
Received: 25 December 2018 | Revised: 27 March 2019 | Accepted: 10 April 2019

DOI: 10.1002/jcp.28742

R EV I EW ART I C L E

The role of inflammation and its related microRNAs in breast
cancer: A narrative review

Alireza Bahiraee1 | Reyhane Ebrahimi2 | Raheleh Halabian1 |
Amirsaeed Sabeti Aghabozorgi3 | Jafar Amani1

1Applied Microbiology Research Center,

Systems Biology and Poisonings Institute,

Baqiyatallah University of Medical Sciences,

Tehran, Iran

2Department of Clinical Biochemistry, School

of Medicine, Tehran University of Medical

Sciences, Tehran, Iran

3Department of Medical Genetics, Faculty of

Medicine, Hormozgan University of Medical

Sciences, Bandar Abbas, Iran

Correspondence

Jafar Amani, Applied Microbiology Research

Center, Systems Biology and Poisonings

Institute, Baqiyatallah University of Medical

Sciences, Vanak Sq., Molasadra St. Tehran P.O.

Box 19395‐5487, Iran.
Email: jafar.amani@gmail.com

Abstract

Breast cancer is recognized as the most common type of cancer among women with a

high rate of mortality all over the world. Over the past years, growing attention has

been regarded to realize more about the mechanisms underlying the disease process.

It is revealed that the progression of breast cancer may be strongly linked to chronic

inflammation owing to the role of inflammatory factors in genetic instability and

subsequent cancer predisposition. Although the association between breast cancer

and inflammatory pathways has been well‐defined now, only recent evidence pointed

towards the inflammation‐related microRNAs (miRNAs) as potential biomarkers and

therapeutic targets involved in the crosstalk of multiple pathways during breast

cancer development. Moreover, the practical interactions between these miRNAs and

inflammatory factors are also a little characterized. In this review, we intended to

describe the effects of predominant inflammatory pathways such as cytokines,

phosphoinositide 3‐kinase/protein kinase B, and nuclear factor kappa B in association

with tumor promoting and tumor suppressing miRNAs on breast cancer progression.

Providing new studies in the field of combining biomarkers for early diagnosis,

prognosis, and monitoring breast cancer are very important. Notably, understanding

the underlying mechanisms of miRNAs as a possible link between inflammation and

tumorigenesis may offer a novel insight for combating this epidemic.
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1 | INTRODUCTION

Breast cancer with a growing rise in both developed and

developing countries triggers a large rate of mortality as the

second leading cause of death among women worldwide. This

epidemic is growing rapidly so that it is replacing cardiovascular

diseases as the first cause of death (Patnaik, Byers, DiGuiseppi,

Dabelea, & Denberg, 2011). Although the early diagnosis may

reduce the death rates due to breast cancer, prevention and

control of this disease are still a public concern. There are

different factors interfering with processes involved in breast

cancer development and considering them may give a noble insight

for improving outcomes that breast cancer patients receive (Shah,

Rosso, & Nathanson, 2014).
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It is revealed that tumorigenic signaling pathways are not

sufficient for a complete breast tumor progression, suggesting the

contribution of supportive signals mostly produced from the tumor

inflammatory microenvironment. Innate and acquired immune

systems are important mechanisms playing a critical role in the

responses to tumorigenesis, and the effect of the immune system and

inflammatory factors on tumor cells especially breast cancer cells has

been the subject of many studies nowadays. Inflammation is a

response of the immune system to external or internal stimuli that

removes the aggressor and restores the physiology of the body.

However, in pathological states, chronic inflammation may be a major

driver of consequent diseases (Ben‐Baruch, 2003). It is known that

one of the main problems of breast cancer as well as other types of

cancer is that primary breast tumor cells can attack to surrounding

tissues and progress cancer in the other parts of the body which is

known as metastasis (Scully, Bay, Yip, & Yu, 2012). Inflammation is an

important cause of cancer development and also metastasis

progression. Inflammatory factors along with their receptors are

involved in the development of breast cancer in various aspects,

including promoting cell proliferation, differentiation, tumor metas-

tasis, angiogenesis, and fine‐tuning the inflammatory microenviron-

ment in the involved tissue (Allen & Jones, 2015). Aaltomaa et al.

(1992) defined inflammatory infiltrate as a prognostic marker in

breast cancer for the first time. Because that, there are numerous

studies revealed the role of different inflammatory pathways in

preinvasive and invasive breast cancer (Allen & Jones, 2015). Despite

many progressions in the field of breast cancer related to inflamma-

tion, the underlying mechanisms of this malignancy have remained

largely unknown and need to be fully understood. Although

inflammatory pathways are one of the known processes contributing

to cancer progression, there is also a need for the contribution of

specific genetic and epigenetic modifications to lead a benign tumor

to become malignant. One of these epigenetic modifications are

microRNA (miRNA or miR) molecules which regulate many cancer

development pathways (You & Jones, 2012). In this review, we will

discuss the involvement of main inflammatory pathways and miRNAs

in breast cancer progression, which may help us to understand about

the etiology of breast cancer, as well as to improve the early

diagnosis and treatment of this epidemic.

2 | CYTOKINES

Lymphocytes and macrophages secrete different cytokines with

several common structural and functional features. Cytokines are

biologically active at extremely low concentrations and can change

the activity of their target cells by binding to the cell surface

receptors. Moreover, their function may be additive, synergistic or

antagonistic. Various cytokines such as tumor necrosis factor‐α (TNF‐
α), transforming growth factor‐β (TGF‐β), and interleukins (ILs) like

IL‐6 play an important role in regulating the immune system and are

overexpressed under pathological conditions. These cytokines are

recognized as key factors in breast cancer development and

metastasis through regulating the inflammatory tumor microenvir-

onment (Kishimoto, Taga, & Akira, 1994).

2.1 | Tumor necrosis factor‐α

TNF‐α as a multifunctional cytokine contributes to different cancers

development. There are two types of receptors for TNF‐α biological

activity, tumor necrosis factor receptor 1 (TNFR1) and TNFR2 (D.

Liu, Wang, & Chen, 2016). TNF‐α binds to TNFR1 and promotes the

sequential recruitment of the proteins TNFR1‐associated death

domain protein (TRADD), receptor interacting protein (RIP), and

TNFR‐associated factor 2 (TRAF2) to the membrane as illustrated in

Figure 1. Next, TRAF2 triggers the activation of IκBα kinase (IKK) and

subsequent nuclear factor kappa B (NF‐κB) through a transforming

growth factor β‐activated kinase 1 (TAK1)‐dependent pathway

(Shostak & Chariot, 2011). There is a controversy about the role of

TNFR1 in controlling breast cancer. Some studies support its tumor‐
promoting role by activating the NF‐κB signaling pathway (Rivas

et al., 2008), whereas others support its tumor suppressive role by

inducing breast cancer cells apoptosis (Smolnikar, Loffek, Schulz,

Michna, & Diel, 2000). The participation of TNF‐α in stimulating

several signaling pathways connecting inflammation, cell growth, and

survival to breast cancer has been revealed by several studies (D. Liu

et al., 2016).

2.2 | Transforming growth factor‐β

The pleiotropic cytokine TGF‐β promotes metastasis in breast cancer.

Under physiological conditions, the function of this cytokine is

strongly controlled by a complex regulatory network. But when these

inhibitory regulators are suppressed, TGF‐β would be overactivated

leading to tumor growth. It is known that during breast cancer

progression, TGF‐β becomes a key developer of epithelial–mesench-

ymal transition (EMT), invasion and metastasis (Barcellos‐Hoff &

Akhurst, 2009).

2.3 | IL‐1, IL‐8, IL‐11, and IL‐23

Several ILs are reported to control the inflammatory tumor

microenvironment. IL‐1, IL‐8, IL‐11, and IL‐23 are important factors

involved in tumor progression. They can affect inflammation,

invasion, and metastasis in the tumor microenvironment to increase

the potential of breast tumorigenesis. Moreover, higher levels of

these ILs have been observed in breast cancer cells compared to

normal cells and they all can be used as biomarkers predicting this

type of cancer (Esquivel‐Velázquez et al., 2015).

2.4 | IL‐6/signal transducer and activator of
transcription 3 signaling pathway

Among different ILs, IL‐6 is one of the most studied and effective

factors playing a role as a double‐edged sword in the pathogen-

esis of breast cancer. IL‐6 is a pleiotropic cytokine regulating
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multiple biological activities. Over the past years, opposing

functions of IL‐6 have been revealed and both tumorigenic and

antitumorigenic effects of IL‐6 have been reported in experi-

ments related to breast cancer (Knupfer & Preiss, 2007). IL‐6 may

inhibit apoptosis through increasing the expression of antiapop-

totic proteins including B‐cell lymphoma‐extra large (Bcl‐xL) and
Bcl‐2 and then, may trigger cell survival through signal transdu-

cer and activator of transcription 3 (STAT3)‐dependent pathway

(Leu, Wong, Chang, Huang, & Hu, 2003). Hence, it seems that a

higher expression of IL‐6 is involved in resistance to chemother-

apy (Conze et al., 2001). IL‐6 also plays a critical role in

metastasis through decreasing E‐cadherin expression and breast

cell adhesion (Asgeirsson, Olafsdottir, Jonasson, & Ogmundsdot-

tir, 1998). IL‐6 overexpression induces the Janus kinase (JAK)/

STAT3 signaling pathway, which causes the translocation of

phospho‐STAT3 into the nucleus and transactivation of proteins‐
mediated proliferation, differentiation, and survival. STAT3 is a

member of the STAT protein family and is an imperative molecule

for supporting pluripotency in embryonic stem cells. Hyperacti-

vation of STAT3 has been observed in many types of cancer.

Then, it can be regarded as a target for the treatment of tumor

cells. IL‐6 also has a positive feedback loop with NF‐κB through a

mechanism by that suggests STAT3 activation (Johnson, O'Keefe,

& Grandis, 2018) as shown in Figure 2.

F IGURE 1 A schematic representation of different cytokines signaling pathways leading to the activation of IKK/NF‐κB signaling pathway

along with all inflammation‐related miRNAs which may regulate or be regulated by these factors and play significant roles in breast cancer
development. IKK: IκBα kinase; IL: interleukin; IRAK: IL‐1 receptor‐associated kinase; miRNA: microRNA; NF‐κB: nuclear factor kappa B; RIP:
receptor interacting protein; SMAD: suppressor of mothers against decapentaplegic; TAK: transforming growth factor β‐activated kinase; TGF‐
β: transforming growth factor‐β; TNF: tumor necrosis factor; TNFR: tumor necrosis factor receptor; TRAF: TNF receptor‐associated factor;

TRADD: TNFR1‐associated death domain protein [Color figure can be viewed at wileyonlinelibrary.com]
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Cytokines activating the JAK‐STAT signaling pathway are

negatively regulated by suppressor of cytokine signaling (SOCS)

proteins particularly, SOCS1 and SOCS3. These proteins are effective

suppressors of JAKs and play important roles in inflammation, as well

as tumorigenesis (Inagaki‐Ohara, Kondo, Ito, & Yoshimura, 2013). A

lower expression of SOCS1–3 was detected in less than 50% of

breast cancer cases. This may result from genetic or epigenetic

changes of SOCS1–3 including the promoter hypermethylation.

Indeed, Sutherland et al. observed higher methylation of SOCS1

promoter in 9% of the studied breast tumor samples. This may lead

to the activation of the JAK‐STAT signaling pathway and stimulation

of cell proliferation and tumorigenesis (Sutherland et al., 2004).

Previous studies emphasized the antitumorigenic properties of

the proteins involved in the IL‐6/STAT3 signaling pathway in breast

cancer. IL‐6 along with STAT3 may create the inflammatory

mechanism underlying cancer progression (Barclay, Anderson,

Waters, & Curlewis, 2009). There are several reported miRNAs

now that have been indicated in the IL‐6/STAT3 signaling pathway

and we will describe them later.

2.5 | Phosphatase and tensin homolog/
phosphoinositide 3‐kinase/protein kinase B signaling
pathway

Phosphatase and tensin homolog (PTEN)/phosphoinositide 3‐kinase
(PI3K)/protein kinase B (PKB/Akt) signaling pathway plays an

important role in controlling multiple biological processes like cell

growth, proliferation, differentiation, and apoptosis. This pathway is

recognized as the main survival cascade activated in cancer. PTEN is

a multifunctional tumor suppressor deleted on chromosome 10 in

many types of cancer including breast tumors. The substrate of PTEN

is the product of PI3K, means phosphatidyl‐inositol,3,4,5 tripho-

sphate (PIP3). Then, this phosphatase opposes the activity of PI3K.

The lipid PIP3 triggers the recruitment of Akt to the cell membrane

F IGURE 2 A schematic overview of the involved tumorigenic and antitumorigenic miRNAs in the IL‐6/STAT3 signaling pathway with a probable
occurrence in breast cancer cells. IL: interleukin; JAK: Janus kinase; miRNA: microRNA; NF‐κB: nuclear factor kappa B; SCOS: suppressor of cytokine
signaling; STAT3: signal transducer and activator of transcription 3 [Color figure can be viewed at wileyonlinelibrary.com]
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where it is stimulated by other kinases also induced by PIP3. The

serine/threonine kinase Akt phosphorylates many proteins related to

mentioned biological processes. Mammalian target of rapamycin

(mTOR) can be stimulated indirectly by AKT in response to stress,

growth factors, or DNA damage. After activation, mTOR can affect

many cellular processes including cell proliferation and growth.

Previous studies reported that mTOR may also have a critical role in

the regulation of metastasis. Importantly, the overexpression of

mTOR contributes to the development of many cancers including

breast cancer (Hare & Harvey, 2017). Remarkably, one of the most

important factors activated by Akt is NF‐κB through phosphorylation

and consequent degradation of its inhibitor, NF‐κB inhibitor α (IκBα).

As it is known, NF‐κB activation is crucial for PI3K/Akt‐induced
tumorigenesis. Moreover, any component of this pathway may

undergo modifications like mutation, deletion or promoter methyla-

tion which prepare them to induce tumorigenic properties in various

cells. The loss of PTEN activity and hyperactivity of PI3K and Akt are

reported in triggering breast cancer (Georgescu, 2010). Hence,

studies considering the PTEN/PI3K/Akt pathway and their regulatory

molecules as important targets for breast cancer progression are

required.

2.6 | IKK/NF‐κB signaling pathway

NF‐κB is a well‐known proinflammatory transcription factor that

controls various significant biological and pathological processes,

such as the development of invasive breast cancer cells. The NF‐κB
family contains five subunits which are p65 (RelA), RelB, c‐Rel, p105/
p50 (NF‐κB1), and p100/p52 (NF‐κB2). The first three mentioned

proteins are produced as mature and active proteins and have the

transactivation domains, while two latter ones are synthesized as

inactive proteins and lack the transactivation domains. Homo‐ or

heterodimerization of these subunits create the NF‐κB complex

(Shih, Tsui, Caldwell, & Hoffmann, 2011; Shostak & Chariot, 2011).

NF‐κB is activated by two recognized pathways, named classical

or canonical and alternative or noncanonical pathways. The activa-

tion of these pathways is both depended on phosphorylation and

degradation of an inhibitory molecule and consequent releasing of

NF‐κB to translocate into the nucleus and induce target genes such

as IL‐6. However, they are different in the factors inducing them and

also the identity of their mediated downstream proteins. The

canonical pathway is usually produced by exogenous ligands or

cytokines including TNF‐α and IL‐1. These inflammatory cytokines

activate IKK through a cascade depending on TNFR1, TRADD,

TRAF2, RIP, and TAK1 proteins and cause to the phosphorylation

and degradation of IκBα as an inhibitory molecule of NF‐κB. Then,
activated NF‐κB having RelA‐p50 heterodimer translocates into the

nucleus. The noncanonical pathway triggers the stimulation of RelB‐
p52 heterodimer derived from RelB‐p100 through TRAF2/NF‐κB
inducing kinase‐dependent pathway, which leads to the translocation

of this dimer into the nucleus. Next, NF‐κB induces the gene

expression related to cell proliferation, inflammation, and innate

immunity (Shostak & Chariot, 2011; Tegowski & Baldwin, 2018).

There are different regulators affecting the strength and duration

of NF‐κB signaling pathway under biological and pathological

conditions. As mentioned above, several signaling pathways including

TNF‐α, IL‐1, and TGF‐β appear with the NF‐κB signaling pathway in

developing a tumor. Dysregulation of NF‐κB is a shared process in a

variety of cancers and its expression is reported to be constitutively

high in different breast cancer subtypes (Hoesel & Schmid, 2013; W.

Wang, Nag, & Zhang, 2015). However, the exact mechanisms

underlying the abnormal activation of NF‐κB signaling pathway in

breast cancer are not fully understood. There is growing evidence

that many miRNAs may regulate or be regulated by the NF‐κB
signaling pathway and we will discuss them later.

3 | miRNAs AS A NOVEL CLASS OF
MOLECULES LINKING BREAST CANCER
AND INFLAMMATION

Posttranslational modifications are heritable changes in gene

expression without directly altering the original DNA sequence.

These modifications are natural processes which can undergo various

factors and conditions including age, diet, inflammation, and

disorders like cancer. The most important posttranslational mod-

ifications are methylation, acetylation, and noncoding RNAs (Gold-

berg, Allis, & Bernstein, 2007).

There are many protein‐coding and noncoding RNAs with gene

expression related to disease states. Among them, miRNAs are

endogenous small noncoding molecules with a length of approximately

18–22 nucleotides that regulate a wide range of physiological and

pathological processes including cell proliferation, differentiation,

apoptosis, and tumorigenesis. These small modulatory RNAs are highly

conserved and usually have a complementary site in their “seed”

sequences which interacts with the 3′‐untranslated region (3′‐UTR) of
target messenger RNA and leads to its inhibition. A large number of

miRNAs have an abnormal expression in many kinds of diseases,

including cancer (Lu et al., 2005). Today, because of the tumorigenic as

well as antitumorigenic properties of miRNAs, their expression profile in

cancer has become a new subject for investigation to reveal the

connections between miRNAs and their target genes remarkably in

breast cancer (Kanwal & Gupta, 2010). Although different cancers can

show common abnormal miRNAs expression, cancer‐specific miRNAs

are the main molecules in determining the disease state. In general,

miRNAs create multiple regulatory networks involving transcription

factors with the aim of inducing or reducing inflammatory and

tumorigenic processes (Schetter, Heegaard, & Harris, 2010). Alterations

of miRNAs expression profile in breast cancer have been reviewed

elsewhere (Hamam et al., 2017; Kaboli, Rahmat, Ismail, & Ling, 2015).

But in this review, we will focus on the involvement of inflammation and

its related miRNAs in breast cancer and describe their applications to

clinical approaches, particularly their potential to be diagnostic

biomarkers and therapeutic targets. Hence, we will emphasize the

miRNAs involved in inflammatory and tumorigenic pathways in the next

sections (also see the data summarized in Table 1).
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TABLE 1 Dysregulated miRNAs regulating/regulated by inflammation in breast cancer

Pathway miRNA
Regulating/regulated
by

Expression
pattern References

Cytokines miR‐509 TNF‐α Down Xing et al. (2015); G. Zhang, Liu, Han, Wang, and Yang (2016)

miR‐29a TNFR Down Zhao et al. (2017)

miR‐10b TGF‐β Up X. Han et al. (2014)

miR‐21 TGF‐β Up M. Han et al. (2016); Qian et al. (2009)

miR‐106b TGF‐β Up Gong et al. (2015); Smith et al. (2012)

miR‐181 TGF‐β Up Neel and Lebrun (2013)

miR‐196a‐
3p

TGF‐β Down Chen et al. (2017); Fils‐Aimé et al. (2013)

miR‐584 TGF‐β Down Chen et al. (2017); Fils‐Aimé et al. (2013)

miR‐145 TGF‐β Down Ding et al. (2017)

miR‐206 TGF‐β, IL‐11 Down Samaeekia et al. (2016); Yin et al. (2016)

miR‐99 TGF‐β Up Turcatel, Rubin, El‐Hashash, and Warburton (2012)

miR‐191 TGF‐β Up Nagpal et al. (2015)

miR‐424 TGF‐β Up Y. Li et al. (2014)

miR‐503 TGF‐β Up Y. Li et al. (2014)

miR‐452 IL‐1R/IL‐1, IL‐8 Down Abrahamsson et al. (2017)

miR‐17 IL‐8 Down Yu et al. (2010)

miR‐20 IL‐8 Down Yu et al. (2010)

miR‐124 IL‐11 Down Cai et al. (2018)

miR‐30c IL‐11 Down Bockhorn et al. (2013)

IL‐6/STAT3 miR‐21 IL‐6R ‐ Khori et al. (2015); P. Li et al. (2016); W. Wang et al. (2018)

miR‐30c SOCS3 Up Yen et al. (2016)

miR‐155 SOCS1, IL‐6 Up S. Jiang et al. (2010); Kim et al. (2016); Lei et al. (2016)

miR‐203 SOCS3 Up P. Li et al. (2016); Muhammad, Bhattacharya, Steele, and Ray

(2016)

miR‐29b STAT3 Down Y. Liu, Zhang, Sun, Su, and You (2017)

miR‐146b STAT3, IL‐6 Down Al‐Ansari and Aboussekhra (2015); Xiang et al. (2014)

miR‐200c IL‐6 Down Rokavec, Wu, and Luo (2012)

miR‐7 RAF1 Down Hsiao et al. (2015)

PTEN/PI3K/Akt miR‐590 PI3K Up Sheikholeslami, Nabiuni, and Arefian (2017)

miR‐21 PTEN Up Khaidakov and Mehta (2012); Niu et al. (2012); X. Wang et al.

(2017)

miR‐132 PTEN Up Xie et al. (2018)

miR‐212 PTEN Up Xie et al. (2018)

miR‐221 PTEN Up B. Li et al. (2017)

miR‐222 PTEN Up B. Li et al. (2017)

miR‐141 Akt Up Choi et al. (2016)

miR‐200 Akt Up Choi et al. (2016)

miR‐429 Akt Up Choi et al. (2016)

miR‐100 mTOR Down G. Zhang et al. (2016)

miR‐125b mTOR Down Vilquin et al. (2015)

miR‐15 mTOR Down Janaki Ramaiah et al. (2014)

miR‐16 mTOR Down Janaki Ramaiah et al. (2014)

IKK/NF‐κB miR‐146 TRAF2, IRAK1, TRAF6,

NF‐κB
Down X. Li et al. (2012); Y. Li et al. (2015); R. Liu et al. (2015); Tanic,

Zajac, Gómez‐López, Benítez, and Martínez‐Delgado (2012)

(Continues)
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4 | miRNAs AND CYTOKINES

Several mechanisms involving the posttranscriptional regulation of

cytokines such as TNF‐α, TGF‐β, and ILs via miRNAs have been

reported regarding their important roles in various pathological

conditions. Interestingly, the link between miRNAs and these

cytokines appears to reveal a complex relationship in breast cancer

development (Asirvatham, Magner, & Tomasi, 2009).

4.1 | miRNAs and TNF‐α

TNF‐α as a highly expressed cytokine in breast cancer can be

regulated by some miRNAs. A study identified miR‐509 as a tumor

suppressor with an inhibitory effect on brain metastasis in patients

with primary breast cancer through regulating TNF‐α which is

involved in brain invasion (Xing et al., 2015). Moreover, the inhibitory

effects of miR‐509 on cell proliferation and invasion of triple‐
negative breast cancer (TNBC) cells were also reported by suppres-

sing TNF‐α levels. TNBC is more common among breast cancer

subtypes with a higher risk of death. Considering these studies, a

higher expression of miR‐509 in primary breast cancer tumors may

prevent metastasis through regulating TNF‐α (G. Zhang et al., 2016).

In addition, binding of miR‐29a to the 3′‐UTR of TNFR1 gene reduced

cell proliferation and induced apoptosis in primary breast cancer

samples and Michigan Cancer Foundation‐7 (MCF‐7) cells as a known

human breast cancer cell line (Zhao et al., 2017).

4.2 | miRNAs and TGF‐β

There are many miRNAs implicated in the TGF‐β signaling pathway

which can both regulate or be regulated by this cytokine. For

instance, miR‐10b (X. Han et al., 2014), miR‐21 (Qian et al., 2009),

miR‐106b (Gong et al., 2015), and miR‐181 (Neel & Lebrun, 2013) are

represented as cell metastasis promoters for developing metastatic

breast cancer and are regulated by TGF‐β. In addition, other miRNAs

involved in breast tumorigenesis are miR‐21 (M. Han et al., 2016),

mir‐99 (Turcatel et al., 2012), miR‐106b‐25 (Smith et al., 2012), miR‐
191 (Nagpal et al., 2015), miR‐424, and miR‐503 (Y. Li et al., 2014),

which activate the TGF‐β signaling pathway through targeting and

suppressing suppressor of mothers against decapentaplegic as an

inhibitor of this cytokine. A higher expression of these miRNAs is also

observed in metastatic compared to primary breast cancers which

suggest their possible role in developing metastasis in peripheral

tissues. Hence, these miRNAs may predict the development of

metastatic breast cancer from primary tumor cells. miR‐200c and

miR‐340 were also reported to have indirect feedback suppression

TABLE 1 (Continued)

Pathway miRNA

Regulating/regulated

by

Expression

pattern References

miR‐99 TRAF2, NF‐κB Down Tanic et al. (2012); Turcatel et al. (2012)

miR‐205 TRAF2 Down Tanic et al. (2012)

miR‐892b TRAF2, TAK1 Down L. Jiang et al. (2016)

miR‐502–5p TRAF2 Down L. ‐L. Sun et al. (2014)

miR‐16 IKK Down Tang et al. (2016)

miR‐200 IKK, NF‐κB Down Y. Sun et al. (2018); Teng, Mei, Hawthorn, and Cowell (2014); H.

Wu et al. (2016)

miR‐324–5p IKK Up Song et al. (2015)

miR‐668 IκBα Up Luo, Ding, Li, and Yao (2017)

miR‐17 NF‐κB Up Niu et al. (2012); Zhong et al. (2017)

miR‐21 NF‐κB Up Niu et al. (2012); Zhong et al. (2017)

miR‐181 NF‐κB Down L. Wang, Wang, Chen, and Ji (2016); Kastrati, Canestrari, and

Frasor (2015)

miR‐506 NF‐κB Down Arora et al. (2013)

miR‐448 NF‐κB Down Mak et al. (2013)

miR‐30c NF‐κB Down Shukla et al. (2015)

miR‐520 RelA Down Keklikoglou et al. (2012)

miR‐373 RelA Down Keklikoglou et al. (2012)

Note. IL: interleukin; IRAK1: IL‐1 receptor‐associated kinase 1; IκBα: NF‐κB inhibitor α; IKK: IκBα kinase; mTOR: mammalian target of rapamycin; miRNA:

microRNA; NF‐κB: nuclear factor kappa B; PI3K: phosphoinositide 3‐kinase; PKB/Akt: protein kinase B; PTEN: phosphatase and tensin homolog; RAF1:

rapidly accelerated fibrosarcoma 1; RelA: v‐rel avian reticuloendotheliosis viral oncogene homolog A; SOCS: suppressor of cytokine signaling; STAT3:

signal transducer and activator of transcription 3; TAK1: transforming growth factor β‐activated kinase 1; TGF‐β: transforming growth factor‐β;
TNF‐α: tumor necrosis factor‐α; TNFR: tumor necrosis factor receptor; TRAF: TNF receptor‐associated factor.
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with the TGF‐β signaling pathway (Bai et al., 2014; Hou et al., 2016).

Moreover, two miRNAs, miR‐145 (Ding et al., 2017) and miR‐206
(Yin et al., 2016) were revealed to act as tumor suppressors by

regulating TGF‐β. Other studies also demonstrated that miR‐196a‐3p
and miR‐584 act as anticancer factors and are downregulated by

TGF‐β in breast cancer cells (Chen et al., 2017; Fils‐Aimé et al., 2013).

Decreased levels of these miRNAs were associated with metastatic

breast cancer mediated by the prometastatic signaling pathway of

TGF‐β.

4.3 | miRNAs and IL‐1, IL‐8, IL‐11, and IL‐23

Recent studies suggest that miRNAs may have an important role in

the ILs status related to breast cancer and then, may contribute to

tumorigenesis. For example, a study showed that miR‐452 was in a

negative correlation with the IL‐1R/IL‐1 ratio and IL‐8. Thus, its

downregulation might increase the risk of developing breast cancer

in postmenopausal women (Abrahamsson, Capodanno, Rzepecka, &

Dabrosin, 2017). It was also reported that miR‐17 and miR‐20
inhibited some inflammatory cytokines including IL‐8 through direct

binding to the 3′‐UTR, then controlled the invasion of neighboring

cells in breast cancer (Yu et al., 2010). Another study revealed the

inhibitory effect of miR‐124 on bone metastases development

through suppression of IL‐11 in breast cancer (Cai et al., 2018). A

lower expression of these miRNAs was connected to the develop-

ment of metastatic breast cancer. Moreover, miR‐30c as a known

prognostic marker of breast cancer indirectly targeted IL‐11 and

then, reduced chemotherapy resistance in patients with primary

breast cancer (Bockhorn et al., 2013). IL‐11 was also characterized as

an oncogenic target for miR‐206 which triggered a decrease in the

invasion of breast cancer cells (Samaeekia et al., 2016) and as

mentioned before, a lower level of miR‐206 was associated with a

higher probability of metastatic breast tumor development. Remark-

ably, a binding site in the 3′‐UTR of the IL‐23 receptor gene was

identified for miRNAs binding with a possible contribution to the

progression of breast cancer (L. Wang et al., 2012). The inflamma-

tion‐related miRNAs involved in the cytokines signaling pathways are

presented in Figure 1.

4.4 | miRNAs and IL‐6/STAT3 signaling pathway

Numerous individual miRNAs are identified as target proteins of the

IL‐6/STAT3 signaling pathway involved in the progression of breast

cancer. miR‐155 is revealed to be overexpressed in breast cancer

type 1‐deficient tumors (Kim et al., 2016). Importantly, a study

showed the important role of miR‐155 in promoting breast cancer by

targeting SOCS1 as a tumor suppressor gene. Moreover, they stated

that IL‐6 would also stimulate miR‐155 expression and consequent

progression of breast cancer (S. Jiang et al., 2010). Another study on

human breast cancer showed an inhibitory effect on the levels of IL‐
1, IL‐6, and the JAK‐STAT3 signaling pathway, using a novel

photosensitizer named 3B which downregulated miR‐155‐5p (Lei

et al., 2016). Therefore, these studies suggest the positive correlation

between miR‐155 expression and IL‐6/STAT3 signaling pathway in

primary breast cancer. There are other investigations performed in

line with the cancerous effects of miRNAs. In a study, a sesquiterpe-

noids compound named isolinderalactone decreased miR‐30c ex-

pression and then, caused to an increase in SOCS3 levels, a decrease

in STAT3 phosphorylation, and an increase in TNBC cells apoptosis

(Yen et al., 2016). The regulatory role of low miR‐29b expression in

promoting metastatic breast cancer by upregulation and activation of

the STAT1 pathway has been illustrated too (Y. Liu et al., 2017).

Remarkably, a recent study stated the multiple antitumorigenic

effects of endogenous kallistatin protein on the expression of

different miRNAs including miR‐21 and miR‐203 in breast cancer

cells which triggered a decrease in Akt phosphorylation along with an

alteration in Bcl‐2 expression and also an increase in SOCS3

expression (P. Li et al., 2016). Previous studies also demonstrated

the direct inhibition of SOCS3 by miR‐203 in MCF‐7 cells

(Muhammad et al., 2016). However, there is still a controversy about

the role of miR‐21 linked to IL‐6 and STAT protein in breast cancer.

For example, it was reported that miR‐21 underwent the antitumori-

genic effects of both interval exercise and tamoxifen along with a

decrease in IL‐6, NF‐kB, and STAT3 levels in mice model of breast

cancer (Khori et al., 2015). In contrast, another study revealed the

inhibitory effect of miR‐21 on proliferation and invasion of

endothelial progenitor cells which consequently decreased venous

thrombosis by direct targeting IL‐6R (W. Wang et al., 2018).

Altogether, miR‐21 may play a critical role in breast cancer

metastasis in association with inflammatory pathways.

In addition to the remarkable role of miR‐146 in NF‐κB signaling

pathway which we will discuss later, this miRNA is also investigated in

several studies regarding the IL‐6/STAT3 signaling pathway. Interest-

ingly, a higher methylation of miR‐146b promoter was identified in

primary breast cancer which had a negative feedback loop with

activation of NF‐κB, STAT3, and IL‐6. As a tumor suppressor marker,

miR‐146 is a direct STAT3 target gene. Moreover, its promoter

methylation caused to the upregulation of NF‐κB and the subsequent

induction of phospho‐STAT3 dimer formation along with an increase in

the migration and invasion of breast cancer cells (Xiang et al., 2014). A

specific sequence at the 3′‐UTR of IL‐6 was also recognized for binding

miR‐146b‐5p to be regulated by different tumor suppressors such as

p16 protein. In addition, using curcumin ameliorated tumorigenic

properties through activating this pathway (Al‐Ansari & Aboussekhra,

2015). There are also other tumor‐suppressing miRNAs studied in

association with the IL‐6/STAT3 signaling pathway. For instance, miR‐7
was reported as a negative regulator of IL‐6 by direct binding to the 3′‐
UTR of its upstream mediator, rapidly accelerated fibrosarcoma 1. Thus,

it seems to have antitumorigenic and antimetastatic effects in primary

breast cancer cells (Hsiao et al., 2015). Moreover, a feedback loop was

reported between miR‐200c and IL‐6 in both human and mouse breast

cancer cells in which IL‐6 caused to the inhibition of miR‐200c and after

activation of inflammatory and tumorigenic pathways, and in turn, the

promoter demethylation and activation of IL‐6 occurred (Rokavec et al.,

2012). The interactions between these miRNAs and IL‐6/STAT3
signaling pathway are illustrated in Figure 2.
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4.5 | miRNAs and PTEN/PI3K/AKT signaling
pathway

One of the most studied miRNAs linked to the association between

PTEN/PI3K/Akt cascade and breast cancer progression is miR‐21.
There is a study reporting the anti‐inflammatory and antitumorigenic

effects of curcumin in suppressing miR‐21 and regulating its target

gene, PTEN (X. Wang et al., 2017). It was also demonstrated that

DNA damage increased histone H3 phosphorylation which subse-

quently enhanced the recruitment of NF‐κB and STAT3 on the open

chromatin structure of miR‐21 promoter to upregulate its expression.

Consequently, miR‐21 induced cell metastasis through suppressing

PTEN expression (Niu et al., 2012). In addition, in MCF‐10A cells

treated with oxidized low‐density lipoprotein, an increase in miR‐21
expression along with the inhibition of PTEN as its target gene was

reported which was followed by the PI3K/Akt signaling pathway

activation (Khaidakov & Mehta, 2012). As described earlier, miR‐21
along with several inflammatory pathways has a significant role in

breast cancer metastasis.

Furthermore, other studies indicated the inhibitory effects of

miR‐221 and miR‐222 on their target gene PTEN along with an

increase in the phosphorylation of Akt and subsequent overexpres-

sion of NF‐κB p65 which promoted the invasion of breast cancer cells

(B. Li et al., 2017). In line with drug resistance, miR‐132 and miR‐212
are reported to be overexpressed in conditions of doxorubicin (an

antitumor drug for breast cancer)‐resistant MCF‐7 cells which

targeted PTEN and subsequently induced NF‐κB and antiapoptotic

proteins (Xie et al., 2018).

Other studies also supported the role of miRNAs in breast cancer

by regulating PI3K or Akt proteins. For instance, a study on breast

cancer cell lines indicated that miR‐590 is both anti‐inflammatory

and antitumorigenic factor through downregulating PI3K (Sheikho-

leslami et al., 2017) and resulted to a decrease in the metastatic

ability of breast cells. Moreover, the mediatory effects of miR‐126 on

the suppression of the PI3K/Akt signaling pathway and NF‐κB levels

by mango polyphenolics were investigated in BT474 breast cancer

cells and xenografts of mice (Banerjee, Kim, Krenek, Talcott, &

Mertens‐Talcott, 2015). miRNAs 141, 200a, 200b, 200c, and 429

enhanced the invasion of TNBC cells through phosphorylation and

activation of Akt. In addition, a higher expression of these miRNAs

was reported in metastatic cancer relative to primary tumor samples.

Indeed, overexpression of miR‐200 in primary breast cancer was

linked to a higher risk of metastasis (Antolín et al., 2015; Choi et al.,

2016). Another study used pomegranate polyphenols as antitumori-

genic agents which repressed breast cancer cell proliferation,

induced apoptosis, and decreased inflammation through down-

regulating the miR‐155/PI3K/Akt/NF‐κB signaling pathway (Bane-

rjee, Talcott, Safe, & Mertens‐Talcott, 2012). A summary of the

regulatory functions of these miRNAs on the PTEN/PI3K/Akt

signaling pathway is presented in Figure 3.

As described earlier, Akt can have different downstream effects

including activating mTOR. Several studies indicated the role of

miRNAs in the regulation of mTOR and further cell proliferation and

apoptosis in breast cancer. For instance, miR‐100 and miR‐125b had

an inhibitory effect on the expression of mTOR with low expression

in both primary breast cancer samples and cell lines (Vilquin et al.,

2015; B. Zhang et al., 2016). Other studies have also reported the

inhibitory role of miR‐15 and miR‐16 in the metastasis of breast

cancer cells (Janaki Ramaiah et al., 2014).

4.6 | miRNAs and IKK/NF‐κB signaling pathway

A variety of studies are presented now considering the role of

miRNAs in interactions between the NF‐κB signaling pathway and

developing breast cancer. In this manner, some miRNAs may show

antitumorigenic effects while others may not (J. Wu, Ding, Yang, Guo,

& Zheng, 2018). Here, we will first discuss the tumor suppressor

miRNAs‐mediating NF‐κB signaling pathway in breast cancer models

and next, we will bring some miRNAs with tumorigenic properties.

The potential role of TRAF2 in activating NF‐κB through direct

interaction with various TNFRs has been described before. More-

over, its regulatory effect on inducing cancer properties has been

discovered too (L. Zhang, Blackwell, Altaeva, Shi, & Habelhah, 2011).

Several studies indicated the mediatory role of different miRNAs on

NF‐κB and subsequent cancer development through targeting

TRAF2. For instance, miR‐502‐5p has a binding site in the 3′‐UTR
of TRAF2 gene with an inhibitory effect. Then, it acted as a tumor

suppressor for regulating the development of metastatic breast

cancer through suppressing NF‐κB‐induced tumorigenic pathways.

Indeed, miR‐502‐5p had a lower level in metastatic breast cancer

cells compared with nonmalignant cells (L. ‐L. Sun et al., 2014).

Remarkably, miR‐892b was reported as an important suppressor of

NF‐κB through direct targeting its mediators means TRAF2 and

TAK1. Therefore, it inhibits tumor growth, invasion, and angiogen-

esis. But, the promoter of miR‐892b was suppressed by methylation

in primary breast cancer samples compared to normal tissues in an

association with a greater metastatic capacity (L. Jiang et al., 2016).

Another study introduced TRAF2 as a target gene for binding

miRNAs 99, 146, and 205 which subsequently regulated NF‐κB
activity in HCC1937 breast cancer cells (Tanic, Zajac, Gómez‐López,
Benítez, & Martínez‐Delgado, 2012). Forkhead box P3 is a tumor

suppressor and proapoptotic protein acting by binding to the miR‐
146a promoter, increasing miR‐146a/b expression, and downregulat-

ing IL‐1R‐associated kinase 1 and TRAF6, two factors contributed in

NF‐κB activation in MCF‐7 cells (R. Liu et al., 2015). It was also

reported that p53‐binding protein‐1 (53BP1) as a potential tumor

suppressor has lower expression in cancerous cells. Accordingly, this

factor inhibited NF‐κB through overexpression of miR‐146a in breast

cancer (X. Li et al., 2012). On the other hand, a study revealed the

binding site of NF‐κB on the miR‐146a promoter in tumor‐associated
macrophages with an inhibitory influence (Y. Li et al., 2015).

Altogether, these studies showed that miRNAs 146 and 205 are

downregulated in primary breast cancer compared to normal breast

tissues suggesting their applicable role in tumorigenesis.

Several studies reported the negative association between miR‐
200 and NF‐κB in the invasion of breast cancer cells. Indeed, miR‐200
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showed an undetectable expression in the poorly differentiated

tumor cells (Teng, Mei, Hawthorn, & Cowell, 2014). Remarkably,

there was a feedback loop between miR‐200b expression and NF‐κB
activation, in which the 3′‐UTR of IKK acted as a direct target for

binding miR‐200b and with its inhibition, NF‐κB activity and

subsequent breast cancer progression were reduced (H. Wu et al.,

2016). Moreover, miRNAs 200b and 200c were reported to target

IKK to control MCF‐7 cell growth (Y. Sun et al., 2018). In turn, the

promoter of miR‐200b had a putative binding site for NF‐κB with an

inhibitory effect on its expression (H. Wu et al., 2016). Another

miRNA, miR‐16 was able to sensitize breast cancer cells to the

treatment by chemotherapy medication paclitaxel leading to cell

apoptosis via direct targeting IKK (Tang et al., 2016).

It was reported that miR‐181b as a cytokine‐responsive miRNA

inhibited the migration of breast cancer cells by binding to the 3′‐
UTR of NF‐κB gene (L. Wang et al., 2016). Another study revealed

that NF‐κB in consistency with estrogen receptor‐inhibited miR‐181
expression to upregulate its target gene pleckstrin homology‐like
domain, family A, member 1, as a stem cell marker involved in the

survival of breast cancer cells (Kastrati, Canestrari, & Frasor, 2015).

The possible inhibitory effect of miR‐520 and miR‐373 on the

metastatic ability of primary breast cancer cells was also demon-

strated through direct suppressing of RelA which mediates NF‐κB
activation and subsequent production of IL‐6 and IL‐8 (Keklikoglou

et al., 2012). In addition, miR‐30c was identified as an important

inhibitor of NF‐κB signaling pathway which decreased the expression

of IL‐6 and IL‐8 and reduced the proliferation of TNBC cells (Shukla

et al., 2015). NF‐κB expression and tumorigenesis were also inhibited

by pterostilbene as an antioxidant component of blueberries through

upregulation of miR‐448 (Mak et al., 2013). Moreover, it was

characterized that the relative amount of miR‐448 was lower in

the high metastatic breast cancer cell lines compared to the low

metastatic breast cancer cell lines. Another study indicated that NF‐
κB has a binding site at the upstream of tumor suppressor miR‐506
promoter which inhibits its expression in breast cancer cells.

Furthermore, miR‐506 had an inhibitory effect on the invasion and

migration of high metastatic breast cancer cells through regulating

EMT‐related genes (Arora, Qureshi, & Park, 2013).

F IGURE 3 A schematic representation of the involved miRNAs in stimulating or inhibiting target genes in the PTEN/PI3K/Akt signaling
pathway which may happen in both primary and metastatic breast cancer development. Akt: protein kinase B; IKK: IκBα kinase; miRNA:

microRNA; NF‐κB: nuclear factor kappa B; PI3K: phosphoinositide 3‐kinase; PIP3: phosphatidyl‐inositol,3,4,5 triphosphate; PTEN: phosphatase
and tensin homolog [Color figure can be viewed at wileyonlinelibrary.com]
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In line with the tumorigenic properties of miRNAs, a study on

sinomenine as a tumor suppressor isoquinoline showed that it had an

inhibitory effect on invasion and metastasis of breast cancer cells and

induced their apoptosis through suppressing miR‐324‐5p expression

and IKK phosphorylation. On the other hand, this miRNA increased

the separation of NF‐κB and IκBα by targeting IKK phosphorylation

which was inhibited by sinomenine (Song et al., 2015). IκBα was

reported as a direct target of miR‐668 in promoting radioresistance

of breast cancer MCF‐7 and T‐47D cells. Then, this miRNA activated

NF‐κB through suppressing its inhibitor, IκBα (Luo et al., 2017). NF‐
κB was also revealed to bind miR‐17 and miR‐21 promoters and,

thereby contributed to the invasion of breast cancer cells through

targeting E‐cadherin and PTEN, respectively (Niu et al., 2012; Zhong

et al., 2017). The regulatory functions of these miRNAs on the NF‐κB
signaling pathway are depicted in a summarized manner in Figure 1.

As described earlier, metastasis as a complex process involves the

separation of cancer cells from the primary tumor and their moving

through the bloodstream to invade and grow within the peripheral

tissues and to form a metastatic tumor. This crucial process

emphasizes the early diagnosis of breast cancer to reduce death rates

(Scully et al., 2012). In this review, we described the specific roles of

various miRNAs in the development of primary and metastatic breast

tumors in relation with main inflammatory pathways such as cytokines,

PTEN/PI3K/Akt, and IKK/NF‐κB. We indicated that inflammatory‐
miRNAs such as miR‐30, miR‐146, miR‐205, and and so forth have

been found to have an abnormal expression in primary breast cancer

suggesting their applicable role in these type of cancers. Therefore,

they may be used as a prognostic tool for monitoring primary breast

cancer. Moreover, clinical observations indicated that some miRNAs

with an unusual level in primary breast cancer can trigger a more

probability of developing metastasis through regulating inflammatory

pathways. Among these miRNAs, miR‐7, miR‐373, miR‐509, miR‐520,
miR‐892b, and and so forth have been found to be lower and miR‐25,
miR‐99, miR‐191, miR‐424, miR‐503, and and so forth have been

found to be higher in primary breast cancer associated with a greater

risk of metastasis. Furthermore, among miRNAs with an abnormal

level in metastatic breast tumors, we declared miR‐10, miR‐106, miR‐
181, and and so forth to be upregulated and miR‐124, miR‐206, miR‐
502‐5p, and and so forth to be downregulated associated with

predominant inflammatory pathways. Therefore, screening of miRNA

expression profiling regarding both primary and metastatic breast

cancer may eventually lead to give an applicable approach for

predicting the breast tumor metastasis and also to prevent such

metastasis development from primary tumor cells.

5 | CONCLUSION

As the most frequently occurring cancer in women all over the world,

breast cancer provides a challenging public health problem which

demands great attention. Growing evidence suggests that tumorigenic

pathways are not completely sufficient for breast cancer progression,

and the contribution of inflammation, as well as specific genetic and

epigenetic modifications, are required too. This review summarized

the present state of information on the molecular interactions

between miRNAs and the predominant inflammatory pathways

including IL‐6/STAT3, PTEN/PI3K/Akt, and IKK/NF‐κB in breast

cancer. In summary, it seems likely that miRNAs can directly control

the key target proteins or their regulators in the inflammatory

pathways. In turn, the main components of these pathways may also

regulate noncoding RNAs. Considering the tumorigenic and antitu-

morigenic effects of miRNAs in association with the inflammatory

pathways, miRNAs seem to be promising biomarkers for predicting the

clinical outcome of breast cancer. Collectively, our review may provide

remarkable information for understanding the underlying mechanisms

of miRNAs as a possible link between inflammation and tumorigenesis

to give a noble insight in the field of combining biomarkers for early

diagnosis, prognosis, and monitoring breast cancer.
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