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Abstract: Aberrant expression of microRNA-302a (miR-302a) has been frequently reported in some cancers ex-
cluding colorectal cancer (CRC). However, the role of miR-302a in CRC has not been reported. In this paper, we 
examined the effect of miR-302a overexpression on proliferation and invasion in CRC cells. The mRNA level of 
miR-302a in CRC cell lines was determined by real-time PCR. The miR-302a mimic was transiently transfected into 
CRC cells using Lipofectamine™ 2000 reagent. Subsequently, cell proliferation and invasion were assessed by MTT 
and Transwell assays. Western blot and ELISA assay were used to detect the expressions and secretions of matrix 
metalloproteinases (MMPs). Moreover, the expressions of epithelial marker, mesenchymal markers and transcrip-
tion factors were also determined by Western blot. In addition, the effects of miR-302a overexpression on the MAPK 
and PI3K/Akt signaling pathways were investigated by Western blot. Our results showed that the mRNA level of 
miR-302a was remarkably decreased in CRC cell lines compared with normal colon epithelium cells. Up-regulation 
of miR-302a inhibited the proliferation and invasion of CRC cells. The expressions and secretions of MMP-9 and -2 
were evidently reduced by increasing miR-302a. Besides, we found a decrease of β-catenin, fibronection, vimentin, 
Snail, Slug, ZEB1 and ZEB2 expressions and an increase of E-cadherin expression. We also found that miR-302a 
overexpression might decrease the phosphorylation of Erk1/2 and Akt. Altogether, our results indicated that miR-
302a overexpression was shown to inhibit proliferation and invasion of CRC cells by reducing the expressions of 
related proteins through suppressing the MAPK and PI3K/Akt signaling pathways.
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Introduction

Colorectal cancer (CRC), also known as colon 
cancer, rectal cancer or bowel cancer, which is 
the third most common cancer and the second 
leading cause of cancer-related deaths in 
Western countries [1], has extremely poor prog-
nosis and high potentialities of tumor invasion 
and metastasis. In China, the incidence of CRC 
still continues to increase. Over the past 
decade, treatment of CRC has been improved, 
but the overall survival of patients with CRC has 
not changed evidently. The major cause of mor-

talities and poor outcome is tumor invasion and 
metastasis [2, 3] which require the degradation 
of basement membrane and invasion of epithe-
lium that results in metastasis of tumor cells 
into distant organs [4]. One of the key molecular 
steps in the process of invasion is degradation 
of extracellular matrix (ECM) components by 
proteolytic enzymes [5]. Matrix metalloprotein-
ases (MMPs) are known to be overexpressed as 
normal mucosa progresses to adenomas and 
carcinomas [6]. High activity of MMPs in adeno-
mas is considered as a biomarker of early 
tumorigenesis [7]. It is well known that MMP-2 
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and -9 are the major ECM-degrading enzymes, 
once produced in the tumoral environment, can 
mainly degrade collagen IV that is a main com-
ponent of basement membranes compromis-
ing the basement membranes integrity [8]. In 
addition, another key molecular step in the pro-
cess of distant metastasis is characterized by 
epithelial-to-mesenchymal transition (EMT), a 
developmental process in which epithelial cells 
lose their polarity and experience dramatic 
morphology shift, and then transit to mesen-
chymal cells [9, 10]. Activation of EMT is usually 
observed in many types of malignant tumors 
including CRC [11, 12]. EMT capacitates the 
cancer cells to obtain invasive properties and 
metastatic growth characteristics. These 
events are mediated by suppression of 
E-cadherin and degradation of the basement 
membrane and ECM [13]. Recent reports also 
have regarded MMPs as promoters and media-
tors of developmental and pathogenic EMT pro-
cesses in the breast [14]. 

Increasing reports showed that mitogen-acti-
vated protein kinase (MAPK) signaling pathway, 
phosphatidylinositol-3 kinase (PI3K)/Akt signal-
ing pathway, TGF-β/Smad signaling pathway, 
the Rho kinase pathway and the Wnt/β-catenin 
signaling pathway, which are cell proliferation, 
invasion, metastasis-related signaling path-
ways have been involved in regulation of MMPs 
activities and the initiation of EMT. Moreover, 
there is rich cross-talk among these pathways 
in the EMT process [15-18]. Most of studies 
have also demonstrated that numerous tran-
scription factors including Snail, Slug, Twist, 
ZEB1 and ZEB2 are the activators of EMT, and 
play a critical role in cancer metastasis [19-24]. 
Recent reports have confirmed microRNAs 
(miRNAs) were identified as pivotal players in 
EMT-related tumor metastasis. For example, 
MiR-205 plays a critical role in the EMT-related 
tumor metastasis [25]. MiR-1 and miR-200 
inhibit EMT and tumorigenesis via Slug-
independent mechanisms [26]. MiRNA-200 
family inhibits the expressions of ZEB1 and 
ZEB2, sufficiently inducing EMT in various cell 
types [27].

Accumulated studies have reported that miR-
NAs play critical roles in regulation of the bio-
logical and pathologic processes, such as 
metastasis [28]. They generally function as cru-
cial gene regulators. In recent years, plenty of 
reports have demonstrated that miRNAs are 
involved in tumorigenesis and metastasis by 

targeting many types of mRNAs [29]. To this 
day, dysregulated expression of several miR-
NAs, such as miR-429 [30], miR-133a [31], 
miR-7 [32], miR-29c [33], miR-1 [34], has been 
demonstrated to contribute to invasion and 
metastasis of CRC. Moreover, miR-302a has 
been found to be down-regulated in breast can-
cer cells, and play an important role in regula-
tion of invasion and metastasis of breast can-
cer cells [35]. However, the underlying molecu-
lar mechanisms of miR-302a in proliferation, 
invasion and metastasis of CRC are still unclear.

In this study, we found that miR-302a was up-
regulated in CRC cell lines and investigated the 
effects of miR-302a overexpression on the pro-
liferation and invasion of both SW480 and 
HCT116 cells. We have demonstrated that miR-
302a played a critical role in the metastasis of 
CRC in part by inhibition of the MAPK and PI3K/
Akt signaling pathways. 

Materials and methods

Cell culture and miRNA transfection 

Human CRC cell lines SW620, SW480, HT29, 
HCT116 and human normal colon epithelium 
cell line FHC cells were purchased from 
American Type Culture Collection (ATCC, 
Manassas, VA, USA). The cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) 
(Gibco Co., New York, USA) containing 10% fetal 
bovine serum (FBS) (Gibco Co., New York, USA), 
100 mg/ml penicillin and 100 mg/ml strepto-
mycin at 37°C in a humidified atmosphere of 
5% on 0.1% gelatin-coated culture flasks. To 
up-regulate the expression of miR-302a in 
SW480 and HCT116 cells, both cells were 
transfected with miR-302a mimics, which 
served as the miR-302a group. SW480 and 
HCT116 cells transfected with miR-negative 
control (miR-NC) were used as miR-NC group. 
One day before transfection, cells at about 40 
to 60% confluency were changed to the antibi-
otic-free media. After 24 h, cells were transfect-
ed with 50 nM miR-302a mimics using 
LipofectaminTM 2000 reagent (Invitrogen) fol-
lowing manufacturer’s protocol.

Reverse transcription polymerase chain reac-
tion 

Total RNA of SW480 or HCT116 cells were ex- 
tracted by using Trizol reagent (Life Tech- 
nologies, Carlsbad, CA). Two microgram RNA 
was used for gene-specific reverse transcrip-
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tion polymerase chain reaction (RT-PCR) using 
one-step RT-PCR kit (Qiagen, Venlo, the 
Netherlands) following the manufacturer’s pro-
tocols. The following primers were used:  
miR-302a (GeneBank Accession number 
NR_029835), 5’-CGTGGATGTACTTGCTTTGAA-3’ 
and 5’-TCACCAAAACATGGAAGCAC-3’. U6 snRNA 
were used to normalize. Each sample was 
assessed in triplicate.

Cell viability assay

SW480 and HCT116 cells (5×103 cells/100 μl) 
were seeded in 96-well plates for 24 h. After 
that, cells were transfected with miR-302a and 
miR-NC for 24 h. Then, the number of viable 
cells was determined using 3-(4, 5-dimethylthi-
azol-2-yl) 2, 5-diphenyltetrazolium bromide 
(MTT) reagent (Sigma Chemical Co., USA) fol-
lowing manufacturer’s instructions. Briefly, MTT 
reagent (10 μl, 5 mg/ml) was added to the 100 
μL medium, and incubated at 37°C for 4 h. The 
medium was removed and dimethyl sulfoxide 
(DMSO) was added (150 μl/well) to solubilize 
the formazan crystals. OD values of the medi-
um at 490 nm were measured with Biotek Elx-
800 plate reader.

Transwell invasion assay

Transwell matrigel invasion assay using 
Transwell chambers (8-mm pore size; Minipore) 
precoated with Matrigel (BD Biosciences, 
Franklin Lakes, NJ) that contained extracellular 
matrix proteins was used to determined cell 
invasion. In brief, 1×105 cells in 100 μl DMEM 
containing 1% FBS were seeded in the upper 
chamber, and 600 ml DMEM containing 1% 
FBS was added to the lower chamber. After 6 h 
incubation at 37°C in a 5% CO2 atmosphere, 
cells that remained in the upper chamber were 
removed by cotton swabs and penetrating cells 
were fixed in methanol, and then stained with 
0.1% crystal violet. Cell invasion was quantified 
by counting cells on the lower surface using 
phase contrast microscopy. 

Western blot analysis 

To extract the proteins, cells were washed twice 
in cold PBS, and then lysed in RIPA lysis buffer 
with protease inhibitor cocktail. The protein 
concentration of cell lysates was quantified by 
BCA Kit (Beyotime Institute of Biotechnology 
Jiangsu, China), and 50 μg of each of proteins 
were separated by SDS-PAGE on 8% gels, and 

then transferred to a polyvinylidene fluoride 
(PVDF) membrane (Millipore, USA). The mem-
branes were blocked in 5% shimmed milk dilut-
ed with Tri Buffered Saline Tween-20 (TBST) (in 
mmol/L: Tris-HCl 20, NaCl 150, PH 7.5, 0.1% 
Tween 20) at room temperature for 1 h and 
incubated overnight at 4°C with primary anti-
body respectively: anti-MMP-2 and anti-MMP-9 
(Abcam, Cambridge, UK), anti-E-cadherin, anti-
β-catenin, anti-fibronection, anti-vimentin, anti-
Snail, anti-Slug, anti-ZEB1 and anti-ZEB2 
(1:500; Santa Cruz Biotechnology, CA, USA), 
anti-phospho-Erk1/2, anti-total-Erk, phospho-
Akt (Thr 308), phospho-Akt (Ser 473) and total-
Akt (1:1000; Cell Signaling Technology Inc, MA, 
USA). The membranes were then incubated 
with a goat anti-rabbit or anti-mouse IgG conju-
gated to horseradish peroxidase secondary 
antibody (1:1000; Santa Cruz Biotechnology, 
CA, USA) for 2 h. The proteins were visualized 
using ECL-plus reagents (Amersham Bio- 
sciences Corp., USA). The density of the bands 
was measured using the Image J software 
(USA), and values were normalized to the densi-
tometric values of GAPDH or β-actin in each 
sample.

Measurement of MMP-9 and MMP-2 levels

Enzyme-linked immunosorbent assay (ELISA) 
kits (USCN, USCN life science, Wuhan, China) 
was used to determine the levels of MMP-9 and 
-2 in the culture supernatants based on the 
manufacturer’s instructions. 

Statistical analysis 

All statistical analyses were performed using 
GraphPad Prism 5.0 (GraphPad Software, Inc., 
USA). Data from each group were expressed as 
mean ± standard error of the mean (S.E.M.) 
and statistically analyzed by Student’s t test. 
Differences were considered statistically sig-
nificant at a P value of <0.05.

Results

MiR-302a is decreased in colorectal cancer 
(CRC) cell lines

To determine the mRNA levels of miR-302a in 
CRC cells, four CRC cell lines (SW620, SW480, 
HT29 and HCT116) and a normal colon epithe-
lium cell line (FHC) were used to detect the 
mRNA levels of miR-302a by RT-PCR. We found 
that the level of miR-302a was remarkably 
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reduced in all four CRC cell lines compared to 
that in normal colon epithelium cell line FHC 
(Figure 1A). Among these CRC cell lines, 
SW480 and HCT116 cells were used to investi-
gate further. Besides, our results also showed 
that miR-302a displayed prominent up-regula-
tion of mRNA levels in miR-302a mimic group 
compared to miR-NC group (Figure 1B). These 
outcomes indicated that we availably decreased 
miR-302a expression in SW480 and HCT116 
cells.

Up-regulation of miR-302a inhibited prolifera-
tion of SW480 and HCT116 cells

The decreased expression of miR-302a in CRC 
cell lines implied that miR-302a may have a 

role in CRC carcinogenesis. To examine the role 
of miR-302a in proliferation of CRC cells, 
SW480 and HCT116 cells were transfected 
with miR-302a or miR-NC. Results from MTT 
assay showed that up-regulation of miR-302a 
notably suppressed the growth of SW480 and 
HCT116 cells (Figure 2). These findings sug-
gested that overexpression of miR-302a had 
available antiproliferative effect in both SW480 
and HCT116 cells.

Overexpression of miR-302a suppressed the 
invasive capacities of CRC cells

To know whether overexpression of miR-302a 
possesses a negative effect on invasion of CRC 
cells, we further transfected a miR-302a mimic 
into SW480 and HCT116 cells, and the invasive 
capacities of SW480 and HCT116 cells were 
evaluated by Transwell invasion assay. The 
results of Transwell assays demonstrated that 
the number of SW480 and HCT116 cells invad-
ing through the Transwell membrane was sig-
nificantly lower in miR-302a group compared to 
miR-NC group (Figure 3). These findings indi-
cated that up-regulation of miR-302a might 
inhibit invasion of CRC cells.

Effects of miR-302a introduction on expres-
sions and secretions of MMP-9 and -2 in CRC 
cells

MiR-302a introduction impaired invasion of 
SW480 and HCT116 cells potentially due to 
regulation of MMPs. To demonstrate this 
hypothesis, we determined the expressions of 

Figure 1. The mRNA level of miR-302a in CRC cell lines. A. The relative expression of miR-302a in CRC cell lines 
and FHC cell line by real-time PCR. B. The mRNA levels of miR-302a in SW480 and HCT116 cells transfected with 
miR-302a mimic and its appropriate negative control (miR-NC) by real-time PCR. All data are presented as mean ± 
SEM, n=6. *P<0.05, **P<0.01, ***P<0.1 vs. FHC; ##P<0.01 vs. miR-NC.

Figure 2. Effects of miR-302a transfection on growth 
of SW480 and HCT116 cells. SW480 and HCT116 
cells were transfected with miR-302a or miR-NC. Cell 
growth was estimated by MTT assay. All data are pre-
sented as mean ± SEM, n=6. ##P<0.01 vs. miR-NC.
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MMP-9 and -2 at the protein levels by Western 
blotting. Up-regulation of miR-302a operated 
an evident decrease in MMP-9 and -2 expres-
sions at the protein levels (Figure 4A). In addi-
tion, we further detected the levels of MMP-9 
and -2 in the culture supernatants by ELISA. 
Consistent with the results of Western blotting, 
our results showed that levels of MMP-9 and -2 
in the culture supernatants were dramatically 
decreased in miR-302a-transfected SW480 
and HCT116 cells (Figure 4B). Our findings indi-
cated that decrease of MMP-9 and -2 might be 
one of the potential mechanisms conduced to 
the effects of miR-302a overexpression on the 
invasive capacities of SW480 and HCT116 
cells.

Effects of miR-302a overexpression on EMT-
related proteins of CRC cells

To understand whether EMT contributed to inhi-
bition of CRC cell invasion by up-regulation of 
miR-302a, we explored the effects of miR-302a 
overexpression on the expressions of EMT 
markers in SW480 and HCT116 cells using 
Western blotting. Overexpression of miR-302a 
in SW480 and HCT116 cells resulted in up-reg-
ulating the epithelial marker E-cadherin, and 
down-regulating the mesenchymal markers 
β-catenin, fibronection and vimentin at protein 
levels (Figure 5A). Moreover, we also deter-
mined the expressions of EMT-related tran-
scription factors in SW480 and HCT116 cells 
after transfection with miR-302a. Up-regulation 
of miR-302a markedly reduced the protein 

expressions of Snail, Slug, ZEB1 and ZEB2 in 
both cells (Figure 5B). Altogether, our findings 
suggested that overexpression of miR-302a 
could inhibit the migratory ability of CRC cells in 
part by regulating EMT.

Overexpression of miR-302a inhibited MAPK 
and PI3K/Akt signaling pathways in CRC cells

To investigate the molecular mechanisms by 
which miR-302a regulated the migratory ability 
of CRC cells, we studied the effects of miR-
302a overepxression on the MAPK and PI3K/
Akt signaling pathways. Therefore, to investi-
gate the effects of miR-302a transfection on 
both signaling pathways, we carried out 
Western blot analysis to determine the expres-
sions of phospho-Erk1/2, total-Erk1/2, phos-
pho-Akt and total-Akt. Twenty-four hours after 
transfection with miR-302a, the phosphoryla-
tion of Erk1/2 and Akt in both SW480 and 
HCT116 cells were determined by Western blot-
ting. Western blot analysis showed that miR-
302a overexpression prominently decreased 
phosphorylation of Erk1/2 and phosphoryla-
tion of Akt at Thr308 and Ser473 to suppress 
the both MAPK and PI3K/Akt signaling path-
ways in SW480 and HCT116 cells (Figure 6). 
However, miR-302a had no effects on total 
Erk1/2 and Akt expressions. Taken together, 
these findings indicated that up-regulation of 
miR-302a suppressed the proliferation and 
invasion of CRC cells by inhibiting the MAPK 
and PI3K/Akt signaling pathways.

Figure 3. Overexpression of miR-302a suppressed invasion of CRC cells. SW480 and HCT116 cells were transfected 
with miR-302a and miR-NC, and then seeded in the top chamber. After 6 h, the SW480 and HCT116 cells that 
invading through the membrane were stained and quantified. Data are expressed as percentage of miR-NC. Data 
represent means ± SEM, n=4. ##P<0.01 vs. miR-NC.
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Discussion

MiR-302 family members (miR-302s) have 
been involved in the maintenance and estab-
lishment of pluripotency as well as regulation of 
differentiation and tissue formation during 
embryo development [36, 37]. A recent study 
reports that miR-302 family members inhibit 
proliferation of cervical cancer cells [38]. Liang 
et al showed that miR-302a has ability to sensi-

tize breast cancer cells to radiotherapy, and 
inhibits breast cancer metastasis by decreas-
ing CXCR4 expression [39]. However, the roles 
of miR-302a in proliferation, invasion and 
metastasis of colorectal cancer cells are 
unknown.

In this paper, we clarified that miR-302a was 
down-regulated in CRC cell lines and its down-
regulation was closely related to cell prolifera-

Figure 4. Up-regulation of miR-302a decreased expressions and secretions of MMP-9 and -2. SW480 and HCT116 
cells were transfected with miR-302a and miR-NC. A. The protein expressions of MMP-9 and -2 were determined 
by Western blotting. B. Levels of MMP-9 and -2 were detected in the culture supernatants of cultured SW480 and 
HCT116 cells. All data are presented as mean ± SEM, n=6. #P<0.05, ##P<0.01, ###P<0.001 vs. miR-NC.
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Figure 5. Overexpression of miR-302a regulated the expression of EMT-related proteins in CRC cells. SW480 and HCT116 cells were transfected with miR-302a and 
miR-NC. A. The expressions of E-cadherin, β-catenin, fibronection and vimentin were determined by Western blotting in SW480 and HCT116 cells. B. The expressions 
of Snail, Slug, ZEB1 and ZEB2 were determined by Western blotting in SW480 and HCT116 cells. All data are presented as mean ± SEM, n=6. #P<0.05, ##P<0.01 
vs. miR-NC.
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Figure 6. Overexpression of miR-302a inhibited the MAPK and PI3K/Akt signaling pathways. SW480 and HCT116 
cells were transfected with miR-302a and miR-NC, the p-Erk1/2, t-Erk1/2, p-Akt (Thr308), p-Akt (Ser473) and t-Akt 
protein expression levels were analyzed by Western blotting. All data are presented as mean ± SEM, n=6. ##P<0.01, 
###P<0.001 vs. miR-NC.

tion and invasion, which may contribute to CRC 
progression and lead to poor prognosis. During 
the process of invasion, cancer cells require 
MMPs, particularly MMP-2 and -9, to degrade 
the extracellular matrix, which facilitate to pro-
mote cancer cell invasion. Our findings showed 
that overexpression of miR-302a dramatically 
reduced the expressions and secretions of 
MMP-2 and -9. Moreover, EMT is also consid-
ered as another necessary step for cancer inva-
sion and metastasis [12, 40]. After transfection 
with miR-302a, the expressions of transcript 
factors such as Snail, Slug, ZEB1 and ZEB2 
were reduced, and then expression of E- 

cadherin was up-regulated and expressions of 
β-catenin, fibronection and vimentin were 
down-regulated, leading to suppressing migra-
tory ability of CRC cells, which suggested that 
inhibition of EMT contributed to suppression of 
CRC cell invasion after overexpressing 
miR-302a.

MMPs are the enzymes that contributed to the 
proteolysis of miscellaneous constituents of 
the ECM, but have subsequently been con-
firmed to be increased in most type of tumors. 
Since proteolysis of the ECM is necessary for 
cancer invasion and metastasis, MMPs have 
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been studied for their roles in the development 
and progression of tumors. Among the MMP 
family, MMP-2 and -9 are recognized to degrade 
type IV collagen that is a main constituent of 
the basement membrane, leading to invasion 
and metastasis of many cancer cells [41-45]. In 
this study, our findings showed that MMP-2 and 
-9 were associated with the invasion and 
metastasis of CRC cells. From our results, the 
expressions and secretions of MMP-2 and -9 
were significantly reduced by overexpression of 
miR-302a. Furthermore, increasing reports 
demonstrated that cancer-related MMPs can 
also stimulate EMT that is activated in cancer 
cells during cell invasion and metastasis. In 
EMT, molecules such as E-cadherin, N-cadherin, 
β-catenin, fibronection and vimentin are con-
firmed to be definitely increased or decreased 
and have been established as the markers of 
EMT [46]. Because the effects of miR-302a on 
cell invasion and MMPs expression regulation, 
we determined the change of EMT markers in 
SW480 and HCT116 cells transfected with 
miR-302a. Our data demonstrated that up-reg-
ulation of miR-302a could significantly sup-
press invasive ability of CRC cells by dramati-
cally up-regulating the epithelial marker 
E-cadherin and down-regulating the mesenchy-
mal marker β-catenin, fibronection and vimen-
tin, which supported that miR-302a might 
reverse EMT process to suppress cell invasion 
and metastasis. Moreover, many transcription 
factors, such as Snail, Slug, Twist, ZEB1 and 
ZEB2, are considered as the crucial inducers of 
EMT [47-49]. Further study showed that overex-
pression of miR-302a resulted in evident 
decreases in the expressions of Snail, Slug and 
ZEB1 and ZEB2. Collectively, our results indi-
cated that overexpressing miR-302a sup-
pressed EMT through down-regulation of tran-
scription factors, thereby inhibiting CRC cell 
invasion and metastasis. 

In addition, the possible molecular mecha-
nisms of CRC cell proliferation, invasion and 
metastasis inhibited by miR-302a were 
explored. Our Western blot analysis revealed 
that miR-302a might be associated with cell 
signaling pathway. It has been reported that 
abnormal activation of MAPK and Akt signaling 
is closely related to growth and progression of 
CRC [31-34]. Many recent studies have shown 
roles for activated MAPK/Erk and PI3K/Akt sig-
naling in regulation of proliferation, invasion 

and metastasis in colorectal cancer cells [16, 
32, 50, 51]. Our findings of Western blot assay 
demonstrated that miR-302a inactivated 
MAPK/Erk and PI3K/Akt signaling pathways by 
decreasing the phosphorylation of Erk1/2 and 
Akt, which are classical signal transduction 
pathways and play a critical role in tumor pro-
gression. Taken together, we for the first time 
demonstrated that miR-302a played its biologi-
cal functions through regulation of the MAPK/
Erk and PI3K/Akt signaling pathways, which 
might also elucidate the molecular mecha-
nisms of miR-302a on inhibition of CRC cell pro-
liferation and invasion.

In conclusion, our findings suggested that over-
expression of miR-302a inhibited proliferation 
and invasion of SW480 and HCT116 cells by 
modulating the MAPK and PI3K/Akt signaling 
pathways. Hence, miR-302a may be the poten-
tial therapeutic target for treating CRC.
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