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MicroRNA-125 inhibits RKO colorectal
cancer cell growth by targeting VEGF
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Abstract. Colorectal cancer (CRC) is one of the major types
of cancer and causes of mortality worldwide, and it remains
the third most common cause of cancer-associated mortality
worldwide. MicroRNAs (miRNAS) are a class of small RNAs,
which have been shown to be associated with CRC. In the
present study, an MTT assay and proliferating cell nuclear
antigen (PCNA) protein examination assay were performed
to detect RKO cell viability. Hoechst staining, and caspase-3
activity and BrdU incorporation assays were performed to
detect RKO cell apoptosis, respectively. Reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR) and
western blot analyses were used to analyze the expression of
cyclooxygenase-2 (COX-2). Western blot analysis was also
used to analyze the expression of vascular endothelial growth
factor (VEGF) and mitogen-activated protein kinase (MAPK)
signal molecules, including extracellular signal-regulated
kinase (ERK), p38 and c-Jun N-terminal kinase (JNK).
The target genes of miR-125 were predicted using a double
luciferase reporter gene assay. The results of the MTT assay
showed that RKO cell viability was decreased by an miRNA-
125 mimic and increased by the miRNA-125 inhibitor. The
RKO cell viability was significantly correlated with the
expression of PCNA. The migration of RKO cells was signifi-
cantly downregulated in the miR-125 mimics-transfected cells
and upregulated in the miRNA-125 inhibitor-transfected cells.
The results of Hoechst staining and the caspase-3 activity and
BrdU incorporation assays showed that RKO cell apoptosis
was increased following miRNA-125 mimic transfection and
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decreased following miRNA-125 inhibitor transfection. The
results of the RT-qPCR and western blot analysis showed
that the expression of COX-2 was increased in the miR-125
mimic-transfected cells and decreased in the miR-125
inhibitor-transfected cells. Using an online miRNA target
prediction database, the double luciferase reporter gene assay
showed that miR-125 targeted and inhibited the expression
of VEGF through target sites located in the 3' untranslated
region of VEGF mRNA. In conclusion, the abnormal expres-
sion of miR-125 was found to be closely associated with CRC.
Therefore, miR-125 may be a novel therapeutic target for CRC.

Introduction

Colorectal cancer (CRC) is one of the major types of cancer and
causes of mortality worldwide, and it remains the third most
common cause of cancer-associated mortality worldwide (1,2).
Oncogenes and tumor suppressor genes, accompanied by
deregulated gene expression owing to epigenetic changes may
be involved in the mutational events in the development and
progression of CRC (3).

MicroRNAs (miRNAs) are a class of small RNAs,
~22 nucleotides long, which are non-coding and control gene
expression through the repression of target messenger RNAs
(mRNAs) 4,5). The miRNAs negatively regulate gene expres-
sion by the degradation or translational repression of a target
mRNA by targeting the 3' untranslational region (3'UTR) of
specific mRNAs (6,7). miRNAs are associated with the majority
of pathophysiological cellular processes, including develop-
ment, differentiation, growth, migration and apoptosis (8-10).
miR-125, a highly conserved miRNA, is transcribed from
three different clusters and has been shown to be dysregulated
in multiple malignancies through the suppression of multiple
targets (11). Martinez-Acufia et al determined the expres-
sion of miR-125a-5p from nine cervical cell lines by reverse
transcription-polymerase chain reaction (RT-PCR) analysis
and found that miR-125a-5p was involved in the migration of
tumor cervical cancer cells by acting on mitogen-activated
protein kinase (MAPK)I1 as a functional target (12). miR-125
is also involved in cancer inflammation by the regulating the
expression of cyclooxygenase-2 (COX-2), which is an impor-
tant target in various types of tumor (13).


https://www.spandidos-publications.com/10.3892/ijmm.2018.3632
https://www.spandidos-publications.com/10.3892/ijmm.2018.3632

666

It is known that the occurrence of CRC is associated with
multiple signaling pathways. miRNAs have shown promise in
the development of drugs targeting the specific novel pathways
associated with cancer. For example, anti-angiogenic thera-
pies are being used more frequently in the treatment of CRC.
Vascular endothelial growth factor (VEGF) is a number of
the platelet-derived growth factor family. It includes related
glycoproteins, including VEGF-A, VEGF-B, VEGF-C and
VEGF-D, which are coded by genes located on 6p23.1, 11g3.3,
4q34.3 and Xp22.31, respectively, with differing functions and
receptors (12). A previous study found that miR-126 offers
therapeutic potential in CRC through targeting VEGF-A and
the subsequent regulation of angiogenesis (14). From results of
a meta-analysis, it has been found that the high expression of
miR-125b may predict poor survival rates in CRC, non-small
cell lung cancer and prostate cancer (15). Bi ef al (16) found
that miR-125a suppressed tumor cell proliferation by inhibiting
the expression of VEGF-A. The low expression of miR-125a
in hepatocellular cancer was offset by transfected cells with
small interfering RNAs inhibiting the expression of VEGF-A.
However, whether miR-125 affects CRC through the targeting
of VEGF remains to be elucidated. In the present study, a
dual-luciferase reporter assay was used to detect the level
of miR-125 in order to assess whether miR-125 affects CRC
through the targeting of VEGF. The aim of the present study
was to investigate the role of miRNA-125 in CRC. Therefore,
the effect of miR-125 on the development of CRC was inves-
tigated by examining the expression of VEGF, COX-2 and the
MAPK signaling pathway.

Materials and methods

Materials. IMDM was obtained from Gibco; Thermo Fisher
Scientific, Inc. (Waltham, MA, USA). Fetal bovine serum was
purchased from Zhejiang Tianhang Biological Technology,
Co., Ltd. (Zhejiang, China). miR-125 mimic and inhibitor were
obtained from Qiagen China Co., Ltd. (Shanghai, China).

Cell line and cell culture. The RKO cell line was obtained
from American Type Culture Collection (Manassas, VA, USA)
and was cultured at 37°C in IMDM (4,500 mg/l D-glucose,
110 mg/l sodium pyruvate, 25 mM HEPES (5.958 g/l),
584 mg/1 L-glutamine, 3.024 g/l NaHCO;, 15 mg/l-phenol
red), which was supplemented with 10% fetal bovine serum,
100 U/ml penicillin and 100 U/ml streptomycin in a 5% CO,
incubator. The medium was replaced every 2 or 3 days.

Modulation of miR-125. An miR-125 mimic and antagomir
were used to overexpress or inhibit the expression of miR-125,
respectively. A scrambled oligonucleotide (GenePharm, Inc.,
Sunnyvale, CA, USA) was used as a control. Transfection
was performed using TransMessenger transfection reagent
(Qiagen GmbH, Hilden, Germany) following the manufac-
turer's protocol.

miR-125 expression assay. Total RNA form the RKO cells was
extracted using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The expression of miR-125 was determined
using an miRNA plate assay kit (Signosis, Inc., Santa Clara,
CA, USA) in accordance with the manufacturer's protocol. The
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U6 snRNA was selected as an internal control to normalized
RNA content.

MTT assay. The cell cytotoxicity was evaluated using
an MTT assay. Briefly, the RKO cells, which had been
transfected with the miR-125 mimic or inhibitor or control
miR-125, were seeded into 96-well culture plates (Costar;
Corning Incorporated, Corning, NY, USA) at a density of
1x10° cells/well and incubated with 5% CO, at 37°C. The MTT
solution (Sigma-Aldrich; EMD Millipore, Billerica, MA,
USA) was added into the 96-well plates (final concentration of
5 mg/ml), and incubated at 37°C for 4 h. Following incubation,
150 ul DMSO (Amresco, Inc., Solon, OH, USA) was added
into the 96-well plates to dissolve the crystal and incubated for
15 min. Finally, the optical density values of the obtained solu-
tion were examined using an enzyme-linked immunosorbent
assay (ELISA) reader (Thermo Fisher Scientific, Inc.) at the
wavelength of 490 nm.

Flow cytometry. The cells were fixed with 4% paraformal-
dehyde and were permeabilized using 0.1% Triton X-100.
Following washing with PBS three times. The apoptosis assay
was performed according to the manufacturer's protocol.
Briefly, the cells were washed and suspended in binding buffer
and incubated with 10 pl of Annexin V for 10 min and 10 pl of
propidium iodide for 5 min. Following two washes in PBS, the
cells were suspended in binding buffer and analyzed immedi-
ately using the FACSCanto II flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA) and analyzed using FlowJo software
version 7.6.1 (Tree Star, Inc., Ashland, OR, USA).

Caspase-3 activity measurement. RKO cell caspase-3 activity
was measured using a caspase-3 fluorescent assay kit (Enzo
Life Sciences, Inc., Farmingdale, NY, USA).

Measurement of cellular DNA fragmentation. The RKO cells
were seeded at a density of 1x10° cells/well and incubated
overnight at 37°C. Then, the RKO cells were pre-labeled
with BrdU (15 ng/well) and then incubated with palmitate
(500 pl/well) for 4 h at room temperature. DNA fragmentation
was measured in accordance with the manufacturer's protocol
of the Cellular DNA Fragmentation ELISA kit (Roche Applied
Science, Penzberg, Germany).

Western blot analysis. The protein levels of VEGF, COX-2,
PCNA and GAPDH were determined using western blot
analysis. The protein samples were extracted from the cultured
RKO cells which were treated with a lysis buffer containing
protease and phosphatase inhibitors (1 M Tris-HCI, 5 M
NaCl, 10% NP-40, 10% Na-deoxycholate, 100 mM EDTA,
0.1% aprotinin, 0.1% leupeptin, 0.1% pepstatin, 0.5% PMSF,
0.5% Na;Vo, and 0.5% NaF) and the protein concentrations
were determined using a BCA protein assay. The quantity of
protein loaded for separation was 1 mg/ml. Protein (20 ul)
were separated by 12% SDS-PAGE gel and electropho-
retically transferred onto polyvinylidenefluoride membranes.
Following blocking with 5% non-fat dry milk for 2 h at a room
temperature, the membranes were washed with TBS-Tween-20
[150 mM Nacl, 50 mM Tris (pH 7.5) and 0.1% Tween-20] and
incubated with primary antibodies against VEGF (1:1,000; cat.
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no. 2463), COX-2 (1:1,000; cat. no. 4842), PCNA (1:1,000; cat.
no. 13110) and GAPDH (1:1,000; cat. no. 5174) (all from Cell
Signaling Technology, Inc., Danvers, MA, USA) overnight at
4°C, and then incubated with the horseradish peroxidase-conju-
gated secondary antibodies (1:5,000; cat.no. ZB-2301; go at
anti-rabbit; Bejing Zhongshan Jingiao Biotechnology Co.,
Ltd., Beijing, China) for 1 h at room temperature. Proteinbands
were visualized by enchanced chemiluminescence using ECL
reagents (Pierce; Thermo Fisher Scientific, Inc.). GAPDH was
used as the internal reference. Blots were semi-quantified by
densitometric analysis using the Image-Pro Plus software
version 6.0 (Media Cybernetics, Ine., Rockville, MD, USA).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) analysis. Using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), the RNA was extracted from
the RKO cells and was reverse transcribed into complementary
DNA using the TransScript first-strand cDNA synthesis kit in
accordance with the manufacturer's protocol (Qiagen GmbH).
The following primers were used: COX-2, forward, 5'-TTA
CAATGCTGACTATGGCTAC-3' and reverse, 5'-CTGATG
CGTGAAGTGCTG-3'; GAPDH, forward, 5-GGAGCGAGA
TCCCTCCAAAAT-3" and reverse, 5-GGCTGTTGTCAT
ACTTCTCATGG-3". The total volume of PCR reaction was
20 p1:10 ul DNA Master SYBR green I (Finnzymes OY, Espoo,
Finland), 0.6 pl forward primer and 0.6 ul reverse primer, 4 pl
cDNA, 4.8 ul RNase-free water. The following thermocycling
conditions were used for the PCR: Initial denaturation at
95°C for 15 min; 40 cycles of denaturation at 95°C for 10 sec,
annealing at 60°C for 30 sec extension at 72°C for 30 sec.
Using GraphPad Prism software version 5.01 (GraphPad
Software, Inc., La Jolla, CA, USA), relative gene expression
was quantified according to the comparative Cq method (17).
With respect to the expression levels of GAPDH, all results
were normalized.

Luciferase assays. The wild-type luciferase vector (wt-Luc-
VEGF) contained has-miR-125 response elements in the
3'UTR of VEGF. Putative binding sites located in the 3'UTR
of VEGF were identified using TargetScan version5 (www.
targetscan.org/vert_5). The mutant (mu-Luc-VEGF) vector
with a mutation in the has-miR-125 response elements was
generated using site-directed gene mutagenesis. The reporter
vector, which consisted of a luciferase gene followed by the
miR-125 binding consensus sequence, was obtained from
Signosis, Inc. (Sunnyvale, CA, USA). The RKO cells were
cultured for 24 h. To treat cells with a miR-125 mimic or a
control oligonucleotide, the cells were transfected with 200 ng
of plasmid DNA (wt-Luc-VEGF or mu-Luc-VEGF) using
Attractene transfection reagent (Qiagen GmbH) in accordance
with the manufacturer's protocol. The pPRL-CMYV vector served
as an internal control by expressing Renilla luciferase. At 24 h
post-transfection, luciferase assays were performed using the
dual luciferase reporter assay system (Promega Corporation,
Madison, WI, USA).

Statistical analysis. The data are expressed as the
mean + standard deviation. Two-way analysis of variance was
used to assess the statistical significance of the differences
between groups followed by Student-Neuman-Keuls test for
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Figure 1. Expression of miR-125 in RKO cells. RKO cells were transfected
with miR-125 mimic, inhibitor, or miR-125 negative control. The miRNA
plate assay showed that the miR-125 mimics and miR-125 inhibitors had
been successfully transfected. “P<0.05 vs. control; “P<0.05 vs. control.
miR/miRNA, microRNA.

multiple comparisons. P<0.05 was considered to indicate
a statistically significant difference. Statistical analysis
was performed using SPSS software version 21.0 (IBM
Corporation, Armonk, NY, USA).

Results

To assess the effect of miR-125 in RKO cells, the RKOs cells
were transfected with miR-125 mimic or inhibitor or control
miR. After 24 h, miR-125 was determined in the RKO cells
using the miRNA plate assay. The level of miR-125 was
increased in the RKO cells transfected with miR-125 mimic,
compared with that in the RKO cells. By contrast, the expres-
sion of miR-125 was significantly downregulated in RKO cells
transfected with miR-125 inhibitor (Fig. 1).

To determine the effect of miR-125 on the viability of RKO
cells, the RKO cells were transfected with miR-125 mimic or
inhibitor or control miR. After 0, 12, 24, 36, 48, 60 and 72 h,
the number and absorptivity of the cells were determined using
MTT and DMSO, respectively. The absorptivity of RKO cells
transfected with mimics was decreased and the absorptivity of
RKO cells transfected with inhibitor was increased, compared
with the control (Fig. 2A). Following transfection of the RKO
cells with miR-125 mimics or inhibitors or control miR, the
expression of PCNA was determined by western blot analysis.
The protein level of PCNA was decreased in the RKO cells
transfected with mimics, compared with that in the control
cells (Fig. 2B). Compared with the control, whereas the protein
levels of PCNA were increased in the RKO cells transfected
with inhibitors (Fig. 2C). This showed that miR-125 signifi-
cantly altered the expression of PCNA in the RKO cells. The
growth of the RKO cells was also measured by flow cytom-
etry. The results showed that the population of RKO cells
transfected with mimics was decreased and the population of
RKO cells transfected with inhibitor was increased, compared
with the population in the control (Fig. 2D).

To investigate the role of miR-125 in RKO cell migration,
following transfection of the RKO cells with miR-125 mimics
or inhibitors or control miR, cell scratches were observed at
0 and 48 h, respectively. Compared with the negative control,
only a few cells migrated into the scratch wound in the
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Figure 2. Effect of miR-125 on the cytotoxicity of RKO cells. RKO cells were transfected with miR-125 mimic, inhibitor, or miR negative control. (A) After
0, 12, 24, 36, 48, 60 and 72 h the number and absorptivity of cells were determined using MTT and DMSO, respectively. (B) Western blot analysis was
performed to detect the expression and (C) levels of PCNA and GAPDH. (D) Growth of RKO cells was measured by flow cytometry. “P<0.05 vs. control;
"P<0.05 vs. control. miR, microRNA; PCNA, proliferating cell nuclear antigen.

miR-125 mimic group (Fig. 3A). By contrast, a large number of
cells migrated into the scratch wound in the miR-125 inhibitor
group (Fig. 3B).

To assess the role of miR-125 in apoptosis, RKO cells were
transfected with miR-125 mimic or inhibitor or control miR,
and apoptosis was determined by caspase-3 activity, DNA
fragmentation and apoptotic morphology. The miR-125 mimic
significantly enhanced caspase-3 activity (Fig. 4A) and the
inhibitor reduced caspase-3 activity (Fig. 4B). The miR-125
mimic increased DNA fragmentation (Fig. 4C), whereas the
inhibitor decreased DNA fragmentation (Fig. 4D). In the
miR-125 mimic group, marked morphological features of
apoptosis were shown (Fig. 4E). By contrast, there were no
notable morphological features of apoptosis in the miR-125
inhibitor group (Fig. 4F). The apoptosis of RKO cells trans-
fected with miR-125 mimic or inhibitor or control miR was
measured by flow cytometry. The results showed that the
apoptosis of RKO cells transfected with mimics was increased
and the population of RKO cells transfected with inhibitor was
decreased, compared with that in the control (Fig. 4G).

To determine the effect of miR-125 on the expression of
COX-2 and VEGF in RKO cells, the RNA expression of COX-2
was determined using the RT-qPCR method, and the protein
levels of COX-2 and VEGF were determined by western blot
analysis. The preliminary experiment showed that VEGF was
constitutively expressed in the RKO cells (data not shown),
therefore, the effect of miR-125 on the expression of VEGF
was investigated. The miR-125 mimics caused significant
decreases in the expression of COX-2 and VEGF, whereas the
miR-125 inhibitors upregulated the expression of COX-2 and
VEGF (Fig. 5).
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Figure 3. Role of miR-125 in RKO cell migration. RKO cells were trans-
fected with miR-125 mimic, miR-125 inhibitor, or a miR-125 negative
control, and cell scratches were observed at 0 and 48 h, respectively. (A) RKO
cells transfected with miR-125 mimic or miR-125 negative control. (B) RKO
cells transfected with miR-125 inhibitor or miR-125 negative control.
“P<0.05 vs. control. miR, microRNA; NC, negative control.

In the development of a primary tumor, uncontrolled growth
is a key component. The MAPK pathway is a major pathway
associated with uncontrolled growth in CRC, involving proteins
which include ERK, p38, JNK and RAS. Several miRNAs have
been shown to regulate the proteins involved in this pathway. For
example, Let7, miR-143, miR-18a* and miR-145 downregulate



SPANDIDOS
A PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 665-673, 2018

669

A
2.5
A N B 15-
2.04
£ = > |
= Z
55 151 =g 1.09 *
@ C o D
o B & c
£ 3 1.0 [ 25
05 al
= © 5 0.54
o W=
0.5 o
0.0 T
imi 0.0
Control Mimic Control ! Inhibitor
C 25 * D 151
2.0
5% % 1.0 [
£ 2 15- g5
o5 5&
£5 g2 k
<32 1.04 I <o
o= § & 057
0.5
0.0 T 0.0
Control Mimic Control Inhibitor
E Control Mimic F Control Inhibitor
) - - -
N - - -
G Control Mimic Inhibitor
103 1053 10°3
< < ] < ]
0 31 0 ] H ]
) Iy i
G 10°3 & 103 & 10% 4
o 3 o 3 ! E .
6 3 at | @ 5 5 4 at Q2
@D
& 109 o 0% &
o E fa) E a
) 3 <
~ ~ ~
10°

10°

10¢ 102

Annexin V PE-A

102 108

108
Annexin V PE-A

10°

10°  10*
Annexin V PE-A

10 105 102

Figure 4. Effect of miR-125 on apoptosis of RKO cells. RKO cells were transfected with miR-125 mimic, inhibitor, or a miR-125 negative control and incubated
for 24 h. Apoptosis was determined by an caspase-3 activity, DNA fragmentation and apoptotic morphology. Caspase-3 activity was measured in the (A) mimic
and (B) inhibitor groups using a caspase-3 fluorescent assay kit. DNA fragmentation was measured in (C) mimic and (D) inhibitor groups via enzyme-linked
immunosorbent assay. Apoptotic morphology was determined in (E) mimic and (F) inhibitor groups using Hoechst (magnification, x200). (G) Apoptosis of
RKO cells was measured by flow cytometry. 'P<0.05 vs. control. miR, microRNA.

RAS and act as tumor-suppressive miRNAs in CRC (18-21). In
the present study, western blot analysis was used to examine
the effect of miR-125 on the phosphorylation of ERK, p38 and
JNK in RKO cells. The phosphorylation of ERK, p38 and INK
was reduced by the miR-125 mimic, but were increased by the
miR-125 inhibitor (Fig. 6).

It was revealed by a dual-luciferase reporter assay that
miR-125 functionally interacted with the 3'UTR sequences
of VEGF. The alignments between miR-125 and the region

within the 3'UTR of VEGF represent putative target sequences
which can confer inhibition of translation by miR-125. To
assess whether VEGF is a direct target of miR-125, the present
study used a reporter vector, which contained a luciferase gene
followed by the 3'UTR of VEGF mRNA (wt-Luc-VEGF).
The luciferase activity in wt-Luc-VEGF-transfected RKO
cells was inhibited by the overexpression of miR-125 by its
mimic. To verify this, mutation of the miR-125 putative
binding sites on the 3'UTR of VEGF of wt-Luc-VEGF was
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Figure 5. Effect of miR-125 on the expression of COX-2 and VEGF in RKOs. RKOs were transfected with miR-125 mimic, inhibitor, or a miR-125 negative
control. (A and B) COX-2 RNA was detected in the (A) mimic and (B) inhibitor groups using RT-qPCR analysis. Protein levels of COX-2 in the (C) mimic
and (B) inhibitor groups and GAPDH in the (E) mimic and (F) inhibitor groups were determined by western blot analysis. VEGF RNA was detected using
RT-gPCR analysis. Protein levels of VEGF and GAPDH were determined by western blot analysis. "P<0.05 vs. control. miR, microRNA; VEGF, vascular
endothelial growth factor; COX-2, cyclooxygenase-2; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

introduced by substitution (Fig. 7A and B). The mutation
abrogated the inhibitory effect of miR-125 on the luciferase
activity of the RKO cells (Fig. 7C). By contrast, the inhibition
of miR-125 by its inhibitors enhanced the luciferase activity
in the wt-Luc-VEGF-transfected RKO cells; the mutation
of wt-Luc-VEGF abrogated the enhanced effect of miR-125
on the luciferase activity in RKO cells (Fig. 7D). These data
demonstrated that miR-125 directly targeted and inhibited the
expression of VEGF in RKO cells.

Discussion

The major finding of the present study was that induction of the
expression of miR-125 promoted the apoptosis of RKO cells.

miR-125 directly targeted VEGF and repressed the expression
of VEGF. Therefore, the results of the present study suggested
the importance of miR-125 in RKO cells by inducing cell
apoptosis.

The associations between miRNAs and malignancies have
been investigated in numerous studies, the results of which
have shown that miRNA deregulation is involved in all types
of cancer. In different types of cancer, different members of
the miR-125 family have been reported to have conflicting
properties; through acting as either tumor suppressors or onco-
genes, they may contribute to the initiation and progression of
cancer (22-25).

The tumor-suppressor functions of miR-125 have
been shown in several types of cancer, including ovarian
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Figure 6. Effect of miR-125 on the mitogen-activated protein kinase signaling pathway in RKO cells. RKOs were transfected with miR-125 mimic, inhibitor,
or a miR-125 negative control. Expression and phosphorylation of ERK in the (A) mimic and (B) inhibitor groups, p38 in the (C) mimic and (D) inhibitor
groups, and JNK in the (E) mimic and (F) inhibitor groups were determined by western blot analysis. “P<0.05 vs. control. miR, microRNA; ERK, extracellular
signal-regulated kinase; INK, c-Jun N-terminal kinase; pERK, phosphorylated ERK; pp38, phosphorylated p38; pJNK, phosphorylated JNK.

cancer (23,26), bladder cancer (27), osteosarcoma (28),
breast cancer (29-31), hepatocellular carcinoma (16,32,33),
melanoma (34) and cutaneous squamous cell carcinoma (35).
Chen and Hu (36) used PCR to investigate the level and the
methylation status of the miR-125 family in CRC tissues and
adjacent non-tumor tissues, and found that miR-125a and
miR-125b were significantly downregulated in CRC tissues,
and the methylation frequencies of miR-125a and miR-125b
were higher in CRC tissues. These results suggested the

hypermethylation of miR-125 as a potential biomarker for
clinical outcome. In the present study, it was shown that
miR-125 also contributed to the apoptosis of CRC cells. In
response to CRC, miR-125 inhibitors prevented apoptosis,
whereas miR-125 mimics enhanced apoptosis. As VEGF
stimulates angiogenesis, proliferation and migration, it has
been implicated in tumor generation (37). In the present study,
the induction of miR-125 inhibited the expression of VEGF,
whereas the inhibition of miR-125 enhanced the expression
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Figure 7. miR-125 targets and inhibits VEGF. (A) A segment of VEGF 3'UTR was inserted downstream of the luciferase-coding sequence. The complementarity
at the 5' end of miR-125 was shown by the sequence alignment of miR-125 and the 3'UTR of VEGF. (B) Sequence alignment of miR-125 and mutated 3'UTR of
VEGEF showed no complementarity at the 5' end of miR-125. (C) RKO cells were transfected with the plasmid containing the wt-Luc-VEGF or mu-Luc-VEGF,
and miR-125 mimic or a miR-125 negative control. (D) RKO cells were transfected with the plasmid containing wt-Luc-VEGF or mu-Luc-VEGF, and
miR-125 inhibitor or a miR-125 negative control. "P<0.05 vs. control. miR, microRNA; VEGF, vascular endothelial growth factor; UTR, untranslated region;
wt-Luc-VEGEF, wild-type 3'UTR of VEGF; mu-Luc-VEGF, mutated 3'UTR of VEGF.

of VEGF. This confirmed that miR-125 directly targeted and
inhibited the expression of VEGF in RKO cells. Substantial
data support the use of targeted agents directed against the
molecular signaling pathways involved in angiogenesis,
particularly the VEGF pathway (38). MAPK is a type of VEGF
signaling pathway and MAPK has three signaling pathways:
ERK, p38 and JNK. It is known that ERK, JNK and p38 trans-
duce the signal through phosphorylation. Martinez-Acuiia et al
determined the expression of miR-125a-5p from nine cervical
cell lines using RT-PCR analysis and found that miR-125a-5p
was involved in the migration of cervical cancer tumor cells
via MAPKI1 as a functional target (12). The present study
demonstrated that miR-125 mimics decreased the phosphory-
lation of ERK, p38 and JNK, whereas miR-125 inhibitors
increased this phosphorylation. It is known that the majority
of cases of cancer-associated mortality are due to infection
and inflammation. COX-2 is a type of inflammatory maker.
In previous years, several studies have found that the miR-125
family is involved in cancer inflammation by regulation of
the RNA-binding protein HuR (39), and COX-2 is an impor-
tant target in various tumors (40,41). In the present study, it
was shown that miR-125 mimics significantly decreased the
expression of COX-2, whereas miR-125 inhibitors upregulated
the expression of COX-2.

Although the present study revealed interesting results,
there were a number of limitations. Firstly, the investigation
only used luciferase assays to investigate the targeting asso-
ciation between miR-125 and VEGF, with no western blot or
RT-PCR assays performed to confirm the association. Secondly,
the levels of miR-125 were not examined in CRC tissues in the
present study, therefore, future investigations require the levels
of miRNA-125 to be detected in CRC tissues. Thirdly, the
levels of non-phosphorylated protein are expected to decrease
accordingly when phosphorylation occurs. However, there was
no change in the level of non-phosphorylated protein in the
present study, the reason for which remains to be elucidated,
as does the reason for miR-125 affecting the phosphorylation

of MAPK. Additionally, only in vitro experiments involving
only one cell line were performed, which is insufficient for
a solid conclusion. In subsequent investigations, the use of
in vivo experiments and animal models id required to confirm
the conclusion.

In conclusion, the present study confirmed that miR-125
was important in RKO cells and VEGF was confirmed as a
direct target of miR-125. The promotion effect of miR-125 on
apoptosis was mediated through reducing the expression of
VEGF. Therefore, miR-125 may be a novel therapeutic target
for CRC.
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