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Abstract. A growing body of evidence demonstrates that the oncogenic miRNAs are critical components that are involved in breast
cancer (BC) progression. Thus, they are attracting a great deal of consideration as they provide opportunities for the novel avenues for
developing BC targeted therapy. In the current review, we try to discuss the key oncogenic miRNAs implicated in cell migration, invasion
and metastasis (e.g., miR-9, miR-10b, miR-10b-5p, miR-17/9, miR-21, miR-103/107, miR-181b-1, miR-301, miR-301a, miR-373, miR489, miR-495 and miR-520c), apoptosis inhibition (e.g., miR-21, miR-155, miR-181, miR-182 and miR-221/222), cell proliferation (e.g.,
miR-221/222, miR-17/92, miR-21, miR-301a, miR-155, miR-181 b, miR-182, miR-214, miR-20b, miR-29a, miR-196, miR-199a-3p, miR210, miR-301a, miR-375, miR-378-3p and miR-489), and angiogenesis (e.g., miR-9, miR-17/92 cluster, miR-93 and miR-210). In
particular, here, we considered miRNA-based therapeutic approaches to summarize the evidence for their potential therapeutic uses in
clinical practice. Therefore, miRNA mimics (i.e., replacement and restoration of miRNAs) and inhibition therapy (e.g., anti-miRNA
oligonucleotides (AMO), antagomiRs or antisense oligonucleotides (ASOs): cholesterol-conjugated anti-miRs and locked nucleic acid
(LNA)), miRNA sponges, nanoparticles (NPs), multiple-target anti-mirna antisense oligonucleotide technology (MTg-AMOs), and artiﬁcial
miRNAs (amiRNAs) have been indicated throughout the article as much as possible.
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Introduction
MiRNAs are small, noncoding, single-stranded ribonucleic
acids that are 18 to 24-nucleotides long and play critical
roles in regulating gene expression at the posttranscriptional level. The miRNA gene is transcribed to primary
miRNA (pri-miRNA) that undergo nuclear cleavage to
form a pre-miRNA. In the cytoplasm, the pre-miRNA is
cleaved to generate a microRNA duplex. The ﬁnal cleavage
of this duplex form 3p mature or 5p mature form of
miRNAs. The mature miRNA can assemble into RNAinduced silencing complex (RISC). The level of complementarity between the miRNA and targeted mRNA determines the mRNA cleavage or translation inhibition.
MiRNAs are implicated in regulating many biological
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processes, including growth, cell differentiation, proliferation and apoptosis. MiRNAs play a substantial role in the
pathogenesis of malignancies such as BC types as either
oncogenes or tumour suppressors to regulate their target
genes, which can be considered as novel avenues for the
development of therapeutic strategies. Generally, oncogenic
miRNAs (oncomiRs), which target tumour suppressor
genes, are upregulated in cancers while tumour-suppressive
miRNAs (TsmiR), which target oncogenes, are downregulated. When these oncomiRs or TsmiRs are inhibited or
enhanced, respectively, cancer cell proliferation, metastasis,
angiogenesis, migration and survival may be signiﬁcantly
changed (ﬁgure 1) (Nygaard et al. 2009; Robertson and
Yigit 2014; Yahya and Elsayed 2015; Goh et al. 2016). In
this review, we try to discuss the expression pattern of
oncogenic miRNAs and their target genes in BC and
describe their potential use in this disease for providing
novel therapeutic strategies (table 1).
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Figure 1. OncomiRs and tsmiRs involved in breast tumourigenesis and their functions.

OncomiRs involved in breast cancer
MiR-9
Cell migration, invasion and metastasis: MiR-9 transcription is

attributed to three genomic loci, including q22, 5q14.3 and
15q26.1, that belong to miR-9-1, miR-9-2 and miR-9-3,
respectively (Roese-Koerner et al. 2016). Upregulation of
miR-9 has been demonstrated in c-Myc-induced mouse
mammary tumours (Sun et al. 2009). OncomiR-9 expression
has been found to be activated by an oncoprotein, namely
c-Myc, resulting in cancer metastasis (Ma et al. 2010b).
MiR-9 has been found to suppress E-cadherin mRNA and
then it promotes b-catenin signalling and results in overexpression of vascular endothelial growth factor (VEGF),
leading to epithelial-to-mesenchymal transition (EMT), cell
motility, angiogenesis and metastasis. MiRNA sponges in
malignant cells are capable of decreasing metastases formation (Ma et al. 2010b). Further, the miR-9 overexpression
is demonstrated to contribute to the CD44?/CD24- BC
stem cell CD44?/CD24- phenotype, vimentin expression
level, and decreased E-cadherin and EMT (Gwak et al.
2014). Moreover, miR-9 plays a role in reprogramming the

microenvironment, promotion of migration and invasion in
normal ﬁbroblasts, and tumour-intrinsic prometastasis, suggesting its potential as a therapeutic target in BC (Baroni
et al. 2016).
Conﬂicting ﬁndings have shown that miR-9 is capable of
exhibiting a suppressor-like activity via direct targeting of
NOTCH1 in metastatic BC (Mohammadi-Yeganeh et al.
2015). Antiproliferative, anti-invasive and proapoptotic
effects of miR-9 in BC cells were also reported. Overexpression of miR-9-5p and miR-9-3p was found to be associated with oestrogen receptor (ER) expression in BC cells,
but only miR-9-5p exhibited a remarkable negative regulatory loop, in which its expression is promoted by progesterone receptor (PgR) expression level (Barbano et al. 2017).
Angiogenesis: It has been revealed that miR-9-expressing

cells (SUM149) has a remarkable elevation of the Ki-67 cell,
a proliferation marker when compared with cells with basal
levels of miR-9 expression in vivo (Ma et al. 2010b). Also,
immunohistochemical examination demonstrated that
SUM149 exhibits remarkable intratumoural microvessels
density in accordance with proangiogenic factor, VEGFA, as
compared with control (i.e., SUM149 expressing low
MECA-32 antigen) (Ma et al. 2010b).
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miR-9
miR-10b; miR-10b-5p

OncomiRs
Cyclin D1 E-cadherin
HOXD10 tumour suppressor,
Syndecan-1, RhoA and RhoC
PTEN, (miR-17-5p: Cyclin D1, c-Myc),
ATM serine/threonine kinase
Tumour suppressor PTEN
BECN1, ATG16L1, and SQSTM1
PTEN, TPM1, PDCD4
Marks, Maspin, MMP
Cdc25, mMSH2
TET1
C1QTNF6, SPARC, and COL4A2
PTEN; LATS2
Dicer DAPK, and KLF4
Downregulation of ZO-1
MMP2
Six1 and Smad7
Suppression of HOXA10,
partly via 30 -UTR targeting
APC suppression
FOXO3a, SOCS1, Ras homolog gene
family, RhoA and TP53INP1
ATM and Bim
ATM, tumour suppressor CBX7 and Bim
RECK, Inhibition of proﬁlin-1,
suppression of FOXO1, FOXO3a and MET
TGFb-pathway genes (VEGFA, SMAD3,
CTGF and BMP4)
SPRED1
Cancer associated ﬁbroblasts (CAFs), ERa,
P27kip1, KIT, P57, PTEN, Notch3, WIF1,
SFRP2, DKK2 and AXIN2
FOXF2, BBC3, PTEN and COL2A1
PTEN
ESR1
CD44, TXNIP and RABEP1
E-cadherin, JAM-A and REDD1;
repression of JAM-A
CD44
E-cadherin, ACTc1, CDC42

Target

Pathway

PTEN, FOXF2 and Col2A1
Wnt/b-catenin PI3K/AKT/mTOR
ER signalling
–
Wnt/b-catenin
PI3K/AKT/mTOR
Wnt/b-catenin
Wnt/b-catenin

ER-a signalling
Wnt/b-catenin, PI3K/AKT/mTOR,
A20/c-Rel/CTGF signalling

DNA damage repair pathways
DNA damage repair pathways
Wnt/b-catenin; MET/PI3K/AKT/mTOR
signalling pathway
TGFb signalling

Wnt/b-catenin
TGF-b and STAT3 signalling

–
–
PI3K/Akt pathway, microtubule formation
miR processing
Exosome delivery to epithelial barrier cells
miR-106b/MMP2/ERK pathway
TGF-b signalling
-

Wnt/b-catenin
PI3K/AKT/mTOR
PI3K/AKT/mTOR
Autophagy/lysosome pathway
AKT/ERK1/2 pathways, PI3K/AKT/mTOR,
DNA repair

Wnt/b-catenin
Wnt/b-catenin, TWIST1/ CD44/SRC pathway

Table 1. The expression pattern of oncogenic miRNAs and their target genes in BC.

Cell motility, invasion and metastasis
Proliferation, invasion and metastasis
Development of invasive phenotype in ER positive BC cells
Migration, invasion and metastasis
Colony formation, hypoxia resistance, migration,
EMT, invasion and metastasis, and cell migration
Migration and invasion
EMT and metastasis

Tumour growth and metastasis
Stimulation of breast cancer cells, proliferation,
anti-apoptotic, promotion of migration, invasion and metastasis

Initiation and progression
Chemoresistance, cell cycle progression, antiapoptosis,
proliferation and metastasis
Sphere formation of cells, chemoresistance and metastasis
Sphere formation, proliferation and chemoresistance
Cell viability, cell growth, proliferation and invasion,
and antiapoptosis
Metastasis

Cell proliferation, EMT, migration, invasion and metastasis
Promotion of invasion in MCF-7 cells
Angiogenesis and metastasis
EMT via suppression of miR-200 and metastasis
Metastasis
BC bone metastasis
EMT and tumour initiating
Cell migration and invasion

Cell growth, proliferation and metastasis
Genomic damage and instability, and tumour growth
EMT, cell proliferation, invasion, metastasis,
reduced apoptosis, and cell motility

Invasion and metastasis

Angiogenesis and metastasis
Migration, invasion and metastasis
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E-cadherin inactivation has been demonstrated as an
angiogenesis promotor in mouse models (Derksen et al.
2006; Ceteci et al. 2007; Ma et al. 2010b) via VEGFA as a
transcriptional target of b-catenin (Skurk et al. 2005; Ceteci
et al. 2007). SUM149 cells can induce high mRNA levels of
VEGFA (about 4-fold) as compared to the SUM159 cells,
while miR-9 is capable of inhibiting E-cadherin (3-fold) in
MCF7-RAS breast carcinoma cells (Ma et al. 2010b).
Poor prognosis of VEGFA-associated angiogenic proﬁle
has been previously described in BC, where VEGFA overexpression was observed to be linked to vascular proﬁle
(Luengo-Gil et al. 2015). However, the effect of angiogenesis-targeted therapy and chemotherapy on microvessel
density and VEGFA level (i.e., angiogenesis markers),
remained contradictory (Baar et al. 2009; Vasudev et al.
2013), and lack of validated biomarkers is a barrier for
applying VEGFA in antiangiogenic therapy. Further, indepth investigations of understanding the molecular mechanisms underlying the regulation of miR-9 and the BC
phenotype will be needed (e.g., angiogenesis and metastasis
in BC).
MiR-10b

MiR-10b has a great association with invasive and metastatic
breast cancer cells as shown by in vivo studies, e.g., xenotransplantation models, indicating metastasis-promoting
miRNA in vivo in BC (Ma 2010; Ma et al. 2010a). Ample
evidence indicates its low expression level in nonmetastatic
BC cell lines (i.e., MCF-7, SUM149 and SUM159) compared to human mammary epithelial cells (Ma et al. 2007;
Edmonds et al. 2009). Recent studies indicated that miR-10b
overexpression was identiﬁed in the lymph node-positive
and the Ki-67 higher scoring groups with BC given its close
association with disease stage, living status and tumour
sizes, indicating its potential for targeted therapy (Zhang
et al. 2018).
MiR-10b overexpression is associated with TGF-b1-induced EMT as a key mechanism involved in the metastatic
behaviour of miR-10b in MDA-MB-435 and MDA-MB231, as well as MCF-7 (Han et al. 2014). Moreover,
E-cadherin overexpressed in MDA-MB-231 and MDA-MB435 cells, which transfected with the miR-10b inhibitor,
because its loss is indicative of EMT, invasion and metastasis (Yang and Weinberg 2008; Nieto 2011). MiR-10b gene
considered as a target gene of transcription factor TWIST-1
involved in metastatic BC cells behaviour and tumour
invasion in vitro and in vivo (Li et al. 2013b).
AntagomiR therapy has been considered as a therapeutic
strategy by using a complementary sequence conjugated to
the seed region of miRNAs or LNA based oligonucleotides, which is an emerging ﬁeld. LNA-containing
nanoliposomes can be effectively applied for preventing
lymph nodes metastasis in MDA-MB-231-Luc-D3H2LN
human breast adenocarcinoma cell line (Conde et al. 2015).

By applying PLGA-b-PEG polymeric nanoparticles, the
antagomiR-21 and antagomiR-10b can block both
endogenous miRNAs in triple-negative BC MDA-MB-231
cell line in both culture and xenograft mice, leading to
reduction in tumour growth (40%) at a low dose of
antagomiR-loaded nanoparticles (0.15 mg/kg) (Devulapally
et al. 2015).
MiR-17/92
Cell migration, invasion and metastasis: MiR 17/92 cluster

overexpression (e.g., miR-17-5p; miR-18a) has been found
to be associated with invasion and metastasis (Yu et al.
2008; Poliseno et al. 2010; Li et al. 2011; Bouyssou et al.
2014). A clinical study indicated that miR-17 overexpression
in patients with BC was linked to increased cell proliferation, clinical-stage, metastasis and poor survival time (Hesari
et al. 2019). Overexpression of miR-17-5p is involved in the
suppression of ribosomal translation of programmed cell
death 4 (PDCD4) or PTEN mRNAs as tumour suppressor
genes (Jin et al. 2015).
MiR-17-5p overexpression by the MYC transcription
factor can contribute to suppression of cell cycle inhibitor
and tumour suppressor HBP1 in BC, leading to the activation of Wnt/b-catenin signalling pathway and subsequent
promotion of cyclin-D and c-Myc expression levels, resulting in proliferation, invasion and migration of BC cells (Li
et al. 2017b).
It has been revealed that c-Myc–regulated miR-17-92
cluster was overexpressed in BC cells with metastatic phenotype, depending on ROCK signalling pathway. MiR-17
blocking by anti-miR-17 molecules has been considered as
an approach to decrease invasion/migration (in vitro) and
metastasis (in vivo). Further, ROCK signalling was demonstrated to be involved in growth, invasion, motility and
metastasis in BC cells via regulation of cytoskeletal actin–
myosin contraction and c-Myc signalling (i.e., c-Myc–associated microRNAs), indicating its potential for the development of therapeutic strategies in BC (Liu et al. 2009). It is
noteworthy that miR-17-5p might play its role in a cellspeciﬁc way as conﬂicting data reported, where it was able
to inhibit cell proliferation and invasion by suppressing
ETV1, indicating a tumour-suppressive role. However, it
needs to be validated for the potential role of miR-17-5p in
triple-negative BC (TNBC) tumourigenesis (Li et al. 2017b).
Angiogenesis: Some members of the miR-17-92 cluster may
be capable of increasing proangiogenic effects (i.e., vascular
effects) via targeting thrombospondin 1, VEGFA and TIMP
based upon cell type. MiR-20a as a member of miR-17-92
cluster was shown to be able to induce angiogenic pattern
(increased vascular mesh) and glomeruloid microvascular
proliferation in BC, probably relating to overexpressed
VEGFA (Luengo-Gil et al. 2018). Regulation of miR-17-92
cluster has been found to be linked to angiogenic regulation
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that is particularly relevant to increased VEGF (Luengo-Gil
et al. 2018).
As previously shown, the VEGF-induced expression level
of miR-17-92 cluster was attributed to the angiogenic switch
of endothelial cells in the IEC-KO mice model (ChamorroJorganes et al. 2016). VEGF has been shown to be implicated in regulating various miRNAs, e.g., c-Myc oncogenic
miR-17-92 cluster and also, it is capable of rescuing the
promoted thrombospondin-1 level, loss of endothelial cell
proliferation and development of morphological properties
associated with the loss of Dicer (Suárez et al. 2008). It is
noteworthy that the pleiotropic role of miR-17-92 can be
considered for breast carcinoma that can affect angiogenesis
and/or metastatic phenotype (Suárez et al. 2008; Ouchida
et al. 2012; Jin et al. 2014; Luengo-Gil et al. 2018;),
depending on the regulation of both ER pathways and
tumour suppressors, as well as extracellular matrix changes
(Castellano et al. 2009; Kim et al. 2012; de Rinaldis et al.
2013). The current data attribute a novel biological role for
induction of angiogenesis, as miR-20a is capable of regulating angiogenic pattern, probably via VEGFA-induced
angiogenesis (Luengo-Gil et al. 2018), and reveal potential
antiangiogenic treatment for BC.
MiR-20b

The role of miR-20b in modulating VEGF expression was
addressed by targeting HIF-1 alpha and STAT3 in MCF-7
BC (Cascio et al. 2010). Overexpression of miR-20b is
linked to the zinc-ﬁnger transcription factor early growth
response-1 (EGR1) in the HCC1806 BC cell line. Upregulation of miR-20b could in turn contribute to the promotion
of HCC1806 cell line and migration, indicating its oncogenic
role by leading to BC progression (Li et al. 2013a). MiR-20b
could directly inhibit PTEN tumour suppressor by binding to
the 30 -UTR of PTEN, leading to the inhibition of posttranscriptional level in ZR-75-30 and MCF-7 BC cells, while
miR-20b overexpression is capable of increasing the proliferation, colony formation and DNA synthesis in BC cells
(Zhou et al. 2014). PTEN is involved in the PI3K/Akt/ PIP3
pathway by dephosphorylating PIP3 and plays a key role in
the regulation of cancer progression via regulating pathological phenotypes of cancer cells (Chalhoub and Baker
2009).
MiR-21
Cell migration, invasion and metastasis: MiR-21, located on

chromosomal band 17q23.2, has been indicated to act as an
oncogene, representing a common characteristic of pathological phenotypes (e.g., cell proliferation and suppression
of apoptosis) by their targets, such as smad7, PDCD4, tropomyosin (Tpm1), and PTEN (Zhu et al. 2007; Frankel et al.
2008; Gong et al. 2014). It has been shown that miR-21
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plays an oncogenic role and provides histopathologic characteristics, including high tumour stage, lymph node
metastasis and worse survival (Yan et al. 2008). Studies
demonstrated that mir-21 can suppress TPM1, resulting in
BC cell growth, (Zhu et al. 2007) and PDCD4, leading to
increased cell proliferation in MCF-7 cell line (Frankel et al.
2008). MiR-21 can inhibit PTEN and smad-7, and subsequent overexpression of FAP and a-SMA are considered as
the leading cause of increased proliferation and invasiveness
of BC phyllodes tumours (migration and metastasis), indicating its potential for providing therapeutic strategy (Gong
et al. 2014). Decreased expression of PTEN by LY294002
and U0126 is able to inhibit the adverse effects of miR-21 on
EMT and CSC phenotype, demonstrating the role of AKT
and ERK1/2 pathways for miR-21 regulating EMT and CSC
phenotype (Han et al. 2012). Further, miR-21 has been
found to be overexpressed by the MAPK signalling pathway
(ERK1/2) upon induction of HER2/neu signalling in BC,
leading to the promotion of cell invasion. Besides, metastasis
suppressor, PDCD4 has been revealed to be a target for miR21, where its expression is suppressed by miR-21 in BC cells
with HER2/neu expression (Huang et al. 2009b).
Cell proliferation: It has been believed that miR-21 overex-

pression could play a crucial role in the promotion of cell
proliferation and severe phenotype in BC, especially pregnancy-related BC (Volinia et al. 2006; Mehrgou and
Akouchekian 2017). As mentioned above, miR-21 inhibits
PTEN expression and also promotes FAP expression levels,
resulting in tumour growth and proliferation (Liu et al.
2012). PI3K pathway activation is associated with various
outcomes via PTEN suppression versus PIK3CA mutation,
suggesting its potential as a candidate for developing a targeted delivery of miRNA therapeutics. Previously, it was
identiﬁed that miR-21 could play a role in promoting FMT
and a-SMA expression through suppressing smad7. Additionally, it has been revealed that miR-21 can regulate the
PTEN and smad7, as well as promote the expression of FAP
and a-SMA gene, demonstrating a mechanism of proliferation and invasiveness in breast phyllodes tumours (Gong
et al. 2014). Further, all-trans retinoic acid (ATRA) as an
antiproliferative regulator of oestrogen ERa? breast carcinoma (i.e., MCF-7 cells) is capable of inducing miR-21,
leading to the counteraction of ATRA function, but it can
decrease the cell motility via inhibition of ICAM-1 by miR21 and ATRA-dependent induction of miR-21. Current
evidence suggests that ICAM-1 suppression via ATRA-dependent induction of miR-21 can reduce MCF-7 cell
motility, suggesting a therapeutic agent for myocardial
infarction (Terao et al. 2011). MiR-21-based clinical trials
are required to provide therapeutic strategies into clinical
practice by offering favourable synthetic therapeutic miRNAs delivery to target tissues.
Apoptosis: The vast majority of investigations indicate that

miR-21 exerts an antiapoptotic role in many kinds of cell
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types, leading to its oncogenic function (Zhu et al. 2007;
Zhou et al. 2010; Ma et al. 2011; Gong et al. 2014). MiR-21
exerts its anti-apoptotic function by targeting PTEN, smad7,
PDCD4 and TPM1 (Zhu et al. 2007; Gong et al. 2014).
PTEN is not only directly involved in the extrinsic apoptotic
pathway by suppressing TNFa signalling, but also inhibits
mitochondrial apoptosis factors in the intrinsic or mitochondrial pathway (Buscaglia and Li 2011). Mir-21 suppresses TPM1 expression via binding to the 30 -UTR region
of TPM1 in the MCF-7 BC, resulting in cell migration rather
than apoptosis, while TPM1 is capable of inhibiting
anchorage-independent growth (Zhu et al. 2007). Overexpression of oncomiR and miR-21 can result in suppression
of PDCD4 (Frankel et al. 2008), leading to the regulation of
mTOR in the PI3K/AKT/mTOR pathway in BC (Frankel
et al. 2008; Gong et al. 2014), while PDCD4 depletion is
associated with abrogation of the LNA-miR-21-mediated
phenotype in MCF-7 cells, like anti-apoptotic effects (Yang
et al. 2003). It indicates the role of miR-21 in targeting
negative regulators of the PI3K/AKT/mTOR pathway. Further, depletion of p53 was found to be associated with proliferative phenotype in MCF-7 cells following the
suppression of miR-21, suggesting a cross-coordination of
p53 with PI3K/AKT/mTOR pathway (Frankel et al. 2008).
Besides, metalloproteinase inhibitor 3 (TIMP3) is found to
be directly suppressed by miR-21 in BC, whereas, loss of
miR-21 is associated with the promotion of caspases 9 and 3
levels, affecting apoptosis induction and TIMP3 activation
(Song et al. 2010; Zhou et al. 2010).
MiR-21 overexpression in BC cell lines has led to a
decrease in the Ankrd46 level, resulting in the promotion of
proliferation and migration. Pathological mitotic stages were
found to be suppressed in MCF-7 xenograft / peptide nucleic
acids (PNAs)-antimiR-21 tumour cells corresponding to
miR-21 loss, which results in increased apoptosis of MCF-7
cells (Si et al. 2007). Current evidence indicates that miR-21
inhibitory approach (e.g., PNA-antimiR-21) can be potentially applicable in providing a novel therapeutic strategy for
BC. However, further studies require an in-depth understanding of mir-21 targets underlying the regulation of
cancer progression via proteomic approach for clarifying
mir-21-mediated tumourigenesis mechanism.
MiR-93

Blood vessel formation can be increased in the miR-93
tumours compared with the mock tumours as visualized by
CD34 marker for blood vessels in human glioblastoma
(Fang et al. 2011). An increasing body of evidence suggests
that miR-93 is capable of affecting endothelial cell activity
(i.e., tube formation and cell spreading). Based on the evidence, expansion of the YPEN endothelial was remarkably
observed in miR-93 transfected cells, when compared with
the mock-transfected cells. MiR-93 cells can directly target
the repression of integrin b8 via shedding from the cell

surface, which could be involved in increasing endothelial
cell separation and their growth, leading to close interaction
of miR-93 transfected cells with endothelial cells and subsequent angiogenesis (Fang et al. 2011). MiR-93 has been
found to be able to induce blood vessel formation (i.e.,
angiogenesis) and metastasis through inhibiting LATS2 in
breast carcinoma (Fang et al. 2012). LATS2 was found to be
involved in Hippo pathway in suppressing cell growth, cell
survival and invasion, where siRNA expression of LATS2
demonstrated that LATS2-mediated pathway was particularly required for miR-93-increased cell survival and invasion (Fang et al. 2012).
MiR-103/107

MiR-103/107 family has been found to act as oncomirs in
BC, where increased expression of miR-103/107 was found
to be linked to recurrence and lymph node metastasis, and
poor survival (Martello et al. 2010; Bouyssou et al. 2014;
Stückrath et al. 2015). MiR-103/107 has been shown to
empower invasive and metastatic characteristics of BC by
positively regulating cancer migration (in vitro) and metastasis (in vivo) and EMT in BC without considerable effect on
primary tumour growth. Further, induction of EMT has been
found to be fostered by miR-103/107, and subsequently,
attained via reduction of miR-200 in BC cells (Martello et al.
2010). Additionally, a signature of high miR-103/107 was
able to induce metastasis and angiogenesis through targeting
Dicer and Ago1, respectively (Martello et al. 2010; Chen
et al. 2011). What’s more, miR-107 plays a role in the
regulation of BC by increasing tumour progression and
metastasis via suppression of let-7 and overexpression of let7 targets (Chen et al. 2011).
MiR-155
Cell proliferation: A growing body of evidence indicates that

the role of miR-155 in BC is associated with BRCA1, where
the loss of functional BRCA1 was revealed to increase the
expression level of miR-155, and vice versa, via directly
targeting the miR-155 promoter (Chang et al. 2011). It has
been demonstrated that miR-155 can suppress RhoA,
FOXO3A and SOCS1, leading to the promotion of EMT, cell
survival, cell proliferation, plasticity, and chemo-radioresistance in BC (Mattiske et al. 2012).
Overexpression of miR-155 in MCF-7 cells has been
found to be linked to the induction of cell proliferation and
suppression of cell apoptosis, and vice versa (Ito et al. 2006;
Zhang et al. 2013). Ectopic expression of 53-induced
nuclear protein 1 (TP53INP1) inhibits the growth of MCF-7
cells by inducing cell apoptosis and inhibiting cell cycle
progression. Current evidence demonstrates that miR-155 is
a negative regulator of TP53INP1 tumour suppressor
expression (a p53 target genes), and is involved in cleaving
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cell cycle and proteins, which is involved in p53-mediated
apoptosis, including caspase-3, -8, -9 and p21 (Tomasini
et al. 2003; Zhang et al. 2013). It has been revealed that
upregulation of miR-155 is not only responsible for the loss
of TP53INP1, but also plays an important role in inversing
the role of TP53INP1 through increasing proliferation and
inhibiting apoptosis (Zhang et al. 2013). These data could
provide a promising therapeutic target for BC.
STAT3 induction was revealed to contribute to cell survival, progression and transformation, while BRCA1 is
deﬁned as a protein, which is involved in the suppression of
JAK/STAT signalling pathway via inhibiting miR-155
expression (Jiang et al. 2010, 2012). MiR-155 upregulation
was demonstrated to be involved in activating signal transducer and STAT3 via Janus-activated kinase (JAK) signalling, and inducing BC cells through inﬂammatory
stimulation (IFN-c, IL-6; and lipopolysaccharide and
poly(I:C) treatment). Additionally, this inﬂammatory stimulation was capable of regulating mir-155 and SOCS1
expression (Jiang et al. 2010).

which is the irreplaceable drug for the treatment of BC.
Overexpression of miR-181b-3p was found to be inversely
linked to downregulation of YWHAG and Snail in metastatic
breast tumours, indicating that miR-181b-3p might activate
metastasis pathways in BC via inducing Snail-induced EMT
(Yoo et al. 2016).
MiR-181a upregulation has been linked to poor survival
in BC (Taylor et al. 2013). MiR-181a upregulation has been
related to transforming growth factor-b (TGF-b), which is
capable of increasing the post-transcriptional level of miR181 family (miR-181a) via Smad4-independent functions of
Smad2/3, indicating a key role for miR-181a in TGF-bmediated pathway in BC with migration and invasive phenotypes (Neel and Lebrun 2013; Yang et al. 2017). However, several studies demonstrated an anti-oncomir role for
miR-181a, which is involved in the suppression of invasion
and metastasis, leading to reduction of mammosphere formation, promotion of cancer cell death and drug sensitivity
(Jiao et al. 2013; Li et al. 2015; Yang et al. 2017).

Apoptosis: MiR-155 was suggested to regulate CASP3,

carcinoma cells has been found to be regulated by CBX7 via
retaining cells in the G1 phase (Pallante et al. 2008). As
mentioned above, overexpression of miR-181b has been
proved to be markedly higher in CBX7-null MEFs compared
to wild-type MEFs, indicating that CBX7 is a negative
regulator of miR-181b. A CBX7/miR-181b synergistic loop
has been demonstrated to be capable of decreasing CBX7
protein (Mansueto et al. 2010).
HMGA1 has been shown to play a substantial role in
promoting growth, cell population in S phase in MCF7/
HMGA1b cells and triggering anti-apoptotic phenotype
(Baldassarre et al. 2003). HMGA1 overexpression as an
oncogene has been demonstrated a pathway to facilitate the
drastic loss of CBX7 and overexpression of miR-181b in
human breast carcinomas, leading to cell cycle progression.
These data suggest the involvement of HMGA1/ miR-181b/
CBX7 signalling pathway in promoting BC cell proliferation
and progression, as well as suppressing apoptotic cells
(Mansueto et al. 2010). Besides, bioinformatic analysis has
introduced miR-181b targets, which is implicated in the
control of cell death, including PCDC4, BCL2L11 and
BCLAF1, but their roles are still unknown. Therefore,
potential miR-181b targets should be selected for further
evaluation (Mansueto et al. 2010).
Further, miR-181 has been proposed to contribute to the
malignant phenotype of BC, e.g. proliferation, migration and
invasion in vitro, and lymph node metastasis via suppressing
protein sprouty homolog 4 (SPRY4) expression level, indicating that miR-181/SPRY4 axis might be a target for providing antimalignant therapies (Tian et al. 2018).

FADD, RIP1, IRAK, TP531NP1, RHOA, SOCS1, PKA and
Apaf-1 in cancer-related apoptotic pathways in BC and
suppress apoptosis in BC cells (Kong et al. 2008; Huang
et al. 2009a; Sherman and Lempicki, 2009; Jiang et al. 2010;
Mattiske et al. 2012). As mentioned above, MiR-155 overexpression has been revealed to be strongly correlated with
inhibition of apoptosis (Ito et al. 2006; Zhang et al. 2013)
through repressing TP53INP1. TP53INP1 can induce cell
cycle arrest and promote the p53-mediated apoptosis via
involved proteins such as caspase-3, -8, -9 and p21 (Tomasini et al. 2003; Zhang et al. 2013), where TP53INP1 is
implicated in cell cycle and apoptosis induction via
decreasing p21 and inducing caspase way.
MiR-181
Cell migration, invasion and metastasis: Overexpression of

miR-181a and miR-181b were found to contribute to the
sphere formation, cell cycle control, cell proliferation and
chemoresistance (Mansueto et al. 2010; Wang et al. 2011;
Taylor et al. 2013; Zheng et al. 2016; O’Bryan et al. 2017;
Yang et al. 2017). MiR-181b can decrease CBX7 expression
levels and induce cell cycle progression at the G1 phase in
human breast carcinomas. Further, high-mobility group AThook 1 (HMGA1) was demonstrated to be capable of
decreasing CBX7 level and upregulating miR-181b expression, indicating a direct association of HMGA1 with miR181b and an inverse relationship of HMGA1 expression with
CBX7. Therefore, evidence suggests that the HMGA1/miR181b/CBX7 pathway is implicated in BC progression
(Mansueto et al. 2010). MiR-181b was found to contribute
to the promotion of Snail as an EMT inducer and transcriptional repressor of E-cadherin via protein stabilization,

Cell proliferation: Decreased proliferation of human thyroid

Apoptosis: There are several conﬂicting results that challenge
the role of miR-181a in BC, suggesting oncogenic and
tumour-suppressive roles for miR-181a (Noh et al. 2011;
Wang et al. 2011; Bisso et al. 2013; Jiao et al. 2013; Taylor
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et al. 2013; Zhu et al. 2013). MiR-181a is considered to be
capable of promoting anoikis resistance via suppressing
proapoptotic factor Bim, leading to the promotion of
metastasis and chemoresistant phenotypes (Taylor et al.
2013). Overexpression of miR-181a was found in TNBC
cells upon doxorubicin treatment, and its expression is
directly linked to suppression of BAX, leading to suppression
of apoptosis and increased invasion of TNBC cells upon
DNA damage (Niu et al. 2016). MiR-181a antagonists in
combination with chemotherapy may facilitate the development of synergistic beneﬁts via promoting Bim expression, resulting in elevation of tumour cell sensitivity to
apoptosis.
On the other hand, miR-181b has been revealed to suppress Bim, a proapoptotic Bcl-2 family protein, resulting in
the promotion of DOX to damage the mitochondria, reduction of the mitochondrial membrane potential and subsequent activation of caspases or intrinsic apoptotic pathway
by DOX (Zheng et al. 2016). Further, studies reported that
miR-181a is capable of suppressing Bcl-2, demonstrating a
negative correlation of miR-181a with Bcl-2 and multidrugresistant BC cells, where current evidence suggests that miR181a could be used as a predictor of adriamycin-based
chemotherapy (Zhu et al. 2013).

speciﬁc to FOXF2 has exhibited an inhibitory role for
FOXF2 in TNBC, contributing to cell invasion and migration (Zhang et al. 2017). MiR-182-5 revealed a promotive
effect on BC progression (e.g., proliferation and invasion),
while miR-182-5p deletion is involved in suppressing cell
proliferation and invasion via promoting PTEN expression
in BC, suggesting a new therapeutic approach for BC (Zhao
et al. 2019). Several microRNAs, including miR-27a, miR96 and miR-182 have been demonstrated as FOXO1 suppressor via targeting the 30 -UTR, leading to repression of
FOXO1 in MCF-7 cells. SiRNA exposure of FOXO1
restoration can decrease antiproliferative effect of miR-27a,
miR-96 and miR-182 losses and inhibit apoptosis, suggesting potential novel prognostic and therapeutic targets for BC
(Guttilla and White 2009).
MiR-182 overexpression was found to result in an
increased rate of proliferation and invasion in MDA-MB231 cells. MiR-182 was attributed to the promotion of cell
viability, proliferation, invasion, as well as apoptosis through
suppressing the PFN1 expression (Liu et al. 2013). Another
study indicated that miR-182 could affect PFN1 expression;
therefore, it regulates cell proliferation and migration rate
(Chen et al. 2012). Further, overexpression of PFN1 was
contributed to the suppression of proliferation in MDA-MB231 cells (Zou et al. 2010).

MiR-182
MiR-210

MiR-182 is categorized into the miR-96-182-183 cluster that
is located in the chromosomal band 7q32.2 (Xu et al. 2007).
MiR-182 has been indicated to be involved in the regulation
of apoptosis and proliferation through multiple signalling
pathways (Alshalalfa et al. 2012).
MiR-182 overexpression was found to be associated with
the proliferation, invasion and clonogenicity as well as
enhancement of the HIF-1a-VEGFA-axis in BC cell lines by
suppressing FBXW7 through elevation of cyclin E and
Notch protein expression, nonetheless, the role of the miR182-FBXW7 axis needs an in-depth understanding for breast
carcinogenesis (Chiang et al. 2016). Overexpression of miR182 has been also indicated to be regulated by hormone
receptor (ER and PR), (Munagala et al. 2013; McDermott
et al. 2014; Chiang et al. 2016). HIF-a protein has been
shown to be increased by miR-182 overexpression in
hypoxia that re-expression of FBXW7 could repress this
response (Flügel et al. 2012; Cassavaugh et al. 2011; Chiang
et al. 2016).
MiR-182 has been demonstrated as a potential proliferation and metastasis inducer via suppressing FOXF2 through
targeting 30 UTR cite of FOXF2 in TNBC (Zhang et al.
2017). Based on the data presented in the literature, FOXC2
(Mani et al. 2007) and FOXQ1 (Qiao et al. 2011) have been
found as EMT activators, while other studies indicated the
EMT-suppressor role for FOXF2, resulting in a reduction of
the metastatic ability by inhibiting an EMT phenotype in
basal-like breast cells (Wang et al. 2015b), and siRNA

Overexpression of miR-210 is not only responsible for targeting functional targets, but also plays a role in cell survival, differentiation, migration and angiogenesis (Ren et al.
2016; Rupaimoole and Slack 2017; Paul et al. 2018). As
known, close contact of endothelial cells with hypoxic
microenvironment can contribute to angiogenesis, facilitating the promotion of proangiogenic agents such as VEGF.
Ample evidence indicates that umbilical vein endothelial
cells expressing miR-210 are capable of supporting vascularization as a normal expression of miR-210 because miR210 overexpression-associated pathway is considerably
consistent with the hypoxic condition as an essential
response in both normal and transformed cells (Fasanaro
et al. 2008; Bavelloni et al. 2017).
Overexpression of miR-210 can underlie adverse clinical
outcomes in BC. Upregulation of this microRNA was found
to be linked to VEGF promotion, hypoxia, angiogenesis,
proliferation, migration, and invasion in BC, ER-negative
and ER-positive BC cells in BC patients (Rothe et al. 2011;
Huang and Zuo 2014). Further, miR-210 has been found to
be upregulated in TNBC and cancer microenvironment,
where miR-210 is considered to be targeted by hypoxiainducible factor 1 alpha (HIF1-alpha) in inﬁltrated immune
cells of the TNBC (Bar et al. 2017; Bavelloni et al. 2017).
Besides, heparan sulphate mimetic WSS25 was found to be
capable of suppressing Dicer, miR-210 expression and its
proangiogenesis via targeting Ephrin-A3, leading to

Role of miRNAs in breast cancer

inhibition of tube formation in microvascular endothelial
cells (Xiao et al. 2013). This approach may facilitate a novel
approach of targeting miRNAs for providing a new drug and
control of angiogenesis (Bavelloni et al. 2017).
MiR-221/222
Cell migration, invasion and metastasis: OncomiRs, including

miR-221 and miR-222 as two markedly homologous miRNAs (on the X chromosome) are overexpressed in BC,
leading to proliferation, migration and invasion of cancer
cells as well as metastasis (Rao et al. 2011; Howe et al.
2012; Ciruelos et al. 2014; Liang et al. 2018; Liu et al. 2018;
Santolla et al. 2018). These oncomiRs play their roles by
targeting different genes (e.g., cancer-associated ﬁbroblasts
(CAFs), ERa, P27kip1, KIT, P57, PTEN, Notch3, WIF1,
SFRP2, DKK2, AXIN2, FOXO3A and TIMP3) and signalling pathways (A20/c-Rel/CTGF signalling, PI3K/AKT/
mTOR and Wnt/b-catenin signalling) (Rao et al. 2011; Di
Leva et al. 2010; Garofalo et al. 2012; Howe et al. 2012;
Ciruelos et al. 2014; Liang et al. 2018; Liu et al. 2018;
Santolla et al. 2018)
MiR-221 and miR-222 have been reported to be speciﬁcally expressed in basal-like BC cell lines with increased
expression of mesenchymal-speciﬁc genes, and result in the
downregulation of epithelial-speciﬁc genes and upregulation
of mesenchymal-speciﬁc genes, leading to the promotion of
cell migration and invasion in an EMT process (Stinson
et al. 2011). MiR-221/222 cluster is capable of inducing
EMT by suppressing Notch3 in BC cell lines, indicating that
miR-221/222 as key targets could potentially provide an
alternative therapeutic approach for BC (Liang et al. 2018).
A negative transcriptional regulatory loop has also been
revealed for miR-221-222, where ERa is capable of
repressing miR-221 and miR-222 via recruiting the corepressors NCoR and SMRT, while miR-221/222 could
directly suppress ERa via binding to the ERa-30 UTR.
Therefore, this regulatory loop is involved in proliferation
and migration of BC cells, resulting in the induction of
transition from ER-positive to ER-negative BC.
MiR-221/222 overexpression can be induced by transcriptional regulation of Fra-1 (Fosl-1), which then
decreased E-cadherin via targeting the 30 UTR of the GATA
family-related TRPS1, released a ZEB2 expression, leading
to the aggressive behaviour of basal-like BC (e.g. EMT, cell
migration and invasion). These mechanisms show a complicated regulatory pathway between ERa, E-cadherin and
miR-221/222 (Stinson et al. 2011; Iranshahi et al. 2016;
Liang et al. 2018). Of course, further studies are required to
reveal whether miR-221/222 can independently regulate ER
and E-cadherin or not (Liang et al. 2018). ADIPOR1 has
been found to be markedly expressed in the luminal when
comparing with the basal-like subtype of BC cell lines, and
miR-221/222 overexpression could be able to decrease
ADIPOR1 via targeting its 3’UTR, leading to the EMT.
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ADIPOR1 might be involved in the progression and
metastasis of BC, thus it could serve as an alternative therapeutic approach for basal-like BC (Hwang et al. 2013).
MiR-221 showed a stimulatory action in both BC cells
and CAFs via A20/c-Rel/CTGF signalling pathway. Inhibition of miR-221 by LNA-i-miR-221 not only leads to the
abolishment of growth and migration in breast cancer cells
and CAFs, but also contributes to c-Rel or CTGF silencing,
suggesting a novel therapeutic strategy in BC (Santolla et al.
2018). Taken together, the oncogenic miR-221/222 cluster is
involved in inducing tumourigenesis, EMT and metastasis
via multiple mechanisms (Di Leva et al. 2010; Gan et al.
2014; Li et al. 2017a; Stinson et al. 2011). However, further
development needs an in-depth understanding of their target
signalling pathways to clarify their function.
Cell proliferation: MiR-221 and miR-222 play their role in the

progression of human tumours by binding to the 30 -UTR of
p27kip1 (p27 cycle inhibitor) in human cancers (Gillies and
Lorimer 2007; Le Sage et al. 2007; Bueno et al. 2008).
Overexpression of miR-221/222 was found to be involved in
the initiation of S phase via growth factor signalling pathways, inducing cell proliferation in many kinds of cancers
(Bueno et al. 2008). MiR-221/222 elevation is capable of
targeting p27Kip1, p57Kip2 and other suppressors, resulting in
the induction of Wnt, Notch and MAPK signalling pathways, as well as p53 and TGF-b, leading to ERa-independent proliferative activity and pathological phenotypes
(Garofalo et al. 2009; Rao et al. 2011).
MiR-221 reveals extensive proliferative and migratory
effects in MDA-MB 231 and SkBr3 BC cells, involving in
A20/c-Rel/CTGF signalling interference (A20: TNFAIP3);
c-Rel a: NF-kB complex; connective tissue growth factor
[CTGF]) in both tumour cells and tumour microenvironment
like CAFs. On the other hand, synthetic LNA-i-miR-221
suppressor or suppressing c-Rel and CTGF could inhibit
miR-221, suggesting a novel therapeutic strategy against BC
(Santolla et al. 2018).
High expression levels of miR-221/222 have been indicated to contribute to the reduction of b4 integrin expression,
breast cancer cell proliferation and invasion inhibition.
Conﬁrmatory ﬁndings suggested that miR-221/222 plays an
important role in regulating cell proliferation and invasion in
BC, by the posttranscriptional regulation of signal transducer
and ADAM17 as well as the promotion of STAT5A, suggesting that a posttranscriptional pathway is involved in
regulating b4 integrin, ADAM-17 and STAT5A levels;
therefore, contributing to cell proliferative and invasive
phenotypes in BC (Dentelli et al. 2014). MiR-221/222 could
increase cell proliferation in human cancers such as BC (Liu
et al. 2018), and their role in promoting EMT by suppressing
Notch3 in BC has been addressed previously (Liang et al.
2018).
MiR-221/222 demonstrated extensive miRNA regulation
of components of the Wnt/b-catenin signalling pathway such
as WIF1, DKK2, SFRP2 and AXIN2, triggering
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proliferation and migration induction in BC cell lines.
Therefore, miR-221/222 are involved in the suppression of
inhibitors of Wnt/b-catenin signalling pathway, resulting in
its activation to promote oncogenesis (Liu et al. 2018).
Apoptosis: As mentioned above, miR-221/222 expression has

been found to be associated with the induction of Wnt/bcatenin signalling pathway, leading to the aggressive phenotype of TNBC. Anti-miR-221/222 or TAM treatment has
been contributed to apoptosis in the TNBC cell line (MDAMB-231) with Wnt3a. Additionally, miR-221/222 inhibitors
are capable of increasing the apoptotic cells in TAM/Wnt3atreated cells, and decreasing proliferation and viability in
MDA-MB-231 cells (Liu et al. 2018).
MiR-221 and miR-222 also exert their antiapoptotic
functions by repressing the proapoptotic regulators, e.g.
PUMA, CASP3, cell cycle inhibitor, BMF, or p27Kip1 (Le
Sage et al. 2007; Gramantieri et al. 2009; Zhang et al. 2010).
Studies have focussed on using miR-221/222 inhibition to
speciﬁcally increase mitochondrial membrane potential and
caspase-3/7, and it has been considered as a strategy for
promoting apoptosis in the A549 and MCF7 cell lines
(Zhang et al. 2010). MiR-221/222 expression has been
found to be correlated with carcinogenesis (i.e., tumour
growth) and inhibition of apoptosis via suppressing lncRNA
GAS5 translation in BC, whereas miR-221/222 inhibition
has been attributed to the promotion of cellular apoptosis in
a mouse model of BC xenografts, suggesting a novel
potential therapeutic target for miR-221/222 (Zong et al.
2019).
MiR-301 and miR-301a
Cell migration, invasion and metastasis: An increasing body of

evidence indicates that miR-301 plays critical roles in key
signalling pathways implicating PTEN, FOXF2 and Col2A1
genes along with SKA2 co-overexpression. MiR-301 elevation leads to the increase of proliferation, migration and
invasion through multiple pathways and mechanisms suggesting its potential in BC. MiR-301 is capable of releasing
Wnt5a by targeting transcription factor FoxF2, correlating
with increased cell motility and invasion (Shi et al. 2011).
Moreover, overexpression of miR-301a has been found in
BC, where its modulation contributed to invasion and
metastasis in BC through suppressing PTEN and activating
the Wnt/b-catenin signalling pathway, suggesting that miR301a antagomir could be a therapeutic target for BC (Ma
et al. 2014).
In ERa positive BC, Lettlova et al. (2018) have demonstrated that miR-301a-3p can also suppress oestrogen signalling in both in vitro and in vivo via inhibition of ESR1,
resulting in oestrogen-independent development. These
results suggest that oestrogen-independent cancer exerts
carcinogenesis together with the oncogenic activity of miR301a-3p, adversely inducing motility and metastasis;

therefore, it could be considered as an attractive prognostic
marker, indicating oestrogen-independent and tamoxifenresistant cancer (Lettlova et al. 2018).
Cell proliferation: Studies demonstrated that miR-301a is

overexpressed in MCF7 cells, resulting in the promotion of
nuclear translocation of b-catenin and TCF/LEF b-catenin
transcriptional activity, while knocked down of b-catenin
signalling was found to be associated with loss of TCF/LEF
transcriptional function, abrogation of miR-301a-related
proliferation and metastasis. Depletion and silencing of
PTEN in MDA-MB-231 cells and MCF7 cells have been
revealed to be linked to cell invasive phenotype and higher
TCF/LEF transcriptional function, respectively (Ma et al.
2014).
Based on the data presented in the literature, pleiotropic
oncogenic miR-301 along with SKA2 was found to cooperatively participate in regulating signalling pathways
implicating in PTEN, FOXF2 and Col2A1, leading to the
promotion of tumourigenesis, adverse phenotypes (e.g.,
proliferation, migration and invasion), as well as resistance
to tamoxifen in human BC. Further, SKA2 was found to be
capable of increasing cell proliferation in vitro and tumour
progression, nonetheless, its involved pathways are unclear
(Rice et al. 2008; Shi et al. 2011).
MiR-373

MiR-373, located on chromosome19q13.4, belongs to the
miR520/373 family, giving rise to three miRNA clusters
regions, including miR-371/372/373, miR-520 and miR302/367 (Keklikoglou et al. 2012; Liu and Wilson, 2012).
Both miR-373 and miR-520c expression levels have been
revealed to act as metastasis-promoting miRNAs by suppression of CD44, thereby resulting in migration and
invasion as well as metastasis in BC (Huang et al. 2008).
MiR-373 has previously been shown to play a role in
migration and invasion of BC cells by targeting
antimetastasis genes such as TXNIP and RABEP1 (Yan
et al. 2011a). Based on the previous data, miR-373 plays
its role in a cell-speciﬁc way via induction and inhibition
of metastatic phenotype in BC cells. For instance, miR-373
is capable of promoting cell migration and invasion in
nonmetastatic MCF-7 cell line, while its downregulation is
involved in decreasing cell migration and invasion of
MDA-MB-435 (Huang et al. 2008). In contrast, increased
expression of miR-520c/373 is capable of blunting the
invasive capacity of MDA-MB-231 cells as an invasive
ER- BC cell line (Keklikoglou et al. 2012). The paradoxical functions of miR-373 need to be evaluated to
indicate its role in each subtype with targets, which may
show crosslinks of miR-373 with tumour-associated pathways such as Wnt/b-catenin, NF-jB, TGF-b and JAK/
STAT (Keklikoglou et al. 2012; Zhou et al. 2012;
Mukherjee et al. 2015; Wei et al. 2015).
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MiR-495

MiR-495 is located in the 14q32.31 gene cluster (Chen et al.
2017a; Jha et al. 2015), which is implicated in promoting the
development of BC progression and regulating colony formation, hypoxia resistance, cell migration, EMT, invasion,
and metastasis in BC and BC stem cell (BCSC) (HwangVerslues et al. 2011; Cao et al. 2014). In breast cancer stem
cells, there is evidence that high expression of miR-495 is
capable of promoting colony-formation, EMT marker
expression, and suppressing E-cadherin and DNA damageinducible transcript 4 (REDD1) (Hwang-Verslues et al.
2011).
MiR-495 has been found to be overexpressed via E12/E47
in BCSCs and it provides valuable data into the promotion
of cell proliferation in hypoxia, which is affected by its
overexpression, and the impact on the hypoxia of BC, suggesting a new pathway involving in hypoxia resistance and
its tumourigenic potential (Hwang-Verslues et al. 2011),
because the hypoxia-inducible factors are those that more
often investigated or played major roles in inducing CSC
phenotypes and tumourigenesis (Covello et al. 2006; Heddleston et al. 2009). Suppression of forkhead box O transcription factor 1 (FOXO1) and Per2 by miR-495 has been
suggested to contribute to the oncogenic state of BCSCs.
Several potential miR-495 targets require conﬁrmation for
their role in tumourigenic phenotype in BCSC population
such as REDD1, Ecad, HSPA5, PHF21A, PER2, FOXO1,
SH3PXD2A, KIAA0182, FAM108C, VGLl4, FZD8,
UBE2E1, KLHL24, SLC35A2, IRF2BP2, etc. (Hwang-Verslues et al. 2011).
MiR-495 as an oncogenic miRNA plays a substantial role
in BC carcinogenesis when its overexpression was attributed
to the induction of cell migration via suppression of JAM-A
(a type I transmembrane glycoprotein). While JAM-A
upregulation was revealed to be capable of attenuating
migration, suggesting a potential novel target for breast
cancer treatment. However, the role of miR-495 remains
controversial in many kinds of cancers, like BC (Cao et al.
2014). For instance, a study reported that 5-AzaC (DNA
methyltransferase inhibitor) is capable of inducing miR-495
expression and suppressing its targets (i.e., STAT-3 and
VEGF), leading to cell function inhibition in BC (i.e. suppression of proliferation and migration and induction of
apoptosis) (Chen et al. 2017b). Another study suggested that
the miR-495-mediated G1-S arrest pathway is involved in
the suppression of Bmi-1, resulting in the inhibition of
proliferation and tumourigenicity of BC cells (Wang et al.
2015a).
MiR-520c

A metastasis-suppressive role of miR-520c and miR-373
has been addressed previously when they promoted both
in vitro and in vivo cell invasion and migration of BC cells
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via suppression of CD44 in human MCF-7 BC cell line.
However, the migration ability was highly affected by
endogenous miR-373 activity. Overexpression of miR520c/373 in clinical BC metastasis specimens revealed that
they play a key role in BC progression as metastasis-promoting miRNAs (Huang et al. 2008). Nonetheless, the
function of miR-520c remains controversial in various
types of BC (Keklikoglou et al. 2012; Tang et al. 2017;
Wang et al. 2017). A dual role can be considered for the
miR-520/373 clusters in tumour development, indicating
their cancer type and context-dependent. Also, it can be
interpreted in the light of the heterogeneous nature of BC,
separating into various subtypes. The oncogenic role of
miR-520/373 clusters has been previously reported as
described, while contradictory ﬁndings indicated the
tumour-suppressive function of miRNAs, where they could
inhibit progression, lymph node metastasis, inﬂammation
and tumour cell invasion via inhibiting transforming
growth factor-b (TGF-b) and NF-jB signalling pathways
(Keklikoglou et al. 2012). MiR520c might have important
involvement in inhibiting BC EMT by deactivating STAT3
via binding to STAT3 30 UTR (Wang et al. 2017). Besides,
Tang et al. (2017) demonstrated that miR520c-3p is able to
negatively regulate EMT via targeting IL-8 expression for
inhibiting invasion, migration and EMT of MCF-7 cells
(Tang et al. 2017), suggesting its tumour-suppressive
function.
Other oncomiRs

Other oncomiRs, which are involved in intensive phenotypes of BC (cell migration, invasion, proliferation, apoptosis and metastasis) are miR-20b, miR-29a, miR-105, miR106b, miR-155, miR-181a, miR-191/425, miR-196, miR200a, miR-203, miR-210, miR-374a, miR-375, miR-489,
miR-504, and miR-888.

TsmiRs involved in breast cancer
In breast cancer, in addition to the most important oncomiRs mentioned above, tsmiRs also play a very crucial
role. Unlike oncomiRs that target tumour-suppressive
genes, tsmiRs target oncogenes. Therefore, even minor
changes in their expression and their downregulation can
have serious consequences and lead to BC. Some of the
most important tsmiRs in BC include miR-34a, miR-148a,
miR-195 and miR-497. Each of these oncomiRs and
tsmiRs has targets in different signalling pathways that can
eventually interact with each other, leading to malignancies
(ﬁgure 2). Thus, it is very important to examine these cells
together because the interaction of their interconnections
determines the ﬁnal outcome. Figure 1 shows some of the
most important tsmiRs and oncomiRs and their functions in
BC.
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Figure 2. OncomiRs and their related signalling pathways in BC. As breast cancer progresses, the oncomiRs exert their regulatory effects
more on the four vital signalling pathways, including Wnt/b-catenin, PI3K/Akt/mTOR/VEGF, TGF-b/Smad, and ER-a (oestrogen receptoralpha). Dysregulation and changes due to the targeting of downstream molecules in these signalling pathways can eventually lead to tumour
progression and metastasis.

MiRNA-based therapy
Limited clinical trials are conducted to offer novel predictors
of BC and markers of response to treatment via assessment
of the miRNAs expression patterns, and conﬁrmation of
miRNA-based therapy in clinical trials is required. Two main

miRNA-based therapy, including miRNA mimics (i.e.,
replacement and restoration of miRNAs) and antagomiRs
(i.e. miRNA reduction and suppression) have been regarded
for cancer treatment. However, researchers are faced with
limitations and challenges for miRNA delivery into cancer
such as BC in clinical trials (table 2).

Circulating miRNA as biomarker of cardiotoxicity in BC

A combined GWAS and miRNA for the identiﬁcation
of bevacizumab response predictors in metastatic BC

miRNA and relevant biomarkers of BC patients
undergoing neoadjuvant treatment
miRNA proﬁling of BC in patients undergoing
neoadjuvant or adjuvant treatment for locally advanced
and inﬂammatory BC

Completed

Terminated

Recruiting

miRNA

Circulating miRNAs. ICORG 10-11, V2

Pilot study of oxytocin and microRNA identiﬁcation in
NAF, serum, and tissue in women with BC

Prospective observational study of antitumour activity
correlation between hormonal therapy and expression
miRNA100

Recruiting

Suspended

Unknown

OM, observational model; TP, time perspective.
*All clinical studies have similar inclusion criteria for age (18 years and above) and sex (female).
The current status of the study is unknown.

Intranasal oxytocin

Circulating miRNAs as biomarkers of hormone
sensitivity in BC

Tamoxifen, Letrozole,
Anastrozole, Exemestane

miRNA

Capecitabine
Trastuzumab

Interventions

Completed

Completed

miRNA of HER2 positive patient treated with herceptin

Study title

Unknown

Status

Table 2. Clinical trials for MiRNA-based therapy in BC*.

Phase 2

Phase 4

Phase

OM: Cohort
TP: Prospective

Intervention Model: Single
group assignment
Masking: Open label

OM: Cohort
TP: Prospective

Intervention Model:
Single group assignment
Masking: Open label

OM: Cohort
TP: Prospective
OM: Cohort
TP: Other

OM: Cohort
TP: Prospective
OM: Cohort
TP: Prospective
OM: Case-only
TP: Retrospective

Study design

Performance of miRNA proﬁling from tumour samples
from primary breast tumours
Assessment of miRNA proﬁles from blood/serum
samples from patients at baseline, and if feasible, at
different time points
Rates of patients for which speciﬁc tissular miRNAs are
detected in blood before treatment (D0)
Analysis of the larger-scale circulating miRNAs in plasma
of these patients before (D0) and after one month (D28)
of treatment with tamoxifen or anti aromatase
Relationship between changes in patients circulating miRNA
expression levels over the course of their systemic therapy,
and their response to that treatment
Correlation of systemic miRNA levels with standard
biomarkers of response
Relationship between circulating miRNA proﬁles and
patients’ intrinsic subtype of BC
Percentage of patients with detection of microRNA in NAF,
serum, or tissue
Percentage of patients with a collection of C 5 lL
of nipple aspirate ﬂuid
Evaluation of the efﬁcacy
Evaluation of tolerability

Progress-free survival of patients
Overall survival of patients
Cardiotoxicity events according to CREC (cardiac
review and evaluation committee) criteria
Genomewide association study (GWAS) and miRNA
proﬁling for identiﬁcation of genetic variants and
blood miRNA signatures predictors of bevacizumab
response
Objective response

Outcome measures
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MiRNA replacement or restoration

MiRNA mimics has been considered as an approach for
restoration of reduced tumour suppressor miRNAs to normal
levels through using chemically designed double-stranded
RNA (dsRNA), (Bader et al. 2010; Wang 2011; Sun et al.
2014; Nedaeinia et al. 2016). MiRNA replacement has been
applied by considering miRNA mimics or DNA plasmids
encoding a miRNA gene to the tumour (Hosseinahli et al.
2018).
MiRNA mimics might be beneﬁcial via application of
miRNA-mimetic agents as follow: (i) miRNAs mimics as
smaller molecules are capable of entering the cytoplasm of
target cells by systematic deliveries. Tumour suppressive
miRNAs play substantial roles in cancer, where their roles
are dominated over an oncogenic role; (ii) a large number of
miRNAs has been suppressed in cancer, indicating that
miRNAs as tumour suppressors prevail over oncogenic
miRNAs; (iii) miRNA mimic is capable of targeting the
same set of regulator mRNAs as consisted of a sequence
similar to that of miRNA (Lu et al. 2005; Kumar et al. 2007;
Bader et al. 2010). However, this approach has been considered in the light of some limitations, including the
delivery strategy of large DNA plasmids or viral vectors
encoding a certain protein, the size of the vector, delivery
deﬁciency, and the requirement of nuclear localization
(McCormick 2001; Roth 2006; Bader et al. 2010; Hosseinahli et al. 2018), where safe and efﬁcient deliveries are
of great importance.
The tumour suppressor Let-7 and its potential as a
targeted therapy have attracted interest in many cancers
such as BC. An increasing body of evidence indicates
that the let-7 family of miRNA is implicated in the
regulation of apoptosis, proliferation, invasion and
stemness of BC via several signalling pathways, while
suppression of this family is linked to the adverse
phenotype of BC. Lentiviral Let-7 could be applied as a
miRNAs replacement therapy for reducing cellular
proliferation in BC (Yu et al. 2007). Besides, BRCA1 as
a tumour suppressor is involved in inducing the
expression of both miR-145 and miR-205, while
downregulation of BRCA1 is associated with loss of
miR-145 and miR-205, therefore, miRNA mimic of
miR-145 and miR-205 in BRCA1-related BC would be
a useful strategy (Chang and Sharan 2012; Kaboli et al.
2015; Kota and Balasubramanian 2010).
MiRNA downregulation or inhibition therapy

There are several ways to inhibit miRNA biogenesis in
cancer cells, including AMOs, ASOs: cholesterol-conjugated antimiRs and LNA, miRNA sponges, NPs, MiRNAmasking antisense oligonucleotides technology, multipletarget anti-mirna antisense oligonucleotide technology
(MTg-AMOs), artiﬁcial miRNAs (amiRNA), and CRISPR/

Cas9 based genome editing (Bak and Mikkelsen 2014; Wen
et al. 2015; Ji et al. 2017; Mollaei et al. 2019).
ASOs or antagomirs are considered as a strategy for
downregulating overexpressed miR-9 and miR-21(Si et al.
2007, 2013; Ma et al. 2010b). As we indicated in the above
sections of this article, antagomiR-21 and antagomiR-10b in
combination therapy with PLGA-b-PEG polymeric
nanoparticles were found to be a potential strategy for
blocking both endogenous miRNAs in triple-negative BC
MDA-MB-231 cell line, resulting in a reduction of tumour
growth (40%) at a low dose of antagomiR-loaded nanoparticles (Devulapally et al. 2015). MiR-21 ASO is capable of
restoring trastuzumab sensitivity in resistant BC via promoting PTEN expression level (Si et al. 2013). PNAs-antimiR-21 have been introduced as a strategy for inhibiting
BC cells in vitro and in vivo (Yan et al. 2011b).
MiRNA ASOs along with complementary sequences are
provided as complementary sequences conjugated to the
sequence of the seed region of miRNAs or LNA-based
oligonucleotides, where they are capable of blocking
miRNA function. LNA-containing nanoliposomes have been
used to prevent lymph nodes metastasis in the MDA-MB231-Luc-D3H2LN human breast adenocarcinoma cell line
(Conde et al. 2015). Further, MiR-155 ASO transfection into
MDA-MB-157 cells can suppress cell proliferation and
induce cell apoptosis (Zheng et al. 2013).
CDK4 has been demonstrated to be involved in regulating
invasion and migration of BC cells via G1/S phase of the cell
cycle through binding to cyclin D1 to phosphorylate
retinoblastoma protein (RB1) (Prud’homme et al. 2010;
Zhong et al. 2010).
Artiﬁcial miRNA, miR P-27-5p, has been provided as a
new targeted therapy for BC, where miR P-27-5p is
demonstrated to be capable of inducing cell cycle and suppressing cell proliferation via targeting the 30 -UTR of CDK4
and RB1 (Tseng et al. 2012).
An amiRNA has been constructed by ligating a doublestranded miRNA gene (against CXCR4) with a miR-155based RNAi expression vector that blocked the invasion and
metastasis of BC cells via reducing CXCR4 expression
(Liang et al. 2007).
Many miRNA sponges that have been constructed as
competitive inhibitors consist of several complementary
binding sites to a certain miRNA or miRNA family and
facilitate downregulation of miRNA. The miR-21 sponge
has been reported to be capable of dampening endogenous
miR-21 activity via reducing CSF-1 (Mandal et al. 2012).
The use of miR-9 sponge has been linked to suppression of
metastasis in highly malignant cells of BC (4T1) (Ma et al.
2010b).
Challenges to miRNA delivery in clinical researches

In a portion of miRNA-based therapy, as this review
focussed on oncogenic miRNAs, we mainly describe the
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strategies of miRNA downregulation or inhibition in the
treatment of BC in the inhibition therapy part, miRNA
inhibitors and oligomers can be used for inactivation of
oncogenic miRNAs by a high number of antagomirs. The
miRNA restoration strategies might not be applicable for
oncogenic miRNAs-based BC therapy. The applications of
miRNA and antagomiRs still encounter many challenges in
clinical researches.
Relative RNA instability has been reported in vivo, where
RNA half-life has been found to be decreased in blood circulation. Rapid degradation of naked miRNAs by nucleases
(e.g. RNases and serum RNase A-type) is considered as a
challenge that need to be improved (Raemdonck et al. 2008;
Trang et al. 2011). Chemical modiﬁcations or modiﬁed
miRNAs and/or conjugation with small transport domains
can be approached for preventing degradation of ASOs, e.g.
alteration of the ribose 20 OH group, LNA modiﬁcations,
passenger strand modiﬁcations, PNA and phosphorothioate
modiﬁcation (Xiang et al. 2015; Mollaei et al. 2019). Mimic
oligonucleotides have been explained to be associated with
an innate immune response, leading to adverse off-target
effects and unexpected toxicities (Kabilova et al. 2012;
Mollaei et al. 2019). Therefore, modiﬁcation strategies have
been proposed to overcome the poor stability, immune
responses and adverse off-target effects of miRNAs (Lennox
and Behlke 2011; Mollaei et al. 2019)
Systemic delivery of miRNA duplexes has been described
to be capable of inducing inﬂammatory cytokines and IFNs
via toll-like receptors (TLRs). Anti-inﬂammatory miRNAs
may be able to inhibit the systemic immune responses
instead of inducing immune toxicity (Chen et al. 2015).
Neurotoxicity induced by miRNA-bound TLR is a challenge
in systemic cancer therapy as described for miRNA let-7b
(Lehmann et al. 2012).
Poor penetration and low efﬁciency of internalization are
other challenges, e.g. poor penetration results from the
leaky structure of abnormal tumour vessels (Stylianopoulos
and Jain 2013). On the other hand, 0.7% of the injected
dose has been taken up by cells. Interstitial ﬂuid pressure is
capable of slowing miRNA diffusion leading to the prevention of miRNA delivery in solid tumours (Li et al.
2012). The hydrophilic nature of oligonucleotides (watersoluble miRNAs) makes a difﬁculty in cell membrane
passing by passive diffusion (Essex et al. 2015). MiRNA
shows a negative charge at normal pH, and pH difference is
involved in repelling and dissociation before cellular entry.
Differences in enzymes and ions in tissue microenvironment can lead to nanocarrier damages (Ahmadzada et al.
2018).
Cellular uptake via endocytosis is considered as a challenge for the intracellular delivery when trapped miRNAs in
endosomes lead to degradation in late endosomes/lysosomes
(Lehmann et al. 2012). Nonspeciﬁc uptake of miRNAs by
tumour-related macrophages, neutrophils and monocytes
leads to the trapping of miRNAs, which encapsulated in the
delivery (Castelli et al. 2009)
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The use of naked miRNA has been described to be
associated with rapid renal clearance for particles\6–10 nm
in size, contributing to short half-life in the systemic circulation (Yu et al. 2009).
MiRNAs are capable of targeting many targets which are
involved in cancer biology by interference with matching
30 UTRs. Target-speciﬁc delivery of miRNA is of great
importance, where localization of small molecules may
occur in many organs such as liver and kidneys (Castelli
et al. 2009). Further, unwanted off-target may occur, leading
to toxicity and cancer therapeutic failure; therefore, combination therapy, including nanoparticle-based therapy for
codelivery of miRNA, siRNA and mRNA cocktails are
proposed to target oncogenic and tumour-suppressive pathways, resulting in minimizing off-target pathways and
increasing therapeutic effects (Van Dongen et al. 2008).

Conclusion
This manuscript reviewed the oncogenic miRNAs, which are
involved in oncogenesis and the development of breast
cancer and focussed on their implication in developing
therapeutic strategies for BC. MiRNAs as speciﬁc tumoursuppressive or oncogenic agents are an emerging set of
molecules involved in signal transduction abnormalities,
leading to regulation of tumour initiation, development and
dissemination. In the present review, we discuss key oncogenic miRNAs implicated in cell migration, invasion,
motility, apoptosis inhibition, and angiogenesis, although
some of them may show opposing function based on the
types of BC. Therefore, further studies need an in-depth
understanding of regulatory mechanisms and pathways to
underlie the regulation of oncogenic miRNAs to offer an
effective therapeutic target of BC. On the other hand, we
mentioned miRNA mimics and antagomiRs technologies as
miRNA-based cancer therapies for modulating tumour
microenvironment and preventing progression of BC, where
these approaches require in vivo delivery tools such as systemic delivery system (e.g. viral delivery, nonviral delivery
(lipid-based miRNA delivery; polymer-based miRNA deliver; atelocollagen-mediated systemic delivery), modiﬁed
miRNA (ASOs; LNA), and small transport domains (Aptamers)) to restore or suppress deregulated miRNAs.
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