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miR-34a inhibits colon cancer proliferation and metastasis
by inhibiting platelet-derived growth factor receptor o
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Abstract. The microRNA (miRNA), miR-34a is significant
in colon cancer progression. In the present study, the role of
miR-34a in colon cancer cell proliferation and metastasis was
investigated. It was found that the expression of miR-34a in
colon cancer tissues and cell lines was lower when compared
with that of normal tissues and cells. Further research demon-
strated that miR-34a inhibited cell proliferation, induced
G, phase arrest, and suppressed metastasis and epithelial
mesenchymal transition in colon cancer cells. Bioinformatic
prediction indicated that platelet-derived growth factor
receptor oo (PDGFRA) was a potential target gene of miR-34a
and a luciferase assay identified that PDGFRA was a novel
direct target gene of miR-34a. In addition, assays of western
blot analyses and quantitative reverse-transcription polymerase
chain reaction confirmed that miR-34a decreased PDGFRA
mRNA expression and protein levels in colon cancer cells.
Assessment of cellular function indicated that miR-34a inhib-
ited colon cancer progression via PDGFRA. These findings
demonstrate that miR-34a may act as a negative regulator in
colon cancer by targeting PDGFRA.

Introduction

Colon cancer is a common type of cancer worldwide and the
treatment of colon cancer is currently problematic. Although
there have been marked advances in diagnostic techniques, as
well as improvements in treatment modalities, the prognosis
of colon cancer remains poor due to its high recurrence (1-3).
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Numerous reports show that various signaling pathways are
activated during colon cancer progression (1-3); however, the
mechanism remains unclear and the identification of novel
molecular targets for colon cancer is required.

MicroRNAs (miRNAs) are small RNAs, which negatively
regulate gene expression in various types of cell (4). The target
genes of miRNAs can be downregulated at a post-transcrip-
tional level. Furthermore, miRNAs acting as tumor inhibitors
of onco-miRNAs locate in cancer-associated genomic regions.
Their function in the cells depends on their direct target
genes (5-7). The primary causes of colon cancer patient mortality
are the poor prognosis and metastases. Therefore, it is considered
to be critical to establish a novel diagnostic marker and continue
to investigate the underlying molecular mechanism of miRNAs
for therapeutic application. Emerging evidence demonstrates
that a group of miRNAs is involved in the regulation of basic
cellular processes in colon cancer, such as cell proliferation,
differentiation, apoptosis and metastasis. Previous reports
revealed that miR-34a, miR-21, miR-155, miR-499a, miR-99a,
miR-101, as well as other miRNAs are involved in colon cancer
progression (8-11). Furthermore, an miRNA profile reported
that miR-34a is downregulated in colon cancer (9-11).

miR-34a is a known tumor suppressor in various types of
cancer, including lung, breast, prostate and liver cancer, as well
as in colon cancer (12-18). However, the role of miR-34a in colon
cancer requires further investigation. Thus, the aim of the present
study was to investigate the underlying effect of miR-34a in colon
cancer. miR-34a expression was analyzed in human colon cancer
tissues and cells and, using bioinformatics, platelet-derived growth
factor receptor oo (PDGFRA) was determined to be a target gene
of miR-34a. Furthermore, miR-34a was identified to be a tumor
suppressor, which negatively regulates the PDGFRA signaling
pathway in the progression of colon cancer. The roles of miR-34a
in cell proliferation, migration and invasion were also evaluated.

Materials and methods

Colon cancer samples. Primary colon cancer specimens
and normal biopsies were obtained from The First Affiliated
Hospital of Dalian Medical University (Dalian, China). A
total of 176 colon cancer specimens and normal biopsies
were obtained from patients undergoing radical surgery for
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colon cancer at The First Affiliated Hospital (Dalian Medical
University, Dalian, China). There were 95 male and 86 female
patients (mean age, 57.2-years old). Colon cancer and healthy
tissues were confirmed by hematoxylin and eosin staining in
the pathology department of The First Affiliated Hospital.
The study was approved by the Ethics Committee of The First
Affiliated Hospital (Dalian Medical University, Dalian, China)
Analyses of tissue samples were performed according to the
instructions laid out by the Ethics Committee of the Hospital.
All of the patients provided written informed consent.

Cell lines and culture. Colon cancer cells, HT-29, SW620, Lovo
and Colo205, were originally obtained from the American Type
Culture Collection. The cells were cultured in Dulbecco's modi-
fied Eagle's medium (Invitrogen Life Technologies, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (Gibco
Life Technologies, Carlsbad, CA, USA), 100 U/ml of penicillin
and 100 pg/ml of streptomycin (Sigma-Aldrich, St. Louis, MO,
USA) at 37°C in a humidified atmosphere of 5% CO,. Normal
colon epithelial cells, NCM460 and FHC, were cultured
according to the manufacturer's instructions.

Luciferase assay. A psiCHECK™-2 Dual-Luciferase miRNA
target expression vector was used for the 3'-untranslated
region (UTR) luciferase assays (Sangon Biotech, Co., Ltd.,
Shanghai, China). The target genes of miR-34a were selected
on the basis of the following miRNA target database:
http:/www.microrna.org/microrna/home.do. The 3'-UTR
sequence of the PDGFRA gene was amplified using polymerase
chain reaction (PCR) and cloned into the psiCHECK™ -2 vector
to produce a wild-type reporter. The following primer sequences
were used to amplify the wild-type 3'-UTRs of PDGFRA:
Forward, 5-"TCTAGACCGGCCTGAGAAACACTATTT
GTG-3' and reverse, 5"TCTAGAACATGAACAGGGGCA
TTCGTAATACA-3'". The mutant reporter construct was gener-
ated using the Site-Directed Gene Mutagenesis kit (Beyotime
Institute of Biotechnology, Shanghai, China) according to the
manufacturer's instructions. There are two binding sites in
the PDGFRA 3'-UTR. For one mutant 3'-UTR of PDGFRA,
the following primer sequences were used: Forward, 5'-ACT
GCCAAAACATTTATGACAAGCTGTATCGCCTCG-3' and
reverse, 5'-CGAGGCGATACAGCTTGTCATAAATGT
TTTGGCAGT-3'" For the other mutant 3'-UTR of PDGFRA,
the following primer sequences were used: Forward, 5-ACT
GCCAAAACATTTATGACAAGCTGTATGGTCGTTTATA
TTT-3' and reverse, 5-AAATATAAACGACCATACAGCTTG
TCATAAATGTTTTGGCAGT-3' For the luciferase assay, a
total of 5,000 cells were transfected with miR-34a mimics and
the psiCHECK™ -2 Dual-Luciferase miRNA target expression
vectors containing the wild-type or the mutant target sequences
using Lipofectamine 2000 (Invitrogen Life Technologies). Data
are presented as relative firefly luciferase activity normalized to
Renilla luciferase activity from the same construct.

Lentiviral infection. The sequence of mature miR-34a was
synthesized, amplified and cloned into a GV232-Puro Vector
by Genechem Co., Ltd. (Shanghai, China). DNA sequencing
was used to identify the correct sequences. Lentivirus
mediating miR-34a or its control was produced in 293T
cells using Lipofectamine 2000 reagent according to the
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manufacturer's instructions. For transduction, the colon cancer
cells were infected with miR-34a or its control and subse-
quently selected using 1 pg/ml puromycin (Sigma-Aldrich).
Lentivirus-mediated silencing of miR-34a was verified by
reverse-transcription quantitative (RT-q)PCR analysis.

RNA extraction, isolation and RT-gPCR. Total RNA was
extracted from the cells and the tissues using TRIzol reagent
(Invitrogen Life Technologies). RNA (2 pug) was reverse
transcribed to cDNA using a SYBR® Green PCR kit (Takara
Biotechnology Co., Ltd., Shiga, Japan). To measure miRNA
expression, JPCR was performed for DNA amplification
(ABI-Prism; Applied Biosystems Life Technologies, Foster
City, CA, USA). The cycling conditions were 10 min of
polymerase activation at 95°C, followed by 40 cycles at 95°C
for 15 sec and 60°C for 60 sec. The relative expression levels
were calculated by comparing the cycle threshold values of the
samples with those of the references, all data were normalized
to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or
the U6 sRNA control.

MTT assay. An MTT assay was conducted to detect cell
viability. The colon cancer cells were seeded into 96-well plates
following transfection with miRNA or the plasmids. At day 1,
2,3,4 and 5, 20 ul MTT solution (Sigma-Aldrich) was added
to each well (5 mg/ml; 0.5% MTT) and the cells continued to
culture for 4 h. The supernatant was discarded, 150 x1 dimethyl
sulfoxide (Sangon Biotech, Co., Ltd.) was added to each well
and the culture plate was agitated at 50-75 x g for 10 min to
ensure crystals were completely dissolved. An ELISA reader
was used to measure the absorbance at 570 nm. The MTT
assay was performed three times.

Colony forming assay. The colon cancer cells were trans-
fected with miRNA or DNA plasmids and collected following
transfection for 24 h. The transfected cells were seeded into
6-well plates with 200 cells per well, cultured for three days
and the nonadherent cells were removed. After 10-14 days, the
colonies were dyed with 0.1% crystal violet (Sigma-Aldrich)
and counted.

Western blot analysis. Cells were lysed using radioimmuno-
precipitation assay buffer (Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) with 1X protease inhibitor cocktail and total
protein was extracted. The concentration of protein was deter-
mined using the Bradford assay (Bio-Rad Laboratories, Inc.,
Philadelphia, PA, USA). SDS-PAGE (12.5%) was conducted
to separate the proteins and the separated proteins were
transferred to polyvinylidene difluoride membranes (Merck
Millipore, Bedford, MA, USA) at 55 V for 4 h at 4°C. The
membranes were blocked in 5% fat-free milk, incubated in the
primary antibodies and then incubated with secondary anti-
bodies for 1 h at room temperature. PDGFRA (cat. no. 3164),
p-Akt (Serd473; cat. no. 4060), Akt (cat. no. 9272) and p21
(cat. no. 2946) primary antibodies were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA). The dilutions
of the above antibodies were all 1:1,000. GAPDH antibody
was purchased from Santa Cruz Biotechnology, Inc. (1:5,000).
Protein bands were visualized on X-ray film (Sigma-Aldrich)
using an enhanced chemiluminescence detection system.
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Figure 1. Restoration of miR-34a downregulates PDGFRA expression. (A) The 3'-UTR of the PDGFRA gene contains binding sites for miR-34a according to
bioinformatic analysis. (B) miR-34a suppressed the expression of a luciferase reporter gene that was harbouring the 3'-UTR of PDGFRA. The psiCHECK™ -2
plasmid was modified by adding the human 3'-UTR or the 3-UTR with mutations in regions complementary to the miR-34a seed regions after the firefly
luciferase gene. Cells were transiently co-transfected with miR-34a or the control together with the indicated luciferase constructs, and luciferase activity
was analyzed 48 h subsequently. Data are presented as relative firefly luciferase activity normalized to Renilla luciferase activity from the same construct.
(C) miR-34a downregulated PDGFRA mRNA expression levels in colon cancer cells. HT-29 and SW620 cells were infected with LV-miR-34a or the control for
48 h, then collected for qPCR. (D) anti-miR-34a upregulated PDGFRA mRNA expression levels in colon cancer cells. HT-29 and SW620 cells were infected
with LV-anti-miR-34a or the control for 48 h, then collected for qRT-PCR. (E) miR-34a downregulated PDGFRA protein levels in HT-29 and SW620 cells.
HT-29 and SW620 cells were infected with LV-miR-34a or LV-anti-miR-34a and their control for 48 h, then collected for western blot analysis. The data are
presented as means * standard deviation collected from three independent experiments. ‘P<0.01 vs. the control. PDGFRA, platelet-derived growth factor

receptor a; UTR, untranslated region; qPCR, quantitative polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Wound healing assays. Cell migration was assessed by
measuring the movement of cells into an acellular area, which
was scraped using a 200-u1 pipette tube; the spread of wound
closure was observed after 48 h. Images were obtained to
assess the level of migration in each group of transfected
cells. Migration was quantified by counting the total number
of cells that migrated toward the original wound field.

Migration and invasion assay. Colon cancer cells were trans-
fected with miRNA or DNA plasmids and collected following
transfection for 48 h. For the migration assay, 1x10° colon
cancer cells were plated in the top chamber of the non-coated

membrane (24-well insert; pore size, 8 ym; Corning Costar)
and allowed to migrate toward serum-containing medium in
the lower chamber. Cells were fixed with methanol after a 24-h
incubation and stained with 0.1% crystal violet (2 mg/ml).
The number of cells invading through the membrane was
counted under a light microscope (three random fields per
well). For the invasion assay, the steps were the same as the
migration assay, however, the membrane was coated with
Matrigel (BD Biosciences, San Jose, CA, USA). The number
of cells invading through the membrane was counted under
a light microscope (magnification, x40; three random fields
per well).
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Table I. Association between miRNA expression and clinico-
pathological features.

miRNA expression

Characteristic Low High P-value
Age (years) 0.054
=60 52 (59.1) 36 (40.9)
<60 56 (63.6) 32(364)
Gender 0.204
Male 54 (60.0) 40 (44 4)
Female 36 (40.0) 50 (55.6)
Tumor size (cm) 0.280
=6 40 (45.5) 28 (31.8)
<6 50 (55.6) 58 (67.4)
Histology grade 0.016
Well 10 (11.1) 0(0)
Moderate 54 (60.0) 44 (48.9)
Poor 26 (28.9) 46 (51.1)
LNM 0.515
No 38 (42.2) 30 (33.3)
Yes 52 (57.8) 60 (66.7)
TNM stage 0.012
I 1(23) 54 (60.0)
I 10 (11.4) 28 (31.1)
I 40 (45.5) 6 (6.8)
v 39 (40.9) 2(2.2)

miRNA, micro RNA; LNM, lymph node metastasis; TNM,
tumor-node-metastasis. Colon cancer TNM staging was according
to the American Joint Committee on Cancer and International Union
Against Cancer.

Statistical analysis. Statistical analysis was conducted using
SPSS 15.0 (SPSS, Inc., Chicago, IL, USA). Student's t-test was
used to analyze the results, all experiments were performed
in triplicate and the data are expressed as means + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-34a expression is correlated with clinicopathological
features of colon cancer. Firstly, miR-34a expression was
evaluated in 176 primary colon cancer tissue samples and their
adjacent non-tumor tissues using RT-qPCR. The colon cancer
TNM staging was according to the American Joint Committee
on Cancer and International Union Against Cancer (19,20).
miR-34a expression in colon cancer tissues was observed to
be markedly lower when compared with that of their adja-
cent non-tumor tissues. The analyzed data revealed that the
low expression level of miR-34a in colon cancer tissues was
significantly associated with lymph node metastasis and a
poor, advanced pT stage, as well as invasion into lymphatic
vessels (Table I).
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Figure 2. PDGFRA expression levels were inversely correlated with miR-34a
expression levels in colon cancer tissue samples. (A) PDGFRA expression
levels in 26 paired samples of colon cancer and matched normal tissues were
measured by quantitative reverse-transcription polymerase chain reaction.
Glyceraldehyde 3-phosphate dehydrogenase served as an internal control.
(B) Correlation analysis between PDGFRA mRNA expression levels and
miR-34a expression levels in colon cancer tissue samples (Spearman's cor-
relation analysis: r=0.422; P<0.05). "P<0.05 vs. the control.

PDGFRA is a novel target gene of miR-34a in colon cancer
cells. miR-34a exerts a suppressive role in various types
of cancer, however, its target gene has not been fully eluci-
dated. Bioinformatic analysis using TargetScan (http:/www.
targetscan.org/vert_61/) revealed that PDGFRA was directly
suppressed by miR-34a (Fig. 1A). As shown in Fig. 1B, the
luciferase activity of PDGFRA in 293T cells was signifi-
cantly lower than in the control cells (P<0.01). The luciferase
activity of the cells with the mutated 3'-UTR of PDGFRA
was not changed significantly when compared with the
control. Subsequently, whether miR-34a regulates endogenous
PDGFRA expression in the cells was examined. In HT-29 and
SW620 cells, compared with the control, endogenous PDGFRA
mRNA expression (Fig. 1C and D) and protein levels (Fig. 1E)
were downregulated in the cells with LV-miR-34a infection
and upregulated with anti-miR-34a infection.

PDGFRA expression is negatively associated with miR-34a
expression in colon cancer tissues. To identify the association
between the expression of PDGFRA and miR-34a in colon
cancer tissue, the expression of PDGFRA in 26 pairs of colon
cancer tissue and normal control samples was detected using
qRT-qPCR. PDGFRA expression was observed to increase
markedly in the cancer tissues when compared with the normal
tissues (Fig. 2A; P<0.05). Analysis of the data demonstrated that
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Figure 3. Overexpression of PDGFRA in human colon cancer tissue samples and cell lines. (A) PDGFRA expression was upregulated significantly in colon
cancer tissue samples (lane T) compared with normal tissue samples (lane N). (B) The relative expression of PDGFRA in five colon cancer cell lines and the
normal colon cell line, FHC, was examined by western blot analysis. (C) Inhibition of PDGFRA expression suppressed cell proliferation in HT-29 and SW620
cells. (D) Downregulation of PDGFRA expression inhibited colon cancer cell invasion. HT-29 and SW620 cells were transfected with PDGFRA siRNA or its
control and invasion was detected using a Transwell system. The data are presented as means + standard deviation of three independent experiments. “P<0.01
vs. the control. PDGFRA, platelet-derived growth factor receptor a; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; siRNA, small interfering RNA.

PDGFRA was negatively associated with miR-34a expression
in the majority of tissues (Fig. 2B). These data further indicated
that PDGFRA was a target of miR-34a in colon cancer.

PDGFRA increases human colon cancer cell proliferation
and metastasis. Previous reports demonstrated that PDGFRA
is overexpressed in colon cancer, however, its role has not been
determined. To investigate the possible role of PDGFRA in
colon cancer cells, the PDGFRA protein was examined in
colon cancer cells. As shown in Fig. 3A, PDGFRA expression
in colon cancer tissue samples was higher than that in adjacent
normal tissue samples. Similarly, PDGFRA was markedly
higher in human colon cancer cells than in the normal colon

cells (Fig. 3B). These results provide initial evidence that
PDGFRA may exert a tumor-suppressing role in the develop-
ment of human colon cancer. Furthermore, it was noted that
cell proliferation and metastasis were decreased in colon
cancer cells exhibiting PDGFRA inhibition (Fig. 3C and D).

miR-34a inhibits colon cancer progression by targeting
PDGFRA and its signaling pathway. The above-mentioned data
indicate that PDGFRA is a target gene of miR-34a. In the present
study, elucidating whether miR-34a regulates biological behavior,
such as proliferation, apoptosis and metastasis was investigated.
PDGFRA overexpression was used to assess whether miR-34a
inhibited HT-29 cell metastasis. The result revealed that miR-34a
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Figure 4. miR-34a inhibits progression of colon cancer-targeting PDGFRA. (A) miR-34a expression inhibited proliferation of HT-29 cells exhibiting PDGFRA
overexpression. HT-29 cells were infected with LV-miR-34a or PDGFRA or the control, and cell proliferation at days 0-5 was analyzed by MTT assay. (B) miR-34a
expression decreased migration of HT-29 cells with PDGFRA overexpression. (C) miR-34a expression decreased invasion of HT-29 cells with PDGFRA over-
expression. (D) Quantification of the extent of cell invasion. (E) miR-34a inhibited the PDGFRA signaling pathway in HT-29 cells. HT-29 cells were infected
with LV-miR-34a or PDGFRA or the control, and total protein was extracted for western blot analysis. "P<0.05 vs. the control. “P<0.01 vs. the control. PDGFRA,
platelet-derived growth factor receptor a;; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miRNA, micro RNA; NC, negative control; p, phosphorylated.

expression in the cells inhibited proliferation of HT-29 cells with ~ when the cells were infected with LV-miR-34a, migration and
or without PDGFR A overexpression (Fig. 4A). The migrationand  invasion were decreased (Fig. 4B-D). As the PDGFR A-mediated
invasion of the cells increased with PDGFRA expression, and  signaling pathway is an important pathway involved in cancer



7078

development, various proteins and downstream proteins in the
signaling pathway, such as Akt, were detected and observed to
be decreased by miR-34a overexpression (Fig. 4E).

Discussion

Previous reports demonstrated that miR-34a is involved in colon
cancer progression, including inducing apoptosis, and inhibiting
cell proliferation and metastasis. However, the role of miR-34a
requires further research. In the present study, miR-34a was
found to be downregulated in colon cell lines and tissues, and
has an important role in metastasis by targeting PDGFRA.

Firstly, the results from the clinical data indicated that
miR-34a is associated with the colon cancer stage and metas-
tasis, which indicates that miR-34a is involved in colon cancer
cell metastasis. In HT-29 and SW620 colon cancer cells, restora-
tion of miR-34a expression promoted cell growth, and decreased
cell migration and invasion (Fig. 3). This indicated that a reduced
expression level of miR-34a in colon cancer cells may facili-
tate cell invasion and metastasis of colon cancer. In addition,
PDGFRA expression was observed to be negatively correlated
with miR-34a expression in colon cancer cells and tissues.

Using bioinformatic prediction, PDGFRA was identified to
be the direct target of miR-34a. Furthermore, overexpression of
miR-34a decreased the expression levels of PDGFRA protein
and mRNA, indicating that PDGFRA is a downstream gene
of miR-34a in colon cancer cells. However, miR-34a in colon
cancer may target other genes. It is well known that there are
molecules influencing miR-34a, which are involved in colon
cancer progression and growth, as well as other functions (12,13).

PDGFRA is overexpressed in various malignancies and is
crucial in promoting cell proliferation and metastasis (21-25).
In the present study, miR-34a expression was observed to be
negatively correlated with PDGFR A. Furthermore, the present
results indicate that miR-34a downregulates PDGFR A expres-
sion by directly targeting the PDGFRA 3'-UTR. Therefore,
it may be possible to use miRNA to target PDGFRA during
cancer therapy. However, expression of miRNA or its target
genes is influenced by multiple factors, such as epigenetic modi-
fication, including DNA methylation, histone modification,
chromosome deficiency and transcriptional regulation (4,5).
Thus, the underlying mechanisms of the repression of miRNA
require further investigation.

In conclusion, the present study verified that the deregu-
lated expression of miR-34a is associated with a poor prognosis
and an aggressive phenotype of colon cancer. Furthermore,
the findings indicate that miR-34a is significantly involved in
the regulation of colonic malignant behavior, including cell
proliferation and invasion, by directly targeting PDGFRA.
Therefore, miR-34a may serve as a potential prognostic
biomarker and as a therapeutic molecule for the treatment of
colon cancer.
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