
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
D

ec
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 7

/6
/2

02
5 

7:
18

:4
0 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
miR-425 suppres
aDepartment of Obstetrics and Gynecolo

Hospital, Capital Medical University, 251#

Beijing 100026, P. R. China
bDepartment of Oncology, Beijing Ditan Hos

100015, PR China. E-mail: dtzlzx@sina.com

Cite this: RSC Adv., 2019, 9, 151

Received 25th October 2018
Accepted 17th December 2018

DOI: 10.1039/c8ra08872a

rsc.li/rsc-advances

This journal is © The Royal Society of C
ses EMT and the development of
TNBC (triple-negative breast cancer) by targeting
the TGF-b 1/SMAD 3 signaling pathway

Yingping Liua and Jinglong Chen *b

Background: EMT has a crucial effect on the progression and metastasis of tumors. This work will elucidate

the role of miR-425 in EMT and the development of TNBC. Methods: The differential miRNA expression

among non-tumor, para-tumor (adjacent tissue of tumor) and tumor tissues was analyzed. The

luciferase activities of TGF-b1 30UTR treated with miR-425 were determined. Then human breast cancer

cell lines were treated with mimics or inhibitors of miR-425, and then the cell proliferation and

migration, and invasion ability were assessed. The expression of TGF-b1 and markers of epithelial cells

and mesenchymal cells were analyzed. The influences of miR-425 on the development of TNBC through

inducing EMT by targeting the TGF-b1/SMAD3 signaling pathway in TNBC cell lines were investigated.

Furthermore, xenograft mice were used to explore the potential roles of miR-425 on EMT and the

development of TNBC in vivo. Results: Compared with non-tumor tissues, 9 miRNAs were upregulated

and 3 miRNAs were down-regulated in tumor tissues. The relative expression of miR-425 in tumor

tissues was obviously much lower than that in para-tumor and non-tumor tissues. MiR-425 suppressed

TGF-b1 expression, and further inhibited expression of mesenchymal cell markers, while it exerted

effects on cell proliferation and migration of TNBC cell lines. Moreover, the agomir of miR-425 could

protect against the development process in a murine TNBC xenograft model. Conclusions: Our results

demonstrated that miR-425 targets TGF-b1, and was a crucial suppressor on EMT and the development

of TNBC through inhibiting the TGF-b1/SMAD3 signaling pathway. This suggests that aiming at the TGF-

b1/SMAD3 signaling pathway by enhancing relative miR-425 expression, is a feasible therapy strategy for

TNBC.
Introduction

The most usual cancer of women is BC (Breast Cancer) world-
wide.1 Moreover, the morbidity of BC is the seventh among all
cancers, and its mortality rate is third in women's world.2

According to different prognoses and options of treatment, BC
is divided into several subtypes of disease associated with
heterogeneity.3,4 Based on the expression of ERBB2/HER2
(epidermal growth factor receptor 2), PR (progesterone
receptor), and ER (estrogen receptor), patients with BC are
classied in three subtypes of triple-negative, HER2+, and ER+/
PR+ in the clinic. The overall prognosis of patients with Her2+
or ER+/PR+ subtypes has been dramatically improved by treat-
ment with targeted therapy at HER2 with hormone. However,
the aggressiveness of TNBC (triple-negative breast cancer) and
the lack of effective targeted therapy cause the worst overall
gy, Beijing Obstetrics and Gynecology

Yaojia Yuan Road, Chaoyang District,

pital, Capital Medical University, Beijing

hemistry 2019
survival rate of patients with TNBC.4 About 20% patients with
BC have TNBC, and they have high risk of visceral organ
metastasis, such as brain, liver, and lung, etc.5 Therefore, there
is an urgent need to develop new therapeutic interventions for
preventing and treating metastasis of TNBC.

EMT (epithelial to mesenchymal transition) plays an
important role in metastasis and progression of cancer. During
this process, the invasion and migration abilities increase,
epithelial polarity vanishes away together with epithelial
markers down-expression and mesenchymal markers over-
expression.6–13 Some transcription factors regulate the process
of EMT, including Zeb1, Slug, Snail, TGFb, and Twist.9,13 The
biological process of EMT is complex, including loss of
epithelial characteristics and acquire mesenchymal pheno-
types. Moreover, the expressions of mesenchymal cell markers,
such as Smad 3, a-SMA (alpha smooth muscle actin), etc.,
enhanced.14,15 The growth of tumor relies not only on tumor
malignancy but also the relationship between stromal and
tumor cells.14,15 The system of tumor vessel includes pericytes,
smooth muscle cells and, epithelial cells (ECs), which plays an
important role in tumors progression and angiogenesis activa-
tion, such as BC.16,17 The EMT process of ECs is conduced to the
RSC Adv., 2019, 9, 151–165 | 151
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progression of cancer, that has been identied by recent
researches.18–20 In this process, the properties of migration or
invasion and markers of mesenchyma (e.g., a-SMA, FSP-1) are
obtained, the epithelial markers (e.g., CD31, VE-cadherin) of
ECs and junctions of cell–cell were losed.21 These investigations
conrm that all kinds of pathological processes occurs with, for
example, cancer.18,19,22 Therefore, inhibition of EMT process
may be a great treatment strategy for tumor.

Lately, some scholars have revealed that TGF-b1 is a cytokine
with multifunction, and plays a crucial role in pathophysiology
of BC.23 The canonical and noncanonical TGF-b1 signaling
pathways gene mutations encoding TGF-b1 or the change of
TGF-b1 receptors associates with BC oncogenic activity. The
progression of epithelial cell cycle of BC is inhibited by TGF-b1
at early phase while apoptosis is promoted, which indicates its
suppressive effects on tumor.24 However, in the late phase, TGF-
b1 promotes tumor progression, is associated with metastasis
or invasiveness of tumor and higher motility of cancer cells. In
addition, TGF-b1 induces EMT, and is related to modication of
microenvironment in cancer.25 The well known “TGF-b1
paradox” is called to describe this phenomenon, which suggests
TGF-b1 can be used for the novel therapy approaches on BC
with better understanding its functions.26 By protecting against
TGF-b1, several drugs for nonclinical and clinical investigation
in early stages are developed based on these knowledge.

The current realization demonstrated that mesenchymal
characteristics of TNBC cells with paclitaxel-resistance, and
these cells has higher mesenchymal markers expression,
including N-cadherin and vimentin. Thus, through inducing
inhibition of TGF-b signaling pathway can promote chemo-
therapeutic effect on anti-tumor and reduce metastasis aer
paclitaxel therapy with kinase inhibitor for TGF-b1 receptor.27

Therefore, it indicates that the novel potential strategy for TNBC
therapy through combination with kinase inhibitors of TGF-
b and its receptor.

Many data conrmed that microRNAs have crucial effect on
activity of epithelial or EMT.28,29 So, in our investigation, the
relationship between down-expression of miR-425 and TNBC
was identied by comparing miRNA expression proles from
breast cancer tissues of patients with TNBC. Over-expression of
miR-425 played an important regulator in negative feedback for
TGF-b signaling and canonical pathway through suppressing
expression of TGF-b1 and its changes associated with EMT in
development of TNBC.

Materials and methods
Specimens of patients

The tissues of patients with TNBC were obtained from January
2014 to December 2017. All these patients were performed with
mastectomy for BC, and did not receive any treatment before
hospital. At the operation day, samples of tumor tissues, para-
tumor tissues and non-tumor tissues were collected and
handled immediately, respectively. The para-tumor is adjacent
tissue of tumor.

This investigation and the utilization of human specimens
in this work had been approved by the Ethics Committee of our
152 | RSC Adv., 2019, 9, 151–165
hospitals (Beijing Obstetrics and Gynecology Hospital, Capital
Medical University, Beijing, China) on the basis of the Decla-
ration of Helsinki. We clearly conrmed that the informed
consents were obtained from all patients. Moreover, the recor-
ded and documented of participant consents were kept in our
hospital.
Extraction of miRNAs and next-gener. sequencing

The miRNA-sequencing test was conducted aer extraction of
RNAs with TRIzol method and miRNeasy Mini Kit (Cat. no.
74104; Invitrogen Thermo Fisher Scientic, Inc., Waltham, MA,
USA). Furthermore, total RNA was harvested from tissues for
RT-qPCR assay with mirVana™ PARIS™ Kit (Cat. no. AM1556;
Invitrogen Thermo Fisher Scientic, Inc, Waltham, MA, USA).
Hybridization and ligation were conducted using Adaptor Mix.
Moreover, microRNA sequencing RNAs using Illumina HiSeq
2000 platform was conducted aer reversely transcribe of these
RNAs.
Data extraction and analysis

All the mature miRNAs sequences were identied through
library preparation of reference sequences with miRBase
(version 19.0) (http://www.mirbase.org/).30 Given that the
length of minimum read was 50 nucleotides, specic adapters
were used to anneal to their 30 ends and extended the entire
small RNAs during the library preparation. Thus, we removed
the adapters and obtained the potential miRNAs with the
length of 15–30 nucleotides for further analysis using cut
adapt soware in silico.31 Subsequently, the sequences were
perfectly matched with the prepared reference library with
Bowtie (version 0.12.7) (https://sourceforge.net/projects/
bowtie-bio/les/bowtie/0.12.7/).32 Then the numbers of map-
ped reads were counted for every miRNA. Acquired data of all
samples were normalized with RPM (reads per million).33
RNA extraction

TRIzol method was used to extract total RNA from tissues based
on the operation manual. Then, smaller RNA (<200 nt) was
removed with mirVana RNA isolation kit (Cat. no. AM27828;
Invitrogen Thermo Fisher Scientic, Inc., Waltham, MA, USA)
according to the instructions for manufacturer.
Culture of cell

The cell lines of human TNBC, including MDA-MB-231 (ATCC®
HTB-26™) and Hs 578T (ATCC® HTB-126™) were purchased
from ATCC (American Type Culture Collection), and then
cultured in DMEM with 10% FBS accompanied by Streptomycin
and Penicillin (bi-antibiotics) with atmosphere (5% CO2) at
37 �C.
siRNA for TGF-b1

The well known siRNA of TGF-b1 supported by ref. 26 had been
used in our study, which had been used as a positive in our
study. The siRNA duplexes for TGF-b1 sequences are 50-
This journal is © The Royal Society of Chemistry 2019
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GAAGCGGACUACUAUGCUAUU-30 (upstream) and 50-
UUCUUCGCCUGAUGAUACGAU-30 (downstream).

qRT-PCR

The miR-425 expression level was assessed with TaqMan
miRNA assays in tissues. The data analysis was performed with
2�DDCq method (Livak 2011). The qRT-PCR assay was con-
ducted using SYBR Green kit (Cat. no. QR0100-1KT; Sigma-
Aldrich; Merck KGaA, Darmstadt, Germany). The thermocy-
cling conditions for qPcR were as follows: pre-enaturation at
95 �C for 30 s, followed by 40 cycles of denaturation at 95 �C for
5 s and extension at 60 �C for 30 s.

The primer sequences of miR-425 were 50-ACACTC-
CAGCTGGGAATGACACGATCACTCC-30 (upstream) and 50-
TGGTGTCGTGGAGTCG-30 (downstream), respectively.34

Moreover, the primer sequences of U6 were 50-TGACCTGAAA-
CATACACGGGA-30 (upstream) and 50-TATCGTTGTACTC-
CACTCCTTGAC-30 (downstream), respectively.

The primer sequences of TGF-b1 were 50-CAA-
CACGATGCTTGAAGGTAACG-30 (upstream) and 50-TCCAGAGA-
GATGATTGCCGAGG-30 (downstream), respectively. The primer
sequences of VE-cadherin were 50-GGATGCAGAGGCTCACA-
GAG-30 (upstream) and 50-CTGGCGGTTCACGTTGGACT-30

(downstream), respectively. The primer sequences of E-cadherin
were 50-TACACTGCCCAGGAGCCAGA-30 (upstream) and 50-
TGGCACCAGTGTCCGGATTA-30 (downstream), respectively.
The primer sequences of N-cadherin were 50-GGA-
CAGTTCCTGAGGGATCA-30 (upstream) and 50-GGATTGCCTTC-
CATGTCTGT-30 (downstream), respectively. The primer
sequences of vimentin were 50-GGCTCAGATTCAGGAACAGC-30

(upstream) and 50-GCTTCAACGGCAAAGTTCTC-30 (down-
stream), respectively. The primer sequences of a-SMA were 50-
TGTTCCAGCCGTCCTTCAT-30 (upstream) and 50-
GGCGTAGTCTTTCCTGATG-30 (downstream), respectively. The
primer sequences of SMAD3 were 50-AGCACACAA-
TAACTTGGACC-30 (upstream) and 50-TAAGACACACTGGAA-
CAGCGGATG-30 (downstream), respectively. Moreover, the
primer sequences of GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) were 50-CTCATGACCACAGTCCATGCC-30

(upstream) and 50-GGCATGGACTGTGGTCATGAG-30 (down-
stream), respectively.

Reporter gene assays

The online soware Targetscan (version 7.2) (http://
www.targetscan.org/vert_72/) was rstly used to predict the
microRNA which could regulate the expression of TGF-b1.
Therefore, miR-425 was acquired from the predict result.
Furthermore, the 30UTRmRNAs sequence of TGF-b1 was cloned
into pmirGLO vector with luciferase reporter rey and renilla.
The control was used with reverse orientation of TGF-b1 30UTRs
mRNA. The complementary region sequence in TGF-b1 30UTR
was GGACUGCGGAUCUCUGUGUCAUU (Fig. 1), which located
at position 151–157, and corresponding miR-425 seed sequence
AGUUGCCCUCACUAGCACAGUAA. Site-Mutation kit (Cat. no.
E0554S; New England Biolabs Ltd, UK) was used to constructed
TGF-b1 30UTR mutated vector. Finally, Dual-Glo® Luciferase
This journal is © The Royal Society of Chemistry 2019
Assay System (Cat. no. E2940; Promega Corporation, Madison,
WI, USA) was utilized to analyze the activity of luciferase with
analyzer VICTOR.

The mimics of miR-425 and its inhibitors

The mimics of miR-425 and its inhibitors were transfected with
Lipofectamine 3000. Moreover, the mimics sequences of miR-
425 were 50-AAUGACACGAUCACUCCCGUUGA-30.34 Moreover,
the control sequence of miR-425 mimics were 50-UUCUCC-
GAACGUGUCACGUTT-3’. The sequence of miR-425 agomir was
50-aSaSugacacgaucacucccguSuSgSaS-30. The sequence of NC
(negative control) was 50-uSuScuccgaacgugucacgSuStStS-30, while
it was not consistent with sequences of human genome.

Western blot

A lysis buffer (1% NP-40, 0.1% SDS, 150 mM NaCl, 0.02% NaN3,
and 50 mM Tris pH 8.0) containing cocktail of inhibitor for
protease and phenylmethylsulfonyl uoride (1 mM) was used to
lysate cells. Western blotting assays were performed with Bio-
Rad Protean II minigel system. Then, 50 mg protein sample was
injected in every gel (12%) well, and then shied to PVDF
membrane aer electrophoresis. 1� TBST (5% dry skimmed
milk) was utilized to dispute the non-specic binding. Then
these membranes were sequentially dealt with primary and
secondary antibody, respectively. The membranes were incu-
bated with primary antibodies at 4 �C overnight. The
membranes were incubated with secondary antibodies with
secondary antibodies goat anti-rabbit immunoglobulin G (IgG)-
horseradish peroxidase (HRP) (sc-2004; 1 : 5000 dilution; Santa
Cruz Biotechnology, Inc.) or goat anti-mouse IgG-HRP (sc-2005;
1 : 5000 dilution; Santa Cruz Biotechnology, Inc.) for 1 h at
room temperature. Furthermore, these membranes were
determined with enhanced ECL (chemiluminescence) reagent
of Hyperlm ECL kit (Cat. no. 28906835; Amersham GE
Healthcare, Chicago, IL, USA), and exposed using X-ray lm.

The primary antibodies included TGF-b1 (Santa Cruz, CA,
USA; sc-130348, 1 : 1200), a-SMA (CST 19245, dilution 1 : 1200)
and SMAD 3 (C67H9) (CST 9523, dilution 1 : 1500), p-SMAD 3
(CST-9520, dilution 1 : 1000), VE-cadherin (CST2158, dilution
1 : 1000), E-cadherin (24 � 1019) (CST 3195, dilution 1 : 800), N-
cadherin (D4R1H) (CST 13116, dilution 1 : 1200), vimentin
(D21H3) (CST 5741, dilution 1 : 1000), b-actin (13 � 105) (CST
4970S, dilution 1 : 4000) (Cell Signaling, Danvers, MA, USA).

Analysis of cell proliferation and migration

The proliferation ability of cells was assessed using MTS kit
(Cat. no. G3580; Promega Corporation, Madison, WI, USA).
Subculture the stock cultures of cells to 2 � 104 cells per ml in
medium containing 50 mM 2-mercaptoethanol (2-ME), when
a density of 2� 105 cells per ml is reached, mimics or inhibitors
of miR-425 and its control is added, respectively. Wash the cells
twice with the above medium centrifugation at 300�g for 5
minutes. The number and viability of cells based on trypan blue
stain, 50 ml resuspend cells (1 � 105 cells per ml), was added
into all wells of 96-well plate prepared, then incubate at 37 �C
for 48 h. Furthermore, 20 ml CellTiter 96® AQueous One
RSC Adv., 2019, 9, 151–165 | 153
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Fig. 1 Predicted consequential pairing of target region. The online software Targetscan (version 7.2) was firstly used to predict the microRNA
which could regulate the expression of TGF-b1. Therefore, miR-425 was acquired from the predict result. The complementary region sequence
in TGF-b1 30UTR was GGACUGCGGAUCUCUGUGUCAUU, which located at position 151–157, and corresponding miR-425 seed sequence
AGUUGCCCUCACUAGCACAGUAA.
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Solution Reagent was added into per well, and then incubate at
37 �C for 2 h. Record the absorbance at 490 nm using a 96-well
plate reader.

The ability of cells migration was detected using wound
scratch assay using CytoSelect™ 24-Well Wound Healing Assay
kit (Cat. no. CBA-120-5; Cell Biolabs, Inc., San Diego, CA, USA).
At rst, 24-well plate with CytoSelect™ Wound Healing Inserts
was warm up for 10 minutes at room temperature, then sterile
forceps was used to orient the inserts direction. Secondly, 500 ml
cell suspension (1 � 106 cells per ml) was added into each well.
Then cultured in incubator overnight. The next day, the inserts
were removed from wells, then slowly discarded the media.
Aer washing, dead cells and debris in wells were further
removed. Finally, hydrated cells were visualized with light
microscope. The migration rate of the cells into the wound eld
were measured. Ten elds per experimental condition were
randomly selected and micrographed with IX71 microscope
(Olympus, Japan) to quantify cells of migration. Images repre-
sent at least three independent experiments.
Matrigel invasion assay

Matrigel was dissolved overnight at 4 �C and then diluted with
serum-free DMEM (1 : 3). The diluted Matrigel was added to the
upper chamber of the Transwell to form the membrane in three
additions (15, 7.5 and 7.5 ml), with 10 min between each addi-
tion. The Matrigel was evenly spread and covered all micropores
at the bottom of the upper chamber. The two cell lines were
collected at 48 h aer transfection to prepare cell suspensions.
Cell suspensions were seeded into the upper well, and 0.5 ml of
DMEM containing 10% FBS was added to the lower chambers
(24-well plates). The cells were cultured routinely for 48 h at
37 �C with 5% CO2. Aer using a cotton swab to gently wipe off
the remaining free cells in the upper well, the well membrane
was collected and xed for 15–20 min in 95% ethanol. Aer
rinsing with clean water, the membrane was stained for 10 min,
and washed again with clean water. The membrane was then
observed under a high-powered inverted microscope to count
the number of cells on the membrane. The invasion ability of
the cells was determined by counting the number of cells that
passed through the Matrigel, and the average number from ve
high-magnication elds of view was used for each sample.
Animals

Nude mice (purchased from Laboratory Animal Sciences,
Capital Medical University, Beijing, China) were used to
154 | RSC Adv., 2019, 9, 151–165
conduct our investigation at this work. A total of 12 nude mice,
female, were randomly divided into 2 groups. The experiment
was initiated with 6 week-old mice weighing 20–25 g. They were
induced to generate xenogramodel with injection of MDA-MB-
231 cells, and then housed of Laboratory Animal Center, Capital
Medical University, Beijing, China. Mice were maintained at 20–
24 �C (temperature controlled) with 12 h light/dark cycle and
standard laboratory diet in a pathogen-free environment. All
experiments related to animals were performed based on
Laboratory Animal Center, Capital Medical University, Beijing,
China, Ethical Committee Acts. The experimental mice were
dealt with according to the standards supported by the Animal
Protection Committee of Capital Medical University. Moreover,
the ethical approval was obtained for the animal experiments
conducted in your study from Animal Protection Committee of
Capital Medical University.
Experiment in vivo

The experiment was initiated with 6 week-old of mice, which
weight was 20–25 g. Then, 1 ml suspension of MDA-MB-231
cells (1 � 106 cells per ml) was injected into subcutaneous
tissue of nude mice at right anks (n ¼ 6/group). While tumor
size of mice reached 3–8 mm, the experiment initiated as the 1st
day. The agomir of miR-425 were formulated (1.0 mg ml�1 in
PBS). The nude mice were categorized into experiment and
control groups at random, then injected with agomir of miR-425
(5 ml) or it control for 6 times once every three days and termi-
nated on the 18th day. Then, these mice were sacriced at the
21st day, and tumor mass was dissected from each mouse. The
methods of anesthesia and euthanasia conducted in our study
was that 20% urethane anesthetized (at 1 g kg�1) was used to
execute mice at three weeks aer injection of agomir of miR-425
or its control. These tumors were cut into two sections, then the
volume of tumors were determined every 3 days base on the
formulate width2 � length � 0.5. Moreover, the expression of
TGF-b1 were determined with western blotting and immuno-
histochemical staining assay, respectively.

The dose of urethane used for euthanasia of mice is (at 1 g
kg�1), the following methods were used to evaluate conscious-
ness or conrm death: lack of a heartbeat, lack of respiration,
and lack of corneal reex. The following conclusions can be
drawn from this denition. A humane endpoint: (a) not neces-
sarily means the humane killing of the animal, but could also
result in interventions to alleviate the stressful/painful experi-
mental procedure (e.g. performing surgery) or providing
This journal is © The Royal Society of Chemistry 2019
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analgesics. (b) It is not necessarily based on clinical signs but
could also start from pre-clinical signs or from physiological or
molecular biomarkers predictive of pain/distress later on the
disease process. (c) Should be balanced against the scientic
endpoints to be met. Thus, pain and distress might be intrinsic
to a certain experimental model (e.g. arthritis). However, in this
case the humane endpoint should never be beyond the scien-
tic endpoint. (d) Should never be beyond the level of moral
justication.

Immunohistochemistry assay

Tissue samples were prepared using 10% neutral formalin, then
embedded using paraffin aer dehydration. Furthermore, it was
cut into thick sections with 5 mM (Marcela et al. 2018), dewaxed
and hydrated. Aer antigen retrieval, incubation with primary
antibody for these sections was performed. The sections were
incubated with primary antibodies TGF-b1 (Santa Cruz, CA,
USA; sc-130348, 1 : 200), or SMAD 3 (C67H9) (CST 9523, dilution
1 : 200) at 4 �C overnight, respectively. The sections were incu-
bated with a DAB substrate kit (Cat. no. 34002; Thermo Scien-
tic™ Pierce™, San Jose, CA, USA) aer incubation with the
secondary antibody. The membranes were incubated with
secondary antibodies goat anti-rabbit immunoglobulin G (IgG)-
horseradish peroxidase (HRP) (sc-2004; 1 : 1000 dilution; Santa
Cruz Biotechnology, Inc.) or goat anti-mouse IgG-HRP, (sc-2005;
1 : 1000 dilution; Santa Cruz Biotechnology, Inc.) for 1 h at
room temperature. These sections were assessed, and then
photographed with microscope at 200� (IX71; Olympus, Japan).
Per sample was token for 3–5 shots. The soware Image-Proplus
(version 6.0) was used measure proteins expression through
detecting optical density in each photograph.

Statistics

Welch t-test-paired was performed to compare isomiRs dereg-
ulation and selection of miRNAs between samples of patients
and control. The errors were evaluated with false discovery rate
(FDR) due to multiple comparisons. On the basis of the
expression proles, hierarchical clustering of selected miRNAs
was conducted with Ward's agglomeration. Target Rank so-
ware (http://genes.mit.edu/targetrank/) was performed to
Table 1 Differentially expressed miRNAs in tumorous and tumorous tiss

miRNA
Fold-change (tumorous/
para-tumorous tissues)

miR-148b 5.73
miR-34a 4.08
miR-196a 4.01
miR-205 3.91
miR-328 3.18
miR-122 2.64
miR-155 2.45
miR-202 2.36
miR-let-7a 2.34
miR-7 0.35
miR-425 0.18
miR-31 0.14

This journal is © The Royal Society of Chemistry 2019
identify the signicantly deregulated each seed sequence of
miRNA in target genes between samples of patients and
control.35

All data with normally distributed was represented as mean
� SD (standard deviation). The differences between two groups
were analyzed with Student's t-test. Kruskal–Wallis ANOVA
method was used to analyze abnormally distributed data among
groups. When the variances were equal, the least signicant
difference post hoc test was used, whereas when the variances
were not uniform, Dunnett's post hoc test was used. SPSS
(version 18.0; SPSS, Inc., Chicago, IL, USA) so was performed
for entire statistical analyses. While P < 0.05 indicated statisti-
cally signicant.

Results
Differential miRNA expression proling

To assess the differential expression of miRNA proles between
tumorous and para-tumorous tissues, miRNA-sequencing
experiments were conducted on the total RNA obtained from
samples. Among the results of miRNAs-sequencing, 12 were
differentially expressed between tumorous and para-tumorous
tissues. Compared with para-tumorous tissues, 9 miRNAs
were upregulated and 3 miRNAs were down-regulated in
patients with TNBC (Table 1).

The expression level of miR-425 in non-tumorous, para-
tumorous, and tumorous tissues

Furthermore, the relative miR-425 expression levels in non-
tumorous, para-tumorous, and tumor tissues (n ¼ 60) were
determined using qRT-PCR method. Our work identied the
relative miR-425 expression level was obviously less than that of
non-tumorous or para-tumorous tissues. However, there was no
obvious difference between para-tumorous and non-tumorous
tissues (Fig. 2).

Expression levels of miR-425 were determined in cell lines of
human TNBC

Moreover, the relative miR-425 expression levels were investi-
gated in two cell lines of human TNBC. Compared with basal
ues (fold-change >2.0 and P-value < 0.01)

t value P value

8.381 7.72 x 10�4

6.935 9.33 x 10�3

7.220 7.00 x 10�3

9.272 5.46 x 10�3

2.702 6.96 x 10�3

7.254 1.77 x 10�3

3.823 5.44 x 10�3

6.256 7.68 x 10�3

3.293 4.42 x 10�3

�0.391 5.49 x 10�3

�0.468 7.53 x 10�3

�0.326 2.07 x 10�3
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Fig. 2 The expression level of miR-425 in non-tumor, para-tumor,
and tumor tissues. The relative miR-425 expression levels in non-
tumor, para-tumor, and tumor tissues (n ¼ 60) were determined using
qRT-PCR method. This result identified the relative miR-425 expres-
sion level in tumor tissues was obviously less than that of non-tumor or
para-tumor tissues (P < 0.001). However, there was no obvious
difference between para-tumor and non-tumor tissues. ***P < 0.001.
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epithelial phenotype cell line Hs 578T, the relative miR-425
expression levels were signicantly higher in mesenchymal
phenotypic cell line MDA-MB-231 (P < 0.001) (Fig. 3).
MiR-425 inhibited TGF-b1/SMAD3 pathway and mesenchymal
markers expression in TNBC cell lines

At rst, the target of miR-425 were predicted with Targetscan, an
online soware. Therefore, miR-425 was found that it is the
possibly target of 30 UTRs untranslated region of TGF-b1 mRNA
Fig. 3 Expression levels of miR-425 were determined in cell lines of
human TNBC. The relative miR-425 expression levels were investi-
gated in six cell lines of human TNBC. Compared with basal epithelial
phenotype cell line Hs 578T, the relative miR-425 expression levels
were significantly higher in mesenchymal phenotypic cell line MDA-
MB-231 (P < 0.001). The data are presented as means � SD from at
least three independent experiments. ***P < 0.001.

156 | RSC Adv., 2019, 9, 151–165
(Table 1). Further experiments were conducted using luciferase
reporter gene system to identify whether miR-425 could straight
bind with 30 UTRs of TGF-b1 mRNA. The data indicated 30 UTR
luciferase activities of TGF-b1 signicantly down-regulated in
MDA-MB-231 cell line dealt with miR-425 (Fig. 4A). However, it
did not show obviously change in the group of TGF-b1 mutation
(Fig. 4B). Moreover, miR-425 did not bind directly to 30 UTRs of
E-cadherin (Fig. 4C), VE-cadherin (Fig. 4D), N-cadherin
(Fig. 4E), vimentin (Fig. 4F), a-SMA (Fig. 4G), and SMAD3
(Fig. 4H), respectively. These data identied that miR-425 tar-
geted to TGF-b1 mRNAs. The well known siRNA of TGF-b1
supported by ref. 26 had been used in our study, which had
been used as a positive in our study. It could inhibit the TGF-b1/
SMAD3 signaling pathway in TNBC cell lines (Fig. 5).

To explore the roles of miR-425 on mRNAs and proteins
expression of TGF-b1, a-SMA, vimentin, N-cadherin, E-
cadherin, VE-cadherin, and SMAD3 in human BC cell lines,
the qRT-PCR assay and western blotting trial were performed.
These results demonstrated that miR-425 restrained mRNAs
and proteins expressions of TGF-b1 in MDA-MB-231 cell line.
However, miR-425 could not suppress the mRNAs expression of
a-SMA, vimentin, N-cadherin, VE-cadherin, E-cadherin, and
SMAD3 (Fig. 6A). The western blotting result showed that miR-
425 promoted proteins expression of E-cadherin and VE-
cadherin, while suppressed proteins expression of a-SMA,
vimentin, N-cadherin, and SMAD3 (Fig. 6C). Moreover, miR-425
inhibitors could promote expression of TGF-b1 mRNA in MDA-
MB-231, but did not affect mRNAs expression of a-SMA,
vimentin, N-cadherin, VE-cadherin, E-cadherin, and SMAD3
(Fig. 6A). The inhibitors of miR-425 could suppress the protein
expression levels of N-cadherin, vimentin, a-SMA, and SMAD3,
but promote VE-cadherin and E-cadherin protein expression
level (Fig. 6C). In a word, the result indicated that, by binding
with TGF-b1 30UTR, miR-425 could straight regulate mRNA and
protein expression of TGF-b1, further affect protein expression
of genes associated with EndMT process and TGF-b1/SMAD3
pathway. It was same as the results in cell line Hs 578T
(Fig. 6B and D).

The mesenchymal markers expression of a-SMA, vimentin,
N-cadherin, SMAD3 and p-SMAD3 in TNBC cell lines were
signicantly inhibited, while endothelial markers expression of
E-cadherin and VE-cadherin were obviously promoted by
mimics of miR-425 in vitro compared with control group
(Fig. 6C and D). But, the mesenchymal cell markers expression
of TNBC cells were signicantly promoted, while endothelial
markers expression of E-cadherin and VE-cadherin were
signicantly suppressed by inhibitors of miR-425 in TNBC cells
(Fig. 6C and D). The ratio of phosphorylated versus total protein
did not show signicant difference between each groups in
MDA-MB-231 and Hs 578T cell lines (Fig. 6E and F). Our results
identied that miR-425 suppressed mesenchymal markers
expression and enhanced endothelial markers expression in
TNBC cell lines, especially for the mesenchymal phenotypic cell
line MDA-MB-231. The expressions of mesenchymal markers N-
cadherin, vimentin, a-SMA, SMAD3 and p-SMAD3 in the
mesenchymal phenotypic cell line MDA-MB-231 were higher
than that in the basal phenotypic epithelial cell line Hs 578T,
This journal is © The Royal Society of Chemistry 2019
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Fig. 4 MiR-425 inhibited TGF-b1 expression in TNBC cell lines. The target of miR-425 were predicted with Targetscan, the online software.
Therefore, miR-425 was found that possibly aimed to 30 UTRs untranslated region of TGF-b1 mRNA. Further experiments were conducted using
luciferase reporter gene system to identify whether miR-425 could straight bind with 30 UTRs of TGF-b1 mRNA. The data indicated 30 UTR
luciferase activities of TGF-b1 significantly down-regulated in MDA-MB-231 cell line dealt with miR-425 (A). However, it did not show obviously
change in the group of TGF-b1 mutation (B). Moreover, miR-425 did not bind straight to 30 UTRs of E-cadherin (C), VE-cadherin (D), N-cadherin
(E), vimentin (F), a-SMA (G), and SMAD3 (H), respectively. These data identified that miR-425 targeted to TGF-b1 mRNAs. The data are presented
as means � SD from three independent experiments. *P < 0.05, **P < 0.01.
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and all could be suppressed obviously by mimics of miR-425 in
the two cell lines. Moreover, the expressions of endothelial
markers E-cadherin and VE-cadherin in the mesenchymal
This journal is © The Royal Society of Chemistry 2019
phenotypic cell line MDA-MB-231 were less than that in the
basal phenotypic epithelial cell line Hs 578T, and all two cell
lines could be promoted signicantly by mimics of miR-425.
RSC Adv., 2019, 9, 151–165 | 157
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Fig. 5 The siRNA of TGF-b1 inhibited TGF-b1/SMAD3 signaling pathway in TNBC cell lines. The well known siRNA of TGF-b1 supported by ref. 26
had been used in our study, which had been used as a positive in our study. It could inhibit the TGF-b1/SMAD3 signaling pathway.
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MiR-425 suppressed cell proliferation, migration, and
invasion of TNBC cell lines

To assess the biofunctions of miR-425, over-expressed and
down-expressed miR-425 was conducted, respectively. Further-
more, several molecular functional tests were performed in
TNBC cells. The proliferation ability of TNBC cells was sup-
pressed by miR-425 compared to that of control, and sup-
pressed by inhibitors of miR-425 (Fig. 7A). Moreover, the change
of proliferation ability induced by mimics of miR-425 in
mesenchymal phenotypic cell line MDA-MB-231 was signi-
cantly more than that of basal epithelial phenotype cell line Hs
578T, while the change between the two cell lines was statisti-
cally signicant difference (P < 0.05) (Fig. 7A).

Additionally, the inhibitors of miR-425 promoted migration
ability of TNBC cell lines, but the mimics of miR-425 sup-
pressed the migration ability of TNBC cell lines (Fig. 7B and C).
Furthermore, the change of migration ability induced by
inhibitors of miR-425 in mesenchymal phenotypic cell line
MDA-MB-231 was higher than that of basal epithelial phenotype
cell line Hs 578T, while the change between the two type cell
lines was not statistically signicant difference (P > 0.05)
(Fig. 7B and C). It identied that miR-425 suppressed the
process of proliferation and migration in TNBC cell lines,
especially for mesenchymal phenotypic cell line MDA-MB-231.
The hypothesis to explain these results was that the inhibition
roles induced by miR-425 in proliferation and migration of
TNBC cell line, mesenchymal phenotypic cell line MDA-MB-231
were much more than the basal epithelial phenotype cell line
Hs 578T (Fig. 7). Moreover, it maybe the mesenchymal charac-
teristics of MDA-MB-231 cell line was obviously more than Hs
578T cell line.

Moreover, the inhibitors of miR-425 promoted invasion
ability of TNBC cell lines, but the mimics of miR-425 sup-
pressed the invasion ability of TNBC cell lines (Fig. 8).
MiR-425 agomir suppressed TNBC xenogras

To detect anti-tumor activity induced by miR-425 agomir in vivo,
human TNBC xenogras were established with MDA-MB-231
cells. Our work demonstrated that the size of tumor (Fig. 9A)
and the average tumor weight (Fig. 9B) of control mice was
much larger than that of experiment mice treated with agomir
of miR-425, and the difference between two groups had
158 | RSC Adv., 2019, 9, 151–165
statistical signicance. Moreover, the xenogras of control
groups grew rapidly, but in the experiment mice treated with
agomir of miR-425, the xenogras grew slowly in vivo (Fig. 9C).
The maximum diameter exhibited by a single subcutaneous
tumor of control mice in our study was 1.23 cm.

The expression proteins in xenogras were determined with
immunohistochemical staining methods (Fig. 10A) and western
blotting assay (Fig. 10B), respectively. The results revealed that
when compare with control group, treatment with agomir of
miR-425 could down-regulate the expression of SMAD3 and
TGF-b1 with a statistically signicant difference, and sup-
pressed mesenchymal markers expression of xenogra. The
mesenchymal markers expression of a-SMA, vimentin, N-
cadherin, SMAD3, p-SMAD3 and endothelial markers E-
cadherin, VE-cadherinin were determined in xenogras. The
results indicated that compare with control group, treatment
with agomir of miR-425 could obviously down-regulate the
above mesenchymal markers expression in xenogras, while
up-regulate expression of endothelial markers E-cadherin, VE-
cadherinin. To sum up, our data conrmed that the agomir of
miR-425 could inhibit development of TNBC associated with
EMT through aiming TGF-b1/SMAD3 signaling pathway in vivo.
Discussion

Through EMT (epithelial–mesenchymal transition), a mesen-
chymal phenotype in epithelial cells can be acquire, wherein the
marker expression and acquired functions of mesenchymal cell,
in addition to lost the epithelial functions and markers
expression of epithelia. Besides, migration and delamination of
epithelial cells can be caused by EMT, then mesenchymal cells
derived from epithelial cell can migrate into the underlying
tissue.36 The ligands of TGF-b (transforming growth factor b)
family oen initiate the cellular process, EMT.37 Many investi-
gations aim at the markers of EMT from thirty-two cancer
types38,39 and the roles of TGF-b pathway.38,40 A number of
elements are important factors in regulation of gene expression
and EMT, while referred to development of TNBC.41–44

Moreover, the transcriptional regulation mechanism of EMT
and how miRNA modulated EMT or development of TNBC was
unclear yet. Recent research revealed that miR-34 might serve as
inhibitor in nasopharyngeal carcinoma (NPC) by targeting
This journal is © The Royal Society of Chemistry 2019
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Fig. 6 MiR-425 inhibited TGF-b1/SMAD3 pathway and mesenchymal markers expression in TNBC cell lines. To explore the roles of miR-425 on
mRNAs and proteins expression of TGF-b1, E-cadherin, VE-cadherin, N-cadherin, vimentin, a-SMA, total and phosphorylated SMAD3 (p-SMAD3)
in human BC cell lines, the qRT-PCR assay and western blotting trial were performed. These results demonstrated miR-425 restrained TGF-b1
mRNAs and proteins expressions in MDA-MB-231 cell line. However, miR-425 could not suppress the expression of E-cadherin, VE-cadherin, N-
cadherin, vimentin, a-SMA, and SMAD3 mRNAs (A), but promote proteins expression of E-cadherin and VE-cadherin, while suppress proteins
expression of N-cadherin, vimentin, a-SMA, total and phosphorylated SMAD3 (p-SMAD3) (C). Moreover, miR-425 inhibitors could promote
expression of TGF-b1 mRNA in MDA-MB-231, but did not affect mRNAs expression of E-cadherin, VE-cadherin, N-cadherin, vimentin, a-SMA,
total and phosphorylated SMAD3 (p-SMAD3) (A). The inhibitors of miR-425 could suppress the protein expression levels of N-cadherin, vimentin,
a-SMA, total and phosphorylated SMAD3 (p-SMAD3), but promote protein expression of E-cadherin and VE-cadherin (C). In a word, by binding
with TGF-b1 30UTR, the result indicated miR-425 could straight regulate its mRNA and protein expression, further affect protein expression of
genes associated with EndMT process and TGF-b1/SMAD3 pathway. It was same as the results in other cell line Hs 578T (B and D). The
mesenchymal markers expression of N-cadherin, vimentin, a-SMA, SMAD3 and p-SMAD3 in TNBC cell lines were inhibited significantly, while
endothelial markers expression of E-cadherin and VE-cadherin were obviously promoted by mimics of miR-425 in vitro compared with control
group (C and D). But, the expression of mesenchymal cell markers in TNBC cell lines were significantly promoted, while endothelial markers
expression of E-cadherin and VE-cadherin were significantly suppressed by mimics of miR-425 in TNBC cell lines (C and D). The ratio of
phosphorylated versus total protein did not show significant difference between each groups in MDA-MB-231 and Hs 578T cell lines (E and F).
The data are presented as means � SD from three independent experiments. *P < 0.05, **P < 0.01.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 151–165 | 159
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Fig. 7 MiR-425 suppressed cell proliferation and migration of TNBC cell lines. To assess the biofunctions of miR-425, over-expressed and
down-expressed miR-425 was conducted, respectively. Furthermore, several molecular functional tests were performed in TNBC cell lines. The
proliferation ability of TNBC cell lines was suppressed by miR-425 compared to that of control. Moreover, the change of proliferation ability
induced by mimics of miR-425 in mesenchymal phenotypic cell line MDA-MB-231 was significantly more than that of basal epithelial phenotype
cell line Hs 578T, while the difference was statistically significant (P < 0.05). Additionally, the inhibitors of miR-425 promoted proliferation ability
of TNBC cell lines. Furthermore, the change of proliferation ability induced by inhibitors of miR-425 in mesenchymal phenotypic cell line MDA-
MB-231 was higher than that of basal epithelial phenotype cell line Hs 578T, while the difference between the two type cell lines was not
statistically significant (P > 0.05). The data are presented as means � SD from three independent experiments. *P < 0.05, **P < 0.01.

160 | RSC Adv., 2019, 9, 151–165 This journal is © The Royal Society of Chemistry 2019
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Fig. 8 MiR-425 suppressed cell invasion of TNBC cell lines. Moreover, the inhibitors of miR-425 promoted invasion ability of TNBC cell lines, but
the mimics of miR-425 suppressed the invasion ability of TNBC cell lines.
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TNBC-derived growth factor (HDGF). It indicated that miR-34
acted as a tumor suppressor in NPC, and may be a novel ther-
apeutic target for the treatments of patients with NPC.45 More-
over, over-expression of miR-425 is induced by IL-1b, which aim
at 30UTR of miR-425, could regulate homolog expression of
tensin and phosphatase. The activation of NF-kB induced by IL-
1b up-regulates miR-425 expression, while enhances transcrip-
tion of miR-425 gene. Therefore, the proliferation of gastric
cancer cell is promoted by miR-425 through suppressing tensin
homolog and phosphatase. In summary, it conrm that over-
expression of miR-425 dependent on NF-kB plays the critical
role for the above process.46 EMT could induce extracellular
cytokine TNF-a, TGF-b, PDGF, HGF or bFGF to bond with its
receptor in BC, and then activate intracellular effectors, such as
Ras, NF-kB, Smads, etc. Therefore, in this study, miRNAs were
ascertained and searched aer its effects on EMT and devel-
opment process of TNBC.

At rst, the differential miRNAs expression proles between
tumor and para-tumor tissues were assessed with miRNA-
sequencing experiments. Then, we found that, compared with
para-tumor tissues, 9 miRNAs were upregulated and 3 miRNAs
(included miR-425) were down-regulated in tumor tissues of
patients with TNBC. Furthermore, the relative expression level
This journal is © The Royal Society of Chemistry 2019
of miR-425 in non-tumor, para-tumor, and tumor tissues were
determined using qRT-PCR method. This work identied rela-
tive levels of miR-425 expression in tumor tissues were obvi-
ously less than that in para-tumor and non-tumor tissues.
However, there was no obvious difference between para-tumor
and non-tumor tissues. Consequently, the relative miR-425
expression levels were investigated in two cell lines of human
TNBC. The results conrmed that miR-425 expression level was
signicantly decreased in the basal epithelial phenotype cell
lines Ts 578T and mesenchymal phenotypic cell line MDA-MB-
231, which indicated that miR-425 down-expression was related
to phenotype of EMT.

Therefore, the targets of miR-425 were foretasted with Tar-
getscan, an online soware, and TGF-b1 was found that it is the
possibly target of 30 UTRs of TGF-b1 mRNA. Then, further
experiments were performed and identied that miR-425 could
straight bind with 30 UTRs of TGF-b1 mRNA. In a word, miR-425
directly targeted to TGF-b1 mRNAs. Hence, miR-425 could
straight control mRNA and the protein expression level of TGF-
b1, further affect expression levels of E-cadherin, VE-cadherin,
N-cadherin, vimentin, a-SMA, and SMAD3 protein in TNBC
cell lines. Taken together, our study maybe point out a novel
aim at treatment for TNBC associated with EMT.
RSC Adv., 2019, 9, 151–165 | 161
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Fig. 9 MiR-425 agomir suppressed TNBC xenografts. To detect anti-tumor activity induced bymiR-425 agomir in vivo, human TNBC xenografts
were established with MDA-MB-231 cells. Our work demonstrated that the size of tumor (A) and the average tumor weight (B) of control mice
was much larger than that of experiment mice treated with agomir of miR-425, and the difference between two groups had statistical signif-
icance. Moreover, the xenografts of control groups grew rapidly, but in the experiment group, which was treated with agomir of miR-425, grew
slowly in vivo (C). The data are presented as means � SD from three independent experiments. *P < 0.05, **P < 0.01.
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Besides, to assess the biofunctions of miR-425, several
molecular functional tests were performed in TNBC cell lines
transfected with mimics or inhibitors of miR-425, respectively.
It identied that miR-425 suppressed proliferation process and
migration or invasion ability of TNBC cell lines, signicantly
promoted the expressions of epithelial markers E-cadherin and
VE-cadherin, suppressed mesenchymal markers expression of
N-cadherin, vimentin, a-SMA, total and phosphorylated SMAD3
(p-SMAD 3) in TNBC cell lines. Our results demonstrated that
miR-425 targets to TGF-b1, was a crucial mediator of EMT and
development of TNBC through regulating TGF-b1/SMAD3
signaling pathway. Moreover, we did not found that it is
involved in well-known molecules such as mTOR, Ki-67, etc.

Furthermore, the effects on Human TNBC xenogras and its
mechanism were investigated using miR-425 agomir. Our
results conrmed that the xenogras of control groups grew
rapidly. But in the experiment group, which treated with agomir
of miR-425, the xenogras grew slowly in vivo. Moreover, the
size and weight of tumors in experiment group (treated with
agomir of miR-425) was signicantly less than that of control
group. At the time of end, the average tumor volume of control
group was much larger than that of experiment group, and the
difference between the two groups had statistical signicance.
Therefore, the agomir of miR-425 could obviously inhibit tumor
proliferation and its development process. Moreover, treatment
with agomir of miR-425 could down-regulate the expression of
TGF-b1 and SMAD3 with a statistically signicant, while sup-
pressed the expression of mesenchymal cell markers and
162 | RSC Adv., 2019, 9, 151–165
promoted epithelial markers E-cadherin and VE-cadherin
expression in xenogras.

We thought that our manuscript was obviously composed
only one part of the whole. The assays in vivo and in vitrowere all
separately used to identify our conclusions. In summary, we
illustrated that miR-425 targets to TGF-b1. Moreover, miR-425
was a crucial suppressor of EMT and the development of
TNBC through inhibiting TGF-b1/SMAD3 signaling pathway. It
suggested that aim at TGF-b1/SMAD3 signaling pathway
through enhancing miR-425 expression, was a feasible therapy
strategy for TNBC.
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Fig. 10 The miR-425 agomir suppressed expression of mesenchymal cell markers in xenografts. The expression proteins in xenografts were
determined with immunohistochemical staining (A) and western blotting methods (B), respectively. As we can see, the results revealed that when
compare with control group (from left to right, control 1–3), treatment with agomir of miR-425 (from left to right, experiment 1–3) could down-
regulate the expression of TGF-b1 and SMAD3 with a statistically significant, and suppressedmesenchymal markers expression of xenograft. The
mesenchymal markers expression of N-cadherin, vimentin, a-SMA, SMAD3, p-SMAD3 and endothelial markers E-cadherin, VE-cadherinin in
xenografts were determined.
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All experiments related to animals were performed based
on Laboratory Animal Center, Capital Medical University,
Beijing, China, Ethical Committee Acts. The experimental
mice were dealt with according to the standards supported by
This journal is © The Royal Society of Chemistry 2019
the Animal Protection Committee of Capital Medical
University. Moreover, the ethical approval was obtained for
the animal experiments conducted in your study from Animal
Protection Committee of Capital Medical University.
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