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microRNA-221 functions as a potential tumor promoter 
in colon cancer via ERK1/2 signaling pathway
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Abstract: MicroRNAs belong to a class of highly conserved small non-coding RNAs that function as posttranscrip-
tional gene regulators. The aim of this study is to investigate the role of miR-221 in human colon cancer (CC). Total 
RNA was isolated from 45 stool samples with CC or healthy controls and different CC cell lines. The expression of 
miR-221 was then detected by Real-time PCR. After miR-221 inhibition in CC cell lines, the cell viability was mea-
sured by CCK-8 assay and the cell apoptosis and cell cycle analysis were performed by flow cytometry, respectively. 
Transwell assay was used to determine the cell invasion of CC cell lines. Expression of apoptosis and invasion-
associated factors were measured by Real-time PCR and Western blot. We found that miR-221 was confirmed to be 
significantly higher in stool of CC patients and LOVO CC cell lines. Inhibition of miR-221 repressed cell viability and 
invasion of LOVO cells, and cell cycle arrest and apoptosis were also found in LOVO cells with miR-221 inhibition. 
Apoptotic factors p53, caspase-3 and PTEN were upregulated by inhibition of miR-221, while invasive factors Snail, 
MMP9 and VEGF were downregulated by inhibition of miR-221 with upregulated E-cadherin exception. Inhibition 
of miR-221 also induced ERK1/2 signaling inactivation. Taken together, we identified miR-221 that were overex-
pressed in CC and which may be correlated with colorectal carcinogenesis via ERK1/2 signaling pathway.
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Introduction

Colon cancer is the fourth leading cause of can-
cer-related deaths worldwide, and the third 
most common cancer, with more than one mil-
lion cases diagnosed each year [1, 2]. Survival 
is inversely related to cancer stages, with up to 
90% of deaths preventable if detected early; 
however, it is often asymptomatic in its early 
stages and remains undiagnosed until advan- 
ced stages, where prognosis becomes poor, 
with the five year survival rate ranges from 40 
to 60% [3]. Its high incidence and poor progno-
sis mean that the mechanisms of CC carcino-
genesis and progression have been the sub-
jects of much attention in recent years. For all 
cancers, the overwhelming cause of death from 
CC is metastasis, a complex series of multiple 
sequential steps during which primary tumor 
translocates to a distant organ and forms a 
secondary tumor [4]. Several factors have been 

identified as playing critical roles in its patho-
genesis. Oncogenic activation of intracellular 
signaling pathways, such as EGFR, Wnt, TGF-β 
and PI3K pathways, have been shown to play 
substantial roles in maintaining the growth and 
progression of colon cancer cells [5]. Under- 
standing the molecular mechanism underlying 
CC carcinogenesis is therefore essential for 
developing therapies for CC patients.

MicroRNAs (miRNAs) are short non-coding 
RNAs play important role in almost all biological 
pathways. It has been reported that miRNAs 
regulate 30 to 60% of human genes [6], and 
that are therefore implicated in biological pro-
cesses such as differentiation [7], cell cycle 
control [8], apoptosis [9] and metabolism [10]. 
They have been shown that be also involved in 
many diseases as well as cancers. They can 
control several cancer-relevant processes such 
as proliferation, apoptosis [11], migration and 
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invasion [12]. MicroRNAs can target up to sev-
eral hundred mRNAs, which makes them very 
powerful regulators and an aberrant miRNA 
expression can disturb a multitude of cell sig-
naling pathways and profoundly influence can-
cer onset and progression. A number of studies 
were recently published that focus on the sig-
nificance of miRNAs in colorectal cancer and 
several miRNAs participate in the pathogenesis 
of colon cancer through controlling the expres-
sion of key signaling molecules [13, 14]. 
However, elucidating the roles of miRNAs in 
cancer biology, especially in colon cancer, 
remains an ongoing process.

miR-221 belongs to the miR-221/222 family 
function as a known suppressor of the p27 pro-
tein and involved in tumor development by reg-
ulating cell proliferation and cell cycle. In sup-
port of its role in tumorigenesis, upregulation of 
miR-221 has been shown to induce cell prolif-
eration and reduce apoptosis in multiple can-
cers including lung, breast and liver cancer 
[15]. miR-221 overexpression promotes hepa-
tocellular carcinoma cell proliferation through 
modulating cyclin dependent kinase inhibitors 
(CDKIs), including CDKN1C/p57 and CDKN1B/
p27 [16]. miR-221 regulates gastric carcinoma 
cell proliferation and radioresistance by target-
ing PTEN [17]. ERK signal regulates miR-221 
expression, and that these miR-221 might con-
tribute to NGF-dependent cell survival in PC12 
cells [18]. miR-221 was also significantly higher 
in stool as potential biomarkers for diagnosis of 
colon cancer [19]. However, its role and molec-
ular mechanism involved in cell proliferation, 
apoptosis and invasion of CC processes 
remains unexplored.

In this study, we explored the possibility that 
miR-221 may be involved in CC cell prolifera-
tion, apoptosis and invasion and partially eluci-
dated the molecular mechanism underlying its 
effects. We showed that miR-221 promoted 
cell proliferation and invasion and suppressed 
apoptosis may through ERK1/2 signaling path-
way, which provides a candidate target for CC 
treatment.

Materials and methods

Patients and sample collection

Stool samples were collected from 90 subjects 
including 45 CC and 45 healthy subjects using 

a 30 mL disposable stool sample container 
with screw cap. The containers were manufac-
tured under aseptic conditions to eliminate any 
biological contamination. Stool samples from 
CC patients were collected 7 days after colo-
noscopy, whereas stool samples from healthy 
controls were collected before bowel purgation 
and colonoscopy. Following collection, all stool 
samples were immediately stored at 4°C, and 
transferred to a -80°C freezer within 24 h.

Cell culture

Colon cancer (CC) cell lines including HT-29, 
SW1116, SW480, LOVO and HCT116 were 
obtained from the Shanghai Cell Bank, Chinese 
Academy of Sciences (Shanghai, China). Cells 
were cultured in DMEM supplemented with 
10% fetal bovine serum, 100 units/mL penicil-
lin and 100 μg/mL streptomycin, and incubat-
ed in a humidified atmosphere at 37°C with 5% 
CO2.

miRNA transfection

LOVO cells were seeded in antibiotic-free medi-
um the day before transfection. The LOVO cells 
were transfected with 50 nmol/L of negative 
control miRNA (Mock), miR-221 inhibitor (Anti-
miR-10b) obtained from Beyotime (Shanghai, 
China) that knockdown of miR-221 by using 
lipofectamineTM 2000 (Invitrogen, Carlsbad, CA, 
USA) according to the instructions provided by 
the manufacturer. After 48 h, the transfected 
cells were collected and analyzed as following 
experiments.

Cell viability assay

Cell viability was assessed by Cell Counting Kit 
(CCK)-8 kit (Tongren, Shanghai, China). Briefly, 
4 × 103 cells were seeded in each 96-well plate, 
and further incubated for 0, 24, 48 and 72 h, 
respectively. CCK-8 reagent was added to each 
well at 1 h before the endpoint of incubation. 
The optical density (OD) 450 nm values in each 
well were determined by a microplate reader 
(Thermo Fisher Scientific Inc., Waltham, MA, 
USA). Experiments were repeated at least three 
times each time in triplicate.

Cell cycle and apoptosis assays

After 48 h of transfection, cells were harvested 
and cell cycle distribution was analyzed using 
propidium iodide (PI, Sigma-Aldrich) staining on 
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a flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA) as previously described [20]. 
After 48 h of transfection, cells were harvested 
and cell apoptosis was analyzed using Annexin 
V/PI staining (BD Biosciences) and flow cytom-
etry analysis as previously described [20]. 
Experiments were repeated at least three 
times, each time in triplicate.

Transwell assay

The cells were serum-starved for 24 h and sub-
sequently, 1 × 105 of cells in 500 μL DMEM 
were seeded into the upper wells of the 
Transwell (Corning, Inc., Corning, NY, USA) coat-
ed with Matrigel (BD Biosciences). Cell culture 
medium, supplemented with 10% FBS, was 
added into the lower well of the chamber. After 
48 h of incubation, the cells migrated into the 
lower well were fixed with methanol and stained 
with 0.5% Methylrosanilnium Chloride Solution 
for 30 min. The cells were counted at a magnifi-
cation of × 200 and the mean number of cells 
was recorded. Experiments were repeated at 
least three times, each time in triplicate.

Reverse transcription and real-Time PCR

Total RNA was isolated from CC patients’ stool 
and transfected cells using Trizol reagent (Invi- 
trogen). Reverse transcription reactions were 
performed as described [21]. miR-221 was 

reverse transcripted by the looped primer, 
which binds to six nucleotides at the 3’ portion 
of miR-221 molecules, respectively. Real-time 
PCR was performed using a standard SYBR 
Green PCR kit protocol on ABI7300 (Applied 
Biosystem, Foster City, CA, USA) thermal cycler. 
The U6 RNA was used as internal controls for 
miR-221. The ΔΔCt method for relative quantifi-
cation of gene expression was used to deter-
mine miRNA expression levels. The PCR prim-
ers for miR-221 were 5’-ACACTCCAGCTGGGAG- 
CTACATTGTCTGCTG-3’ (forward) and 5’-CTCAA- 
CTGGTGTCGTGGAGTCGGCAATTCAGTTGAGG- 
AAACC-3’ (reverse). The PCR primers for U6 we- 
re 5’-CTCGCTTCGGCAGCACA-3’ (forward) and 
5’-AACGCTTCACGAATTTGCGT-3’ (reverse).

Western blot

25 μg of protein from CC cell lines were sub-
jected to SDS-PAGE using a Bio-Rad miniature 
slab gel apparatus and electrophoretically tran- 
sferred onto a nitrocellulose sheet. Membranes 
were washed and incubated with respective 
secondary antibodies and were visualized by 
enhanced chemiluminescence (Millipore, Bei- 
jing, China) according to the manufacturer’s 
instructions. Antibodies for caspase-3 (1:500), 
MMP9 (1:500) and VEGF (1:1000) were pur-
chased from Abcam (Cambridge, MA, USA). Anti- 
bodies for PTEN (1:1000), E-cadherin (1:1000), 
Snail (1:1000), p53 (1:1000), p-ERK1/2 (1: 

Figure 1. Upregulation of miR-221 expression in stool of CC patients and CC cell lines. A. The expression level 
of miR-221 was detected by Real-time PCR, and the expression of miR-221 was significantly increased in stool 
samples than in healthy controls. B. The protein expression of miR-221 in the LOVO CC cell lines was higher than in 
the four other cell lines, as detected by Western blot. C. 48 h after transfection of anti-miR-221 into LOVO cells, the 
expression of TRIM27 was significantly decreased than in the untreated Naive cells, as measured by Real-time PCR. 
GAPDH was used as a loading control. *P < 0.001 compared with Healthy control or Naive cells.
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1000), ERK1/2 (1:1000) and GAPDH (1:1500) 
were purchased from Cell Signaling Technology, 
Inc. (Beverley, MA, USA). GAPDH antibody was 
used as an internal control.

Statistical analysis

Experimental data were presented as mean ± 
SD of at least three independent replicates 
through analyzing with SPSS 19.0 and assess-
ing comparisons between different groups by 
the unpaired, two-tail Student’s t test. Diffe- 
rences were considered significant at values of 
P < 0.05.

Results

miR-221 is significantly upregulated in stool 
samples of CC patients and in CC cell lines 

miR-221 has been found to be one of the most 
upregulated miRNAs in the miRNA expression 
array in colon cancer [19]. Thus miR-221 was 
selected for validation in 45 stool samples from 
CC patients. We found that miR-221 (1.58-fold, 

P < 0.0001) expression was significantly upreg-
ulated in stool from CC patients compared with 
healthy controls (Figure 1A). Having document-
ed significantly upregulation of miR-221 in clini-
cal CC patients, we wonder how miR-221 
affects CC cell biological behavior. We analyzed 
miR-221 expression in five CC cell lines, HT-29, 
SW1116, SW480, LOVO and HCT116 cell lines 
by Real-time PCR. miR-221 was expressed in 
higher level in LOVO cell lines compared with 
another four cell lines (Figure 1B). Then, anti-
miR-221 was transiently transfected into LOVO 
cells. As shown in Figure 1C, the miRNA-211 
was significantly decreased by 76.1% in LOVO 
cells transfected with anti-miR-221, compared 
with untransfected LOVO cells (Naive). However, 
Mock sequence (Mock) had no effect on the 
expression of miRNA-211.

Inhibition of miR-221 represses cell viability 
and induces cell cycle arrest in CC cell lines

0, 24, 48 and 72 h after transfection, cell viabil-
ity was analyzed using CCK-8 assay. As shown 

Figure 2. Cell proliferation and cell cycle of LOVO cells after transfection with anti-miR-221. A. Cell proliferation was 
measured by CCK-8 assay, and transfection of LOVO cells with anti-miR-221 showed significantly decreased prolif-
eration compared with Naive cells. B, C. Cell cycle was assessed using PI staining and flow cytometry. Transfection 
of LOVO cells with anti-miR-221 showed significantly increased number of G1 cells and decreased number of S and 
G2-M cells compared with Naive cells. *P < 0.001 and #P < 0.05 compared with Naive cells.
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in Figure 2A, inhibition of miRNA-211 induced 
great inhibition on cell growth compared with 
Naive cells. However, Mock-transfected cells 
had no effect on the cell growth of LOVO cells. 
To further validate the cell proliferation inhibi-
tion of anti-miR-221, cell cycle was analyzed in 
LOVO cells. Cell cycle analysis showed that 

silencing miR-221 by anti-miR-221 notably 
increased the population of G0-G1 phase cells 
and reduced the population of S and G2-M 
phase cell in LOVO cells (Figure 2B and 2C). 
However, Mock-transfected cells had no effect 
on the cell cycle of LOVO cells. These results 
indicate that silencing miR-221 in CC cell lines 

Figure 3. Apoptosis of LOVO cells after transfection with anti-miR-221. A. Cell apoptosis was assessed using annexin 
V-FITC/PI staining performed staining and flow cytometry. B. The mRNA expression of p53, caspase-3 and PTEN was 
assessed using Real-time PCR in LOVO cells. C. The production of these proteins was assessed using Western blot 
in LOVO cells. GAPDH was used as a loading control. *P < 0.001 compared with Naive cells.

Figure 4. Invasion of LOVO cells after transfection with anti-miR-221. A. Cell invasion was measured by Transwell 
analysis. B. The mRNA expression of E-cadherin, Snail, MMP9 and VEGF was assessed using Real-time PCR in LOVO 
cells. C. The production of these proteins was assessed using Western blot in LOVO cells. GAPDH was used as a 
loading control. *P < 0.001 and ##P < 0.01 compared with Naive cells.
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may inhibited cell viability by arresting cell cycle 
progression in G0/G1 phase.

Inhibition of miR-221 apoptosis in CC cell lines

Then, we evaluated the apoptotic function of 
miR-221 in LOVO cells by Annexin V-FITC/PI 
staining assay. As shown in Figure 3A, flow 
cytometry analysis revealed that inhibition of 
miR-221 in LOVO cells significantly increased 
cell apoptosis by 7.74-fold compared with Naive 
cells. However, Mock-transfected cells had no 
effect on the cell apoptosis of LOVO cells. 
Having documented significantly effect of miR-
221 on apoptosis of CC cell lines, we wonder 
how miR-221 affects the expression of proteins 
associated with cell apoptosis. We analyzed 
three apoptotic factors p53, caspase-3 and 
PTEN by Real-time PCR (Figure 3B) and Western 
blot (Figure 3C). Silence of miR-221 induced 
upregulation of p53, caspase-3 and PTEN at 
both mRNA and protein levels. However, Mock-
transfected cells had no effect on these protein 
expressions in LOVO cells. These findings sug-
gest that inhibition of miR-221 affects cell 
apoptosis via modulating expression of p53/
caspase-3/PTEN.

Inhibition of miR-221 suppresses cell invasion 
in CC cell lines

To investigate the invasion-promoting function 
of miR-221 in CC cell lines, the invasion capac-
ity of LOVO cells was evaluated by Transwell 
assay. Knockdown of miR-221 in LOVO cells sig-
nificantly reduced the cell invasion ability com-
pared with Naive cells (Figure 4A). However, 
Mock-transfected cells had no effect on the cell 
apoptosis of LOVO cells. Having documented 
significantly effect of miR-221 on invasion of CC 
cell lines, we wonder how miR-221 affects the 

sion via modulating expression of E-cadherin/
Snail/MMP9/VEGF in CC cell lines.

Inhibition of miR-221 suppresses ERK1/2 sig-
naling activation

To further investigate the molecular mecha-
nism of miR-221 in CC, p-ERK1/2 and ERK1/2 
expression levels were also measured by 
Western blot. As shown in Figure 5, the ratio of 
p-ERK1/2 and ERK1/2 was significantly 
decreased in LOVO cells with miR-221 inhibi-
tion. However, Mock-transfected cells had no 
effect on p-ERK1/2 and ERK1/2 expression in 
LOVO cells. These findings suggest that inhibi-
tion of miR-221 affects cell apoptosis and inva-
sion via inactivating ERK1/2 signaling path- 
way.

Discussion

It has been recognized that tissue miRNAs can 
serve as accurate diagnosis and prognosis pre-
dictors of various tumors. In some situations, 
obtaining tumor tissues for analysis is challeng-
ing. Recent studies detecting aberrantly ex- 
pressed miRNA in stool has emerged as a 
promising non-invasive approach to CC screen-
ing [22, 23]. Stool miRNAs demonstrate high 
stability and can be detected with high repro-
ducibility by Real-time PCR. Previous study has 
investigated the expression profile of 667 miR-
NAs in a microarray and reported miR-135b 
and miR-31 as potential biomarkers [24]. In this 
study, miR-221 was verified in stool samples 
from 45 CC patients and 45 individuals with 
normal colonoscopy. miR-221 was significantly 
upregualted in CC stool compared with con-
trols. Moreover, miR-221 was also upregualted 
in CC cell lines with highest expression in LOVO 
cells. Collectively, these results suggest that 

Figure 5. ERK1/2 pathway in LOVO cells after transfection with anti-
miR-221. p-ERK1/2 and ERK1/2 protein expression was measured 
by Western blot in LOVO cells. *P < 0.001 compared with Naive cells.

expression of proteins associated 
with cell invasion. We analyzed four 
invasion factors E-cadherin, Snail, 
MMP9 and VEGF by Real-time PCR 
(Figure 4B) and Western blot (Figure 
4C). Silence of miR-221 induced up- 
regulation of E-cadherin, while indu- 
ced downregulation of Snail, MMP9 
and VEGF at both mRNA and protein 
levels. However, Mock-transfected 
cells had no effect on these protein 
expressions in LOVO cells. These find- 
ings suggest that inhibition of miR-
221 affects cell apoptosis and inva-
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the candidate miR-221 regulates key signaling 
pathways in colorectal tumorigenesis. 

miR-221 expression is upregulated in CC, but 
prior to this study, apart from its ability to sup-
press cell proliferation inhibitor CDKN1C/p57 
in vitro, the functional relevance of its upregula-
tion in CC was largely unexplored [16]. miR-221 
has been studied for its role in regulating cell 
proliferation, cell cycle progression and apopto-
sis in a variety of tumors, including human 
osteosarcoma [25], melanomas [26] and blad-
der cancer [27]. In this study we confirm previ-
ous reports that miR-221 induced cell prolifera-
tion, cell cycle progression and inhibited cell 
apoptosis in CC LOVO cells. Its invasion and 
migration promoting effects have been docu-
mented for various cancers, including gastric 
carcinoma [17], melanomas [27] and pancre-
atic cancer [28]. We subsequently showed that 
inhibition of miR-221 expression significantly 
repressed CC cell invasion. 

To understand the biological role of miR-221 in 
CC apoptosis and invasion, we searched for rel-
evant downstream targets. In a number of can-
cers, miRNAs target cell apoptosis by targeting 
p53 [29] and PTEN [17]. It has been previously 
reported that the loss of p53 is one of the most 
represented genetic abnormalities in cancer, 
the link between the miR-221 and p53 is impor-
tant example of microRNA transcriptional regu-
lation [29]. miR-221 targets PTEN, which allows 
the activation of the PI3K/AKT pathway, result-
ing in the bypass of the drug induced inhibition 
of EGFR [30]. In this study, we found that inhibi-
tion of miR-221 increased expression of p53, 
PTEN and caspase-3, suggesting that miR-221 
affects cell apoptosis through modulating 
these three factors. Moreover, we demonstrat-
ed that miR-221 knockdown increased E- 
cadherin but decreased Snail, MMP9 and VEGF 
expression levels in LOVO cells. Previous stud-
ies provide mechanistic evidences that most of 
the miR-130b-dependent effects are due to 
PPARγ suppression in CC that in turn deregu-
lates E-cadherin, Snail, and VEGF, key media-
tors of EMT and angiogenesis involved in cell 
invasion and migration [31]. Asuthkar et al. 
found an acute inhibitory effect of miR-211 on 
glioma cell invasion and migration via suppres-
sion of MMP9 [32]. The correlation of miR-221 
expression and E-cadherin, Snail, MMP9 and 
VEGF protein expression in CC cell lines pro-
vides further evidence for miR-221’s function in 

invasion as an inhibitor of E-cadherin and a pro-
moter of Snail, MMP9 and VEGF.

We also investigated whether miR-221 regu-
lates MAPK pathways for its pro-proliferative 
and anti-apoptosis inducing abilities. Since 
MAPKs are the key components of intracellular 
signaling for cell fate determination, we exam-
ined the phosphorylation status of ERK1/2 in 
miR-221-downregulated LOVO cells. ERK1/2 is 
an important candidate protein which assists 
cell division and proliferation. The inhibitor of 
ERK1/2 pathways significantly suppressed 
EMT and cancer stem cell phenotype, indicat-
ing that ERK1/2 pathway is required for miR-21 
mediating EMT and cancer stem cell phenotype 
[33]. Furthermore, miR-126 functions as a 
tumor suppressor in CC cells by targeting 
CXCR4 via the ERK1/2 signaling pathway [34]. 
Our results showed that miR-221 inhibition sig-
nificantly inactivated ERK1/2 pathway, which is 
in consistent with the previous studies.

In conclusion, this study demonstrates that 
inhibition of miR-221 effectively inhibited prolif-
eration and invasion of LOVO CC cells, induced 
G1 cell cycle arrest and apoptosis and caused 
modulation of apoptosis and invasion-related 
factors through the inhibition of ERK1/2 path-
way. Depletion of miR-221 expression in CC 
cells may thus provide a new strategy for over-
coming CC tumorgenesis.
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