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MicroRNA-34a suppresses the invasion and migration of
colorectal cancer cells by enhancing EGR1 and inhibiting vimentin
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Abstract. MicroRNAs (miRNAs/miRs) are small non-coding
RNAs that serve a post-transcriptional regulatory role in
eukaryotes. Previous studies have demonstrated that the
expression of miR-34a in colorectal cancer (CRC) tissues is
decreased compared with that in normal colorectal tissues.
However, the role of miR-34a in the invasion and metastasis
of CRC remains unclear. In the present study, the levels of
miR-34a expression were measured in various CRC cell lines.
The cells were transfected with miR-34a mimics or inhibi-
tors in order to assess the proliferation rate, and the colony
forming, invasive and migratory abilities. Furthermore,
the protein expression levels of vimentin and early growth
response protein 1 (EGR1) were examined by western blot
analysis. The results revealed that the expression of miR-34a
was low in SW620, RKO, LoVo and Caco-2 cell lines and high
in the SW480 and SW1116 cell lines. The migration, invasion
and proliferation levels of SW480 cells were facilitated by
decreasing the expression of miR-34a. Transient transfec-
tion with miR-34a mimics in SW620 cells caused a notable
decrease in cell migration, invasion and proliferation levels
compared with the control group, and a downregulation of
vimentin and upregulation of EGRI1 protein expression. The
present study demonstrated that miR-34a was deregulated in
a highly invasive CRC cell lines, and that it may attenuate the
migratory, invasive and proliferative capabilities of CRC cells
by enhancing the expression of EGR1 and inhibiting that of
vimentin. The results of the present study represent important
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progress towards understanding the mechanisms of CRC
recurrence and metastasis.

Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide, accounting for ~1.4 million incident cases and
600,000 mortalities every year (1). The low early diagnosis
rate, high recurrence and metastasis rates, and lack of effective
treatment are responsible for the CRC-associated mortality
statistics (2). Therefore, the identification of the molecular
mechanisms involved in the progression of CRC would be
useful in providing targets for cancer detection, prevention and
therapy, and ultimately improving patient prognosis.
MicroRNAs (miRNAs/miRs) are a small non-coding RNA
molecules present in plants, animals and certain viruses, and
they serve a role in RNA silencing and post-transcriptional
regulation of gene expression (3,4). In animal cells, the miRNA
gene first transcribes a longer primary miRNA in the nucleus,
where it is processed by the Drosha enzyme to form a 60-70
nucleotide hairpin precursor miRNA. This is transported to the
cytoplasm with the help of the nuclear exportin-5 complex, and
cleaved by the Dicer protein to generate a mature miRNA of
18-25 nucleotides. Mature miRNAs and a number of proteins
form RNA silencing complexes, which inhibit transcription or
translation of the target gene through the activity of sequences
complementary to the 3'untranslated region of the target gene
mRNA that are contained within the complex (5,6). It has
been established that miRNAs are important regulators of
apoptosis, cell proliferation and tumorigenesis (7-10).
miR-34a is considered to be a potential tumor suppressor
miRNA based on its frequent dysregulation in cancer tissues (11)
and its ability to regulate the expression of numerous genes,
including NOTCHI, apoptosis regulator BCL2, MYC proto-
oncogene, MET proto-oncogene, cyclin-dependent kinases 4/6
and CD44 antigen (12-14). miR-34a is frequently downregulated
in multiple types of cancer and is an independent prognostic indi-
cator in various types of cancer, including colon, breast, lung and
gastric cancer (15-18). In addition, it is significantly downregu-
lated in the serum and tumor tissue in CRC (19,20). However, the
exact molecular mechanism of miR-34a in the development of
CRC has not been fully elucidated. In the present study, miR-34a
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was inhibited or overexpressed in CRC cells, revealing that it
inhibited cell migration, invasion and proliferation by regulating
vimentin and early growth response protein 1 (EGR1).

Materials and methods

Cell lines and culture. Human CRC cell lines SW480, SW620,
RKO, LoVo and SW1116 were provided by Sun Yat-sen
University (Guangzhou, China) and grown in RPMI-1640
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Sera Gold), 100 U/ml penicillin G and
100 mg/ml streptomycin (Gibco; Thermo Fisher Scientific,
Inc.). The human CRC Caco-2 cell line and the human colonic
epithelial NCM460 cell line were provided by Sun Yat-sen
University and grown in Dulbecco's modified Eagle's medium
(Gibco, Thermo Fisher Scientific, Inc.) with 10% FBS. The
cells were cultured at 37°C in a 5% CO, incubator. Detailed
information on cell lines is summarized in Table SI.

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR). Total RNA from the cultured cancer cells was
extracted using TRIzol® reagent (Invitrogen, Thermo Fisher
Scientific, Inc.). cDNA was then synthesized from total RNA
or small RNA using the Prime-Script RT reagent kit (Takara
Bio, Inc.) or via the stem-loop method using the miRNA
First Strand cDNA Synthesis kit (Sangon Biotech Co., Ltd.,
Shanghai, China). The qPCR was performed using 2X SG
Fast qPCR Master Mix (Sangon Biotech Co., Ltd.) according
to the manufacturer's protocol. The following thermocycling
conditions were used for qPCR: Initial denaturation at 95°C
for 3 min, followed by 40 cycles at 95°C for 5 sec and at 60°C
for 30 sec. The following primers were utilized for qPCR:
miR-34a forward, 5-CCGCGTGGCAGTGTCTTAGCT-3"and
reverse, 5-ATCCAGTGCAGGGTCCGAGG-3"; U6 forward,
5-CTCGCTTCGGCAGCACA-3' and reverse, 5-~AACGCT
TCACGAATTTGCGT-3' (each, Sangon Biotech Co., Ltd.).
For each case, =3 biological replicates were performed. The
gPCR analysis was performed on a PikoReal™ (Thermo
Fisher Scientific, Inc.). The miRNA was quantified with the
2444 method and normalized against U6 (21).

Oligonucleotide transient transfection. SW480 and SW620
cells were seeded into 6-well plates at a density of 3x10° cell
per well. Prior to transfection, cells were plated at 70-80%
confluence. miR-34a mimic, inhibitor and corresponding
negative control were chemically synthesized by Guangzhou
RiboBio (Guangzhou RiboBio Co., Ltd.). The mimic and
inhibitor sequences were as follows: miR-34a mimic, 5'-UGG
CAGUGUCUUAGCUGGUUGU-3"; control miR-34a
mimic, 5-UUUGUACUACACAAAAGUACUG-3"; miR-34a
inhibitor, 5'-~ACA ACCAGCUAAGACACUGCCA-3' and
control miR-34a inhibitor, 5'-UCACAACCUCCUAGAAAG
AGUAGA-3'. The SW620 cells were transfected with 50 nM
miR-34a mimic (named miR-34a) or mimic negative control
(NC) (Guangzhou RiboBio Co., Ltd.) by nucleofection using
Lipofectamine® 3000 (Invitrogen, Thermo Fisher Scientific,
Inc.), and the SW480 cells were transfected with 100 nM
miR-34a inhibitor (inmiR-34a) or inhibitor NC, according
to the manufacturer's protocol. At 24 h post-transfection,
RT-gqPCR was performed to verify the transfection efficiency.
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Western blot analysis. SW480 and SW620 cells were
collected 48 h after the aforementioned transfections. Protein
was extracted from cells using a mixture of RIPA lysate
(Beyotime Institute of Technology), PMSF (Beyotime Institute
of Technology) and 50x phosphatase inhibitor (Applygen
Technologies, Inc.) at a ratio of 100:1:2. Protein concentrations
were then quantified using a BCA Protein Assay kit (Thermo
Fisher Scientific, Inc.). A total of 40 ug protein was separated
by 10% SDS-PAGE (Beyotime Institute of Technology)
and subsequently transferred to polyvinylidene difluoride
membranes (Merck KGaA). The membranes were blocked
with low-fat milk (5%) at room temperature for 1 h, and then
incubated at 4°C overnight with primary antibodies against
EGRI (cat. no. 4153; 1:1,000; Cell Signaling Technology, Inc.),
vimentin (cat. no. 5741; 1:1,000; Cell Signaling Technology, Inc.)
and GAPDH (cat. no. 5174; 1:1,000; Cell Signaling Technology,
Inc.). Subsequently, the membranes were washed with TBST 3
times and incubated with a horseradish peroxidase-conjugated
goat anti-rabbit secondary antibody (cat. no. A0208; 1:1,000;
Beyotime Institute of Biotechnology) for 1 h at room tempera-
ture. Following 3 washes with TBST, the results were detected
using an enhanced chemiluminescence system on a FluorChem
R (ProteinSimple). Protein expression was quantified using
ImagelJ software (version 1.47; National Institutes of Health).

Wound healing assay. SW480 and SW620 cells were cultured
in 6-well plate following transfection until the confluence
reached 90%. The cell monolayers were scratched with micro-
pipette tips to form a gap. The cell culture surface was washed
3 times with PBS to remove cellular debris and incubated
in RPMI-1640 medium with 2% FBS for 48 h. The wound
closures were compared at 0 and 48 h. Images were captured
using an optical microscope (magnification, x100; Nikon
Corporation) and analyzed with ImagelJ software (version 1.47;
National Institutes of Health).

Transwell cell migration assay. Following 12 h of transfec-
tion, SW480 and SW620 cells were treated with 0.25%
trypsin (Beijing Solarbio Science & Technology Co., Ltd.) and
suspended in serum-free RPMI-1640 medium at a density of
3x10° cells/ml. A total of 200 pl cell suspension was placed in
the top chamber of a 2-chamber Costar Transwell 24-well plates
(8-um pores; Corning Inc.) and 600 1 RPMI-1640 medium
containing 15% FBS was added in the lower chamber. The
cells were cultured at 37°C for 48 h. The cells on the surface of
the upper chamber were swabbed and those under the surface
of the lower chamber were stained with crystal violet (0.1%)
at room temperature for 20 min. Cell migration was evaluated
by counting the cells that had migrated into the filters using an
optical microscope (magnification, x100; Nikon Corporation).

Transwell cell invasion assay. The invasion assay was
performed using the aforementioned migration assay
protocol, but following the addition of 50 yl BD Matrigel™
(BD Biosciences) into each Transwell upper chamber, which
was then placed in a 37°C incubator for 2 h to solidify. The tumor
cell invasive capacity was then assessed as aforementioned.

Colony formation assay. Following transfection for 12 h, the
SW480 and SW620 cells were transferred to 6-well plates with
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Figure 1. Expression of miR-34a in CRC cell lines and evaluation of miR-34a mimic and inhibitor transfection efficiency. (A) The expression of miR-34a in
7 cell lines was assessed by RT-qPCR (6 CRC cell lines and NCM460 as the normal control). (B and C) At 24 h post-transfection, RT-qPCR was performed
to verify the transfection efficiency. Compared with the equivalent NC group, the expression of miR-34a was (B) significantly decreased in SW480 cells with
inmiR-34a and (C) significantly increased in SW620 cells with miR-34a mimic. “P<0.01 and “"P<0.0001 vs. the equivalent NC groups. miR, microRNA;
CRC, colorectal cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control; inmiR-34a, miR-34a inhibitor group.

RPMI-1640 medium with 10% FBS (300 cells per well). The cells
were cultured at 37°C and 5% CO, for 2 weeks. Subsequently, the
cell colonies were fixed with pure methanol for 15 min at room
temperature and stained with 0.1% crystal violet for 20 min at
room temperature, and the colonies were counted.

MTT assay. Following transfection for 12 h, SW480 and
SW620 cells in each group were transferred to a 96-well plate
and cultured at 37°C, and 5% CO, for 72 h. The MTT assay
was performed at 0, 24, 48 and 72 h. At each time point, the
medium was replaced and 20 1 MTT (5 mg/ml) was added to
each well. Following incubation at 37°C for 4 h, the medium
was discarded and 150 ul dimethyl sulfoxide (Beijing Solarbio
Science & Technology Co., Ltd.) was added to each well. The
optical density was measured at 490 nm.

Statistical analysis. Statistical analysis was performed
using SPSS version 17.0 (SPSS Inc.) and GraphPad Prism
version 6.0 (GraphPad Software, Inc.). The data are presented
as mean + standard deviation. A Student's t-test was used for
comparison between two groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-34a is deregulated in highly invasive cells, and may
be successfully transfected into SW620 and SW480 cells.
RT-qPCR was used to detect the levels of miR-34a in CRC
and normal colonic epithelial cells. The expression of miR-34a
in highly invasive CRC SW620, RKO and LoVo cell lines is
presented in Fig. 1A. The SW620 cell line was derived from a
lymph node metastasis of a primary colon tumor, whereas cells
from the primary colon tumor in the same patient were used to
establish the SW480 cell line. These 2 cell lines were selected
for subsequent experiments to observe any notable contrasts.
At 24 h post-transfection, RT-qPCR was performed to verify
the transfection efficiency. Compared with the equivalent
NC group, differences were observed in the levels of relative
miR-34a expression following transfection of the inmiR-34a
in the SW480 cells (P<0.01; Fig. 1B), and miR-34a mimic into
the SW620 cells (P<0.001; Fig. 1C).

miR-34a suppresses the migration and invasion of CRC cells.
The effect of miR-34a on the migratory and invasive abilities of
SW480 and SW620 cell was assessed. The migratory ability of
the inmiR-34a group was significantly more marked compared
with that of the NC group (P<0.001; Fig. 2A). Furthermore,
the overexpression of miR-34a in SW620 cells attenuated
cell migration (P<0.05; Fig. 2B). The inmiR-34a group of the
SW480 cells exhibited a significant increase in cell invasion
(P<0.001; Fig. 2C), whereas the increased levels of miR-34a
in SW620 cells led to a decrease (P<0.05; Fig. 2D). In addi-
tion, the wound healing assay was performed to evaluate the
migration of SW480 cells and SW620 cells. Compared with
the equivalent control groups, the degree of wound closure was
increased in inmiR-34a group (Fig. 3A), and decreased in the
SW620 mimic group (Fig. 3B).

miR-34ainhibits the proliferation of CRC cells. The proliferation
of SW480 and SW620 cells following transfection of miR-34a
was examined. The results from the MTT assay revealed
an increased proliferative ability in the SW480 inmiR-34a
group compared with the NC group, whereas a decrease in
the proliferation rate was observed in the SW620 cells with
miR-34a overexpression (Fig. 4). The colony-formation rate for
the SW480 inmiR-34a group was 47.11+2.75%, compared with
27.78+4.41% for the NC group (P<0.05; Fig. 5A). In the SW620
cells, the colony formation rate of miR-34a mimic group was
29.44+4.68%, compared with 45.56+1.98% in the NC group
(P<0.05; Fig. 5B). The colony formation ability of the SW480
inmiR-34a and the SW620 NC groups was improved compared
with that of the groups to which they were compared, and their
colony sizes were larger.

miR-34a suppresses the expression of vimentin and increases
the expression of EGRI. The results of the western blot
analysis revealed that the expression of EGRI1 protein was
increased in the miR-34a group of SW620 cells compared with
the NC group (P<0.05), whereas the expression of vimentin
was decreased (P<0.01; Fig. 6A). By contrast, compared with
the NC group, the EGR1 level was decreased in the inmiR-34a
group of the SW480 cells (P<0.05), and the level of vimentin
was increased (P<0.001; Fig. 6B).
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Figure 2. miR-34a suppresses the migration and invasion of colorectal cancer cells. The migration and invasion of SW480 and SW620 cells with and without
inmiR-34a or miR-34a mimic transfection was examined using Transwell assays. The left panel is comprised of representative cell images at magnification,
x100. The SW480 cells and SW620 cells in 5 randomly selected areas were counted and statistical analyses were performed (right panel). The data are
expressed as the mean =+ standard deviation. (A) The migration of SW480 cells transfected with inmiR-34a and NC. (B) The migration of SW620 cells trans-
fected with miR-34a mimic and NC. (C) The invasion of SW480 cells transfected with inmiR-34a and NC. (D) The invasion of SW620 cells transfected with
miR-34a mimic and NC. The cell migratory and invasive abilities of the SW480 inmiR-34a group were significantly increased compared with that of the NC
group, and the cell migratory and invasive abilities of the SW620 miR-34a group were significantly decreased compared with that NC group of cells. "P<0.05,
"P<0.01 and ""P<0.001 vs. the equivalent NC groups. miR, microRNA; NC, negative control; inmiR-34a, miR-34a inhibitor group.

Discussion

CRC is the third most common cancer worldwide, and its
incidence and mortality are increasing globally (2). CRC is
a heterogeneous disease; its progression is caused by special
genetic alterations. The identification of the molecular
mechanisms involved in the progression of CRC would assist

in providing targets for cancer prevention and therapy, and
improving patient prognosis. The potential tumor suppressor
miRNA miR-34a is frequently downregulated in a number
of types of cancer (12-14). The results of the present study
demonstrated that miR-34a is deregulated in highly invasive
CRC cell lines. Increasing the expression of miR-34a in
SW620 cells inhibited the cell proliferative, migratory and
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Figure 3. miR-34a suppresses the migration of colorectal cancer cells in a wound healing assay. (A) Representative images of the scratch test in SW480 cells
transfected with inmiR-34a inhibitor or inhibitor NC at O and 48 h. (B) Representative images of the scratch test in SW620 cells transfected with a miR-34a
mimic or mimic NC at 0 and 48 h. Scale bar=100 ym. miR, microRNA; NC, negative control; inmiR-34a, miR-34a inhibitor group.
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Figure 4. miR-34a inhibits the proliferation of colorectal cancer cells. Cell proliferation was assessed by an MTT assay following the downregulation of
miR-34a in SW480 cells and the overexpression in SW620 cells. The data indicates that miR-34a downregulation increased the cell proliferation rate, whereas

miR-34a overexpression led to a decrease in proliferation rate. “P<0.05, “P<0.01 and

control; inmiR-34a, miR-34a inhibitor group; OD, optical density.

invasive capabilities of these cells. Furthermore, it suppressed
the expression of vimentin and increased the expression of
EGRI1. The opposite effects were observed when miR-34a was
inhibited in SW480 cells.

EGRI1 is a 59-kDa zinc finger transcription factor
that appears to activate transcription by binding to DNA
as a monomer (22). EGR1 is also known to exhibit a
tumor suppressor function in a variety of human tumors,
including lung and breast cancer, glioblastoma and ovarian
cancer (23-25). Furthermore, previous studies have indicated
that EGR1 is a direct regulator of at least 4 major suppres-
sors: Transforming growth factor -1 protein, PTEN, cellular
tumor antigen p53 family members and fibronectin, being
involved in the regulation of the invasive behavior of cancer
cells (26-28). It was also demonstrated that sustained EGR1
expression may lead to preferential inhibition of tumor cell
invasion and tumor growth (29). However, few studies have
focused on EGR1 in CRC. In the present study, the addition of
amiR-34a mimic caused the expression of EGR1 to increase in
CRC cell lines. Therefore, EGR1 is considered to be involved
in the mechanism of miR-34a in suppressing tumorigenesis
and development of CRC. The results from the present study

ok

P<0.001 vs. NC at each time point. miR, microRNA; NC, negative

revealed that miR-34a overexpression enhanced EGR1 levels
in SW620 cells, whereas inhibition of miR-34a in SW480 cells
elicited the opposite effect. However, the mechanism of how
EGRI participates in regulation of the invasion and metastasis
of CRC by miR-34a requires additional investigation.
Vimentin, an intermediate silk protein, is involved in
cell structure and integrity (30). Previous studies have
revealed that it is abnormally expressed in numerous cancer
types and that it affects the shape and movement of cancer
cells during the epithelial-mesenchymal transition (EMT)
process. Therefore, it is considered to be a potential cancer
therapeutic target (31-33). The EMT is a biological phenom-
enon in which epithelial cells lose their epithelial properties
and acquire interstitial cell characteristics under certain
circumstances (34), and it has been revealed that it is one of
the mechanisms of tumor cell invasion and metastasis (35).
Notably, vimentin is involved in the EMT (36). A previous
study demonstrated that the expression levels of vimentin
in paraffin-embedded CRC specimens were significantly
increased compared with those in non-tumor adjacent
tissues, and that the high vimentin expression is associ-
ated with various adverse clinicopathological factors (37).
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Figure 6. Western blot analysis of the protein expression of EGR1 and vimentin in SW620 and SW480 cells. (A) The expression of EGR1 was increased
in the miR-34a overexpression group, whereas the expression of vimentin was decreased. (B) The expression of EGR1 was decreased in the inmiR-34a
group, whereas the expression of vimentin was increased. "P<0.05, “P<0.01 and ““P<0.001 vs. the equivalent NC. EGRI1, early growth response protein 1;
miR, microRNA; NC, negative control; inmiR-34a, miR-34a inhibitor group.

Furthermore, the expression of vimentin in CRC tissues is  regulation and, therefore, to affect the invasion and metastasis
significantly increased in patients with higher tumor stage,  of tumors (39). The results of the present study indicate that
lymph node involvement, liver metastasis and advanced miR-34a overexpression inhibits the expression of vimentin
tumor-node-metastasis stages (38). During the previous few in SW620 cells, and miR-34a inhibition leads to an increase
years, miR-34a has been revealed to be involved in the EMT  in vimentin in SW480 cells.
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In conclusion, the results of present study support the
hypothesis that miR-34a suppresses the cell migration, inva-
sion and proliferation of CRC cells by regulating vimentin and
EGRI. This suggests that miR-34a may prove to be a novel
molecular target for the treatment of CRC.
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