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Abstract

Background: Hypoxia-responsive miRs have been frequently reported in the growth

of various malignant tumors. The present study aimed to investigate whether

hypoxia-responsive miR-141–3p was implicated in the pathogenesis of breast cancer

via mediating the high-mobility group box protein 1 (HMGB1)/hypoxia-inducible

factor (HIF)-1α signaling pathway.

Materials and methods: miRs expression profiling was filtrated by miR microarray

assays. Gene and protein expression levels, respectively, were examined by a quanti-

tative reverse transcriptase-polymerase chaion reaction and western blotting. Cell

migration and invasion were analyzed using a transwell assay. Cell growth was deter-

mined using nude-mouse transplanted tumor experiments.

Results: miR-141–3p was observed as a hypoxia-responsive miR in breast cancer.

miR-141–3p was down-regulated in breast cancer specimens and could serve as an

independent prognostic factor for predicting overall survival in breast cancer

patients. In addition, the overexpression of miR-141–3p could inhibit hypoxia-

induced cell migration and impede human breast cancer MDA-MB-231 cell growth

in vivo. Mechanistically, the hypoxia-related HMGB1/HIF-1α signaling pathway might

be a possible target of miR-141–3p with respect to preventing the development of

breast cancer.

Conclusions: Our finding provides a new mechanism by which miR-141–3p could

prevent hypoxia-induced breast tumorigenesis via post-transcriptional repression of

the HMGB1/HIF-1α signaling pathway.
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1 | INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed cancer both in

China and worldwide among females, contributing to approximately

15.1% or 24.2% of cancer incidence in China or worldwide,

respectively.1–3 Understanding the basic molecular mechanisms of the

initiation and development of BC will be advantageous for optimizing

clinical management strategies.

As a low oxygen condition, hypoxia may occur in both normal

physiological processes and pathological conditions.4 Hypoxia has
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frequently been reported as a stressor in the tumor microenvironment

to confer chemotherapeutic resistance and associate with the poor

prognosis of cancer patients.5 In conditions of hypoxia, numerous

pathways and transcription factors are deregulated, which play a cru-

cial role in aggressive tumor phenotypes, such as angiogenesis, migra-

tion, invasion and metastasis.6,7 Comprising the most crucial

transcription factor, hypoxia-inducible factor (HIF)-1, which consists

of an inducible α subunit and a constitutively expressed β subunit, is

activated by oxygen deprivation.4,8 In normal oxygen conditions, the

α-subunit is hydroxylated at proline residues, resulting in its

ubiquitination and proteasomal degradation, whereas it evades degra-

dation and assembles with the β-subunit in conditions of hypoxia,

aggregating a heterodimeric transcription factor that can modulate

downstream gene expression by binding to target genes with their 5'-

TACGTG-3' recognition sequence in the nucleus.4 Previous investiga-

tions corroborate that HIF-1α can be regulated by high-mobility group

box protein 1 (HMGB1), a non-histone nuclear protein implicated in

various pathologic processes, including angiogenesis, rheumatoid

arthritis and carcinogenesis.9,10

Some previous studies report that hypoxic microenvironment can

disturb the expression of microRNAs, which represent a class of small

non-coding RNAs and function as post-transcriptional regulators by

binding to the 3'-untranslated region (3'-UTR) of target genes to

weaken the protein translation,11 changing the behavior of the tumor

cells, including glycolysis, radioresistance, autophagy and epithelial to

mesenchymal transition.12–15 In BC, hypoxia triggers miR-153 to

manipulate angiogenesis via modulating the HIF1α/vascular endothe-

lial growth factor axis.16 Hypoxia induces the up-regulation of miR-

210 to increase BC stem cell metastasis and proliferation by targeting

E-cadherin.17

In the present study, we aimed to investigate whether the

hypoxia-responsive miR-141–3p was implicated in the pathogenesis

of BC via mediating the HMGB1/HIF-1α signaling pathway. Our

preliminary findings revealed that the expression of miR-141–3p

was blocked by hypoxia in human BC. Moreover, the over-

expression of miR-141–3p could counteract hypoxia-induced cell

proliferation and migration through the suppression of the HMGB1/

HIF-1α axis.

2 | MATERIALS AND METHODS

2.1 | Cell culture

BC cell lines (MDA-MB-231 and MCF-7) and human normal mammary

epithelial cell line (MCF-10A) were obtained from the American Type

Culture Collection (ATCC, Manassas, VA, USA) and then cultured in

the medium consisting of RPMI 1640 (Life Technologies, Carlsbad,

CA, USA) supplemented with penicillin G (100 units/ml), streptomycin

(100 mg/ml) and 10% fetal bovine serum (Life Technologies) with a

5% CO2 atmosphere at 37�C. For hypoxia stimulation, MDA-MB-231

and MCF-7 cells were incubated in a hypoxia chamber with 1% oxy-

gen for varying exposure times.

2.2 | Analysis of cell viability using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

Cell (2 × 105 per well) viability was measured by use of an

MTT Cell Proliferation/Viability Assay kit (R&D Systems,

Minneapolis, MN, USA) in accordance with the manufacturer's

instructions.

2.3 | Cell transfection

Small interfering RNA was designed to silence HMGB1 expression.

Si-Con and si-HMGB1 were synthesized by GenePharma (Shanghai,

China). Si-Con (empty plasmid) and si-HMGB1

(5'-GCTCAGACATTGTAGGATT-3') were transfected into BC cells by

Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for 48 hours at

37�C in accordance with the manufacturer's instructions.

2.4 | Microarray assays

A miRNA microarray analysis was performed using Agilent Human

miRNA (8 × 15K) V14.0 arrays of Ribobio (Guangzhou, China), as

noted above.18 Concisely, probes (60-mer) were synthesized using

ink-jet chemical in situ synthesis. A labeling and hybridization kit

(Agilent Technologies, Santa Clara, CA, USA; 20 hours at 55�C) was

used to detect miRs expression, then analyzed using Agilent Feature

Extraction software, version 10.7.3.1 (Agilent Technologies). Differen-

tially expressed miRs were selected out according to log2 (fold

change) ≥ 1.0 or log2 (fold change) ≤ −1.0, p < 0.01 and false discovery

rate ≤ 0.01. The hierarchical cluster analysis was performed using

MeV, version 4.2.6.19

2.5 | Quantitative reverse transcription-polymerase
chain reaction (qRT-PCR)

The miRNeasy Mini Kit (Qiagen, Inc., Valencia, CA, USA) was

used to extract total RNA. A TaqMan® RT kit and a TaqMan®

MicroRNA assay (Applied Biosystems, Foster City, CA, USA)

were used to detect miR-141–3p expression levels with an

Applied Biosystems 7,300 Real-Time PCR System (Thermo Fisher

Scientific, Inc., Waltham, MA, USA) in accordance with the

manufacturer's instructions. The thermocycling conditions for the

PCR were: 95�C for 10 minutes, 40 cycles of 95�C for 15

seconds and 60�C for 60 seconds. We adopted the 2–ΔΔCt

method to calculate miR-141–3p expression levels as

described previously,20 and used U6 as an internal control. The

PCR primers were: forward, 5'-GCTAACACTGTCTGGTAA-3'

and reverse, 5'-CAGTGCGTGTCGTGGAGT-3' for miR-141–3p;

forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,

5'- AACGCTTCACGAATTTGCGT-3' for U6.
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2.6 | Migration and invasion assays

Migration of cells (2 × 104) was analyzed with the transwell chamber

(8 μm pore size; Corning Inc., Corning, NY, USA) without Matrigel

matrix. Cells (2 × 104) were seeded into the upper chamber pre-

coated with Matrigel matrix (BD Biosciences, Franklin Lakes, NJ, USA)

for invasion analysis. After incubation for 24 hours, cells in the down

chamber were stained with 0.1% crystal violet (Beyotime, Beijing,

China) and photographed using an inverted fluorescence microscope

(Leica Microsystems GmbH, Wetzlar, Germany). The transwell migra-

tion and invasion assay were carried out as described above.21

2.7 | Immunohistochemical (IHC) staining and
western blotting

Adjacent normal tissues (n = 74) and BC tissues (n = 74) were col-

lected from the Shandong Provincial Hospital, Shandong University

and Liaocheng People's Hospital. Informed consent forms had been

obtained from the BC patients. Permission for the study was granted

by the Ethics Committee of the Shandong Provincial Hospital, Shan-

dong University and Liaocheng People's Hospital. Specimens were

embedded in paraffin wax before being cut into 3-μm slices for IHC

staining. The protocols were performed as previously described.22

Image Pro-Plus 6 software (Media Cybernetics, Inc., Rockville, MD,

USA) was used to evaluate HMGB1-positive staining. HMGB1 (cata-

log no. ab79823; dilution 1:100) was purchased from Abcam

(Cambridge, UK). for IHC staining. Western blotting procedures were

performed as described previously.23 The primary antibody for

HMGB1 (catalog no. ab79823; dilution 1:1000) and HIF-1α (catalog

no. ab51608; dilution 1:1000) was obtained from Abcam. The second-

ary antibody conjugated with horseradish peroxidase (anti-rabbit

IgG-HRP: sc-2,357; incubation time: 2 h at room temperature) was

purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Signals were analyzed using Quantity One, version 4.5 (Bio-Rad

Laboratories, Inc., Hercules, CA, USA). Anti-β-actin (catalog

no. sc-130065; dilution 1: 2000; Santa Cruz Biotechnology) was

chosen as the control antibody.

2.8 | Luciferase reporter assay

Wild-type (WT) and mutant-type (Mut) 3'-UTR of HMGB1 were

synthesized by Sangon (Shanghai, China) and inserted into the

pmirGLO Dual-Luciferase miRNA Target Expression Vector (Promega,

Madidon, WI, USA). For the luciferase assay, MDA-MB-231 and

MCF-7 cells (1 × 105) were seeded into 24 wells, and co-transfected

with luciferase reporter vectors containing WT or Mut 3'-UTR (0.5 μg)

of HMGB1 combined with miR-Con or miR-141–3p mimics

(100 nmol/l) by Lipofectamine 2000 (Invitrogen) at 37�C for 48 hours.

Luciferase activity was measured by a dual-luciferase reporter assay

kit (Beyotime Institute of Biotechnology, Beijing, China) in accordance

with the manufacturer's instructions.

2.9 | Nude-mouse transplanted tumor model

Four-week-old male BALB/c nude mice were obtained from (n = 12)

Beijing HFK Bio-Technology. Co., Ltd (Beijing, China). Human BC

MDA-MB-231 cells were stably transfected with miR-Con

(5'-UCCCGGUUAUGAUUGUCUCGAG-3') or miR-141–3p mimics

(5'-UAACACUGUCUGGUAAAGAUGG-3') by Lipofectamine 2000

(Invitrogen; Thermo Fisher Scientific, Inc.) for 48 hours at 37�C in

accordance with the manufacturer's instructions. MDA-MB-231 cells

(1 × 107 cells per 0.1 mL) were injected subcutaneously into the same

side armpit of each nude mouse anesthetized with 40 mg/kg sodium

pentobarbital (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).

Nude mice were killed by inhalation of carbon dioxide. Tumor

volumes and weight were measured at 5 weeks after cell implantation.

The animal experiment was performed at the Shandong University

Laboratory Animal Center (Jinan, China). The Ethics Committee of

Shandong University (Jinan, China) approved the animal experiment

(Approval number: 20190023).

2.10 | Statistical analysis

Data are expressed as the mean ± SD. Statistical analysis was

performed using Prism, version 7.0 (GraphPad Software, Inc., La

Jolla, CA, USA). Chi-squared tests were conducted to evaluate dif-

ferences between clinical features and miR-141–3p expression. Spe-

arman's rank analysis was used to identify the correlation between

miR-141–3p and HMGB1 in BC tissues. Univariate and multivariate

regression analysis were carried out to evaluate the correlation

between miR-141–3p expression and overall survival using a Cox

proportional hazard model. Furthermore, we used Student’s t test to

compare the differences between these two groups. Inter-group

comparisons were made using one-way analysis of variance with

Tukey's post-hoc analysis. The Kaplan–Meier method, together with

the log-rank test, was used to estimate survival probabilities and

compare survival between groups. p < 0.05 was considered statisti-

cally significant.

3 | RESULTS

3.1 | Hypoxia-responsive miRs in BC MDA-MB-231
cells

To determine the role of hypoxia-responsive miRs in the progression

of BC, differentially expressed miRs in response to hypoxia conditions

were analyzed using miR microarray assays. Hypoxia exposure led to

212 miRs that exhibited significant differential expression, including

97 down-regulated miRs and 115 up-regulated miRs, according to a

log2 (fold change) ≥ 1.0 or log2 (fold change) ≤ −1.0, p < 0.01 and false

discovery rate ≤ 0.01 (Figure 1A). miR-141–3p [log2 (fold

change) = −4.69] as the most valuable nominated miR was focused in

our further studies. Moreover, we confirmed the expression of
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miR-141–3p was significantly decreased in the two BC cell lines com-

pared to the MCF-10A human normal mammary epithelial cell line

(Figure 1B). We also found that the abundance of miR-141–3p was

progressively gradually declined in MDA-MB-231 and MCF-7 human

BC cells in a time-dependent manner after exposure to hypoxia

(Figure 1C).

3.2 | miR-141–3p is an independent prognostic
factor predicting overall survival in BC patients

First, we detected the expression of miR-141–3p in 74 pairs of BC

tissues and adjacent normal tissues. qRT-PCR assays demonstrated

that miR-141–3p was significantly decreased in BC tissues compared

to adjacent normal tissues, and miR-141–3p was down-regulated in

67 of 74 (90.5%) BC specimens (Figure 2A and 2B). Because we

defined that miR-141–3p low expression was a log2 (fold change) ≤ −1,

the results demonstrated that miR-141–3p showed low expression in

33 BC specimens and high expression in 41 BC specimens. Intrigu-

ingly, patients with low expression of miR-141–3p showed a shorter

overall survival than patients with miR-141–3p high expression

(Figure 2C). Moreover, miR-141–3p low expression was associated

with tumor sizes, TNM stages and lymph nodes metastasis in BC

patients (Table 1). Univariate and multivariate regression analysis indi-

cated that tumor size, TNM stages, lymph nodes metastasis and

miR-141–3p could also serve as independent prognostic factors

predicting the overall survival of BC patients (Table 2).

3.3 | Overexpression of miR-141–3p attenuates
hypoxia-induced cell migration

Previous studies highlight that hypoxia is a key stimulant of BC cell

proliferation, migration and invasion.16,24 After transfection with

miR-141–3p mimics into MDA-MB-231 and MCF-7 cells under

normoxic or hypoxic conditions, the MTT assay was used to evaluate

cell proliferation. In normoxia conditions, transfection with miR-

141–3p mimics into MDA-MB-231 and MCF-7 cells resulted in signif-

icant inhibition of cell proliferation compared to that of in the

miR-Con group (Figure 3A). When MDA-MB-231 and MCF-7 cells

were under hypoxia conditions, cell proliferation was dramatically

enhanced. However, transfection with miR-141–3p mimics signifi-

cantly attenuated hypoxia-evoked cell proliferation (Figure 3B). As

shown in Figure 3C and 3D, overexpression of miR-141–3p effec-

tively suppressed the migration and invasion of MDA-MB-231 and

MCF-7 cells under normoxia conditions compared to that in the

miR-Con group. To investigate the role of miR-141–3p in

hypoxia-induced cell migration, transwell assays were utilized to ana-

lyze BC cell migration and invasion. A significant increase in cell migra-

tion and invasion was observed in hypoxia-stimulated MDA-MB-231

F IGURE 1 Hypoxia-responsive miRs in BC MDA-MB-231 cells. Differentially expressed miRs in response to hypoxia condition were analyzed
using miRs microarray assays (A). The expression of miR-141–3p was detected in the two BC cell lines (MDA-MB-231 and MCF-7) and human
normal mammary epithelial cell MCF-10A by qRT-PCR (B). The abundance of miR-141–3p was progressively gradually declined in MDA-MB-231
and MCF-7 cells in a time-dependent manner after exposure to hypoxia (C). *p < 0.05, **p < 0.01, ***p < 0.001 compared to the corresponding
control group. n = 3 in each group
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and MCF-7 cells compared to those under normoxia conditions

(Figure 3E and 3F). However, transfection with miR-141–3p mimics

into MDA-MB-231 and MCF-7 cells notably reduced the abilities of

hypoxia-induced cell migration and invasion (Figure 3E and 3F).

3.4 | Overexpression of miR-141–3p inhibits the
hypoxia-activated HMGB1/HIF-1α signaling pathway

HMGB1 has been corroborated as an oncogene with respect to the

initiation and progression of various cancers.10,25 HMGB1-modulated

HIF-1α signaling pathway can promote angiogenesis and tumor migra-

tion.10,25 The present study aimed to investigate whether

miR-141–3p could mediate HMGB1/HIF-1α signaling pathway in

hypoxia-exposed BC cells. Our findings showed that protein expres-

sion of HMGB1 and HIF-1α was significantly increased in hypoxia-

exposed BC cells compared to those under normoxia conditions.

However, hypoxia-induced up-regulation of HMGB1 and HIF-1α

protein expression was partially neutralized after the transfection of

miR-141–3p mimics into MDA-MB-231 and MCF-7 cells (Figure 4A

and 4B). After transfection with si-Con or si-HMGB1 (50 nmol/l) into

MDA-MB-231 and MCF-7 cells for 48 h, cell migration and invasion

were analyzed using transwell assays. Under hypoxia conditions, the

silencing of HMGB1 suppressed the migration and invasion of

MDA-MB-231 and MCF-7 cells (Figure 4C and 4D).

3.5 | HMGB1 is a direct target of miR-141–3p

According to the above conclusions, our results indicate that

miR-141–3p can regulate HMGB1 protein expression, yet the post-

F IGURE 2 miR-141–3p is an independent prognostic factor for predicting the overall survival of BC patients. The expression of miR-141–3p
was detected in 74 pairs of BC tissues and adjacent non-tumor tissues using qRT-PCR assays (A) (n = 74), and miR-141–3p was down-regulated
in 67 of 74 (90.5%) BC specimens (B) (n = 74). We defined that miR-141–3p low expression was a log2 (fold change) ≤ −1 (n = 33), and high
expression of miR-141–3p was a log2 (fold change) > −1 (n = 41). Patients with low expression of miR-141–3p showed a shorter overall survival
than those of patients with miR-141–3p high expression (C). *p < 0.05

TABLE 1 Correlation between clinicopathological parameters
and miR-141–3p expression levels in breast cancer patients

Variable n

miR-141–3p expression

p value
Low
(n = 33)

High
(n = 41)

Age (years) 0.514

< 50 35 17 18

≥ 50 39 16 23

Tumor size (cm) 0.007

< 2 42 13 29

≥ 2 32 20 12

TNM stages < 0.001

I-II 43 11 32

III-IV 31 22 9

Lymph nodes

metastasis

0.001

Negative (N) 47 14 33

Positive (P) 27 19 8
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TABLE 2 Univariate and multivariate regression analysis of breast cancer patients for overall survival

Variables

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Age (≥ 50 versus < 50) 0.95 (0.51–1.92) 0.738

Tumor size (≥ 2 versus < 2) 2.67 (1.54–7.01) 0.009 2.22 (1.23–6.35) 0.014

TNM stages (III–IV versus I–II) 3.36 (1.73–10.57) < 0.001 2.61 (1.43–7.21) 0.006

Lymph nodes metastasis (P versus N) 3.24 (1.69–9.93) < 0.001 2.43 (1.37–6.91) 0.01

miR-141–3p (low versus high) 2.98 (1.59–8.71) 0.002 2.29 (1.33–6.79) 0.011

HR, hazard ratio; CI, confidence interval.

F IGURE 3 Overexpression of miR-141–3p attenuates hypoxia-induced cell migration. After transfection with miR-141–3p mimics into
MDA-MB-231 and MCF-7 cells under conditions of normoxia (A) or hypoxia (B), the MTT assay was used to evaluate cell proliferation. After
transfection with miR-141–3p mimics into MDA-MB-231 and MCF-7 cells under conditions of normoxia for 24 hours, cell migration (C) and
invasion (D) was evaluated by transwell assays. After transfection with miR-con or miR-141–3p mimics into MDA-MB-231 and MCF-7 exposure
to hypoxia condition for 24 hours, cell migration (E) and invasion (F) was evaluated by transwell assays. *p < 0.05. n = 3 in each group
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transcriptional repression role of miR-141–3p on HMGB1 protein

expression remains unclear. Bioinformatics algorithms revealed that

a conserved sequence in the 3'-UTR of HMGB1 could bond with

miR-141–3p, as shown in Figure 5A. In addition, direct interaction

between miR-141–3p and the 3'-UTR of HMGB1 was analyzed

using a luciferase reporter assay. After transfection with miR-

141–3p mimics, luciferase activity was significantly reduced in

MDA-MB-231 and MCF-7 cells containing WT 3'-UTR of HMGB1

compared to those transfected with miR-Con. However, the lucifer-

ase activity had no notable change in MDA-MB-231 and MCF-7

cells containing Mut 3'-UTR of HMGB1 after transfection with miR-

Con or miR-141–3p mimics (Figure 5B). The findings indicated that

HMGB1 is a direct target of miR-141–3p. Furthermore, our results

showed a significant decrease in HMGB1 protein expression in

MDA-MB-231 and MCF-7 cells after transfection with miR-141–3p

mimics (Figure 5C), suggesting that miR-141–3p could inhibit

HMGB1 protein expression by post-transcriptional repression. We

have discovered that miR-141–3p mimics transfection significantly

reduced protein expression of HIF-1α compared to the control

group under conditions of normoxia (Figure 5D). Moreover, IHC

staining indicated a significant increase in HMGB1 protein in BC tis-

sues (Figure 5E), and a significant inverse correlation between

HMGB1 protein level and miR-141–3p expression was observed in

74 BC tissues (Figure 5F).

F IGURE 4 Overexpression of miR-141–3p inhibits the hypoxia-activated HMGB1/HIF-1α signaling pathway. After transfection with miR-con
or miR-141–3p mimics into MDA-MB-231 and MCF-7 exposure to hypoxia condition for 48 hours, protein expression of HMGB1 and HIF-1α
was measured using western blotting (A and B). After transfection with si-con or si-HMGB1 into MDA-MB-231 and MCF-7 cells under
conditions of hypoxia for 24 hours, cell migration (C) and invasion (D) were evaluated by transwell assays. *p < 0.05. n = 3 in each group
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3.6 | miR-141–3p inhibits the HMGB1/HIF-1α
signaling pathway in vivo

The antineoplastic role of miR-141–3p in the nude mouse

transplanted tumor model was investigated. BC MDA-MB-231 cells

(1 × 107 cells per 0.1 ml) were established to steadily express

miR-141–3p. MDA-MB-231 cells were implanted into 4-week-old

BALB/c nude mice subcutaneously, and tumor growth was evaluated

5 weeks after MDA-MB-231 cell implantation. The tumor volume and

weight were significantly inhibited in miR-141–3p overexpressed

mice compared to the control group (Figure 6A and 6B). We also

found that overexpression of miR-141–3p could inhibit protein

expression of HMGB1 and HIF-1α solid tumors (Figure 6C and 6D).

4 | DISCUSSION

As a consequence of solid tumor growth, hypoxia has been frequently

reported in various malignant tumors.5,16,24 Meanwhile, the hypoxic

condition is a key factor with respect to promoting tumor migration,

F IGURE 5 HMGB1 is a direct target of miR-141–3p. On-line bioinformatics algorithms (Targetscan; www.targetscan.org) revealed that a
conserved sequence in the 3'-UTR of HMGB1 could be bonded with miR-141–3p (A). A direct interaction between miR-141–3p and the 3'-UTR
of HMGB1 was analyzed using a luciferase reporter assay (B) (n = 3 in each group.). After transfection with miR-con or miR-141–3p mimics into
MDA-MB-231 and MCF-7 for 48 hours, protein expression of HMGB1 (C) and HIF-1α (D) was measured using western blotting (n = 3 in each
group.). Protein expression of HMGB1 was detected using IHC staining in 74 pairs of adjacent non-tumor tissues and BC tissues (E) (n = 74 in

each group.). Pearson's correlation analysis showed that the expression of HMGB1 was significantly and inversely correlated with miR-141–3p in
BC tissues (F) (n = 74 in each group.). *p < 0.05 compared to the corresponding control group
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invasion, metastasis and chemotherapy-resistance, leading to a poorer

prognosis.5,16,24 Indeed, hypoxia can stabilize HIF1α at the post-

translational level to stimulate malignant processes, including angio-

genesis, migration and invasion, via up-regulating the expression of

hypoxically regulated genes, such as the vascular endothelial growth

factor and matrix metalloproteinases.24,26 Intriguingly, some specific

miRs can be regulated by hypoxia in the initiation and progression of

cancers.5 For example, overexpression of miR-210 is induced by hyp-

oxia and exhibits a significant inverse correlation with disease-free

and overall survival in BC patients.5,16,27 As hypoxia-responsive miRs,

miR-25 and miR-93 are implicated in hypoxia-induced immunosup-

pression in BC.27 Hypoxia-induced miR-153 contributes to

angiogenesis in BC.16 These findings suggest that hypoxia-related

miRs play an important role in cancer progression.

In the present study, miR-141–3p was observed as a

hypoxia-responsive miR in BC. miR-141–3p was down-regulated in

BC specimens and could serve as an independent prognostic factor

predicting overall survival in BC patients. In addition, overexpression

of miR-141–3p could inhibit hypoxia-induced cell migration and

impede human BC MDA-MB-231 cell growth in vivo. Mechanistically,

hypoxia-related HMGB1/HIF-1α signaling pathway might be a poten-

tial target of miR-141–3p to prevent the progression of BC. Choi

et al.28 highlighted that miR-141/200 family members, miR-200a/b/c,

were found to effectively repress growth and significantly decrease

migration and invasion of MDA-MB-231 cell in vitro. These findings

demonstrate that miR-141/200 family members perform multi-

faceted roles in BC.

miR-141–3p as a tumor suppressor has been reported in multiple

cancer types, including colorectal cancer, lung cancer and BC.29–32 In

BC, overexpression of miR-141–3p could enhance the sensitivity of

BC cells to trastuzumab via post-transcriptional repression of cyclin-

dependent kinase 8.30 Furthermore, the overexpression of miR-

141–3p could suppress epithelial-mesenchymal transition in BC cells

by targeting zinc-finger E-box binding homeobox 1 (ZEB1) and

ZEB2.29 In the present study, we extended the function of

miR-141–3p, which could blunt BC cell migration under hypoxic

conditions.

Prior studies have revealed that HMGB1 is persistently associ-

ated with hypoxia to promote tumor metastasis.33 In the process of

HCC, hypoxia exposure gives rise to HMGB1 expression to mediate

mitochondrial biogenesis and stimulate macrophage-derived

interleukin-6, which promotes tumor growth and enhances the inva-

siveness and metastasis of hepatoma cells.33,34 HMGB1 is notably

increased in the serum of patients with metastatic melanoma and is

released by melanoma cells under hypoxic conditions, promoting mel-

anoma growth and metastasis.35 However, the role of HMGB1 in the

F IGURE 6 miR-141–3p inhibits the HMGB1/HIF-1α signaling pathway in vivo. BC MDA-MB-231 cells (1 × 107 cells per 0.1 mL) were
established to steadily express miR-141–3p. MDA-MB-231 cells were implanted subcutaneously into 4-week-old BALB/c nude mice, and tumor
volume and weight were evaluated after 5 weeks with MDA-MB-231 cell implantation (A and B). Protein expression of HMGB1 and HIF-1α in
solid tumors was measured using western blotting (C and D). *p < 0.05, ***p < 0.001 compared to the corresponding control group. n = 6 in each

group
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hypoxia-induced migration of BC cells is still unclear. We established

a tumor microenvironment of BC cells in vitro and found that hypoxia

exposure promoted BC cell migration and activated HMGB1/HIF-1α

signaling pathway. In a further exploration of the molecular mecha-

nisms underlying the hypoxia-induced aggressive tumor phenotype of

BC, we found that, as a potential tumor suppressor, miR-141–3p

counteracted hypoxia-induced migration and suppressed the hypoxia-

activated HMGB1/HIF-1α pathway. Bioinformatics analysis and

in vitro experimental measurement revealed that miR-141–3p could

bind with the 3'-UTR of HMGB1, and overexpression of miR-141–3p

led to a significant decrease of HMGB1 protein expression in MDA-

MB-231 and MCF-7 cells. Not surprisingly, Spearman's rank analysis

showed a significant and negative correlation between miR-141–3p

and HMGB1 protein expression in BC tissues. These findings directly

or indirectly validate HMGB1 as a target of miR-141–3p that can

repress HMGB1 protein expression in a post-transcriptional manner.

In conclusion, the present study has study highlighted that

miR-141–3p could act as an independent prognostic factor for BC

and also revealed that overexpression of miR-141–3p plays an

antineoplastic activity by suppressing hypoxia-induced cell migration

in vitro and solid tumor growth in vivo via mediating the

HMGB1/HIF-1α pathway. Our findings provide a new mechanism for

understanding hypoxia-related BC progression and corroborate

miR-141–3p as a potential therapeutic target for the treatment of BC.
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