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Abstract

Breast cancer is one of the most lethal malignancies in women in the world. Various
factors are involved in the development and promotion of the malignancy; most of them
involve changes in the expression of certain genes, such as microRNAs (miRNAs).
MiRNAs can regulate signaling pathways negatively or positively, thereby affecting
tumorigenesis and various aspects of cancer progression, particularly breast cancer.
Besides, accumulating data demonstrated that miRNAs are a novel tool for prognosis and
diagnosis of breast cancer patients. Herein, we will review the roles of these RNA
molecules in several important signaling pathways, such as transforming growth factor,
Wht, Notch, nuclear factor-x B, phosphoinositide-3-kinase/Akt, and extracellular-signal-

regulated kinase/mitogen activated protein kinase signaling pathways in breast cancer.
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1 | INTRODUCTION

Breast cancer is commonly invasive neoplasms in women (Yahya &
Elsayed, 2015). Various factors play a role in the development and
promotion of breast cancer; most of them involve changes in the
expression of certain genes, including those encoding noncoding RNAs
(ncRNAs; Wang et al., 2017). Recently, many studies have elucidated
the key roles of microRNAs (miRNAs) in controlling gene expression
during cancer development. MiRNAs are small subclass of ncRNAs
with almost 19-24 nucleotides (Chen, Fan, & Song, 2016). Multigene
regulatory features of these small RNA molecules allow them to
change signaling pathways, facilitate or block signal transmission to
downstream effectors in various ways. MiRNAs can regulate key
signaling pathways positively or negatively, therefore they can affect
tumorigenesis (Hu, Markowitz, & Wang, 2016; Zarredar et al., 2018).
Various signaling pathways have been elucidated in the cell, most of
them are important to a cascade of biological events and gene
expression. These signaling pathways often consist of a number of
signaling molecules which are not involved in transcription, directly;
they can eventually change gene expression because these signaling
molecules are capable to regulate transcription factors directly or
indirectly (Eyvazi, Kazemi, Dastmalchi, & Bandehpour, 2018; Peng,
Koirala, & Mo, 2017). Arising evidence suggests that miRNAs are
involved in various pathways. Studies exhibited various functions of
specific miRNAs in different cancers as well as breast cancer
(Hrdlickova, de Almeida, Borek, & Withoff, 2014; Mulrane, Klinger,
McGee, Gallagher, & O'Connor, 2014; Payandeh et al., 2019). MiRNAs
play different roles in diverse mechanisms and signaling pathways in
breast cancer and repress protein (Tarhriz et al., 2019). Herein, we will
review the roles of the involvement of miRNAs in the regulation of

several key signaling pathways in breast cancer.

2 | MiRNA: A BRIEF OVERVIEW

MiRNAs, as one of the most important groups of ncRNAs are
involved in different biological activities and target a broad range of
genes, with main contributions in these processes, particularly
carcinogenesis (Yahya & Elsayed, 2015). Like other RNA molecules,
the transcription of these molecules is mediated by RNA polymerases
such as Il and Il (Eyvazi et al., 2019). The product of this enzyme is a
large primary transcript (pri-miRNA), with a cap on its 5’ end and a
poly A tail on 3’ end. A microprocessor complex containing two main
components including protein DGCR8 and RNase Drosha cleaves the
pri-miRNAs into precursor miRNA (pre-miRNA), which have a stem-
loop structure. Then, after pri-miRNA is transported to the cytoplasm
through the function of Ran/GTP/exportin 5 comple, it is subjected
to the enzymatic reaction catalyzed by a RNase Ill enzyme (Dicer)
and produces an unstable miRNA/miRNA* duplex. One substrate of
this duplex is selected as mature miRNA molecule and is guided to
the target messenger RNA (mRNA) by a protein complex called RISC.
MiRNAs interact with the 3’-untranslated region (3'-UTR) of target
mRNA and cause translational suppression or mRNA decomposition
with regard to the grade of mMIRNA-mRNA complementarity
(Figure 1; Mulrane et al., 2014). Dysregulation in miRNAs expression
pattern has been reported to exert considerable impact on hallmarks
of cancer, such as inducing invasion and metastasis. The underlying
mechanisms for this dysregulation include amplification or deletion
of miRNA genes, deregulation of several important transcription
factors, including p53 and c-Myc, dysregulated epigenetics changes,
such as global genomic DNA hypomethylation, tumor suppressor
genes hypermethylation and impairing the patterns of histone
modification, and defects in miRNA biogenesis machinery (Majidinia
& Yousefi, 2016).
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3 | CROSSTALK BETWEEN VARIOUS
SIGNALING PATHWAYS AND miRNAs IN
BREAST TUMOR

Table 1 summarized the interplay between various signaling path-
ways with different miRNAs, which implicated in breast cancer
initiation and progression.

3.1 | Interaction among miRNAs and transforming
growth factor in breast tumor

Transforming growth factor g (TGF-f) is a component of the great group
of polypeptide growth factors. TGF-f signaling pathway performs a dual
function in early and advanced stages of cancer: it hinders growth and
proliferation in early-stage cancer cells, and increases metastasis and
invasion in late-stage tumor cells (Chen, Zhou et al., 2016). TGF-g is also
contributes to epithelial-mesenchymal transition (EMT) in breast cancer
(Yahya & Elsayed, 2015). TGF-8 signaling pathway is capable to control
and reciprocally can be controlled by multiple molecules that miRNAs
seem to be one of the most noticeable of them (Smith, Agarwal, &
Bhowmick, 2017). The miR-200 family frustrates the EMT process by
the prevention of TGF- signaling (Chen, Zhou et al., 2016; Pecot et al.,
2013). Zinc-finger e-box binding homeobox 1 (ZEB1) is a central
activator of EMT that stimulates migration of breast tumor by the direct
blocking of the expressions of miR-141 and miR-200c. Reciprocally, the
miRs can also hamper ZEB and TGF-f expressions (Burk et al., 2008;
Chen, Zhou et al., 2016). Furthermore, it is necessary to mention that
the elevated phosphorylation of SMAD5 by the heterotetrameric
complex of bone morphogenetic proteins (BMPs) stimulates cancer
progression (Peng et al, 2016). Interestingly, the miR-200 family
supports mesenchymal to epithelial transition through the decline of the
inhibitory effect of BMP-2 signaling on epithelial genes expression
(Perdigao-Henriques et al., 2016). As an oncogenic miRNA, miR-106b-
25 can down-regulate SMAD7 protein, which is well recognized that
mediates destruction of the TGF-$ receptor 1(TGF-BR1), resulting in
elevated levels of the TGF-BR1 and triggers TGF-f pathway in breast
tumor cells (Gong et al., 2015; Smith et al., 2012). V. Li et al. (2014)
reported the expression of miR-424/503 cluster is elevated in
metastatic breast tumor. Both miR-424 and miR-503 restrain SMAD7
and Smad ubiquitination regulatory factors (Smurf—two negative
regulators of TGF-§ signaling—then resulted in the hyperactivation of
this signaling pathway and enhance breast tumor metastasis (Y. Li et al.,
2014). MiR-21 boosts migration and invasion of breast tumor cell
induced by TGF-8 and epidermal growth factor (EGF). These events can
be mediated by the downregulation of SMAD7 that is the straight
downstream target of miR-21 (Han et al, 2016; Qian et al., 2009).
Evidence illustrated that miR-206 is the main estrogen receptor (ER)-
related miRNA and its expression is diminished in ERa-positive breast
tumor (Adams, Furneaux, & White, 2007; Kondo, Toyama, Sugiura, Fujii,
& Yamashita, 2008). The miRNA inhibits TGF-§ activity and also the
expression of SMAD2, SMAD4, and neuropilin-1, and causes the
blocking of migration, and invasion. Furthermore, the overexpression of

miR-206 lessens N-cadherin and vimentin, however it amplifies E-
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cadherin in ER-positive breast cancer cells (Yin et al., 2016). According
to Ying, Sun, and He (2017), miR-137 arrests protein translation of
BMP-7, as an antagonist of the effects of TGF-31 in breast cancer, via
direct interplaying to 3'-UTR of BMP-7 mRNA and resulted in the
augmentation of invasiveness and EMT in breast tumor cells (Ying et al.,
2017). MiR-520/373 family exerts a metastasis-suppressive impact in
ER-negative breast tumor cells. These miRNAs abrogate metastasis and
invasion of breast tumor thorough the negative control of TGF-fR2
(Keklikoglou et al., 2012). SMAD3-dependent migration is elevated by
miR-191 in breast cancer through the stimulation of TGF-2 expression
under hypoxia. This miRNA also targets and negatively controls human
antigen R (HuR). In fact, HuR as a breast cancer-related RNA binding
protein can abate TGF-2 in hypoxia conditions. Therefore, miR-191
regulates TGF-@ signaling through two direct and indirect mechanisms
(Nagpal et al., 2015). Recently, studies found that TGF-8 pathway can
also modulate miRNAs in breast tumor (Chen, Zhou et al., 2016; Smith
et al,, 2017). The TGF-3/SMADA4 pathway provokes promoter activity of
miR-155, which in turn prompts EMT, invasion, and metastasis through
the downregulation of RhoA (Kong et al., 2008). Importantly, TGF-f has
a positive effect on miR-181a expression in triple-negative breast
cancers (TNBCs). Mutually, high expression of miR-181a intensified the
TGF-B function to stimulate breast cancer metastasis by the enhance-
ment of EMT process and the decrease of the proapoptotic molecule
Bim expression, which brought metastatic cells resistance to anoikis
(Neel & Lebrun, 2013; Taylor, Sossey-Alaoui, Thompson, Danielpour, &
Schiemann, 2013). MiR-10b is one of the target genes of TGF-B1 that its
expression is higher in breast tumor tissues and cells. This miRNA is
correlated with EMT and the promotion of breast tumor. Suppression of
can miR-10b expression enhances E-cadherin expression (Han et al.,
2014). Ma et al. (2016) supported that miR-487a is an oncomiR that can
induce the TGF-81-mediated EMT, invasion and migration by reducing a
tumor suppressor MAGI-2 expression level. Furthermore, they showed
that TGF-f1 compels the promoter activity of miR-487a through
transcription factor (Juric et al., 2016). PHACTR-1 as a novel pathway
performs a fundamental function in arrangement of cell migration in
invasive breast tumors. TGF-f negatively controls miR-584 expression
and upregulates PHACTR1 expression. The protein is a direct down-
stream target of miR-584. These events lead to the promotion of cell
migration in breast tumors (Fils-Aime et al., 2013).

3.2 | The interaction between Wnt/g-catenin
signaling pathway and miRNAs in breast tumor

The Wnt/B-catenin signaling pathway is a crucial pathway in cells.
Evidence from multiple studies show that miRNAs can control Wnt/
B-catenin cascade during cancer progression (Ye et al, 2014).
MiR-23a promotes the TGF-B1-induced breast tumorogenesis via
the straight repression of the cytoplasmic domain of E-cadherin
(CDH)-1 which is a key protein in EMT process. Interestingly, the
suppression of CDH1 leads to the activation of the signaling (Ma
et al,, 2017). Cao et al. (2017) illustrated that miR-4469 negatively
regulates the expression of cyclin-dependent kinase (CDK)-3 in

breast cancer metastasis. Besides, higher expression levels of CDK3
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blocks tumorogenesis of breast tumor cells via blocking of Wnt/§-
catenin pathway by controlling the phosphorylation level of low-
density LRP-6, the expression of Axin1 and disheveled (Dvl)-2, and
the suppression of -catenin. Consequently, miR-4469 straightly
targets the 3'-UTR of CDK3 and plays a stimulatory function in
breast tumor by the initiation of Wnt/B-catenin pathway (Cao et al.,

i —
= § - g § 2017). sFRPs are endogenous Wnt antagonists which can regulate
N . .

" § = S = 9 the pathway. Notably, sSFRP1 is a novel target of miR-27a (Guo et al.,
N 3] N

g = *§ = 5 = 2014). MiR-27a upregulation elevates protein expressions of

313 k3] _:' 5 Jq:% g B-catenin and Wnt and causes the triggering of Wnt/B-catenin
& 833 0O X

cascade through the inhibition of sFRP1 to provoke the migration
and invasion of breast tumor (Kong, Xue, Zhang, & Su, 2017). Among
the miRNAs, miR-34a is a pivotal anti-oncogene miRNAs (Wu, Fu,
Xiao, Wu, & Wu, 2014). Wnt1 is a target of miR-34a. High
expression of miR-34a restrains the proliferation of cancer stem
cells, EMT and promotion of breast tumor via the inactivation of the
pathway (Si et al., 2016). Tan et al. (2016) found that the miR-1229
expression remarkably increased in breast tumor is related to worse
survival. They also represented a new relationship among miR-1229
and the pathway (Tan et al., 2016). The hindrance of the expression
of three critical negative regulators, including GSK3g, APC, ICAT by
the upregulation of miR-1229 propel the pathway. This process
brings about miR-1229-mediated promotion of cell proliferation in
breast tumor (Carotenuto et al, 2014; Tan et al, 2016). The
expression of miR-224 is conversely linked the progression of breast
tumors. The overexpression of miR-224 suppresses the signaling via

the reduction of FZD-5 expression and subsequently, blocks of

miR-199a/b-3p —| PAK4 —p Raf/MEK/ERK pathway —p

Proliferation/invasion/migration
miR-148a/152 —] IGF1R/IRS1 —p Proliferation/colony

miR-1 —] KRas/MALAT1 —p Growth/metastasis
formation/tumor angiogenesis

miR-134 —] KRas —p Growth/invasion/migration

Functions of miRNAs in breast cancer
miR-543 —] ERK2 — Proliferation

migration and proliferation of breast tumor cells (Liu, Liu, Shen,
Zhang, & Han, 2016). A novel research gave additional evidence that
high expression of miR-148a blocks tumorogenesis of breast tumor
cells by direct interaction with Wntl and inactivation of the
pathway. Meanwhile, the elevated expression of miR-148a can
diminish g-catenin, MMP-7, and TCF-4 (Chen, Song, & Wang, 2013;
Jiang, He, Ma et al., 2016). MiR-494 targets CXCR4 (Song, Liu, Wang
et al,, 2015). It has been established that SDF-1 signaling via CXCR4
provokes progression and metastasis in a diversity of malignancies

KRas, MALAT1
PAK4

ERK2

IGF1R, IRS1

KRas

particularly breast tumor. Overexpression of miR-494 is able to
restrain tumorigenesis of breast tumor via blocking CXCR4
mediated-Wnt/B-catenin pathway (Smith et al., 2004; Song, Liu,
Wang et al., 2015). Liu et al. (2015) displayed a converse relation

Alteration of expression Potential Targets

Downregulated
Downregulated
Downregulated
Downregulated
Downregulated

among the expression of miR-1 and aggressiveness of breast tumor.
MiR-1 downregulates FZD-7 and tankyrase-2 expressions to inhibit
the pathway. Overexpression of miR-1 compels apoptosis and
prevents of proliferation of cells (Tarhriz et al., 2018). Hence, miR-1
is a negative moderator of the pathway can prevent BCSCs

stemness, migration, and proliferation (Liu, Hu et al., 2015). FZD-8

miRNAs

miR-134

miR-1
miR-199a/b-3p
miR-543

miR-148a, miR-152

is a critical receptor in this pathway which is straightly targeted by
miR-100. An elevated level of miR-100 has an inhibitory effect on
Wnt/B-catenin pathway function via the downregulation of FZD-8

(Continued)

expression; lead the hindrance of tumorigenesis (Jiang, He, Guan
et al., 2016). As an oncomiR, miR-301a was found to down-regulate

PTEN, as a negative regulator of the signaling, and activate the

Type of signaling

Pathway
Abbreviations: APC, adenomatous polyposis coli; BMP, bone morphogenic protein; CCL18, chemokine ligand 18; CDH1, cytoplasmic domain of E-cadherin 1; CDKS3, cyclin-dependent kinase 3; C/EBPB, CCAAT-

enhancer binding protein beta; CRIP2, cysteine-rich protein 2; CXCR4, chemokine (C-X-C motif) receptor; CYLD, cylindromatosis; CCNE1, cyclin E1; DLL1, delta-like 1; EGFR, epidermal growth factor receptor;
kinase subunit 3; IQGAP1, IQ motif containing GTPase activating protein 1; IRS1 insulin receptor substrate 1; Jagl, Jagged-1; MAGI2, membrane-associated guanylate kinase inverted 2; Maml2/3, mastermind-

like transcriptional coactivator 2/3; MALAT1, metastasis associated lung adenocarcinoma transcript 1; mTOR, mammalian target of rapamycin; NF-xB, nuclear factor x-light-chain-enhancer of activated B cells;
NRP1, neuropilin-1; PHACTR1, protein phosphatase and actin regulator 1; PIK3R1, phosphoinositide-3-kinase regulatory subunit 1 («); PPP2CB, PP2A catalytic subunit g; PRAS40, proline-rich Akt substrate of

40 kDa; PRKAR1A, cAMP-dependent protein kinase Type l-a regulatory subunit; SFRP1, secreted frizzled-related proteins 1; Smurf2, smad ubiquitination regulatory factor 2; SRF, serum response factor; TAB3,
TAK1-binding protein3; TAK1, transforming growth factor -activated kinasel1; TGF-@R, transforming growth factor §8 receptor; TRADD, TNFRSF1A-associated via death domain; TNFR1, tumor necrosis factor

EMT, epithelial-mesenchymal transition; EYA1, eyes absent 1; ERK/MAPK, extracellular-signal-regulated kinase/mitogen activated protein kinase; GNA12, guanine nucleotide binding protein subunit a 12; GSK-
3B, glycogen synthase kinase 3; GYS1, glycogen synthase 1; HuR, human antigen R; ICAT, inhibitor of g-catenin and T cell factor; IGF1R, insulin-like growth factor 1 receptor; 1xBxB, inhibitor of nuclear factor x B
receptor 1; TNSK2, tankyrase-2; TRAF2, TNF receptor-associated factor 2; TSC2, tuberous sclerosis complex 2; VEGF, vascular endothelial growth factor; ZEB1, zinc-finger e-box binding homeobox 1.

TABLE 1

pathway cascade to provoke breast tumorigenesis (Sosman et al.,
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2014). It is identified that miR-374a is linked to metastasis and EMT
of breast cancer (Ye et al., 2014). Several negative modulators of the
signaling for example WIF-1, Wnt5A, and PTEN are repressed by
miR-374a. As a result of the suppression of Wnt pathway inhibitors,
miR-374a helps distant metastasis and EMT (Cai et al, 2013; Ye
et al, 2014). MiR-142 affects Wnt signaling function and plays a
substantial effect on the beginning and development of breast tumor.
In this context, Isobe et al. (2014) proved that miR-142 is
upregulated in human BCSCs. This miRNA diminishes APC level
and resulted in the initiation of the canonical the signaling pathway in
the normal and malignant mammary cells (Isobe et al, 2014).
Therefore, finding the relationship between miRNAs and regulators
of Whnt/B-catenin signaling is a main subject in breast cancer

investigation.

3.3 | The interaction between phosphoinositide-3-
kinase-AKT-mammalian target of rapamycin pathway
and miRNAs in breast tumor

Phosphoinositide-3-kinase (PI3K)/Akt/mammalian target of rapamy-
cin (mTOR) is an important pathway which contributes to the
tumorigenesis (Eyvazi et al., 2019). It is well established that a
number of miRNAs can target the key components of this pathway
(Tarhriz et al., 2019a). The expression of miR-147 in breast tumor
cells prevents tumorigenesis by restraining Akt/mTOR signaling
pathway (Zhang, Zhang, & Liu, 2016). Recently, evidence emphasized
that miR-21 induces PI3K/Akt signaling pathway through interaction
with several targets (Yan et al., 2016; Yu et al., 2016). In this context,
a study confirmed that silencing of miR-21 restrains PI3K/Akt/mTOR
pathway via targeting PTEN and promote the activation of apoptosis
and autophagy in breast tumor cells (Yu et al, 2016). MiR-99a
directly targets mTOR and attenuates mTOR, p-4E-BP-1, and p-S6K-
1 amount in breast tumor cells (Hu, Zhu, & Tang, 2014). MiR-9%9a
overexpression hinders invasion and tumorigenesis of breast tumor
cells by targeting mTOR as a downstream target of the pathway
(Yang, Han, Cheng, Zhang, & Wang, 2014). downregulation of miR-
122 has been shown in breast tumor. Amendment of miR-122
expression blocks tumorigenesis of breast tumor cell via targeting
insulin-like growth factor 1 receptor (IGF1R) and preventing PI3K/
Akt/mTOR/p70S6K cascade (Wang, Wang, & Yang, 2012). MiR-184
as a putative mammary tumor suppressor performs a central function
in inhibiting the proliferation and self-renewal of TNBC through
interaction with Akt2, TSC-2, PRAS40, and the negative control of
the PISK/Akt/mTOR complex (mTORC)-1 (Phua et al., 2015). As an
oncomiR, miR-214 reduces PTEN expression straightly targeting
PTEN 3'-UTR in breast tumor cells (Schwarzenbach, Milde-Langosch,
Steinbach, Muller, & Pantel, 2012; Wang, Li et al., 2016). As a result
of PTEN downregulation, miR-214 stimulates cell viability and
elevates the improvement of breast tumor via the positive regulation
of PI3K/Akt signaling (Wang, Li et al., 2016). MiR-100 has been
emerged to target various proteins of IGF/mTOR signaling in
different tumors (Gebeshuber & Martinez, 2013; Zhang, Zhao

et al,, 2016). According to Gebeshuber et al study overexpression

of miR-100 remarkably attenuates the expression of IGF2 in breast
tumor cells, resulting in the suppression of breast tumorigenesis
(Gebeshuber & Martinez, 2013). PTEN is target of miR-130b and
miR-10b (Miao et al., 2017). It has been revealed that miR-130b is
overexpressed in TNBC (Chang et al., 2015). MiR-130b promotes
drug resistance and inhibits apoptosis in breast cancer tumors by
silencing PTEN through PI3K/Akt (Miao et al., 2017). MiR-221/222 is
characterized as oncogenic miRNAs that negatively control PTEN.
Notably, miR-221/222 cluster promotes tumorogenessis of BCSCs
thorough targeting the pathway (Li et al., 2016). MiR-133a is a tumor
suppressor miRNA and it is reduced in breast tumor (Cui, Zhang,
Shan, Zhou, & Zhou, 2013; Wu, Wang et al., 2012). In this regard, Cui
et al. (2013) proposed that the augmentation of miR-133a expression
hinders proliferation of breast tumor cells by the interaction of EGF
receptor (EGFR) through the negative modulation of EGFR/Akt.
According to the mentioned evidence, miRNAs as bona fide
regulators of PISK/Akt/mTOR pathway are capable to be used in

diagnostic of breast tumor.

3.4 | The link between Notch pathway and miRNAs
in breast tumor

Notch signaling pathway modulates several processes like prolifera-
tion, differentiation, and apoptosis of cell. The interplay between the
Notch pathway and miRNAs is linked with the progression of various
malignancies, particularly breast cancer. Among the diverse signaling
pathways, Notch signaling is the main pathway which sustains stem
cell properties (Kang et al., 2015). MiR-34a as a part of the miR-34
family performs a monumental function in sustaining breast cancer
stem cells (Kang et al., 2015; Park et al., 2014). In this context, Kang
et al. (2015) exhibited that miR-34a hampers breast cancer stemness
through the suppression of Notch1 (Kang et al., 2015). Moreover, the
previous study also showed that miR34a-Notchl axis is a novel
candidate for anti-breast cancer stemness therapies (Park et al,
2014). MiR-139-5p directly targets Notch1 in breast tumor and links
to the decreased expression of MMP protein. Meanwhile, MMPs has
a fundamental function in the modulation of cancer progerestion.
Recent evidence reported that induced expression of target of
Notch1 gene by MMP2, MMP7, and MMP9 causes the development
of tumorigenesis. Hence, miR-139-5p as a tumor suppressor miRNA
can hinder migration of breast tumor via the decreasing of Notchl
expression to inhibit the expression of MMP2, MMP7, and MMP9
(Zhang et al., 2015). Mohammadi-Yeganeh, Mansouri, and Paryan
(2015) proposed that the interaction of miR-9 and Notch1 can be a
good factor in breast tumor treatment. MiR-9 expression is declined
and Notchl expression increased in TNBC. MiR-9 can reduce
metastatic behavior in TNBC via direct targeting of Notchl
(Mohammadi-Yeganeh et al., 2015). MiR-200 family interplays with
not only ZEB1 but also some parts of Notch pathway like Jagged-1,
mastermind-like transcriptional coactivator (Maml)-2 and Maml3 in
breast cancer (Brabletz et al., 2011; Rizzo et al., 2008). Importantly,
miR-200 family hampers the expression of Notch pathway compo-

nents, which are key mediators for cancer cell proliferation, survival,
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and stemness (Brabletz et al., 2011). ZEB1 can indirectly stimulate
Notch signaling via the repression of miR-200 expression (Brabletz
et al, 2011; Burk et al., 2008). MiR-130b-3p directly targets delta-
like (DLL)-1 that is the ligand of the Notch pathway, in breast tumor
cells. Shui et al. (2017) elucidated that the negative regulation of
DLL1 by miR-130b-3p can alleviate breast carcinoma cell migration
and invasion (Shui et al., 2017). In addition, regulatory impact of miR-
130b-3p on the function of MMP9, MMP13, and vascular endothelial
growth factor (VEGF) may be linked to the repressing effect of this
miRNA on breast carcinoma cells (Ren et al., 2015; Shui et al.,, 2017).
Downregulation of miR-101 in breast tumor can provoke tumorigen-
esis by directly targeting eyes absent (EYA)-1 via the Notch signaling
pathway. MiR-101 reduces the protein expression of EYA1l and,
thereby, Notch as a downstream signaling pathway of EYA1, that is
mediated by the regulatory effects of miR-101 (Guan et al., 2016).
ADAM12 as a breast cancer-related gene is upregulated in human
breast tumors. Li, Solomon, Duhachek Muggy, Sun, and Zolkiewska
(2011) observed miR-29 family has a function in high expression of
ADAM12 by Notch. Remarkably, Notch activates nuclear factor x B
(NF-xB) which downregulates miR-29 and negative modulator of
ADAM12, therefore, amplifies its expression. Collectively, the dialog
between miRNAs and Notch signaling pathway requires further
studies to represent potential new therapeutic approaches in breast

cancer therapy.

3.5 | The relationship between NF-kB pathway and
miRNAs in breast tumor

NF-xB pathway affects numerous processes, such as growth of cell,
cancer metastasis, and inflammation. The NF-xB signaling pathway is
strongly influenced by miRNAs and has a major function in the
tumorigenesis of diverse cancers, particularly breast tumor (Wu et al.,
2016). Zhao et al. (2017) revealed the tumor suppressor role of miR-29a
is probably through controlling NF-xB signaling pathway. Tumor
necrosis factor receptor 1 (TNFR-1) is a principal receptor in NF-xB
pathway which is targeted by miR-29a, directly. In addition to TNFR1,
cyclin D1 and Bcl-2/Bax are also reduced by expression of miR-29a.
Hence, higher expression of miR-29a promotes the blocking prolifera-
tion, cell cycle, and increasing of apoptosis in MCF-7 cells (Zhao et al.,
2017). MiR-1246 is a novel oncomiR in breast cancer that increases NF-
KB signaling independent of tumor necrosis factor a (TNF-). In fact,
cAMP-dependent protein kinase type 1 subunit a (PRKAR1A) as the
regulatory subunit of PKA and also PP2A PPP2CB as the catalytic
subunit of PP2A are negative regulators of NF-xB signaling that are
directly targeted by miR-1246 (Bott et al., 2017; Gao, Hibi, Cueno,
Asamitsu, & Okamoto, 2010; Seshacharyulu, Pandey, Datta, & Batra,
2013). As a result of downregulation of these negative regulators, miR-
1246 causes the augmentation of NF-xB pathway by phosphorylation of
the NFxB p65 subunit (p65) in mesenchymal stem/stromal cells.
Consequently, this miRNA promotes breast cancer progression and
cancer-related inflammation in a pé65-dependent manner (Bott et al.,
2017). The secretion of chemokine ligand (CCL)-18 by tumor-associated

macrophages (TAMs) stimulates the activation of NF-xB, which
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provokes tumorigenesis (Chen et al., 2011). A recent study suggested
that miR-181b abrogates CCL18-induced breast tumor cell metastasis
through stopping NF-xB expression (Wang, Wang et al., 2016). A study
by Shi et al. (2016) highlighted miR-449a that its level is elevated in
breast cancer tissues. They also represented that miR-449a directly
interacts with a transcription factor named cysteine-rich protein (CRIP)-
2 which functions as a critical suppressor of NF-xB-mediated
proangiogenic factors (Shi et al, 2016). The overexression of miR-
449a stimulates breast cancer cell development and clonogenicity
through abrogation of CRIP2 and leads to NF-xB/p65 complex that
activates transcription of VEGF which is a crucial proangiogenic
cytokine (Cheung et al., 2011; Shi et al.,, 2016). Cylindromatosis (CYLD)
acts in the modulation of diverse signaling pathways, particularly NF-xB
signaling. The increased of miR-362-5p leads the development of breast
tumor cells via NF-xB activation and decreasing expression level of
CYLD (Ni et al., 2016). The expression of miR-892b declines in breast
tumor and leads to unfavorable survival. The reduction of miR-892b
level maintains the NF-kB activation via the upregulation of TNF
receptor-associated factor 2 (TRAF-2), TAK-1, and TAB-3 (Jiang, Yu
et al,, 2016). Recently, accumulating data have shown that forkhead box
P3-miR-146-NF-xB axis is a novel route in breast tumor cells (Etikala,
Liu, & Wang, 2015). The upregulation of miR-146a/b blocks NF-xB
through the hindrance of IRAK-1 and TRAF-6 expressions; thereby miR-
146a/b prevents the tumorigenesis (Etikala et al., 2015; Liu, Liu et al,,
2015). Wu et al. (2015) indicated that miR-200b blocks NF-xB via
reducing the expression of (IKBKB)/IKK- and mutually, the inactivation
of NF-xB downregulates the miR-200b transcription. Regarding the
function of miR-200b, it can offer an encouraging therapeutic goal for
improving breast tumor management (Wu et al, 2016). The over-
expression of specific miRNAs for example miR-502-5p chips in the
reduction of TRAF2 gene expression in breast tumor. Levels of miR-
502-5p are lower in breast tumor cell lines in comparison with the
noncancerous breast cell line. MiR-502-5p hampers NF-xB cascade by
the prevention of TRAF2 expression. Therefore, it seems that miR-502-
5p is critical for the inhibition of breast tumor cells (Sun et al., 2014).
Taken together, the interplay of miRNAs and NF-xB pathway are
expected to provide a new therapeutic opportunity for patients with
breast tumor.

3.6 | The relationship between extracellular-signal-
regulated kinase/mitogen activated protein kinase
pathway and miRNAs in breast tumor

Extracellular-signal-regulated kinase (ERK)/mitogen activated pro-
tein kinase (MAPK) pathway is a main pathway related to
proliferation, differentiation, and migration in breast tumor cells.
Plenty of evidence suggests that several miRNAs can activate or
suppress of this signaling pathway (Asghari, Haghnavaz, Baradaran,
Hemmatzadeh, & Kazemi, 2016). MiR-506 represses the tumor-
igenesis through the negative regulation of IQ motif including
IQGAP1. ERK/MAPK signaling is the downstream of IQGAP1; thus,
the pathway can also be suppressed by miR-506 (Sun, Liu, Wang, &
Xu, 2015). IQGAP1 directly interacts with B-Raf and activates it,
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which in turn activates MEK1 and MEK2 (Ren, Li, & Sacks, 2007).
KRas as a master factor of the Ras/Raf/MAPK pathway is the target
of various miRNAs, such as miR-30, Let-7a, miR-200c, and miR-134
(Asghari et al., 2016). MiR-30c expression is remarkably declined in
breast tumor. Higher expression of miR-30c prevents the cancer
cells progression through negative regulation of KRas (Tanic et al.,
2012). A new research by Xu et al. (2015) illustrated that
upregulation of Let-7a reduces the size and number of mammo-
spheres in breast cancer stem cells via KRas/MEK/ERK and KRas/
NF-xB pathways respectively (Xu et al., 2015). MiR-200c is reduced
in breast tumor and can repress the expression of KRas. As a result
of KRas blocking, miR-200c hinders the proliferation survival and of
breast tumor cells via negative control of Akt and ERK (Kopp,
Wagner, & Roidl, 2014; Song, Liu, Pei et al., 2015). Importantly, miR-
134 expression level is reduced in breast tumors. Su et al. (2017)
observed the reduced expression of miR-134 enhances tumorogen-
esis of breast tumor via the upregulation of KRas (Su et al., 2017).
MALAT-1 and KRas have shown to be new targets for miR-1. High
expression of miR-1 restrains tumor growth and metastasis by
negative control of KRas and MALAT1 in breast tumor cells (Liu, Li
et al,, 2015). P21-activated kinase 4 (PAK4) performs an important
function through the Raf/MEK/ERK pathway in breast tumor
metastasis. Interestingly, miR-199a/b-3p downregulates the ex-
pression of PAK4. Accordingly, the overexpression of miR-199a/b-
3p can repress progression of breast tumor cells through inactiva-
tion of the PAK4/MEK/ERK pathway (Li, Wang, Mi, Liu, & Tan,
2015). Elevated expression of miR-543 inhibits progression of
breast tumor cells by targeting of ERK2 and prevention of the
MAPK/ERK pathway. In addition to ERK2, the expression of
ribosomal protein Sé6 kinase-2 and MSK-1 as downstream factors
of MAPK/ERK are reduced by enhancing of miR-543 (Chen et al.,
2017). According to Xu et al. (2013), increasing of miR-148a/152
prevents the breast cancer cell progression via downregulating the
expression levels of IGF1R and IRS-1 and resulting in the
inactivation of Akt and MAPK/ERK pathways (Xu et al., 2013).
Eventually, the relationship between miRNAs and the Ras/Raf/
MEK/ERK pathway should be considered in finding potential
treatment targets in breast cancer cases.

4 | MicroRNAs CAN BE NEW BIOMARKERS
IN THE DIAGNOSIS OF BREAST TUMOR

Using miRNAs as diagnostic biomarkers for identification of breast
tumor at early stages and also discriminating tool among breast
tumor patients and noncancerous subjects have attracted attention
recently (Table 2). More importantly, specific miRNAs are capable to
be considered as noninvasive biomarkers that are very stable in the
body fluids (Schrauder et al., 2012; Zeng et al., 2013; Zhu, Qin,
Atasoy, & Sauter, 2009). Mir-21 and Mir-155 could be used as a
diagnostic marker in early stage breast tumor. Tissue and blood
levels of the miRNAs increased in breast cancer patients in

comparison to control group (Matamala et al, 2015; Si et al,

2013). The differential expression status of specific miRNAs reveals
that sometimes their detected levels in the blood and tissue samples
are different. For example, a research confirmed that mir-145 is
decreased in breast cancer cell, but another study confirmed that it is
increased in breast cancer patients blood (Mar-Aguilar et al., 2013;
Wang et al.,, 2009). Other examples are mir-195 and mir-181a that
increased in the plasma sample of patient with breast cancer, while
its expression is decreased in breast cancer tissues (Godfrey et al.,
2013; Heneghan, Miller, Kelly, Newell, & Kerin, 2010; Li, Zhao et al.,
2011). Mir-19a, mir-24, and mir-181b are oncogenic miRNAs that
upregulated in early stages of breast tumor, while, following surgical
resection and therapy, levels of these miRNAs in serum sample
decreased. therefore, they can be regarded as markers for monitor-
ing in early breast cancer (Sochor et al., 2014). In another study a
new miRNA signature that distinguishes between breast cancer
patient (ER-positive and early stage) and normal subject has been
demonstrated. MiR-15a, miR- 18a, miR-107, and miR-425 show
overexpression in patients with breast tumor in comparison with
noncancerous ones, while expression levels of miR-133a, miR-139-
5p, miR-143, and miR-365 have been decreased (Kodahl et al., 2014).
In another study it has been revealed that expression status of eight
miRNAs, such as miR-16, miR-21, miR-27a, miR-150, miR-191, miR-
200c, miR-210, miR-451 are increased, but the mir-145 is down-
regulated in patients with breast tumor, meanwhile it seems that
combination of miR-145 and miR-451 may be useful in diagnose of
patients with breast tumor (Ng et al., 2013). In a research conducted
by Kai Zhang et al, they observed that serum levels of miR-30b-5p,
miR-96-5p, miR-182- 5p, miR-374b-5p, and miR-942-5p were
increased and miR- 204-5p and miR-4717-3p were reduced in of
the breast tumor patients (Zhang et al., 2017). Furthermore, miRNAs
display differential expression in different breast tumor subtypes.
Geraldine et al compared the expression levels of 20 miRNAs in ER+
with ER- breast cancers. They observed 12 overexpressed and 8 low-
expressed miRNAs and reported that regarded to miR-190b high
expression and specificity in patients with ER+ breast cancer, it can
be used for monitoring and discriminating ER+ from ER- breast
cancers (Cizeron-Clairac et al., 2015). The miRNA profiles were
verified in the 29 tissues of early-stage breast cancer. In addition, it
have been demonstrated that MiR-342 upregulated in ER and HER2+
luminal B breast cancer, but this miRNA reduced in TNBC.
Furthermore, miR-520g overexpressed in ER and PR tumors (Lowery
et al., 2009). Cluster-mir-17-92 has an oncogenic role, and an
upregulation of approximately threefold was demonstrated in TNBC
and suggested that it can be used as a strong diagnostic biomarker in
TNBC for distinguishing from other subtypes of breast carcinoma
(Farazi et al., 2011). Many studies identified tumor-related miRNAs in
blood and tissue samples of the tumor patients and their association
with tumor progression and metastasis. Roth et al. (2010) reported
that the expression of miR10b, miR34a, and miR155 enhanced in
metastatic samples and can be used for discriminating metastasis
breast tumor patients from control group. Thereby, miRNAs as novel
types of cancer biomarkers can be incorporated as novel diagnostic

markers in patients with breast tumor.
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(Continued)

TABLE 2

Type of

Reference

Clinicopathologic features/role in diagnosis and prognosis

Biological sample

biomarker

miRNAs

(de Rinaldis et al., 2013)

MiR-193a, -409-5p and -410 associated with unfavorable prognosis in TNBC.
Furthermore, miR-376b and -381 correlated with worse prognosis in ER-

Tissue

Prognosis

miR-376b, -409-5p, -410, -193-3p,

-432, -381,

negative/TNBC. Besides, only mir-432 had a closely relationship with DMFS

in ER-negative of patients with BC.

(Yan et al., 2008; Kaiyuan Zhang, Zhang,

The high expression of miR-21, -181a, -221/222 cluster associated with LNM,

advanced tumor stage and also unfavorable prognosis in patients with BC.

Prognosis Tissue/cell line

miR-21, -181a, -221/222 cluster

Liu, Xiong, & Zhang, 2014)

(Svoboda et al., 2012)

The low-expression of miR-601 associated with distant metastasis and poor

Tissue

Prognosis

miR-601, -34b

DMES in BC. The miR-34b expression correlated with DFS and OS of patients

with TNBC.

(Yu et al., 2014; Zavala et al., 2016)

The overexpression of miR-146, -638 closely associated with better OS in
TNBC. Moreover, the upregulation of miR-301a correlated with poor

prognosis in TNBC.

Tissue

Prognosis

miR-146, -638, -301a

Abbreviations: AUC, area under the ROC curve; BC, breast cancer; DDFS, distant disease-free survival; DMFS, distal metastasis-free survival; ER, estrogen receptor; LNM, lymph node metastasis; miRNA,

microRNA; MFS, metastasis-free survival; OS, overall survival; PR, progesterone receptor; RFS, relapse free-survival; ROC, receiver operating characteristic; TNBC, triple-negative breast cancer; TNM, tumor

node metastasis.
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4.1 | Five-microRNAs as new biomarkers in breast
tumor prognosis

The miRNA expression is linked in clinical characteristics and prognosis
in different types of breast tumor (Table 3). Briefly, here we point on
the specific miRNAs roles in breast cancer prognosis. Several studies
reported that specific miRNAs correlated with the favorable prognosis
(Leivonen et al.,, 2014; Tashkandi, Shah, Patel, & Chen, 2015). Mir-30
family has been shown that could be considered as a good prognostic
marker in many studies. D’Aiuto found the expression of miR-30e in
specific-subtype of the tumor was linked to a good prognosis (Buffa
et al, 2011). In another study it has been found that miR-30a
downregulated in primary breast tumor relative to the noncancerous
tissues. Furthermore, the miRNA was conversely linked in lung
metastasis in the population of breast tumor patients. MiR-30a
repressed proliferation and metastasis by affecting metadherin
(MTDH). As a result, overexpression of mir-30 family was linked to a
favorable prognosis in breast tumor (Zhang et al., 2014). Let-7b and
miR-205 have been confirmed to be linked with prognosis in breast
tumor. Moreover, recently a study showed expression of let-7b was
higher in benign breast disease relative to breast cancer samples. In
addition, its expression in breast tumor patients was conversely
correlated with overall survival (OS) and relapse free-survival (RFS).
Therefore, dysregulation of these two miRNAs are capable to used
biomarkers in the patients. Ma et al. (2017) in a cohort study
demonstrated several miRNAs that are linked to RFS. They revealed
that mir-135 in ER-negative patients, and mir-342 and mir-150 was
notability correlated with favorable prognosis in ER-positive breast
tumor patients (Buffa et al., 2011). Mir-375 and mir-497 are tumor-
suppressive miRNAs that can be regarded as a prognostic marker in
this tumor (Shen et al., 2012; van Schooneveld et al., 2015). Hence, a
study showed mir-497 downregulated in breast tumor tissues relative
to noncancerous tissues. Furthermore patients with increased miR-497
displayed better disease-free survival (DFS) and OS relative to the low-
expression cases of it, and also decreasing of miR-497 was remarkably
linked to shorter OS and DFS in breast cancer (Wang, Li, Wang, &
Wang, 2013). Additionally, Xiwei Wu et al analyzed approximately 800
miRNAs in serum of 42 Stage Il and Ill patients with breast tumor. In
their report higher levels of mir-375 reflect more positive clinical
outcome (Wu, Somlo et al., 2012). Many studies showed that specific
miRNAs are unfavorable prognostic biomarkers in this malignancy
(Blenkiron et al., 2007; Madhavan et al., 2012; Yu et al., 2014). Another
study pointed that overexpression of the microRNA was linked in
shorter DFI in the TNBC and HER2-negative subtypes of breast cancer
(Markou, Yousef, Stathopoulos, Georgoulias, & Lianidou, 2014). Tatsuya
Toyama et al. showed in TNBC patients, expression of mir-210 was
increased relative to estrogen receptor-positive/HER2-negative pa-
tients, and also they reported that its low-expression significantly
related to favorable DFS and OS than those have higher miR-210
expression in TNBC (Toyama et al., 2012). Meanwhile, according to
results of two meta-analysis study and other evidence mir-210 may
be a prognostic biomarker in particular subtype of breast tumor
(M. Li et al,, 2014; Wang et al., 2014). Florence Lerebours et al analyzed
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expression of 804 miRNAs in 12 inflammatory breast tumor compared
with 31 non-IBC and eight healthy samples. Many studies confirmed
that mir-9, mir-155, mir-122, and mir-27b are miRNAs that were linked
in unfavorable prognosis in breast cancer (Kong et al., 2014; Shen et al,,
2014; Wu, Somlo et al., 2012; Zhou et al.,, 2012). Mir-9 has a function in
breast tumorogenesis. In a study, it is reported that upregulation of
miR-9 was linked in breast tumor local recurrence of ER-positive
patients. Alao, it is reported patients with lower expression of miR-9
had favorable local recurrence-free survival (Zhou et al, 2012).
upregulation of miR-155 was significantly related in unfavorable
prognosis in breast tumor patients (Chen, Wang, & Tang, 2012).
Several microRNAs can be as prognostic factors in subtypes of breast
tumor. Marie Tuomarila and colleagues demonstrated that over-
expression and under-expression of mir-200c were importantly related
with reduced survival in progesterone-negative and reduced survival in
PR-positive patients, respectively. In addition, they reported that in PR-
negative groups, overexpression of this miRNA was associated with
shorter RFS, and also increased local recurrence (Tuomarila et al,
2014). Another research reported that expression changes of mir-222
are linked in tumor stage, high Ki-67, and HER2. Mir-222 expression
level was linked in HER2+ subtypes and luminal B relative to TNBC
and luminal A. So, overexpression of miR-222 had an unfavorable
prognosis only in the hormone receptor-positive subtype (Han et al,
2017). In TNBC mir-301a and mir-34b were significantly linked in
prognosis. Marek Svoboda et al. analyzed expression levels of mir-34
family in 39 tissue sample of TNBC patients. In their study expression
levels of mir-34b conversely linked in DFS and OS (Svoboda et al.,
2012). Moreover, another study indicated that overexpression of miR-
301a was remarkably linked in unfavorable prognosis (Yu et al., 2014).
Zavala et al. illustrated miR-146a and miR-638 were overexpressed
TNBC. Furthermore, expression of both miRNAs in this patients is
linked in BRCA1 expression and overexpression of miR-146a and miR-
638 was linked in a favorable OS relative to the group with normal
BRCA1 and low-expression of both miRNAs (Zavala, Pérez-Moreno,
Tapia, Camus, & Carvallo, 2016). Accumulating evidence suggest that
detecting breast cancer in early-stage involved in favorable disease
outcome as well as prolonged patient survival. Furthermore, new
clinical investigations conducted on biological fluid-specific miRNAs,
get to the conclusion that miRNAs are potential novel prognostic
markers for various cancers, especially breast tumor.

5 | CONCLUSION

Breast cancer is affecting over 1.5 million women each year, and
also is responsible for the large number of cancer-related deaths in
women. In the disease, various alterations occur in the expression
of coding and noncoding genes. Although many of protein-coding
genes are effective in cancer progression and several mechanisms
that alter the ability of the progression of cancer, the molecular
determinants of cancer progression remain unknown. MiRNAs
have provided new insight into cancer biology and offer new

opportunity as tools for diagnosis and prognosis when there is a

Journal-of 17
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correlation between their expression and promotion of cancers. It
has been shown that there is a significant relationship between
signaling pathways involved in breast tumor including TGF-f, Wnt/
B-catenin, PI3K/Akt/mTOR, Notch, NF-xB, ERK/MAPK pathways,
and miRNA.
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