected following 
transfection with miR‑206 mimic, suggesting that c‑Met 
is direct target gene of miR‑206. Furthermore, Spearman's 
correlation analysis demonstrated that c‑Met expression was 
negatively correlated with miR‑206 expression (Fig. 2C).

The present study investigated whether c‑Met was 
involved in the miR‑206‑mediated effects in CRC. As expected, 
overexpression of miR‑206 significantly decreased the mRNA 
and protein expression levels of c‑Met in HCT116 and SW480 
cells (P<0.05 or P<0.01), the effects of which were reversed 
following transfection with miR‑206 inhibitor (Fig. 2D and E).

Knockdown of c‑Met inhibits the proliferation, migration and 
invasion of HCT116 and SW480 cells. As presented in Fig. 3A, 
c‑Met protein expression significantly decreased in HCT116 
and SW480 cells following transfection with si‑c‑Met. 
Knockdown of c‑Met significantly decreased the viability, 
migration and invasion of CRC cells compared with the si‑NC 
group (P<0.05; Fig. 3B‑D).

miR‑206‑mediates the downregulation of c‑Met and inhibits 
AKT/GSK‑3β signaling. The expression levels of p‑AKT 

Figure 3. Effects of c‑Met on the proliferation, migration and invasion of colorectal cancer cells. (A) Western blot analysis was performed to detect c‑Met 
protein expression in HCT116 and SW480 cells following transfection with si‑c‑Met. (B) Cell viability was assessed via the MTT assay following transfection 
for 24, 48 and 72 h. (C and D) Cell migratory and invasive abilities were assessed via Transwell assays. *P<0.05, **P<0.01, ***P<0.001. si, small interfering; NC, 
negative control. 
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(Ser473) and p‑GSK‑3β (Ser9) markedly decreased following 
inhibition of c‑Met (Fig. 4A), suggesting that c‑Met regulates 
the activation of AKT/GSK‑3β signaling. In addition, overex‑
pression of miR‑206 was associated with decreased expression 
levels of p‑AKT and p‑GSK‑3β, the effects of which were 
reversed following transfection with miR‑206 inhibitor 
(Fig. 4B). Taken together, these results suggest that miR‑206 
mediates downregulation of c‑Met and inhibits AKT/GSK‑3β 
signaling.

Discussion

The initiation of malignant tumors usually begins from 
dysregulation of the normal growth regulatory mechanism, 
as well as cells undergoing hyperproliferation, evading 
apoptosis, becoming invasive and ultimately acquiring a 
malignant phenotype (22). Aberrant expression of miRNAs 
is closely associated with the tumorigenesis and progression 
of tumor, including CRC. For example, it has been reported 
that miRNAs can act as proto‑oncogenes, such as miR‑346, or 
tumor suppressors, such as miR‑187‑3p, to regulate cell prolif‑
eration, apoptosis and differentiation (23). Previous studies 
have demonstrated that miR‑206 is dysregulated in different 
types of human cancer, including colon (24), lung (10), 

prostate (15) and breast cancer (19), suggesting that miR‑206 
serves an important role in tumorigenesis. In addition, clinical 
research has reported that serum miR‑206 expression signifi‑
cantly decreases in patients with CRC compared with healthy 
controls, and was confirmed to be an independent prognostic 
indicator for CRC, as patients with CRC with low miR‑206 
expression experience poor overall survival and disease‑free 
survival than those with high miR‑206 expression, suggesting 
that miR‑206 may be a promising biomarker for the diagnosis 
and prognosis of CRC (25). However, the underlying molec‑
ular mechanism of miR‑206 in regulating the progression of 
CRC remains unknown, although several researchers have 
suggested the repression of miR‑206 on proliferation, migra‑
tion, invasion (21) and angiogenesis (14).

Previous studies have reported that overexpression of 
miR‑206 can inhibit CRC cell migration and invasion (26), 
as well as prostaglandin E2‑induced CRC cell proliferation, 
migration and invasion by targeting transmembrane 4 L six 
family member 1 (27). In addition, miR‑206 knockdown 
promotes drug resistance and decreases the apoptosis of 
HCT116/FR cells (28). The results of the present study 
demonstrated that overexpression of miR‑206 suppressed the 
proliferation, migration and invasion of HCT116 and SW480 
cells, the effects of which were reversed following miR‑206 

Figure 4. Effects of c‑Met and miR‑206 on the AKT/GSK‑3β signaling pathway. (A) Western blot analysis was performed to detect protein expression levels of 
p‑AKT and p‑GSK‑3β in HCT116 and SW480 cells transfected with si‑c‑Met. (B) Western blot analysis was performed to detect protein expression levels of 
p‑AKT and p‑GSK‑3β in HCT116 and SW480 cells transfected with miR‑206 mimic or inhibitor. miR, microRNA; p‑, phosphorylated; si, small interfering; 
NC, negative control. 
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knockdown, suggesting that miR‑206 may be involved in 
the development of CRC by suppressing the proliferation, 
migration and invasion of CRC cells.

c‑Met, also known as MET, acts as an oncogene and has 
been identified as a direct target of miR‑206 (29), and has 
also been demonstrated to regulate proliferation, invasion 
and metastasis of tumor cells (10,30). It has been reported 
that miR‑206 suppresses the proliferation, migration and 
invasion of lung cancer cells by downregulating c‑Met 
signaling (31,32). c‑Met upregulation has been observed in 
different types of human cancer, including CRC and exhibits 
oncogenic activity (33,34). It has been demonstrated that 
specific inhibition of the STAT3/c‑Met pathway can poten‑
tially neutralize the intrahepatic metastatic implantation and 
increase growth over a short‑lived temporal window caused 
by radiofrequency ablation of healthy liver in an intrahepatic 
CRC mice model (35). A positive association between c‑Met 
expression and tumor stages of CRC liver metastasis and 
lymph node metastasis has been suggested (36), indicating 
that c‑Met expression may be a significant prognostic 
factor in CRC metastasis. In addition, a previous study 
revealed that overexpression of miR‑206 and inhibition of 
the c‑Met/ERK/Elk‑1/HIF‑1α/VEGF‑A pathway by CCL19 
suppresses angiogenesis in CRC (37).

The results of the present study demonstrated that miR‑206 
expression was negatively correlated with c‑Met expression in 
CRC cells, and identified that c‑Met knockdown significantly 
inhibited the proliferation, migration and invasion of CRC 
cells. Taken together, these results suggest that miR‑206 may 
regulate the progression of CRC cells by targeting c‑Met. 
It has been reported that c‑Met can mediate the activation 
of several intracellular signaling pathways, including the 
AKT/GSK‑3β, STAT3, SRC/FAK and MAPK/ERK path‑
ways (38‑40). Activation of these pathways results in the 
emergence of diverse cellular hallmarks of cancer, including 
cell proliferation, survival, inhibition of inflammation and 
apoptosis, migration, invasion and metastasis (41‑43).

The present study investigated the expression levels of 
p‑Akt and p‑GSK‑3β and demonstrated that c‑Met knockdown 
significantly decreased the expression levels of these factors. 
Further investigation revealed that overexpression of miR‑206 
decreased the expression levels of p‑Akt and p‑GSK‑3β, the 
effects of which were reversed following miR‑206 knockdown. 
Collectively, these results suggest that miR‑206 may downreg‑
ulate activity of the Akt/GSK‑3β pathway by targeting c‑Met, 
thus suppressing the proliferation, migration and invasion of 
CRC cells. Further research is required to confirm whether the 
effect of miR‑206 on CRC cells can be reversed by specifically 
activating the Akt/GSK‑3β pathway, thus providing further 
evidence to clarify the molecular mechanism of miR‑206 in 
regulating the progression of CRC cells. In addition, whether 
miR‑206 can regulate tumor growth and metastasis via the 
Akt/GSK‑3β pathway requires further investigation.

In conclusion, the results of the present study demonstrated 
that miR‑206 suppressed the proliferation, migration and 
invasion of CRC cells by targeting the c‑Met/AKT/GSK‑3β 
signaling pathway. These findings demonstrate the antitumor 
effects of miR‑206 and its underlying molecular mechanism, 
which may aid in the development of more effective and 
promising therapies against CRC.
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