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Abstract: Non-coding RNAs (ncRNAs) have been shown to regulate gene expression involved in tumor progression
of multiple malignancies. Numerous studies have indicated that N-acetylglucosaminyltransferase V (MGATD5), is an
important tumorigenesis and metastasis-associated enzyme in breast cancer (BC). But, the underlying molecular
mechanisms by which ncRNAs modulate MGAT5 expression in BC remain undetermined. In this study, we dem-
onstrated that miR-124 expression at a low level in BC tissue was associated with poor prognosis of BC patients.
Meanwhile, miR-124 reduced BC cell proliferation and metastasis. MGAT5 was confirmed as a direct target of miR-
124. MGAT5 restoration attenuated the inhibitory effects of miR-124 on BC proliferation and metastasis in vitro and
vivo. Overall, we provide new insight into the mechanisms by which miR-124 inhibits BC progression, suggesting the
potential of miR-124 and MGAT5 as biomarkers for early diagnosis of breast cancer to provide innovative ideas and

methods for the diagnosis and treatment of BC.
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Introduction

Breast cancer is a malignant tumor that seri-
ously harms women'’s health worldwide. The lat-
est published “2018 American Cancer Report”
[1] shows that the most common malignant
tumor in women is breast cancer, accounting
for 30% of all female cancers, and the mortality
rate is the second, accounting for 14%. Tumor
recurrence and metastasis are the main cau-
ses of poor prognosis in breast cancer. There-
fore, exploring biomarkers of breast cancer cell
metastasis can help develop new diagnostic
and therapeutic methods to improve disease-
free survival and overall survival rate of breast
cancer.

N-acetylglucosaminyltransferase V (MGATD5) is
an important N-glycan processing enzyme dis-
tributed in the Golgi apparatus. It can catalyze
the formation of 3-1, 6 branches of N-glycans. It
is also beneficial to expand the outer chain, ch-

ange the sugar chain structure of cell surface
glycoproteins such as cadherin, integrin and
cell surface growth factor receptor, and affect
the malignant transformation and tumor metas-
tasis of cells [2, 3].

MicroRNAs are a class of important endoge-
nous non-coding RNA molecules consisting of
approximately 21-25 nucleotides. MicroRNAs
can control the expression of genes at the tran-
scriptional, post-transcriptional and epigenetic
levels, participate in a series of important pro-
cesses such as cell proliferation, differentia-
tion, apoptosis and invasive metastasis, and
affect the growth and development of the body
and various pathological processes [4]. Many
studies have shown that the binding of miRNA
to the non-coding region of mRNA (3’-UTR re-
gion), can be used as a tumor suppressor gene
to down-regulate the activity of proto-oncoge-
nes, and can also be used as an oncogene to
down-regulate the activity of tumor suppressor
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genes [5]. Therefore, miRNA may be a new bio-
logical marker for disease diagnosis or a new
drug target, and it is also likely to simulate this
molecule for new drug development, which will
provide a new means for the treatment of dis-
eases.

In this study, we forecasted miRNA molecules
which negatively associated with MGAT5, and
confirmed their biological functions in breast
cancer cells by experiments in vitro and vivo.
We explored the use of miRNA molecules as
biomarkers or drugs for early diagnosis of
breast cancer to provide innovative ideas and
methods for the diagnosis and treatment of
breast cancer.

Materials and methods
Cell culture and human tissues

The human breast cancer cell lines (MCF-7 and
MDAMB-231) and 293T, were purchased from
the Institute of Biochemistry and Cell Biolo-
gy, Chinese Academy of Sciences (Shanghai,
China), and cultured in Dulbecco’s Modified
Eagle medium (DMEM) medium supplemented
with 10% heat-inactivated fetal bovine serum
(FBS, GIBCO, CA, USA), 100 U/ml of penicillin,
and 100 pg/ml of streptomycin (HyClone). Cells
in this medium were placed in a humidified at-
mosphere containing 5% CO, at 37°C. All cells
were used for study within 6 months.

Breast cancer and normal breast tissues are
provided by the Changhai Hospital with Second
Military Medical University (Shanghai, China)
from patients during surgery. All protocols con-
cerning the use of patient samples in this stu-
dy were approved by the Medical Ethics Com-
mittee of the Changhai Hospital with Second
Military Medical University (Shanghai, China).
All samples collection is done following guide-
lines of Institutional Review Board-approved
protocol after a written agreement approval by
the patients. Liquid nitrogen is used to freeze
samples soon after their collection from sur-
gery and stored at -80°C later. The clinical fea-
tures of the patients are listed in Table 1.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using TRIzol and rever-
se transcription was performed using M-MLV
(Invitrogen) and cDNA amplification using the
SYBR Premix Ex Taq (TaKaRa, China) The prim-
ers were listed in Table 2.
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Western blotting analysis

The MCF-7 and MDA-MB-231 cells were wash-
ed in phosphate-buffered saline (PBS) and
extracted using RIPA Lysis Buffer (Beyotime)
and 1 mmol/L Phenylmethanesulfonyl fluoride
(Beyotime). Cell extracts were boiled in SDS-
PAGE Sample Loading Buffer (Beyotime) (70°C,
10 minutes) and equal amount of cell extracts
were separated on 15% SDS-PAGE gels. Sepa-
rated protein bands were transferred into po-
lyvinylidene fluoride (PVDF) membranes. The
Anti-MGAT5 antibody (@b87977, Mouse mono-
clonal antibody, Abcam, USA), and Anti-beta
Actin (ab184576, Mouse monoclonal antibody,
Abcam, USA) were diluted at a ratio of 1:1000
according to the instructions and incubated
overnight at 4°C. Horseradish peroxidase-link-
ed secondary antibodies were added at a dilu-
tion ratio of 1:10,000, and incubated at room
temperature for 1 h. The membranes were
washed with Tris Buffered Saline with Tween-
20 (TBST) for three times and the immunoreac-
tive bands were visualized using ECL-PLUS/Kit
(GE Healthcare, Piscataway, NJ, USA) according
to the kit’s instruction.

miRNA mimic and inhibitor

MiR-124 mimic and inhibitor were purchased
from GenePharma (Shanghai, PR, China) and
negative control (mimic NC or inhibitor NC)
used as a control. The sequences were shown
in Table 2. MCF-7 and MDA-MB-231 cells were
planted in 6-well plates 24 h prior to miR-124
mimic or inhibitor transfection with 50-60%
confluence, and then were transfected with
Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacture instruc-
tions.

Luciferase reporter assay

293T cells were seeded into 24-well plates
and were transfected with 100 ng of miR-101
mimics, mMiR-124 mimics, or mimics NC and
GP-miRGLO-MGAT5-UTR-WT or GP-miRGLO-
MGAT5-UTR-MUT plasmid (The sequences
were shown in Table 2) using Lipofectamine
3000 (Invitrogen). Luciferase reporter gene as-
say was conducted with the Dual-Luciferase®
Reporter Assay System (Promega, Madison, WI,
USA) according to the manufacturer’s instruc-
tions. Renilla luciferase gene was co-transfect-
ed as a control for normalization.
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Table 1. Clinicopathological data of BC patients

Parameters Cases n (%)
Total 20 (100.00%)
Age 240 16 (80%)
<40 4 (20%)
Gender Female 20 (100%)
Male 0 (0%)
Estrogen receptor (ER) Positive 10 (50%)
Negative 10 (50%)
Progesterone receptor (PR) Positive 12 (60%)
Negative 8 (40%)
Fish (HER2) Positive 5 (25%)
Negative 15 (75%)
Ki-67 >14 19 (95%)
<14 1(5%)
Luminal A 1 (5%)
B 12 (60%)
Three-negative Breast Cancer (TNBC) 3 (15%)
Pathological type Infiltrating ductal carcinoma (IDC) 19 (95%)
Ductal carcinoma in situ (DCIS) 1 (5%)
Clinical stage | 6 (30%)
Il 6 (30%)
1 6 (30%)
v 2 (10%)
T classification T1 9 (45%)
T2 9 (45%)
T3 2 (10%)
N classification NO 10 (50%)
N1 6 (30%)
N2 4 (20%)
N3 0 (0%)
M (distant metastasis) Positive 2 (10%)
Negative 18 (90%)

Lentiviral packaging and stable cell lines es-
tablishment

The lentiviral packaging kit was purchased
from Open Biosystems (Genomeditech). Len-
tivirus carrying miR-124, MGAT5, miR-124 inhi-
bitor, sh-MGAT5 or negative control (NC and
sh-NC) (The sequences were shown in Table 2)
was packaged in 293T cells and collected from
the supernatant as instructed by the manufac-
turer’'s manual. The lentiviruses were infected
into MDA-MB-231 or MCF7 cells to establish
stable cell lines, followed by puromycin selec-
tion.

Cell proliferation assay

For each well in 96-well plates, 8 x 10° MCF-7
cells and 3 x 10° MDA-MB-231 cells were seed-
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ed and transfected 24 hours later. After trans-
fection, 10 yl WST-8 solution from the Cell
Counting Kit-8 (CCK8, Beyotime, China) was
added into each well. Absorbance of each well
was measured after 2 hours incubation by
reading plates at 450 nm at time 12, 24, 36,
48, 60 and 72 hours. The relative cell number
was calculated as the ratio of absorbance at
24, 36, 48, 60 and 72 hours to 12 hours.

Colony formation assay

MCF-7 and MDA-MB-231 cells were trypsinized,
and 1 x 102 cells were plated in 6-well plates
and incubated at 37°C for 7 days. Colonies
were dyed with dyeing solution containing 0.1%
crystal violet and 20% methanol. Cell colonies
were then counted and analyzed.

Am J Cancer Res 2019;9(3):585-596
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Table 2. Sequence of the primers in this study

Pimer Sequence
MGAT5 Forward Primer AGGGCCATCCTGGGTTCATTA
Reverse Primer AAACTGCTGCGGGTTCAGATTC
B-actin Forward Primer CTGGTGCCTGGGGCG
Reverse Primer AGCCTCGCCTTTGCCGA
miR-124 Forward Primer CGACGTAAGGCACGCG
Reverse Primer CAGTGCAGGGTCCGAGGTAT
RT-Primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGCATTCAC
miR-101 Forward Primer CGACGTACAGTACTGTG
Reverse Primer CAGTGCAGGGTCCGAGGTAT
RT-Primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTCAGTTAT
ue Forward Primer CGAGCACAGAATCGCTTCA
Reverse Primer CTCGCTTCGGCAGCACATAT
RT-Primer CGAGCACAGAATCGCTTCACGAATTTGCGTGTCAT
miR-124 mimic UAAGGCACGCGGUGAAUGCC
miR-124 inhibitor GGCAUUCACCGCGUGCCUUA
miR-101 mimic UACAGUACUGUGAUAACUGAA
miR-101 inhibitor UUCAGUUAUCACAGUACUGUA
Inhibitor NC CAGUACUUUUGUGUAGUACAA
Mimic NC UUGUACUACACAAAAGUACUG
Dual luciferase vector plasmid GP-miRGLO

MGAT5 3'UTR
miR-101
MGAT5 3'UTR
miR-124

RNAI Lentiviral Vector

Sh-NC

Sh-NC

sh-MGAT5
sh-MGATS
Lentiviral Vector
miR-124 inhibitor

miR-124 inhibitor

Lentiviral Vector
MGAT5

WT AGTAATGCAG GATTCTGCAA ACAAGGTGTC GCCGTCCAAA TGTACTGTCC TGGCATAGAG
MUT AGTAATGCAG GATTCTGCAA ACAAGGTGTC GCCGTCCAAA TCATGACACC TGGCATAGAG
WT GGAGATATTA GTCAGTTTCT TTAGTGATAT TTGTTTCCTT GATGTGCCTT TTCGTTTTTC

MUT GGAGATATTA GTCAGTTTCT TTAGTGATAT TTGTTTCCTT GATCACGGAA TTCGTTTTTC
PGMLV-SC5

Primer-T gatcTGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTTC
Primer-B aattgAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAACa
Primer-T GATCCGGCGGAAATTCGTACAGATTTCAAGAGAATCTGTACGAATTTCCGCCTTTTTTG
Primer-B AATTCAAAAAAGGCGGAAATTCGTACAGATTCTCTTGAAATCTGTACGAATTTCCGCCG
pGMLV-MI7

Primer-F GATCCGACGGCGCTAGGATCATCAACGGCATTCACCATCTGCGTGCCTTACAAGTATTCTGGTCACAGAATACAACG-

GCATTCACCATCTGCGTGCCTTACAAGATGATCCTAGCGCCGTCTTTTTTG

Primer-R AATTCAAAAAAGACGGCGCTAGGATCATCTTGTAAGGCACGCAGATGGTGAATGCCGTTGTATTCTGTGAC-
CAGAATACTTGTAAGGCACGCAGATGGTGAATGCCGTTGATGATCCTAGCGCCGTCG

PGMLV-6395
Primer-F CCGCTCGAGGCCACCATGGCTCTCTTCA

MGAT5 Primer-R CCGGACGCGTCTATAGGCAGTCTTTGCAGAGAGC
miR-124 Primer-F CCGGAATTCGGATTCAGGGCGAACCAACTG
miR-124 Primer-R CCGCTCGAGGCACAGGCGGGAACTACTGC

5-Ethynyl-20-deoxyuridine (EdU) incorporation
assay

The EdU assay was carried out with a Cell-
Light EJU DNA Cell Proliferation Kit (RiboBio,
Shanghai, PR, China). 2 x 10* cells were seed-
ed in 12-well plate. After incubation with 50
mM EdU for 2 hours, the cells were fixed in 4%
paraformaldehyde and stained with Apollo Dye
Solution. Hoechst-33,342 was used to stain
the nucleic acid within the cells. Images were
acquired with Zeiss axiophot photomicroscope
(Carl Zeiss) and Image-Pro plus 6.0 software,
and the percentage of EdU-positive cells was
calculated.
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Wound healing assay

MDA-MB-231 and MCF-7 cells were seeded
into 6-well plates, and then allowed to grow
until 100% confluent. Next, the cell layer was
scratched through the central axis using a ster-
ile plastic tip, and loose cells were washed
away with phosphate-buffered saline. Wound
healing was observed and photographed at O
and 48 hours in three randomly selected micro-
scopic fields for each condition and time-point.
The degree of motility 48 hours after confluent
cells had been scratched was expressed as the
percentage of wound closure calculated as fol-
lows: (Distance of cell migration at 48 h/dis-
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tance of scratch at O h) x 100%. The experi-
ment was performed in triplicate and data are
summarized as means + SEM.

Animal studies

The animal studies were approved by the Com-
mittee on Ethics of Biomedicine, Second Mili-
tary Medical University. Female athymic BALB/c
nude mice (4 weeks old) were used for animal
studies. Cells (3 x 10°) were injected subcuta-
neously into the left and the right flanks of
mice. Tumors were allowed to grow for 3-5
weeks. Tumors growth was recorded every 3
days with a caliper and tumor volume was cal-
culated as a x b? x 0.5 (a, longest diameter; b,
shortest diameter). The investigators recording
tumor growth and colonization were blinded to
mouse allocation.

Statistical analysis

Statistical analyses were carried out by using
SPSS 20.0 (IBM, SPSS, Chicago, IL, USA) and
GraphPad Prism. Student’s t-test or Chi-square
test was used to assess the statistical signifi-
cance for comparisons of two groups. The
Pearson’s correlation coefficient analysis was
used to analyze the correlations. Overall sur-
vival (OS) was defined as the interval between
the dates of surgery and death and OS and
disease-free survival (DFS or recurrence) cur-
ves were analyzed with the Kaplane-Meier
method and log-rank test. Univariate analysis
and multivariate models were performed by
using a Cox proportional hazards regression
model. Receiver operating characteristic (ROC)
curves were obtained using cutoff finder on-
line software (http://molpath.charite.de/cut-
off/load.jsp). P<0.05 was considered statisti-
cally significant.

Results

MiR-124 downregulation is inversely associ-
ated with prognosis and MGAT5 expression in
BC

qPCR assay and western blot were performed
to quantify MGAT5 levels in 20 pairs of frozen
human BC specimens and the corresponding
adjacent normal breast specimens. Figure 1A
and 1B shows higher MGAT5 mRNA and pro-
tein expression in BC tissues than that in nor-
mal breast tissues.
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We forecast the potential miRNAs that target
MGAT5-3-UTR, by using the Targetscan (http://
www.targetscan.org), and identified has-miR-
124-3p (miR-124) and has-miR-101-3p (miR-
101) could bind to MGAT5 gene 3’-UTR with
high stringency (Figure 1C). Dual-luciferase
reporter assays revealed that miR-124 sup-
pressed luciferase activity of the reporter plas-
mid with MGAT5-3-UTR-WT but had insignifi-
cant effect on the activity of a reporter fused
to MGAT5-3-UTR-MUT in 293T cells. However,
miR-101 had insignificant effect on the activity
of a reporter fused to both MGAT5-3-UTR-WT
and MGAT5-3’-UTR-MUT (Figure 1D). Therefore,
miR-124 was selected for further analysis.
gPCR and Western blot analyses demonstra-
ted that miR-124 suppressed MGAT5 mRNA
and protein expression both in MDA-MB-231
and MCF-7 cells (Figure 1E and 1F). These re-
sults suggested that MGAT5 is a direct target
of miR-124 in BC cells.

Figure 1G shows lower miR-124 expression in
BC tissues than in normal breast tissues. The
online bioinformatics tool Kaplan-Meier plotter
was used to analyze the relationship between
the expression of miR-124 and the overall sur-
vival rate (0S) in 1262 breast cancer patients
(METABRIC). It was found that patients with
high expression level of miR-124 had better 0S
benefit, compared with low miR-124 expression
levels (Figure 1H). MGAT5 mRNA expression
was inversely associated with miR-124 level in
BC specimens (Figure 1l). These results indi-
cated that miR-124 downregulation is nega-
tively associated with prognosis and MGAT5
expression in BC.

MiR-124 suppress the proliferation, migration
of BC cells

MiR-124 mimics, mimics NC, miR-124 inhibitor,
inhibitor NC were transfected into MDA-MB-231
and MCF-7 cells to explore biological functions
of miR-124 in BC. CCK-8 assay showed that
transfection of the miR-124 mimics significant-
ly decreased the proliferation of the MDA-MB-
231 and MCF-7 breast cancer cell lines com-
pared with cells transfected with mimics NC
(Figure 2A). In contrast, transfection of the miR-
124 inhibitor significantly increased the prolif-
eration of the breast cancer cell lines MDA-
MB-231 and MCF-7 compared with cells trans-
fected with the inhibitor NC (Figure 2B). EdU
incorporation assay showed that miR-124 sup-
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Figure 1. MiR-124 downregulation is inversely associated with prognosis and MGAT5 expression in BC. A: gRT-PCR
analyses of MGAT5 mRNA levels in BC and normal tissues (n=20). B: Western blot analyses of MGAT5 protein
expression in T and N tissues. B-actin was used as the internal control. C: miR-124, miR-101-3p and their deduc-
tive domains in the 3’-UTR of MGAT5. D: Luciferase reporter assay of the connection between the 3'UTR of MGATS
and miR-124 in 293T cells; E: qRT-PCR analysis of MGAT5 mRNA expression level after infected miR-124 mimics
or inhibitor in MDA-MB-231 and MCF-7 cells. F: Western blot analyses of MGAT5 protein expression after infected
miR-124 mimics or inhibitor in MDA-MB-231 and MCF-7 cells. B-actin was used as the internal control. G: qRT-
PCR analyses of miR-124 levels in BC and normal tissues (n=20). H: Kaplan-Meier survival curves of OS based on
miR-124 expression in 1262 BC patients using the online bioinformatics tool Kaplan-Meier plotter (METABRIC); I:
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pressed MDA-MB-231 and MCF-7 cell prolifera- MGATS restoration counteracts the suppres-
tion (Figure 2C). In addition, cells transfected sive effects of miR-124 on BC cell proliferation
with miR-124 mimics exhibited the decrease in and migration
colony formation (Figure 2D), and cells trans-
fected with miR-124 inhibitor showed the in- We investigated whether MGAT5 was the func-
crease, compared with cells transfected corre- tional target of miR-124 in BC.
sponding NC. i ) . o
First, we tested the proliferation and migration
Subsequently, transwell assays and wound he- of four stably cell lines which transfected with
aling assay were performed to evaluate wheth- miR-124, MGAT5, NC, and miR-124+MGAT5
er miR-124 inhibits BC cell migration. As shown lentiviral vectors respectively. Figure 3A shows
in Figure 2E and 2F, miR-124 markedly reduced that miR-124+MGAT5 group markedly restored
the migration of MDA-MB-231 and MCF-7 cells. the suppression of cell viability due by miR-124
These results demonstrated that miR-124 sup- group both in MDA-MB-231 and MCF-7 cells.
pressed the proliferation and migration of BC EDU incorporation assay revealed that miR-
cells in vitro. 124+MGAT5 group reduced miR-124-suppre-
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ssed cell proliferation (Figure 3B). MGAT5 also
upregulation counteracted the decline in co-
lony formation caused by miR-124 (Figure 3B).
Transwell and wound healing assays showed
that miR-124 markedly reduced the migration
of cells, and MGAT5 group was just the oppo-
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site, but miR-124+MGAT5 group rescued the
suppression of mir-124 (Figure 3D, 3E).

Furthermore, we determined the proliferation
and migration of other four stably cell lines
which transfected with miR-124 inhibitor, sh-
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MGAT5, sh-NC, and miR-124 inhibitor+sh-MG-
AT5 lentiviral vectors respectively. Cell prolifer-
ation assay showed that miR-124 inhibitor in-
creased cell viability, but miR-124 inhibitor+
sh-MGAT5 significantly reduced cell viability in
contrast (Figure 4A). EDU incorporation assay
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displayed that miR-124 inhibitor+sh-MGAT5
group obviously decreased the proliferation of
cells compared with miR-124 inhibitor group
(Figure 4B). Colony formation showed the num-
bers of colonies in miR-124 inhibitor+sh-MGAT5
group distinct decreased than miR-124 inhibi-
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Figure 4. MGAT5 restoration counteracts the suppressive effects of miR-124 on BC cell proliferation and migration.
MDA-MB-231 and MCF-7 cells were transfected with miR-124 inhibitor, sh-MGAT5, sh-NC, and miR-124 inhibitor+sh-
MGAT5 lentiviral vectors respectively to culture stably cell lines which followed by puromycin selection. A: Cell vi-
ability was measured using CCK-8 assays. B: EDU staining was performed and the percentage of EDU-positive cells
were counted. Scale bar 100 um. C: Representative photographs of the colony formation of MDA-MB-231 and MCF-
7 cells, and related quantitative analysis. D: Cell migrations were determined using transwell. Scale bars, 50 ym.
E: Cell migrations were determined using wound healing assay and the percentage of migrated was calculated. All

data are shown as means + SD of three separate experiments. *P<0.05, **P<0.01.
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Figure 5. MiR-124 suppressed proliferation of BC cells by targeting MGAT5 in vivo. Female athymic BALB/c nude
mice were injected with eight groups MDA-MB-231 cells subcutaneously. Tumors were allowed to grow for 4 weeks.
Tumors growth was recorded every 3 days with a caliper and tumor volume was calculated as a x b? x 0.5 (A, longest

diameter; B, shortest diameter). Tumor growth curve was drawn (C, D). *P<0.05, **P<0.01.

tor group (Figure 4C). Figure 4D and 4E reveal
that the migration of cells in miR-124 inhibi-
tor+sh-MGAT5 group was markedly down regu-
lated compared with miR-124 inhibitor group.
In summary, miR-124 might suppress the prolif-
eration and migration ability of BC cells by tar-
geting MGATD.

MiR-124 suppressed proliferation of BC cells
by targeting MGAT5 in vivo

To further validate the significance of miR-124
and MGAT5 on tumor growth in vivo, we inject-
ed the upper eight groups MDA-MB-231 cells
subcutaneously into the left and the right flan-
ks of Female athymic BALB/c nude mice (4
weeks old). The tumor volumes were measured
every three days, and the mice were sacrifced
at 4 weeks after tumor cell implantation (Figure
5A and 5C). The size and volume of the tumors
derived from MDA-MB-231 cells stably express-
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ing miR-124 were lower than those of the
tumors in the control group. The size and vol-
ume of the tumors derived from cells stably
expressing miR-124+MGAT5 were bigger than
those of the tumors in the miR-124 group, but
lower than MGAT5 group (Figure 5B). The size
and volume of the tumors derived from miR-
124 inhibitor group were bigger than those of
the tumors in the control group, otherwise, the
size and volume of the tumors from miR-124
inhibitor+sh-MGAT5 group were lower than
miR-124 inhibitor group and bigger than sh-
MGAT5 group (Figure 5D). These results sug-
gest that the suppressive effects of miR-124
on BC tumor growth by targeting MGAT5 in vivo.

Discussion

Breast cancer cause secondary number of
deaths globally and is the most common type
of cancer among women. The development of
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new treatments is halted mainly because of
drug resistance and less knowledge about tu-
mor cell signaling pathways [6]. The results of
our previous experiments showed that the ex-
pression of MGAT5 was significantly higher in
breast cancer tissues than in benign lesions
(P<0.01). The high expression of MGAT5 in vari-
ous pathological types of breast cancer was
highly correlated with poor prognosis [7]. We try
to explore the molecular mechanisms by which
MGAT5 promotes breast cancer proliferation
and metastasis, and to find new diagnostic and
therapeutic targets.

MicroRNAs (miRNAs) are a class of endogen-
ous small RNAs of about 20-24 nucleotides in
length. Several miRNAs can regulate the same
gene, and fine regulation of the expression of a
gene can by a combination of several miRNAs.
Studies have shown that miRNAs act as tumor
suppressors or oncogenes in cancer. In this
study, we forecasted miRNA molecules which
negatively associated with MGAT5, and con-
firmed miR-124 can directly targets MGAT5 in
BC cells. Meanwhile, miR-124 significantly un-
der-expressed and inversely associated with
prognosis of BC patients. Second, miR-124 ma-
rkedly reduced BC cell proliferation and metas-
tasis, which were reversed by MGAT5 restora-
tion. Lastly, the suppression effects of miR-124
on malignant phenotypes of BC were rescued
by MGAT5 in vivo. Overall, these results sug-
gested the potential prognostic role of miR-124
in BC and indicated that miR-124 was a tumor
suppressor of BC by targeting MGAT5.

MGAT5 promotes the proliferation, migration
and invasion of breast cancer. Researches
have shown that the expression of protein
Caspase-3, Caspase-9, Bcl-2, MMP-2 and
MMP-9 was significantly decreased in SMMC-
7721/R cells after knocked out of MGAT5,
while the expression of Bax-protein was up-
regulated [8-12]. MGAT5 which catalyzes the
increase of B1, 6-branched sugar chains by
FZD-7 (transmembrane receptor crimped pro-
tein), leads to abnormal Wnt signaling path-
way, tumor stem cell (CSC) interval and tumor
progression [13]. Experiments have shown that
MGAT5 stimulates transcription of HER-2/neu,
and the HER-2/neu response element is locat-
ed at the 5’ end of the transcription start site
and is 400 bp, including three ETS transcription
factor binding sequences. The co-transfected/
recessive Raf and ETS expression plasmids
were co-transfected, demonstrating that the

595

transcriptional activity of the novel MGAT5 pro-
moter is mediated by the Ras-Raf-Ets signal
transduction pathway [14, 15]. Our study reve-
aled that miR-124 directly binds the MGAT5
3’-UTR and inhibit MGAT5 expression, and that
MGAT5 overexpression sufficiently attenuates
the inhibitory effects of miR-124 on breast can-
cer cell proliferation and migration. Therefore,
the modulation of MGAT5 by miR-124 may ex-
plain why the downregulation of miR-124 can
promote the development of breast cancer.
However, we have only verified from the per-
spective of epigenetics that miR-124 suppress
the proliferation and metastasis of breast can-
cer cells by targeting MGAT5, and the deeper
mechanism of action requires further explora-
tion. Additional work is needed to characterize
the feasibility of targeting miR-124 and MGAT5
in cancer therapy and develop simplified and
cost-effective methods.
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