
Abstract. Background: This study was designed to
determine the molecular function of miR-141 and the
underlying mechanisms in colorectal cancer (CRC).
Materials and Methods: SW480 cells in which miR-141 was
up- or down-regulated were established. Reverse
transcription, quantitative polymerase chain reaction and
Western blotting were used to examine the microRNA and
protein expression. Cell-cycle progression was analyzed by
flow cytometry. Proliferation marker Ki-67 was evaluated by
immunofluorescence. Transwell assay was conducted to
determine the migration rates of cells. Subcutaneous
xenograft models were used to examine the effect of miR-141
on tumorigenicity. Human mitogen-activated protein kinase
(MAPK) and receptor tyrosine kinase (RTK) pathway
phosphorylation array assays were used to interrogate
MAPK and RTK pathway activation. Results: miR-141
directly targeted zinc finger E-box-binding homeobox 1/2
(ZEB1/2). We first determined the expression levels of ZEB1
and ZEB2 in miR-141-expressing cells and miR-141-
knockdown cells and found that inhibition of miR-141
significantly increased the expression of ZEB2. In vitro study
revealed that miR-141 overexpression inhibited the
expression of Ki-67. Furthermore, overexpression of miR-141
led to a significant reduction in the proliferation of SW480
cells via induction of cell-cycle arrest at the G1 stage. In

contrast, inhibition of miR-141 markedly promoted the
proliferation of SW480 cells by promoting cell-cycle
progression. Moreover, overexpression of miR-141
significantly inhibited SW480 cell migration in vitro. In
addition, overexpression of miR-141 significantly reduced
tumor size and weight, and inhibited the growth of SW480
cell-derived tumor in nude mice. Notably, overexpression of
miR-141 also suppressed the liver metastasis of SW480 cells
in nude mice. Using RTK and MAPK arrays, we found
increased phosphorylation of hepatocyte growth factor
receptor (HGFR/c-MET) following inhibition of miR-141, but
phosphorylation of P53, AKT, ERK1/2, P38 and mTOR, etc.,
in SW480 cells was not affected by miR-141. Conclusion:
Our results suggest that miR-141 functions as a tumor
suppressor through ZEB2 and HGFR in CRC cells. 

Colorectal cancer (CRC) is a common gastrointestinal
malignancy and is the fourth most common cancer and the
fifth most common cause of cancer-related death in China,
with most patients diagnosed during the middle to late stages
(1, 2). Distant metastasis is the major cause of death in
patients with CRC. Liver metastases occur in approximately
15% of newly diagnosed patients (3). Treatment of CRC
with liver metastases has become an international research
hotspot in recent years. However, there remains a shortage
of effective treatments for patients with metastatic CRC.
Consequently, a better understanding of the molecular
mechanisms underlying liver metastasis is required to
promote the development of effective therapeutic strategies
for patients with metastatic CRC. The development of CRC
liver metastases is a complex process of multiple factors and
multiple steps. There are a large number of molecules
involved in the regulatory network. Our previous research
found that serum miR141 was highly expressed in a patient
with colorectal cancer and liver metastases. It was also found
that the expression of zinc finger E-box-binding homeobox
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1 (ZEB1), which was one of the target proteins of miR141,
had a significant correlation with the expression of E-
cadherin, the biomarker of epithelial–mesenchymal transition
(EMT) in metastatic tumor tissue (4). 

MicroRNAs are a class of small, endogenous, non–coding
RNAs that modify the expression of protein-coding genes by
binding the sequence to the 3’-untranslated region (3’-UTR)
of target mRNA, leading to the repression of translation, or
to degradation of the mRNA. MicroRNAs play critical roles
in the initiation, development and metastasis of cancer by
regulating their target genes (5-7). MicroRNA-141 (miR-
141) is a common cancer-associated miRNA. It has been
reported as a tumor suppressor in some malignancies, such
as gastric cancer, pancreatic cancer, breast cancer, renal cell
carcinoma and hepatocellular carcinoma. However, the
molecular function of miR-141 and its underlying
mechanisms in CRC are still unclear.

In the present study, we evaluated the molecular function
of miR-141 and underlying mechanisms in a panel of CRC
cell lines. SW480 cells in which miR-141 was up- or down-
regulated were established. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR), western blot, receptor
tyrosine kinase (RTK) and mitogen-activated protein kinase
(MAPK) array was used in the study.

Materials and Methods
Cell lines and cell culture. Human colorectal carcinoma cell lines
SW480 and HCT116 were purchased from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences
(Shanghai, PR China). All cells were cultured in RPMI-1640
medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco) and 1% penicillin-streptomycin, and
grown in a humidified incubator at 37˚C with 5% CO2.

Establishment and of culture miR-141 under- and overexpressing
cells. The lentivectors for expression of miR-141 and antisense miR-
141 were purchased from the GenePharma Company (Shanghai, PR
China). Lentivectors and packaging vectors were co-transfected into
HEK-293T cells (the Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences, Shanghai, P.R. China) with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. After 48 h transfection, the culture
supernatant was collected and centrifuged at 4,000 × g for 10 min.
The supernatant was filtered and centrifuged to harvest the high-titer
lentivirus containing miR-141 or antisense miR-141. After
determination of the virus titer, the mixture of an appropriate volume
of virus stock solution and cell culture medium were added to
SW480 and HCT116 cells. After 72 h incubation, the cells were
selected using puromycin (5 μg/ml) for 21 days to establish stably
transfected cell miR-141-overexpressing and miR-141-inhibited
(miR-141-in) cell lines. Successfully transfected cells were confirmed
by their expression of ZEB1 and ZEB2 using western blot. 

Western blot. Total cellular proteins were extracted using cell lysis
buffer [20 mM Tris/HCl, 150 mM NaCl, 1% Nonidet P-40, 0.1%

sodium dodecyl sulfate (SDS) and protease inhibitor cocktail, pH
7.5]. The protein concentrations of the lysates were determined
according to the bicinchoninic acid method using a protein assay kit
(Pierce, Rockford, IL, USA).Samples containing 50 μg of protein
were separated by 12% SDS-polyacrylamide gel electrophoresis.
After electrophoresis, the proteins were transferred to a
polyvinylidene difluoride membrane (Millipore, Billerica, MA,
USA) for western blot analysis. Primary antibodies against ZEB1
(diluted 1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA),
ZEB2 (diluted 1:500; Santa Cruz Biotechnology), and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH, diluted
1:10,000; KangChen, Shanghai, PR China) were used. The blotted
membranes were washed and incubated with secondary antibodies
conjugated to horseradish peroxidase. Immunoreactive proteins were
detected by enhanced chemiluminescence (ECL; Applygen
Technologies Inc., Beijing, China). The relative density of the
protein bands was quantitatively determined with the ImageJ
software (National Institutes of Health, Bethesda, MD, USA).

Cell-cycle analysis. Cells were harvested and washed twice with
cold phosphate-buffered saline (PBS), and then fixed in 70% ice-
cold ethanol. The fixed cells were treated with RNase A (Sigma-
Aldrich, St. Louis, MO, USA) for 20 min, followed by incubation
with propidium iodide (PI, Beyotime, Shanghai, China) for 30 min.
Cell-cycle analysis was performed using a FACS Calibur (BD
Biosciences, USA). FlowJo software was used to determine the
percentage of cells in G0/G1, S and G2/M phases. 

Immunofluorescence. Cells were fixed in 4% paraformaldehyde for
20 min at room temperature (RT), and then permeabilized with
0.1% Triton X-100 in PBS for 15 min at RT. The cells were then
blocked for 1 h at RT. Next, the cells were incubated with primary
antibody Ki67 (1:200, Abcam, Cambridge, UK) overnight at 4˚C.
After being rinsed in PBS, the cells were incubated in red-
fluorescent Alexa Fluor 594 goat anti–rabbit IgG antibody (1:200;
Invitrogen, Carlsbad, CA, USA) for 1 h in the dark. Cells were
washed and then incubated for 10 min with 4’-6-diamidino-2-
phenylindole (DAPI; Beyotime, Shanghai, P.R. China) to monitor
the nuclei. Fluorescent staining was visualized using a fluorescence
microscope.

Transwell assay. Twenty-four-well transwell plates (8-μm pore size;
Corning, Cambridge, MA, USA) were used to measure the migratory
ability of each cell line. Briefly, 1×105 cells were resuspended in
RPMI-1640 medium free of FBS and seeded in the upper chamber.
Medium containing 20% FBS was supplemented into the lower
compartment. After incubation for 24 h in an incubator, the cells
were fixed with 4% paraformaldehyde and stained with DAPI. Cells
remaining on the upper surface of the filter membrane (non-
migrating) were removed with the cotton stick. The migrating cells
on the lower surface were captured by a fluorescence microscope
and counted at least 10 random fields per chamber. 

Animal experiments. 6-Week-old male BALB/c nude mice were
purchased from the Academy of Military Medical Sciences (Beijing,
PR China) and maintained under controlled conditions with a 12-h
light-dark cycle. All protocols related to animal management were
performed in accordance with the guidelines of Ethics Committee
of the Capital Medical University. 

For the tumorigenicity study, 1×106 miR-141 or miR-141-in cells
were re-suspended in RPMI-1640 medium and subcutaneously
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injected into the left and right armpits of nude mice. In all, six mice
(12 tumor sites) were injected. Nine days post-injection, tumor size
was measured every 3 days, and tumor volumes were calculated
using the formula, tumor volume (mm3)=0.5 × length (mm) × width
(mm) × height (mm). On the 21st day post-injection, the mice were
sacrificed and the weight of tumor was measured.

For the metastasis study, 1×106 miR-141 or miR-141-in cells
were injected into groups of six nude mice via the spleen. After 60
days post-injection, the mice were sacrificed and the recipient livers
were dissected. The hepatic metastatic nodules were then counted. 

Antibody arrays. RayBio® C-Series Human and Mouse MAPK
Pathway Phosphorylation Array C1 and RayBio® C-Series Human
RTK Phosphorylation Antibody Array C1 (RayBiotech, Norcross,
GA, USA) were used to detect the level of phosphorylation of 17
human proteins and 71 different human receptor tyrosine kinases
(RTKs) in cell lysates according to the manufacturer’s protocol.
Briefly, miR-141-, and miR-141-transfected SW480 cells were lysed,
and the total proteins were purified. Then, 500 μg of these proteins
were added to a blocked membrane and incubated at 4˚C. The
membrane was then washed and incubated with the biotinylated
antibody cocktail. The signals were scanned using ImageQuant
LAS4000 (GE, Pittsburgh, PA, USA) and analyzed using AAH-
MAPK-1 or AAH-PRTK-1 software (RayBiotech, Norcross, GA,
USA). The median signal score was averaged across the duplicates
on each array.

Data analysis. The data are expressed as the mean±standard
deviation (SD). The experimental data were analyzed with the
Statistical Product and Service Solutions (SPSS) 19.0 software
(IBM Corp., Armonk, NY, USA). Statistical significance was
examined using Student’s two tailed t-test. A value of p<0.05 was
considered statistically significant.

Results
Inhibition of miR-141 enhanced CRC cell proliferation and
migration in vitro. In order to investigate the effects of miR-
141 on cell proliferation and migration of CRC, we used two

colorectal cell lines SW480 and HCT116 to establish miR-
141-overexpressing cells and miR-141-in cells. ZEB1 and
ZEB2 are directly targeted by miR-141, hence the expression
of ZEB1/2 was measured by western blot to evaluate the
expression level of miR-141 in miR-141 cells and miR-141-
in cells. As shown in Figure 1, expression of ZEB1 was not
detected in SW480 cells nor in HCT116 cells. The
expression of ZEB2 in SW480 cells was significantly
increased in miR-141-in cells compared to miR-141-
overexpressing cells (p<0.001). These results showed miR-
141 overexpression reduced ZEB2 protein expression, while
miR-141 knockdown increased its expression in SW480
cells. We therefore used the SW480 miR-141 and miR-141-
in cells in subsequent experiments. 

Flow cytometry was used to investigate the effects of miR-
141 on the cell cycle. The data showed that there was a
dramatic decrease in the percentage of cells in the G1/G0
phase (26.45%) in SW480 miR-141-in cells compared with
SW480 miR-141 cells (34.46%, p<0.01). In contrast, there
was a significant increase in the percentage of cells in the S
phase (54.87%) and S+G2/M phase (73.55%) in miR141-in
SW480 cells compared to miR-141-overexpressing cells
(35.89% and 65.54%, respectively, p<0.001 and p<0.05,
respectively) (Figure 2A and B). Similarly, the results shown
in Figure 2C indicate that inhibition of miR-141 dramatically
increased the Ki67 staining of SW480 cells. 

We next determined the change of migratory ability in
miR-141-transfected CRC cells through Transwell assay. We
found inhibition of miR-141 in SW480 cells significantly
promoted cell migration. The number of migrating antisense
miR-141 cells was notably increased compared with the miR-
141 overexpressing cells (p<0.001, Figure 2D). Together,
these findings suggest miR-141 inhibits cell proliferation and
migration of CRC cells.
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Figure 1. The zinc finger E-box-binding homeobox 1 (ZEB1) and ZEB2 protein levels in miR-14-overexpressing (miR-141) and -inhibited (miR-141-
in) colorectal cancer cells were analyzed by western blot.The relative density of the ZEB2 band was normalized to that of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). The values are expressed as the means±SDs of four independent experiments. The values are expressed as a ratio of the
band intensities of the miR-141-in cells. ***Significantly different at p<0.001 compared with miR-141-in cells.
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Figure 2. Expression of miR-141 inhibited proliferation and migration of SW480 cells. A and B: Flow cytometric analyses of miR-14-overexpressing
(miR-141) and -inhibited (miR-141-in) SW480 cells.The percentage of G0/G1 phase cells was decreased, and the percentage of S and G2/M phase
cells was increased in miR-141-in cells. Each histogram bar in (B) represents the mean±SDs of four independent experiments. Differences are
significant at *p<0.05 and **p<0.01. C: Left: Cell growth was monitored by Ki67 immunofluorescent staining (red), and the nuclei were stained
with 4,6-diamino-2-phenyl indole (DAPI) (blue). Right: Quantitative analysis of Ki67+ cells (at least 50 cells per group per experiment) from six
randomly fields in each individual experiment. The values are expressed as the means±SDs of four independent experiments. **Significantly different
at p<0.01 compared to miR-141-in cells. D: Down-regulation of miR-141 promoted the migration of SW480 cells in the transwell assay. Left:
Representative views of migratory cells on the membrane. The nuclei of migratory cells were stained with DAPI (blue). Right: Quantitative data
are represented as mean±SDs (n=4 for each group). ***Significantly different at p<0.001. WT: Wild-type.



Knockdown of miR-141 promotes colorectal tumor growth
and hepatic metastasis in vivo. To further investigate the in
vivo effect of miR-141 on tumor formation and metastasis,
SW480 cells stably transfected with either miR-141 or
antisense miR-141, and were subcutaneously and
intrasplenically injected into nude mice. For the
tumorigenicity study, miR-141 SW480 cells and miR-141-in
SW480 cells were subcutaneously injected into the left and
right armpits of nude mice. Nine days post-injection, the
growth curves of tumor from miR-141-overexpressing versus
antisense miR-141-transfected cells were compared (Figure
3B). As shown, the tumor volume in tumors with antisense
miR-141 was consistently higher than in tumors with miR-
141 overexpression, in particular, at day 18 after injection
(p<0.01). Similarly, the average weight of the tumors
derived from miR-141-overexpressing cells at the end of the
experiment was significantly reduced as compared to that of
the tumors from miR-141-in cells (p<0.01, Figure 3C).

In the metastasis study, fewer hepatic metastatic nodules
were found in mice with cells that overexpressed miR-141
compared to cells in which miR-141 was down-regulated

(p<0.05, Figure 3D). In coordination with the in vitro study,
overexpression of miR-141 was found to inhibit colorectal
tumor progression and hepatic metastasis.

MAPK and RTK activity in the miR-141 and miR-141-in
SW480 cells. In order to elucidate the overall effects of miR-
141 on CRC cell signaling, MAPK and RTK
Phosphorylation Antibody Arrays were applied to detect the
changes in phosphorylation of signaling proteins in SW480
cells. We assessed phosphorylating of 17 proteins of the
MAPK pathway in miR-141 cells compared to miR-141-in
cells. As shown in Figure 4A, based on the search criterion
for differential expression, which was a >1.5-fold induction
or repression, signaling intensity analysis did not detect
differential expression between the groups. The results
suggest that the phosphorylation of P53, AKT, extracellular-
regulated protein kinases 1/2 (ERK1/2), P38 and mammalian
target of rapamycin (mTOR), in SW480 cells was not
affected by miR-141. We next examined the phosphorylation
of 71 human RTKs. Increased phosphorylation of hepatocyte
growth factor receptor (HGFR, also known as c-MET) was
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Figure 3. miR-141 reduced tumor growth and hepatic metastasis of SW480 cells in vivo. A total of 1×106 miR-141-overexpressing (miR-141) or 
-inhibited (miR-141-in) cells were injected subcutaneously into the left and right armpits of nude mice (n=6) (A). Nine days after injection, tumor
volume measurement began and was performed every 3 days (B). After 18 days, the tumor weight was determined (C). D: A total of 1×106 miR-
141 and miR-141-in cells were injected into the spleens of nude mice (n=6). After 60 days, metastatic nodules on the liver surface were counted.
Data are represented as mean±SD (n=6 for each group). Significantly different at *p<0.05, **p<0.01.



detected following the inhibition of miR-141 (>1.5-fold
compared to miR-141 cells, Figure 4B). In addition to highly
activated HGFR, several other RTKs such as erythropoietin
producing hepatocellular carcinoma B1 (EPHB1), insulin-
like growth factor-1 receptor (IGF-1R), bone marrow kinase
in chromosome X (BMX), and Txk tyrosine kinase (TXK)
were also highly activated in SW480 cells when miR-141
was down-regulated. These RTKs were more activated in
miR-141-in cells than in miR-141 cells. These results suggest
that miR-141 inhibits the activation of specific RTKs, such
as HGFR.

Discussion

In the present study, we investigated the functional roles of
miR-141 in CRC cell lines stably expressing miR-141 and in
cells with silencing of miR-141. We found that miR-141
overexpression significantly inhibited cell proliferation and
migration of SW480 cells. miR-141 suppress cell-cycle
progression by arresting cells in the S phase in our study.
With overexpression of miR-141, the proportion of cells in
G1 phase increased and those in the S phase decreased. We
also showed that miR-141 suppressed the tumorigenicity and
liver metastasis of SW480 cells in vivo. These results were
similar to the findings of Feng et al. who showed that miR-
141 expression was down-regulated in CRC and influenced
tumor progression in CRC metastases (8). Additionally, a
study by Hu et al. also found that miR-141 inhibited the
migration and invasion of SW620 CRC cells (9). All of these

studies indicate that miR-141 may act as a tumor suppressor
and play an inhibitory role in the progression of CRC.
However, our previous report revealed that high serum
expression of miR-141 contributed to liver metastasis in CRC
(4). The reasons for these opposing findings may be that
serum miRNAs are very stable (10), and miR-141 leakage
from damaged cells due to cancer could easily accumulate
in blood to a high level.

Many studies indicated that dysregulation of miR-141
depended on the type of cancer. miR-141 may be a tumor
suppressor gene or oncogene in different types of cancers,
and modulate cellular migration through different
mechanisms (11). Several studies revealed that miR-141
had multiple targets, among which were many oncogenes
such as ZEB1/ZEB2, T-lymphoma invasion and metastasis
1 (TIAM1), hepatoma-derived growth factor (HDGF), and
MAP4K4 (12-15). However, ZEB2 and MAP4K4 were
confirmed as targets of miR-141 in CRC (8, 9). In our
study, we also found that down-regulation of miR-141 in
SW480 cells significantly increased the protein expression
level of ZEB2. ZEB2 belongs to the zinc finger E-box-
binding homeobox family and is also known as SMAD-
interacting protein 1 (SIP1) (16). ZEB2 binds to the
promoter of E-cadherin, leading to the down-regulation of
E-cadherin expression, which is a hallmark of EMT (17).
EMT is a progressive biological phenomenon whereby
epithelial cells gradually acquire a mesenchymal
(fibroblast-like) cell phenotype, and plays an important role
in invasion and migration of cancer cells (18). Therefore,
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Figure 4. Results of human phospho-mitogen-activated protein kinase (MAPK) (A) and phospho-receptor tyrosine kinase, (RTK) (B) arrays in miR-
141-overexpressing (miR-141) and -inhibited (miR-141-in) cells. The average signaling intensity of the spots for the representative signal protein
is shown. Data are expressed as background-normalized pixel intensity.



the present study hypothesized that in CRC cells, down-
regulation of miR-141 might target the E-cadherin
transcriptional repressor ZEB2 and promote EMT, cancer
cell migration, and invasion. However, further studies are
required to confirm this.

As in most other malignant tumor types, the migration
and invasion of CRC is a very complicated biological
processes involving multiple signaling pathways and
various mechanisms. In order to find novel signaling
pathways which could be targeted by miR-141 in CRC
cells, we used MAPK array and RTK array to detect which
signal proteins were dysregulated in miR-141-
overexpressing and -down-regulated cells. The results of
the present study indicated that miR-141 does not affect the
phosphorylation of 17 proteins of the MAPK pathway,
including P53, ERK1/2, JNK, and P38. HGFR was the
single most activated RTK, and we also detected other
activated RTKs including IGF-1R, EPHB1, BMX and TXK
in SW480 cells with down-regulation of miR-141. HGFR
is an RTK involved in cellular proliferation and apoptosis.
It is overexpressed in the vast majority of invasive
carcinomas and metastases in CRC (19). Hyperactivation
of HGFR is related to malignant progression in different
cancer types, including cell survival, growth, angiogenesis,
cell motility, EMT, invasiveness and metastasis (20).
Similarly, the IGF-1R is commonly overexpressed and
activated in CRC and plays a critical role in proliferation,
differentiation, migration, angiogenesis, and apoptosis of
CRC cells (21). Cooperation between HGFR and IGF-1R
was revealed in CRC cells, in which urokinase plasminogen
activator (uPA) and its receptor (uPAR) is activated to
regulate migration and invasion (22). Thus, we propose that
the HGFR gene may be a target gene of miR-141 in SW480
cells. Our future studies will focus on the HGFR igene.

In conclusion, our study showed that miR-141 appears to
function as a tumor suppressor in CRC. Our results also
identified a new regulatory network of the miR-141 HGFR
nexus, which has not been reported in CRC development. Our
research provides some insights into the functions of miR-141.
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