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MicroRNA-552 promotes tumor cell proliferation and migration
by directly targeting DACH1 via the Wnt/f}-catenin
signaling pathway in colorectal cancer
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Abstract. The purpose of the present study was to analyze
the crucial role of microRNAs (miRNAs/miRs) involved in
the proliferation and migration of colorectal cancer (CRC) and
to investigate their underlying mechanisms. The present study
discusses the expression and function of miR-552 in CRC.
The expression level of miR-552 in CRC cells and tissues was
observed, and it was suggested that the high expression of
miR-552 accelerated the proliferation and migration of CRC
cells in vitro. Notably, a result of the present study was that the
cell fate determination factor Dachshund family transcription
factor 1 (DACH1) was identified as a direct target of miR-552.
Suppressing miR-552 expression in CRC cells increased endog-
enous DACHI mRNA and protein levels, which was negatively
correlated with miR-552. DACHI performs an important role
in the development of a number of neoplasms, and has the
ability to regulate the Wnt/p-catenin signaling pathway as a
novel predictive and diagnostic biomarker. Accordingly, it was
concluded that miR-552 exerted a tumor-promoting role in
CRC development by targeting DACH1, which may contribute
to the increase in the rates of CRC proliferation and migration.
miR-552 may serve as a potential diagnostic and prognostic
biomarker for CRC.
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Introduction

Colorectal cancer (CRC) has one of the highest cure rates of
all types of malignant tumors (1), however remains ranked
as the fourth leading cause of cancer-associated mortality in
the world (2). In previous years, the morbidity and mortality
rates of CRC have significantly increased due to an ageing
population, and with changes in eating habits and lifestyles (3).
The development of distant metastasis is a major cause of
cancer-associated mortalities in CRC patients (4). Over-
whelming evidence has demonstrated that aberrant expression
of microRNA (miRNA/miR) contributes to CRC development
by affecting the expression of the genes that regulate cancer
progression (5).

miRNAs, endogenous small non-coding regulatory RNAs
measuring 18-25 nucleotides long (6), usually regulate gene
expression in a number of tumor-associated signaling pathways
at the post-transcriptional level, including the Wnt/B-catenin
signaling pathway (7). As miRNAs tend to be localized to
fragile chromosomal regions (8), they have the ability to adjust
the levels of their corresponding mRNAs, and serve critical
roles in the physiological and pathological processes of tumor
development, which are a novel aspect of cancer studies.
Previous evidence has demonstrated that miRNAs are involved
in a number of biological processes, including proliferation,
differentiation, migration, angiogenesis and protein split-
ting (9-11). miRNAs also serve as tumor promoter genes or
tumor suppressor genes by negatively regulating their targets.
These data suggest a possibility that miRNA is a novel focus
for examining the current diagnosis and treatment of tumors.

Previously, several studies revealed that miR-124 results in
adecrease in the proliferation ability of CRC cells by targeting
ribose-phosphate pyrophosphokinase 1 and ribose 5-phosphate
isomerase mRNAs (12), that miR-146a directs the symmetric
division of colorectal cancer stem cells (13) and that miR-101
serves as an endogenous proteasome inhibitor that suppresses
tumor cell proliferation via targeting of the proteasome
assembly factor proteasome maturation protein (14). There-
fore, attention has been focused on the activities of miRNA in
cancer development.
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In the present study, it was demonstrated that the upregula-
tion of miR-552 is observed in CRC cells and tissues. In vitro
experiments revealed that the high expression of miR-552 was
associated with CRC proliferation and migration. Notably,
it was demonstrated that Dachshund family transcription
factor 1 (DACH]) is a direct target of miR-552, the levels of
which decreased when miR-552 was overexpressed. In vitro,
the Wnt/B-catenin signaling pathway is a key pathway for the
proliferation of CRC cells (15). The restoration of normal
expression levels of DACHI1 affected the Wnt/f-catenin
signaling pathway and the corresponding downstream targets;
therefore it may be possible that miR-552 contributes to tumor
proliferation and migration via inhibiting DACHI and serves
as a marker for poorer prognoses. Therefore, it may be a
potential target for therapeutic intervention in patients with
CRC.

Materials and methods

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
isolated from tissues samples and cell lines using TRIzol
reagent (Takara Bio, Inc., Otsu, Japan) according to the
manufacturer's protocol, which efficiently recovered all
RNA species, including miRNAs. RNA quality and quan-
tity were measured using a spectrophotometer and RNA
integrity was determined by gel electrophoresis. cDNA was
reverse-transcribed and amplified by PCR using Reverse
Transcription kit (Takara Bio, Inc.) and miRNA Real-Time
PCR assay kit (GeneCopoeia, Inc., Rockville, MD, USA). The
expression level of miR-552 was measured using miR-552
specific primers and SYBR-Green fluorophore (Takara Bio,
Inc.) probes. The primers used are listed in Table I. The
reverse transcription product was 2 ul, and the PCR reaction
system was as follows: 40 cycles of pre-denaturation at 95°C
for 10 min, followed by annealing and stretching at 95°C for
15 sec and 60°C for 1 min, respectively. U6 and GAPDH were
used as internal controls for miR-552 and DACHI, respec-
tively. The relative expression of each gene was quantified
by the 242 method (16). The experiment was performed in
triplicates.

Clinical samples, cell lines, in vitro culture and transfection.
The present study was approved by the Ethics Review
Committees of the General Hospital of Ningxia Medical
University, (Yinchuan, Ningxia, China), with written
informed consent being obtained from all patients. A total
of 20 pairs of CRC tissues and matched adjacent normal
tissues were collected from patients during surgical resec-
tion. LOVO, SW620, HCT116 and NCM460 cells were all
purchased from the Cell Bank of Type Culture Collection
of Chinese Academy of Sciences (Shanghai, China). Cells
were cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS) and 1% antibiotics at 37°C
at 5% CO,. The cells were transfected with 20 yM miR-552
inhibitor (miR-552-in) or miR-552-inhibitor negative control
(NC) at ~50% density using Effectene transfection reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.
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Table 1. Reverse transcription-quantitative polymerase chain
reaction primers.

Gene Sequence (5'-3")
miR-552 AACAGGTGACTGGTTAGACAA

U6 ATTGGAACGATACAGAGAAGATT

Forward

Reverse CGAACGCTTCACGAATTTG
DACHI1

Forward CCCTCTACAATGACTGCACCA

Reverse GCGGCATGATGTGAGAGTTCT
c-Myc

Forward GTCAAGAGGCGAACACACAAC

Reverse TTGGACGGACAGGATGTATGC
Cyclin D1

Forward GTCTGTGCATTTCTGGTTGCA

Reverse TTTCTAGACTTTCATGTTTGTCTTTTTGTC
GAPDH

Forward TCATGGGTGTGAACCATGAGAA

Reverse GGCATGGACTGTGGTCATGAG
GSK3p

Forward AGACGCTCCCTGTGATTTATGT

Reverse CCGATGGCAGATTCCAAAGG
[-catenin

Forward ATGTCCAGCGTTTGGCTGAA

Reverse TGGTCCTCGTCATTTAGCAGTT

miR, microRNA; DACH1, Dachshund family transcription factor 1;
GSK3, glycogen synthase kinase 3.

miR-552 target gene prediction. Extensive experiments and
comprehensive studies have demonstrated that miRNAs, nega-
tive regulators of target genes, express its biological function
directly or indirectly (17). In this study, the putative miR-552
target genes were predicted using MiRanda (Memorial
Sloan-Kettering Cancer Center, New York, NY, USA), PicTar
(Computational Medicine Center, Philadelphia, PA, USA) and
TargetScan (Whitehead Institute for Biomedical Research,
Cambridge, MA, USA) software. Followed the procedure of
Betel er al (18), the present study identified DACHI as a target
gene of miR-552.

Luciferase reporter assay. A total of ~1x10* cells were seeded
in a 96-well plate and were co-transfected miR-552-in and wild
type (Wt) or mutant (Mut) DACHI reporter plasmids (Jikai
Gene Chemical Co., Ltd., Shanghai, China) into LOVO and
SW620 cells using Effectene transfection reagent. The cells
were washed with PBS and harvested after 48 h. Luciferase
activity was measured with dual-luciferase reporter assay
system (Promega Corporation, Madison, WI, USA).

Cell proliferation assay. For the colony formation assay,
LOVO and SW620 cells were grown in 6-well culture plates
and transfected with miR-552-in or NC using Effectene
transfection reagent. After 7-10 days, the cells were fixed with
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Figure 1. miR-552 is upregulated in CRC tissues and cell lines. (A) The expression of miR-552 in 20 pairs of CRC tissues and adjacent non-tumorous colorectal
tissues were examined by RT-qPCR. (B) The average value of miR-552 expression in tumor tissues and normal tissues. (C) The expression levels of miR-552
in the normal colorectal NCM460 cell line and three CRC cell lines; LOVO, SW620 and HCT116. Values are presented as the mean + standard deviation from
three experiments. ““P<0.001. miR, microRNA; CRC, colorectal cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

methanol for 15 min and stained with 0.2% crystal violet for
visualization and counting. For the MTT assay, 100 ul cells per
well were seeded into 96-well plates, and were transfected with
miR-552-in or the negative control (miR-552-inhibitor-NC)
using Effectene transfection reagent. The cell proliferation rate
was detected at 24, 48, 72 and 96 h. The cells were disposed
with 20 ul MTT solution and incubated at 37°C for 4 h.
Subsequently, 150 ul dimethyl sulfoxide was added and the
absorbance values were detected using Thermo Multiskan Go
Microplate Reader (Thermo Fisher Scientific, Inc.) at 490 nm.
The NC group was the control.

Wound-healing assay. Approximately 70% of the cell
density was planted in 12-well plate prior to transfection. The
wound-healing assay was implemented to determine the cell
migration ability subsequent to transfection with miR-552-in
or NC, and the cell migration rate was recorded by microscopy
at 0 and 24 h when the monolayer was at 90% density.

Transwell assay. The cells were grown in 24-well culture plates
and transfected with miR-552-in or NC using Effectene trans-
fection reagent. Cells were harvested after 48 h. The Transwell
assay was performed using 8-uym pore size Corning chambers
(Corning Costar, Corning, NY, USA). The lower chamber was
filled with 600 ul RPMI-1640 medium containing 20% FBS
and Recombinant Human platelet-derived growth factor-BB
(Invitrogen; Thermo Fisher Scientific, Inc.) was added. The
Matrigel-coated insert (BD Biosciences, Franklin Lakes, NJ,
USA) was placed and cells were counted to 15x10* cells in the
upper chamber. The non-migrated or non-invaded cells were
gently removed from the upper surface of the membrane by
cotton swab, and the migrated cells were attached to the lower
surface after 24 h. The cells were fixed with 100% methanol
and stained using 0.2% crystal violet solution for 15 min. Cells
that migrated onto the lower surface were counted using a
CKX-41 inverted fluorescence microscope with magnification,
x100 (Olympus Corporation, Tokyo, Japan) in five randomly
chosen visual fields.

Western blotting. The cells were lysed in protein extraction
radioimmunoprecipitation buffer [20 mM Tris-HCI (pH 7.4),
100 mM NacCl, 10% NP-40, 10% sodium deoxycholate and
100 mM EDTA] and each sample was determined using a
bicinchonic acid protein assay reagent kit (Thermo Fisher

Scientific, Inc.) subsequent to transfection with miR-552-in or
NC for 48 h. A total of 20 ug of lysates were electrophoresed by
10% SDS-PAGE and transferred onto 0.45-ym polyvinylidene
fluoride membranes (Merck KGaA, Darmstadt, Germany).
Subsequently, the proteins were blocked with 5% non-fat milk
for 1 h at room temperature. The membranes were incubated
with primary antibodies, including: Anti cyclin D1 (rabbit
monoclonal; dilution, 1:1,000; cat no. 2926), anti c-myc (rabbit
monoclonal; dilution, 1:1,000; cat no. 5605), anti f-catenin
(rabbit monoclonal; dilution, 1:500; cat no. 8480); anti GSK3[
(rabbit monoclonal; dilution 1:1,000; cat no. 12456S) (all from
Cell Signaling Technology, Inc., Danvers, MA, USA); anti
DACHI (rabbit monoclonal; dilution 1:1,000; cat no. 10914-1-A
P; Wuxi AccoBio BioTech Inc., Wuxi, China), GAPDH (mouse
monoclonal; dilution, 1:5,000; cat no. 2D4A7; Novus Biologi-
cals, LLC., Littleton, CO, USA) overnight at 4°C, followed
by incubation with the horseradish peroxidase conjugated
secondary antibodies (anti-rabbit: dilution, 1:10,000; cat
no. #7074; or anti-mouse: dilution, 1:10,000; cat no. #7076)
(both from Cell Signaling Technology, Inc.) for 1.5 h at room
temperature. The protein expression was normalized against
GAPDH and grayscale analysis was performed using Image-Pro
plus (version 6.0) software (Media Cybernetics, Rockville, MD,
USA). The experiment was performed in triplicate.

Statistical analysis. All statistical analyses were performed
using the SPSS 17.0 statistical software package (SPPS, Inc.
Chicago,IL,USA) or GraphPad Prism 6.0 (GraphPad Software,
Inc., La Jolla, CA, USA). The difference between two groups
was determined as mean + standard deviation and statistical
significance was analyzed using a t-test or one-way analysis
of variance followed by Bonferroni's multiple comparison test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-552 is upregulated in CRC tissues and cell lines. In order
to confirm the involvement of miR-552 in CRC carcinogen-
esis, the expression of miR-552 was measured by RT-qPCR in
20 pairs of CRC tissues and their adjacent normal tissues. The
results indicated that the expression level of miR-552 in CRC
tissues was significantly higher compared with that in matched
normal tissues (Fig. 1A and B). It was also demonstrated that
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Figure 2. Ectopic expression of miR-552 promotes colorectal cell proliferation in vitro. (A) Results of an MTT assay demonstrating that cellular proliferation
was inhibited by transfection with miR-552-in. (B) Effects of miR-552-in on cell proliferation in vitro by plate colony formation assay. Ectopic miR-552 expres-
sion inhibits cell proliferation in (C) LOVO and (D) SW620 cells. “P<0.01. miR, microRNA; miR-552-in, miR-552 inhibitor; NC, miR-552-inhibitor-NC.

miR-552 was upregulated in the CRC LOVO, SW620 and
HCT116 cell lines, when compared with normal colorectal
NCM460 cell line (Fig. 1C), which is consistent with the
results identified in CRC tissues. In conclusion, these observa-
tions suggest that the overexpression of miR-552 may serve
important roles in CRC carcinogenesis and progression.

Ectopic expression of miR-552 promoted CRC cell prolif-
eration in vitro. The increased expression of miR-552 in CRC
cell lines suggested that miR-552 may be an oncogene. To
additionally investigate the biological functions of miR-552
in CRC development, MTT and colony formation assays
were performed to assess the role of miR-552 in CRC cell
viability and proliferation. The results of the MTT assay
illustrate that miR-552-in significantly reduced the viability
of CRC cells compared with the control group (Fig. 2A). The
colony formation assay also revealed that the overexpression
of miR-552 increased the proliferation ability in the two CRC
cell lines (Fig. 2B). The inhibition efficiency was addition-
ally measured by calculating the entire field of vision on the
number of cells (Fig. 2C and D).

Overexpression of miR-552 promotes migration of CRC
cell in vitro. To determine whether overexpression of
miR-552 exhibited a crucial role in migration and inva-
sion, wound-healing and Transwell assays were performed.
Fig. 3A and B illustrates that decreased expression of miR-552
(miR-552-in) was associated with significantly slower wound
closure in LOVO and SW620 cells compared with their
corresponding controls. Secondly, the Transwell assay also
demonstrated that transfection with miR-552-in exhibited
lower migratory and invasive activities compared with the
control groups (Fig. 3C). In addition, the number of miR-552-in
transfected migrating cells was calculated using statistical
software (Fig. 3D). Thus, it is suggested that miR-552 clearly
facilitates CRC cell migration in vitro.

DACHI is a direct target of miR-552 in CRC cells. DACH1
is frequently downregulated in CRC and is closely associated
with poorer prognoses (19). Based on MiRanda software, it was

predicted that DACHI1 may be a potential downstream target
of miR-552. To explore whether DACHI is a direct target of
miR-552 in the CRC cellular environment, a dual-luciferase
reporter assay was performed. miR-552-in or NC with plas-
mids containing 3'untranslated regions (UTR) of wt-DACH1
or mut-DACHI1 were transfected into LOVO and SW620 cell
lines. The results demonstrated that the downregulation of
miR-552 significantly increased the relative luciferase activity
of wt-DACHI1-3'UTR in the two cell lines. However, no differ-
ence in luciferase activity was observed in mut-DACHI1-3'UT
R (Fig. 4A and B).

miR-552 negatively regulates DACHI expression at the
post-transcriptional level. The LOVO and SW620 cells
were transfected with miR-552-in or NC to measure trans-
fection efficiency (Fig. 5A) and to verify the expression of
DACHI mRNA and protein levels. It was revealed with
RT-qPCR (Fig. 5B) and western blot analysis (Fig. 5C) that
miR-552-in markedly increased the DACHI mRNA and
protein expression levels.

miR-552 affects the Wnt/f-catenin signaling pathway. To
investigate the underlying mechanism of miR-552 in CRC,
the biological functions of the genes associated with the
Wnt/B-catenin signaling pathway were analyzed. Western blot-
ting was used to explore gene expression of the Wnt/f-catenin
signaling pathway at the protein level. The results demonstrated
that an abnormal expression of DACH1 significantly inhibited
the abundance of c-Myc, and that the higher expression of
DACHI1 was usually accompanied by a lowered expression
of c-Myc (Fig. 6A). DACHI1 was dramatically upregulated
in response to miR-552-in. By contrast, the expression of
c-Myc was decreased (Fig. 6B). In addition, other members
of the Wnt/B-catenin signaling pathway including glycogen
synthase kinase 3 (GSK3p), cyclin D1 and (3-catenin were
examined via western blotting subsequent to transfection. The
results demonstrated that miR-552-in inhibited the expression
of cyclin D1 and c-Myc without altering the expression of
GSK3p and (3-catenin when compared with the corresponding
negative controls (Fig. 6C). The average relative gray value of
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Figure 3. Effects of miR-552 on cell migration of colorectal cancer cells in vitro. Cell motility was evaluated by wound healing assay. At least three independent
experiments for (A) LOVO and (B) SW620 cells were performed (magnification, x40). Cell migration was evaluated by (C) Transwell assay (magnification,
x100), and by calculation of the migration rate of the total cell number. (D) Quantification of the migration assay demonstrating that miR-552-in suppressed
the migration ability of LOVO and SW620 cells. "P<0.05. The data are expressed as the mean + standard deviation of three independent experiments. miR,
microRNA; miR-552-in, miR-552 inhibitor; NC, miR-552-inhibitor-NC.
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Figure 4. DACH1 is a direct target of miR-552 in colorectal cancer cells. The pcDNAmiR-552 expression plasmid or the negative control, containing wild-type
and mutant-type 3'untranslated region-DACHI, were co-transfected into LOVO and SW620 cells. Luciferase activities were measured in (A) LOVO and
(B) SW620 cells. "P<0.05. DACH1, Dachshund family transcription factor 1; miR, microRNA; WT, wild type; MUT, mutant; miR-552-in, microRNA-552
inhibitor; NC, miR-552-inhibitor-NC.

DACHI and c-Myc are also presented (Fig. 6D). In conclu-  Discussion

sion, miR-552 promotes proliferation and migration of CRC

and activates the Wnt/p-catenin signaling pathway by directly = The molecular mechanisms of proliferation and migration in
regulating corresponding target proteins. CRC requires additional study in vivo and in vitro (20). Data
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from several previous studies have indicated that the interac-
tions between miRNAs and their corresponding mRNA
regulate the expression of proto-oncogenes or tumor suppressor
genes (21) and determine the malignant characteristics of tumor
cells. Therefore, a comprehensive understanding of the asso-
ciation between miRNAs and tumor development is crucial

for the diagnosis and treatment of cancer (22). In the present
study, the expression level of miR-552 was initially measured
in CRC cells and tissues, and the results demonstrated that
the expression of miR-552 was significantly increased in the
CRC cells and tissues compared with that in normal cells and
tissues. Notably, these data indicated that a high expression



of miR-552 was clearly associated with the proliferation and
migration of CRC. The present study may explain the function
of miR-552 in CRC.

It has been demonstrated that miR-552 is overexpressed
in CRC cells and tissues (23). Additionally, the expression of
miR-552 is markedly upregulated in the side population (SP)
of CRC cells, which is closely associated to the resistance
to multiple chemotherapeutics demonstrated in CRC (24).
Although the importance of miR-552 in CRC has received
attention in previous years, the hypothesis that miR-552
promotes the proliferation and migration of CRC has not
been demonstrated. A notable aspect of the present study was
that miR-552 facilitated CRC cell proliferation and migra-
tion in vitro using the colony formation and MTT assays to
detect CRC cell proliferation ability. The wound-healing and
Transwell assays were performed to test migration ability
of CRC. The results demonstrated that an overexpression of
miR-552 markedly promoted the proliferation and migration
capabilities of CRC cells. Taken together, these data highlight
the function of miR-552 as a tumor promoter in the progres-
sion of CRC.

As a cancer suppress gene, DACHI is a crucial member
of the Retinal Determination Gene Network (25). Generally,
it has been demonstrated to be downregulated in a wide
number of tumors, such as breast, endometrial and prostate
cancer (19). Additionally, DACHI has been identified to inhibit
transforming growth factor-f3 signaling pathway in breast and
ovarian cancer (26) and to restrain the Wnt/p-catenin signaling
pathway in CRC (27). However, the epigenetic regulation and
mechanisms of DACHI remain unclear. In the present study,
it was revealed that DACHI was a direct functional target of
miR-552 in CRC cells. Firstly, the miR-552-dependent promo-
tion of CRC cell proliferation and migration may be completely
restored by DACH1 overexpression. Secondly, the upregula-
tion of miR-552 leads to the downregulation of its target,
DACHI, which in turn leads to proliferation and migration
in CRC. Thirdly, miR-552 overexpression markedly reduced
DACHI1 mRNA and protein levels. Conversely, inhibition
of the expression of miR-552 may significantly increase the
activity of luciferase reporter containing the 3'UTR sequence
of DACHI. All these data demonstrate that miR-552 exhibits a
negative correlation with DACHI.

The Wnt/B-catenin pathway is an evolutionarily
conserved pathway, which is important in initiating and
regulating a diverse range of cellular activities, including
cell proliferation, calcium homeostasis and cell polarity (28).
There are a number of target proteins in the Wnt/f-catenin
signaling pathway, including c-Myc, cyclin D1, MMP3 and
LEF. Previous studies have revealed that DACH1 exhibited
an inverse correlation with c-Myc and cyclin DI (19). In
combination with the results from the present study, it is
hypothesized that miR-552 may have specific effects on the
Whnt/B-catenin signal pathway. To investigate these effects
of miR-552 on the Wnt/f-catenin pathway, DACHI, c-Myc
and cyclin D1 protein expression levels were measured
using western blot analysis. The results demonstrated that
the restoration of expression levels of DACH1 may reduce
the expression of c-Myc and cyclin D1. As DACHI is
associated with the Wnt/B-catenin pathway, and c-Myc and
cyclin DI are major downstream targets of the Wnt/pB-catenin
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signaling pathway, the results of this experiment suggested
that miR-552 regulates the expression of DACHI1 and c-Myc,
therefore affecting the Wnt/f3-catenin signaling pathway in
CRC.

In conclusion, the data of the present study demonstrates
that miR-552 is significantly upregulated in CRC. This miRNA
can potently promote CRC cell proliferation and migration
invitro by mediating DACH1, and activating the Wnt/B-catenin
signaling pathway by directly regulating the corresponding
target proteins. The identification of tumor-specific miRNAs
and their targets is crucial for the comprehensive under-
standing of CRC progression and development. These results
suggest that miR-552 may be a predictive biomarker and a
novel therapeutic target for patients with advanced CRC, and
may improve the prognosis of all patients.
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