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miR-148a inhibits cell proliferation and migration
through targeting ErbB3 in colorectal cancer
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Abstract. Colorectal cancer is a common gastrointestinal
cancer ranking in third place of all cancers. Downregulation
of miR-148a has been observed in many tumors, and miR-148a
was found to be an oncogene in colorectal cancer. The aim
of our study was to investigate the molecular mechanisms
by which miR-148a and ErbB3 proliferate and migrate in
colorectal cancer. The expression of miR-148a and ErbB3 were
measured by western blot analysis and RT-qPCR. MTT and
transwell assays were performed to analyze the proliferative
and migratory abilities. The dual luciferase reporter assay was
employed to confirm miR-148a regulated the expression of
ErbB3 in colorectal cancer. It was discovered that miR-148a was
overexpressed while ErbB3 expression was low in colorectal
cancer, and the mRNA level of miR-148a had a negative corre-
lation with the expression of ErbB3. Upregulation of miR-148a
suppressed the proliferation and migration in colorectal cancer
cells. Furthermore, ErbB3 was identified as a direct target of
miR-148a, which suppressed the proliferation and migration
through directly binding to the 3'UTR of ErbB3 mRNA. This
study established that miR-148a inhibited the proliferative
and migratory abilities through mediating the expression of
ErbB3. The newly identified miR-148a/ErbB3 axis provides
novel insight into the pathogenesis of colorectal cancer, and
represents a potential target for treatment of colorectal cancer.

Introduction
Colorectal cancer (CRC) is a common gastrointestinal cancer

that affects more than 900,000 patients each year, and its
incidence is ranked third of all cancers (1,2). Colorectal cancer
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is mainly divided into adenocarcinoma, mucinous adenocar-
cinoma and undifferentiated carcinoma (3). It is necessary to
further investigate the pathogenesis and biological features of
colorectal cancer.

MicroRNAs (miRNAs) are a class of non-coding RNAs that
mediate gene expression at the post-transcriptional level (4,5).
Growing evidence demonstrates that miRNAs could act as
oncogenes or tumor suppressors in diverse tumors including
colorectal cancer (2,6,7). Furthermore, increasing miRNAs
has been reported to play an important role in colorectal
cancer, such as miR-144, miR-495, miR-590, miR-6803 (8-11).
miR-148a has been reported to be downregulated in many
kinds of tumors including breast cancer, renal cell carcinoma
and endometrial cancer (12-14). According to Li er al (12),
miR-148a promotes apoptosis and inhibits growth of breast
cancer. Feng et al (15) reported similar findings that miR-148a
suppressed the proliferation and migration in pancreatic cancer
cells. In addition, miR-148a could directly bind to 3'UTR of
target mRNAs to effect cell progression, and the target genes
including BCL-2, AKT2, IQGAP1 and ErbB3 (12-15). Our
study explored the pivotal roles of miR-148a and ErbB3 on the
proliferation and migration of colorectal cancer.

ErbB3, known as HER3, is a transmembrane tyrosine
kinase receptor that is the only member of the ErbB receptor
family that lacks tyrosine kinase activity, and containing
other three members: ErbBl (EGFR, HERI1), ErbB2
(Neu, HER?2), and ErbB4 (HER4) (16-19). Inactivation of
ErbB3 promotes cell apoptosis and inhibits the growth and
invasiveness of lung adenocarcinoma cell (20). Similarly,
Appert-Collin et al (21) found that ErbB3 was overexpressed
and promoted migration and invasion in gliomas and in
non-small cell lung carcinoma (21). Silence of ErbB3 reduced
the proliferation and tumor growth in osteosarcoma cells.
Considering all the findings, we verified the hypothesis that
miR-148a regulated the proliferation and migration through
suppressing the expression of ErbB3 in CRC cells. miR-148a
has been found to be downregulated in CRC tissues and cell
lines, and it has an inverse correlation between the expression
of miR-148a and ErbB3 in CRC tissues. We subsequently
found that miR-148a targeted the 3'UTR of ErbB3 mRNA and
regulated the expression of ErbB3 in CRC cells. Moreover, we
discovered that downregulation of miR-148a caused repression
of ErbB3, thereby suppressing the proliferation and migration
of colorectal cancer cells.
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Patients and methods

Patients and clinical samples. Fifty-one pairs of human
colorectal cancer tissue samples and corresponding paracan-
cerous tissues were obtained from colorectal cancer patients
at the First Affiliated Hospital of Xi'an Jiaotong University
(Xi'an, China) from 2015 to 2017. The tissues were imme-
diately snap-frozen in liquid nitrogen and stored in a -80°C
freezer. None of these patients had local or systemic treatment
before operation.

The present study was approved by the Ethics Committee
of The First Affiliated Hospital of Xi'an Jiaotong University
(Human ethic no. 2015-06). Patients who participated in this
research had complete clinical data. The signed informed
consents were obtained from the patients or the guardians.

Cell lines and culture condition. Human colorectal cancer cell
lines LoVo (cat. no. CCL-229) and SW480 (cat. no. CCL-228)
and the normal colon cell line CCD-18Co (cat. no. CRL-1459)
were obtained from the American Type Culture Collection
(ATCC; Manassas, VA, USA). All the cancer and normal cells
were cultured in RPMI-1640 medium containing 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) at 37°C and 5% CO,.

RNA isolation and RT-gPCR. Total RNAs (from tissues and
cell lines) were extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Waltham, MA, USA) containing
total miRNAs, following the manufacturers instructions of
MagMAX™ and mirVana™ total RNA isolation kits (both
from Thermo Fisher Scientific, Inc.). The temperature condi-
tions for reverse transcription were as follows: 37°C for 15 min
and 85°C for 5 sec. Thermoscript RT-qPCR system (Takara
Biotechnology Co., Ltd., Dalian, China) were utilized to
perform reverse-transcription. SYBR Prime Script miRNA
RT-gPCR kit or SYBR premix kit (Takara Biotechnology Co.)
were applied to analyze qPCR on an Applied Biosystems 7300
sequence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Relative expression levels of mRNA and
miRNA were calculated using 2244 method (22). The relative
quantification of ErbB3 mRNA was normalized by GAPDH.
Thepremiersequences were: FormiR-148a,F: 5-ACACTCCAG
CTGGGTCAGTGCACTACA-GAA-3’, and R: 5-TGGTGT
CGTGGAGTCG-3; for U6, F: 5>-TCCGATCGTGAAGCG
TTC-3’ , and R: 5-GTGCAGGGT CCGAGGT-3’; for ErbB3,
F: 5-TTCCGAGATGGGCAACTCTC-3’,and R: 5’-CTTGCA
GACTTCGTGACAGG-3’; for GADPH, F: 5-GAAGGTGAA
GGTCGGAGTC-3’ and R: 5-ATCCAGTGCAGGGTCCGA
GG-3’. The reactions were incubated in a 96-well plate at 95°C
for 5 min, followed by 40 cycles of 95°C for 30 sec, 60°C for
30 sec, and 72°C for 30 sec.

Protein extraction and western blot analysis. Total proteins
were extracted from tissue specimens and cell lines on ice
using RIPA lysis buffer containing 1% proteinase inhibitor
(Beyotime Institute of Biotechnology, Haimen, China). Same
amount of proteins (50 ug) were separated using 8% SDS
polyacrylamide gels, which were quantitated by BCA protein
assay kit (Solarbio, Beijing, China); and then the protein blots
were transferred onto polyvinylidene difluoride membrane
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(PVDF,; Bio-Rad Laboratories, Inc., Hercules, CA, USA). After
blocking in 5% at room temperature for 1.5 h non-fat milk, the
membrane was incubated with rabbit anti-ErbB3 monoclonal
antibody (cat. no. 32121; dil, 1:1,000; Abcam, Cambridge, UK)
and anti-GAPDH mouse monoclonal antibody (cat. no. 8795;
1:4,000; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
which was used as internal reference. We visualized the
proteins using ECL detection kit (GE Healthcare, Chicago,
IL, USA) on Bio-Rad Gel Doc XR instrument (Bio-Rad
Laboratories, Inc.).

Cell proliferation assay. The cellular proliferative capacity was
performed using 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny-
Itetrazolium bromide (MTT; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) and dimethyl sulfoxide (DMSO; Beijing
Solarbio Science & Technology Co., Ltd.) solutions. The
applicable cells were seeded into 96-well plates and cultured
in 37°C incubator for 24, 48, 72 and 96 h. The cells were added
with 10 ul MTT solution for 4 h and then 150 xl DMSO in
order to solubilize the formazan crystals. The optical density
was measured by a microplate reader (BioTek China, Beijing,
China) at wavelength of 490 nm.

Transwell assay. Transwell assay utilized 8 ym pore inserts
covered with or without Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA) to detect the invasion and migratory abilities
in a 24-well plate, in upper and lower chambers. Subsequently,
cell suspension prepared in serum-free medium was added
into the upper chamber, whereas 500 1 RPMI-1640 medium
was added into the lower chamber. After migrating for 24 h,
the non-migrating cells were removed using cotton swab. The
migratory or invasive cells were fixed in 4% paraformaldehyde
and then stained with 0.1% crystal violet. The cell number in
five random fields were counted under a microscope (Olympus,
Tokyo, Japan) and the average number calculated.

Transfection. Cells were transfected with miR-148a mimic,
and miR-148a inhibitor to up or down regulate the miR-148a
expression, and pcDNA3.1-ErbB3 vectors were employed
to overexpress ErbB3 (Shanghai GenePharma Co., Ltd.,
Shanghai, China).

LoVo cells (4x10° cells/well) were seeded into a 6-well
plate at 80% density, using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After transfected for 48 h, the
cells were harvested for western blot analysis or RT-qPCR.

Plasmid constructionandluciferase reporterassay.TargetScan
(http://www.targetscan.org/vert_71/) was utilized to predict
the target genes of miR-148a and to confirm that ErbB3 was a
target gene of miR-148a. ErbB3 mRNA containing the puta-
tive miR-148a binding sites on 3'UTR segment was cloned
into firefly luciferase vector pmirGlo (pmirGlo-ErbB3-WT,
WT). QuickChange Site-Directed Mutagenesis kit (Agilent
Technologies, Inc., Santa Clara, CA, USA) was applied to
mutate the binding sites from UGCACUG to ACGUGAC
(pmirGlo-ErbB3-MUT, MUT).

LoVo cells were seeded into 6-well plates and cultured
overnight, and then co-transfected with miR-148a or control
and pmirGlo-ErbB3-WT or pmirGlo-ErbB3-MUT vectors
with Renilla luciferase report vector as the internal control.
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Figure 1. Expression of miR-148a and ErbB3 in CRC tissues and cell lines. (A) The expression of miR-148a in 51 paired colorectal cancer and paracancerous
tissue samples were evaluated by RT-qPCR. (B) The expression of ErbB3 in 51 paired colorectal cancer and paracancerous tissue samples evaluated by
RT-qPCR. (C) The expression level of miR-148a was also measured in CRC cells and the normal colon CCD-18Co cells. (D) The expression level of ErbB3 in
CRC cell lines and the normal colon CCD-18Co cells was detected. (E) Correlation between the expression of miR-148a and ErbB3 in CRC tissues. “P<0.01;

“*P<0.001; PT, paracancerous tissues; CRC, colorectal cancer.

After 48 h, dual-luciferase assay kit (Promega Corporation,
Madison, WI, USA) was employed to perform the luciferase
activity.

Statistical analysis. Statistical analysis was executed using
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Statistical
analysis was performed using Student's t-test between two
groups and Kruskall-Wallis test with Bonferonni's post hoc
test for multiple groups. Differences were considered statisti-
cally significant at P<0.05.

Results

The relationship of miR-148a and ErbB3 in colorectal cancer.
The mRNA level of miR-148a in colorectal cancer tissues
was determined to be lower than that in corresponding para-
cancerous tissue samples (P<0.0001) (Fig. 1A). Due to the
limitation of the experiment condition, we did not evaluate the
expression of ErbB3 in paraffin block. However, RT-qPCR was
performed to calculate the expression of ErbB3 in colorectal
cancer tissue. The expression of ErbB3 was higher in colorectal
cancer tissues than that in the corresponding paracancerous
tissues (P<0.0001) (Fig. 1B). Moreover, in colorectal cancer
LoVo cell lines (P=0.0014) and SW480 (P=0.0006), the
mRNA level of miR-148a was also reduced versus the normal
colon cells CCD-18Co performed by RT-qPCR (Fig. 1C). On
the contrary, the mRNA level of ErbB3 of CRC cell lines

LoVo (P=0.0012) and SW480 (P=0.0016) were upregulated
compared to CCD-18Co cells (Fig. 1D). In addition, the mRNA
level of miR-148a had a negative relationship with ErbB3
(P<0.0001; r=0.5095) in colorectal cancer tissues (Fig. 1E).
Our results showed that miR-148a is downregulated while
ErbB3 was upregulated in NPC cells.

miR-148a inhibits proliferation of colorectal cancer LoVo
cells. To overexpress or knockdown miR-148a, miR-148a
mimics (P=0.0004 and P=0.0026) or inhibitor (P=0.0043 and
P=0.0008) were transfected, as well as their negative control
in LoVo and SW480 cells and then MTT and Transwell assays
were performed (Fig. 2A and C). The proliferative absorbancy
was reduced (P<0.0001) when transfected with miR-148a
mimic, while increased (P<0.0001) when transfected with
miR-148a inhibitor in LoVo cells (Fig. 2B). Similar findings
to the results in LoVo cells were found where miR-148a mimic
decreased the proliferation (P<0.0001), and miR-148a inhibitor
increased in SW480 (P<0.0001) (Fig. 2D).

miR-148a inhibits migration and invasion of colorectal cancer
LoVo and SW480 cells. The migratory and invasive number
of LoVo cells was decreased (P=0.0095 and P=0.0052) after
upregulated miR-148a, whereas enhanced (P=0.0024 and
P=0.0035) when downregulated with miR-148a (Fig. 3A).
Similarly, cell migration and invasion were reduced by
miR-148a mimic (P=0.0342 and P=0.0284), whereas increased
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Figure 2. miR-148a inhibits the proliferation and migration in CRC cells (A and C) After transfection with the miR-148a mimic or inhibitor to up/down
regulate miR-148a in LoVo and SW480 cells. (B and D) The absorbancy of proliferation was attenuated when transfected with miR-148a mimic, whereas it was
promoted by transfecting with miR-148a inhibitor in LoVo and SW480 cells. “P<0.01; ““P<0.001.

by miR-148a inhibitor (P=0.0002 and P=0.0075) (Fig. 3B). All
the results demonstrated that miR-148a inhibited the migration
and invasion of LoVo and SW480 cells.

miR-148a targets ErbB3 and inhibits its expression.
TargetScan software predicted that ErbB3 was a direct target
gene of miR-148a and the binding sequence was UGCACUGA,
which was located at 1077 to 1084 on 3'UTR of mRNA. The
binding sequences were then mutated from 5'-... ACUGUUUC
UUGUUUUUGCACUGA.. .-3'to5'-...ACUGUUUCUUGUU
UUACGUGACA.. .-3', as shown in Fig. 4A.

The luciferase reporter assay was performed to
confirm that ErbB3 was a direct target of miR-148a. We
co-transfected pmirGlo-miR-148a mimic or negative
control and pmirGlo-ErbB3-WT or pmirGlo-ErbB3-MUT
into LoVo cells and measured the luciferase reporter
activity. The results showed that miR-148a suppressed
(P=0.0018) pmirGlo-ErbB3-WT reporter activity, but not
pmirGlo-ErbB3-MUT (P=0.05762) (Fig. 4B), which illus-
trated ErbB3 wild-type binding to miR-148a, whereas not that
of the mutant.

The miR-148a mimic or inhibitor was transfeted to alter
the expression of miR-148a and to determined the mRNA
level of ErbB3. As expected, transfection of miR-148a mimic
decreased (P=0.0016) the mRNA level of ErbB3 in LoVo cells.
Simultaneously, the mRNA level of ErbB3 was increased
(P=0.0027) with miR-148a in LoVo cells (Fig. 4C).

ErbB3 reverses partial function of miR-148a. To explore
whether ErbB3 re-expression could reverse the inhibitory
effects of miR-148a on ErbB3 and cell proliferation and
migration miR-148a mimic was transfected into LoVo cells,
along with ErbB3 overexpression plasmid (pcNA31-ErbB3) or
negative control. The cells transfected with miR-148a mimic
and pcNA31-ErbB3 exhibited higher (P=0.0084) ErbB3 level
compared with cells transfected with miR-148a in mRNA and
protein levels (Fig. 5A), suggesting that ErbB3 rescued the
suppression by miR-148a. Subsequently, the changes of prolif-
eration and migration affected by miR-148a mimic and ErbB3
were measured. The proliferative absorbancy was increased
(P=0.0032) when re-transfected with ErbB3, compared with
only transfected with miR-148a mimic, which was decreased
(P=0.00006) versus negative control (Fig. 5B). Migration
was reduced (P=0.00009) when transfected with miR-148a
mimic, and the roles were partially reversed (P=0.0079) after
re-transfected with ErbB3 (Fig. 5C). Taken together, these
results suggest that miR-148a affects cell proliferative and
migratory abilities through directly mediating ErbB3.

Discussion

Colorectal cancer has a high incidence, and is divided into
adenocarcinoma, mucinous adenocarcinoma and undifferenti-
ated carcinoma (1,3). Colorectal cancer has a high mortality
rate and due to drug resistance and relapse, the outcome is
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poor. Therefore, it is urgent to identify new biomarkers
for effective therapeutics of CRC. MicroRNAs are a class
of non-coding RNAs, which mediate gene expression at
post-transcriptional level (4,5). Increasing evidence demon-
strates that miRNAs play important roles in cancer inhibition
and promotion of colorectal cancer (2,6,7). miR-148a is down-
regulated and are associated with several cellular processes
including development, differentiation, growth, migration
and apoptosis (12-14). In breast cancer, Li et al discovered
that miR-148a promoted apoptosis and inhibited growth (12).
Similarly, Feng er al demonstrated that miR-148a suppressed
the proliferation and migration in pancreatic cancer cells (15).
Our results were consistent with these findings, miR-148a was
found to be downregulated in colorectal cancer tissue samples
and cells, while ErbB3 was upregulated. In addition, miR-148a
suppressed the proliferation and migration through directly
targeting ErbB3 in LoVo cells. However, there are likely to be
many factors governing proliferation of CRC cells, thus, cell
proliferation was partially suppressed by miR-148a.

ErbB3 is a transmembrane tyrosine kinase receptor, which
is a member of ErbB receptor family (16-19). In lung adeno-
carcinoma, ErbB3 promotes cell apoptosis and inhibits cell
growth and invasiveness (20). Similar findings were found by
Appert-Collin et al (21), ErbB3 was usually overexpressed
and promoted cell migration and invasion in gliomas and
non-small cell lung carcinoma. However, in colorectal cancer
miR-148a downregulation contributed to carcinogenesis and

cell invasion (2). Our findings were consistent with these find-
ings. ErbB3 was overexpressed in colorectal cancer tissues
and cell lines LoVo and SE480. In CRC tissues, the mRNA
level of ErbB3 had a negative correlation with the expres-
sion of miR-148a. Furthermore, Yu et al (23) elucidated that
miR-148a inhibited tumor angiogenesis through targeting
ErbB3 and its downstream signaling molecules. Similar
findings were found by Feng et al as miR-148 suppressed the
proliferation and migration through downregulating ErbB3 in
pancreatic cancer cells (15). Our results were consistent with
the above findings, ErbB3 was a direct target of miR-148a and
it reversed partial function of miR-148a on cell proliferation
and migration. We propose that miR-148a impact the prolif-
eration and migration through directly targeting ErbB3 in
colorectal cancer cells.

In conclusion, we established that miR-148a was down-
regulated while ErbB3 was upregulated in colorectal cancer
tissues and cell lines. miR-148a was found to suppress the
proliferative and migratory abilities by directly regulating
the expression of ErbB3 in colorectal cancer cells. The newly
identified miR-148a/ErbB3 axis provides novel insight into
pathogenesis of colorectal cancer, and represents a potential
target for colorectal cancer treatment.
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