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Abstract 

Over the past decades, luminal epithelial cell lineage has gained considerable attraction as the functionally milk-
secreting units and as the most fruitful acreage for breast cancer launching. Recognition of the effective involvement 
of the myoepithelial cells in mammary gland development and in hampering tumorigenesis has renewed the interest 
in investigating the biological roles of this second main mammary lineage. The human breast is made up of an exten-
sively branching ductal system intervening by copious lobular units. The ductal system is coated by a chain of luminal 
epithelial cells (LECs) situated on a layer of myoepithelial cells (MECs) and encompassed by a distinguished basement 
membrane. Ductal contractility during lactation is a well-known function delivered by the MECs however this is not 
the only assignment mediated by these cellular populations. It has been well appreciated that the MECs exhibit a 
natural paracrine power in defeating cancer development and advancement. MECs were found to express numerous 
proteinase inhibitors, anti-angiogenic factors, and tumour suppressors proteins. Additionally, MECs contributed effec-
tively to maintaining the right luminal cells’ polarization and further separating them from the adjacent stroma by 
making an integrated fence. Indeed, disruption of the MECs layer was reported to facilitate the invasion of the cancer 
cells to the surrounding stroma. Nonetheless, MECs were also found to exhibit cancer-promoting effects and provoke 
tumour invasion and dissemination by displaying distinct cancer chemokines. Herein in this review, we aimed to 
address the roles delivered by MECs in breast cancer progression and decipher the molecular mechanisms regulating 
proper MECs’ physiology, integrity, and terminal differentiation.
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Graphical Abstract

Introduction
The mammary gland is an exocrine organ and a sup-
plementary reproductive structure providing the 
premise nutritional source for postpartum life [1]. 
The mammary gland is composed of numerous elon-
gated ductal branches embedding in a background of 
fatty tissues. Two major cell types cooperate to build 
up the ductal units: inner polarized luminal epithelial 
cells (LECs) embraced by a layer of myoepithelial cells 
(MECs), both cell types are rimmed by a cohesive base-
ment membrane (BM) [2]. The LECs have attained most 
of the investigators’ attraction for prolonged eras as they 
are deemed to be the central origin of breast cancer evo-
lution. Subsequently, a plethora of studies have been 
conducted to elucidate the physiological functions and 
pathological conditions associated with LECs while the 
MECs were left undervalued [3]. Hitherto the involve-
ment of the MECs in mammary gland orchestration and 
morphogenesis [4] and in affording fortification against 
tumour progression and invasion [5, 6] has re-established 
the attention in studying and characterizing the MECs.

Different growth factors, chemical compounds, and 
tumour epithelial cells must first pass through both layers 
of the MECs and the BM to connect with the surrounding 
stroma; as a result, both layers work together to function 
as reliable gatekeepers to the outside world [3]. Subsequent 

in  vitro and in  vivo studies have demonstrated the initial 
steps of cancer cell invasion and dissemination by disrupt-
ing the integrity of the myoepithelial belt that encircles the 
LECs [7–11]. Therefore, damaging the MECs layer resulted 
in the release of various factors (such as SDF1/CXCL12, 
CXCL14, MMP, and tenascin) [11, 12] with a potential to 
modify the tumour microenvironment and facilitate the 
paracrine communication between the tumour epithe-
lial cells and the enclosed stroma enhancing the tumour 
aggressiveness [11, 13]. Moreover, efforts have been engen-
dered to study the relationships between the MECs and the 
LECs and their engagement in breast cancer tumorigenesis 
and plasticity. Accordingly, another area of research about 
how the LECs and MECs originate and molecularly com-
municate in both normal and pathological conditions was 
also investigated [14].

In this review, we provided an overview of the myoepi-
thelial cells’ histogenesis, molecular and biological mark-
ers, and physiological commitments. Next, we re-evaluate 
the important role of MECs in breast cancer evolution and 
progression. Finally, we shed the light on the key molecu-
lar signalling pathways that are involved in the regulation 
of MECs’ development and functions. Identifying the pre-
cise mechanisms by which MECs battle against tumorigen-
esis will provide further guidance on the decision-making 
implicating therapeutic options for breast cancer patients.
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Anatomical and histogenesis portrayal 
of the myoepithelial cells
We can better grasp a variety of breast diseases, includ-
ing breast malignancies if we have a better understand-
ing of the mammary gland’s normal morphology [15]. 
The human breast is the apocrine milk-producing gland 
the primary source of substance for infants. The main 
unit of the mammary gland consists of copious terminal 
ducts lobular units (TDLU) that branched throughout 
the fatty tissues of the breast parenchyma, (Fig. 1). TDLU, 
as implied by its name, consists of ductal branching net-
works and lobular structures containing milk-secreting 
acini [4, 16].

The ductal unit is organized into a bi-layer sys-
tem of LECs lining the inner surface and distributed 
in a polarized fashion with an apical side facing the 
lumen and basal bottom situated on a layer of MECs 
[4]. MECs are specialized cells that combine the phe-
notypic features of both epithelial cells and smooth 
muscle cells. MECs display the expression of smooth 
muscle markers (Myo-) such as actin, myosin, and 

vimentin filaments and exhibit a contractile activity. 
Additionally, MECs are akin to the epithelial pheno-
type by showing the expression of different epithelial 
molecular markers (-epithelial) mainly cytokeratins 
[17]. Other epithelial proteins include desmosomes, 
hemidesmosomes, and cadherins (P-cadherin) with 
other various cellular junction proteins [2, 4]. Cad-
herins are adherents’ junctional proteins that are key 
mediators in maintaining accurate cellular commu-
nications and thus ensuring proper signalling inter-
actions to preserve normal tissue development and 
morphology. P-cadherin in the mammary gland is 
exclusively expressed by the MECs that line both 
ductal and alveolar compartments. Lack of P-cadherin 
expression in animal models was found to be associ-
ated with premature lobular-alveolar formation. The 
mammary gland of the virgin P-cadherin deficient 
mice showed extensive ductal tree branching and 
acini-like structures bestowing features of lactogenic 
differentiation that mirror a pregnancy background. 
Moreover, these P-cadherin deficient mice, at the 

Fig. 1  Schematic presentation of the main morphological aspects of the mammary gland: anatomical structure of the normal mammary gland 
composed of numerous terminal ductal lobular units (TDLUs) embedded in the parenchyma of fatty tissues. A cross-section illustration of the 
ductal bilayer unit made of the inner layer of the polarized secretory luminal epithelial cells (LECs) and the outer layer of myoepithelial cells (MECs), 
all enclosed within the basement membrane (BM). The LECs secreted milk proteins during lactation. The MECs are connected to the LECs by 
desmosomes and the underlying BM by hemidesmosomes. Created with BioRe​nder.​com and adapted from the following references: [15, 16]

https://biorender.com/
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adult stage, displayed aberrant hyperplastic and dys-
plastic manifestations [18]. Thus suggesting that per-
turbances in the gene expression pattern by MECs 
could eventually affect the morphogenesis of the epi-
thelial compartment within the breast tissues [3].

In TDLU, MECs have organized into spindle-shaped 
cells as a continuous belt lining the ductal unit while 
in the lobular compartment they are forming a dis-
continuous layer of stellate-shaped cells surrounding 
the acini [14]. As shown in Fig. 1, this ductal structure 
(LECs and MECs) of the mammary gland is exten-
sively branching and confined by a distinguish BM 
surrounded by a stomal compartment [4, 19]. Because 
of the direct communication of MECs with the BM, 
MECs showed a high expression level of different pro-
teins that are also expressed by BM such as integrin 
dimers, collagen receptors a1b1and a2b1, fibronectin 
receptor a5b1, and avb3 integrin [20, 21]. Addition-
ally, fully differentiated MECs synthesize numerous 
components that play role in sculpting ductal elonga-
tion and morphogenesis, and in the production of new 
BM, these include collagen IV, integrin, fibronectin, 
nidogen, matrix metalloproteinases (MMPs) such as 
MMP2 and MMP3 [22], morphogens, various growth 
factors, desmosomes, high level of laminin-1 and 5, 
and laminin receptors a3b1, a6b1 and a6b4 [15].

Putative myoepithelial cells progenitors at a glance
Both mammary LECs and MECs originated from the 
ectoderm, unlike the smooth muscle cells that derived 
from mesoderm and neural crest cells [18]. In the epi-
thelium of the human breast, common putative mam-
mary stem cell ancestors are located within the luminal 
epithelial components harbouring the expression of 
CK5 + , (Fig.  2). These progenitors can ultimately dif-
ferentiate into either the LECs (CK8/18 +) or the MECs 
(SMA +) after passing with the intermediary differenti-
ated phase (CK5 + and CK8/18 + or SMA +) cells. Using 
specific antibodies against different molecular markers, 
the LECs were further characterized by the expression 
of CKs 8/18/19 and estrogen/progesterone receptors 
while the MECs express CKs 5/14 and SMA [23]. Dif-
ferent basal cytokeratins such as CK 5, CK 14, and CK 
17 that are expressed by the basal cells were found to be 
also expressed by the MECs. These CKs, particularly CK 
5 and CK 14, regulate the connection of MECs to under-
lying BM through hemidesmosome proteins and connect 
MECs to the adjacent LECs via desmosome proteins, as 
demonstrated by Fig. 1 [14]. Furthermore, MECs express 
abundant levels of integrins and adherent junction pro-
teins such as vinculin, talin, focal adhesion kinase, and 
alpha-actinin that connect LECs to the BM [3]. These 

Fig. 2  Schematic presentation of the basic mammary stem cells hierarchy: common stem cell progenitors give rise to the intermediate progenitors 
that terminally differentiated into luminal epithelial cells and myoepithelial cells lineages. Specific molecular marker expressions distinguish each 
cellular progeny. α-SMA α-smooth muscleactin, Ck cytokeratin, ER estrogen receptor, and PR progesterone receptor. Created with BioRe​nder.​com 
and adapted from the following reference: [126]

https://biorender.com/
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anatomical connections accelerate exchanging of many 
paracrine signalling within the ductal bi-layer units [15].

Designations of the myoepithelial cells’ 
physiological duties
MECs have been reported to regulate a spectrum of 
physiological functions within the mammary gland 
mainly ductal contraction to release milk during lacta-
tion [15]. The lactation process is achieved by secreting 
the milk into the lumen by the LECs and then ejection of 
the milk is made by the contractile effects of the MECs 
in response to pulsatile stimulation of oxytocin from the 
pituitary gland. Next, Oxytocin interacts with G pro-
tein-coupled receptor on the MECs surface and induces 
a contraction [19]. Fully differentiated MECs and their 
ultrastructure are characterized by the presence of a large 
amount of α-smooth muscle actin (α-SMA) and heavy 
chain-myosin (hc-myosin) filaments [3]. These filaments 
are enriched in the reminiscent muscle specific-cytoskel-
eton and contractile proteins to stimulate the propelling 
of the milk release to the exterior during the lactation 
[24]. Both in vivo and in vitro studies found that loss of 
α-SMA expression caused impairment of the contractile 
activity of MECs and failure of milk ejection and lacta-
tion while the mammary gland still presented normal 
architectures [25]. Additionally, the function of MECs is 
more than contractility, MECs control the exchange of 
the physiological signals between the LECs and the BM 
[15]. MECs by separating the abnormally dividing cells 
from invading the surrounding stroma/parenchyma form 
a protective physical and molecular boundary [26]. Like-
wise, MECs are heavily engaged in maintaining organ 
homeostasis and structural integrity by orchestrating the 
LECs into an accurate polarization [15].

Do we still ruminate myoepithelial cells 
as an effective barrier against breast cancer 
progression?
A. Myoepithelial cells layer as a protector fence 
against tumour dissemination
It should be born in mind that MECs by forming an 
integrated layer that separates the LECs from the sur-
rounding stroma provides a natural paracrine defence 
mechanism against cancer invasion and metastasis [27, 
28]. Moreover, MECs by maintaining proper organiza-
tion and cellular polarity provides extra protective power 
against the malignant transformation [3, 29]. Indeed, loss 
or interruption of the fully differentiated MECs layer 
continuity has been observed during breast cancer pro-
gression and was found to accelerate the microinvasion 
of the cancer cells into the neighbouring stroma [30]. 
This damage to MECs could have resulted from different 

factors including mechanical injury, immune infiltra-
tion, or loss of cellular repair capacity [13]. Furthermore, 
both in vitro and in vivo reports have shown the tumour 
growth and invasion inhibitory effects that are delivered 
by MECs thus suggesting a safeguarding role exhibited by 
this population [5, 28]. Therefore, the acknowledgment of 
the engagement of MECs in controlling breast morpho-
genesis and cellular polarity to shield against cancer pro-
gression has raised the interest in investigating the MECs 
biology [14, 28].

A surrogate marker used by pathologists in distinguish-
ing between ductal carcinoma in situ (DCIS) and invasive 
breast cancer (IBC) is the detection of an intact func-
tional MECs layer that rims the LECs [29]. DCIS is the 
earliest non-invasive form of breast cancer manifested by 
the presence of an undamaged ring of MECs surround-
ing hyperproliferative neoplastic luminal cells [31, 32]. 
MECs bound the DCIS either in a continuous layer or in 
focally disrupted loci yet both conditions show a similar 
pattern of immunoreactivity to different molecules (such 
as maspin and TIMP-1) akin to the normal MECs [33]. 
Retaining functional intact MECs layer encircling DCIS 
may alter the tumour evolution and malignant transfor-
mation restricting the conversion from precancerous 
DCIS into invasive ductal carcinoma [34]. Nevertheless, 
contrary to what has long been thought, lack of MECs 
layer does not always denote invasive lesions. Indeed, 
in some breast cancer cases, the absence or focal loss of 
MECs ring is a feature of an aberrant infiltrative growth 
pattern yet not adequate to persuade malignancy or 
invasiveness. For example, Micro-Glandular Adenosis 
(MGA), infiltrating epitheliosis, fibroadenoma, and apo-
crine lesions are rare non-invasive breast tumours char-
acterized by the absence of MECs layer and infiltrative 
cellular proliferation [35].

Accordingly, it was recently discovered that interrup-
tion of the MECs layer surrounding DCIS lesions was 
associated with a lower chance of developing invasive 
breast cancer as well as a lower rate of cancer recur-
rence [36]. Using multiplexed ion beam imaging by the 
time of flight (MIBI-TOF) and 37-plex different anti-
body staining profiles, a recent comparative study was 
conducted to compare the gene expression profiles of 
79 surgically resected samples of normal breast tissues 
with matched DCIS non-progressors and DCIS pro-
gressors (i.e., IBC) tumours. Surprisingly, samples of 
DCIS that have progressed and still have the MECs rim 
intact revealed higher E-cadherin expression as well as a 
higher risk of invasion and recurrence. DCIS-non pro-
gressor samples, however, showed low E-cadherin levels, 
thinner and disrupted MEC layer, and remained locally 
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confined. Moreover, DCIS (progressors) showed struc-
tural and phenotypic features in a similar trend to normal 
breast tissue. These findings could be explained that the 
incomplete layer of MECs delivers a defence mechanism 
against cancer progression by enabling the influx of the 
immune cells from the reactive stroma into the tumour 
cells encouraging stromal sensing of the tumour [36]. 
Indeed, relative to normal tissues and DCIS (progressors) 
there was an infiltration of stromal mast cells and CD4 
T-cells into DCIS (non-progressors) while the stroma 
of DCIS (progressors) showed enrichment of proliferat-
ing cancer-associated fibroblasts (CAFs) and collagen 
fibres [37]. These data provide substantial insight into the 
potent influences of the tumour microenvironment and 
surrounding stroma on breast cancer progression and 
could stratify the patients into high/low-risk groups for 
the probability of tumour invasion and recurrence.

B. Myoepithelial cells as regulators of cellular polarity
The normal ductal system lined by polarized and organ-
ized LECs is surrounded by a layer of MECs encompass-
ing integrated BM. This anatomical structure along with 
the apical-basal polarity of the LECs delivered a natural 
immunity against breast cancer development [38]. Dis-
turbance of luminal epithelial cells’ polarity and organi-
zation was reported as an early step in the breast cancer 
growth [39]. Moreover, loss of polarity genes such as Par3 
and LKB1 was associated with highly invasive breast can-
cer and poor patient outcomes [40–42].

Among various molecules secreted by MECs, are 
laminin-1 and desmosomal proteins account for essential 
mediators in regulating the luminal cells’ function, mor-
phology, and polarization [15]. Indeed, laminin-1 expres-
sion ensures accurate LECs polarization that is cultured 
in a 3D collagen system [43, 44]. Culturing of LECs in 
3D collagen I gel (lacking laminin) resulted in acini for-
mation with reverse polarity. On the other hand, LECs 
cultured in a laminin-rich extracellular matrix (lrECM) 
produced well-polarized acini with a basal pole facing the 
BM. These findings stress that LECs rely completely on 
the myoepithelial cells produced laminins to orchestrate 
them into the polarized fashion [43]. Moreover, the ina-
bility to produce laminin-1by the cancer MECs in breast 
cancers failed transmission of necessary signals and cues 
to maintain LECs in baso-apical polarity and organiza-
tion [3, 43].

likewise, desmosomal proteins were reported to con-
tribute significantly to the generation of acinar-like 
structures. Desmosomes were found to contribute to 
the connection between the two layers of the mammary 
epithelium [3]. Consequently, suppression of specific 
desmosomal cadherins produced exclusively by MECs 
such as desmocollin 3 (Dsc 3) and desmoglein 3 (Dsg 3) 

caused disturbed morphology and arbitrary structures by 
blocking the formation of bilayer acinus unit [45, 46]. An 
elegant study demonstrated the key role mediated by des-
mosomes in maintaining the proper organization of the 
ductal bi-layer system within the mammary gland. Using 
specific peptides targeting the desmosomal cadherins 
yielded in ablation of alveologenesis, ductal tree forma-
tion, and rightful place alignment [3]. These results vali-
dated the indispensable role of desmosomes, produced 
by MECs, in inducing an accurate cell positioning [3, 45, 
46].

C. Myoepithelial cells safeguard against cancer 
advancement: angiogenesis, invasion, and proliferation
The main factor causing cancer morbidity and mortal-
ity is the spread of cancer cells. The local invasion of the 
tumours into the surrounding stroma was the first step in 
the metastatic process. The invasion of the blood vessels 
that follow, travelling through the circulation, finally cul-
minates in the extravasation of the cancer cells and their 
invasion of the new location. Certain characteristics must 
be present in cancer cells for them to survive the multi-
step metastasis process and remain in the target organs 
[47, 48]. The ability of cancer cells to dissolve the BM and 
enter the surrounding stroma by expressing proteolytic 
enzyme activities such as those of the MMPs family and 
plasminogen activation system (PAS) is one of the key 
dogmas for their invasion and metastasis [48]. Inhibition 
of proteolytic enzyme activity has demonstrated poten-
tial encouraging outcomes in preclinical studies [8, 47, 
49]. Furthermore, neovascularization or angiogenesis is 
an important element in cancer metastasis and spread. 
Many angiogenic factors have been recognized as potent 
contributors to breast cancer growth and progression 
including IL-8, VEGF-A, and MMP-9 [50, 51]. Blocking 
of angiogenesis has shown fruitful suppression effects of 
tumour growth, invasion, and migration. Therefore sev-
eral anti-angiogenic drugs have been used such as bio-
logical factors that target the expression of the vascular 
endothelial growth factor (VEGF) [52].

The MECs layer that surrounds the DCIS, possesses 
an endogenous resistance to transformation, therefore, 
tumours of MECs, when it happens, it is usually of low-
grade malignancy [5, 43]. An exception is the malig-
nant myoepithelioma which is an extremely rare case of 
breast cancers [53]. Low invasion lesions of MECs can 
be attributed to a high level of DNA repair capability 
and the expression of high levels of proteinase inhibitors 
and antiangiogenic factors [6, 54–56]. Barsky et  al. was 
the pioneer in describing the antitumorigenic capacity 
of MECs via suppression of tumour invasion and inhibi-
tion of the angiogenesis [56, 57]. In  vivo investigations 
also showed the anti-invasion properties exhibited by 
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MECs in suppressing breast cancer advancement due 
to the high expression of serine proteinase inhibitors 
[27]. Moreover, the acknowledgment of the endogenous 
power in defeating tumour growth and spread owned 
by MECs can be credited to maspin secretion by these 
cells [2, 58]. Maspin belongs to the serine proteinase 
family of inhibitors and it is known for its antitumori-
genic activity, suppression of cellular migration, tumour 
invasion and dissemination, and harbours angiogenesis 
diminishing effects [44]. MECs along with other normal 
cells revealed a high expression level of maspin on the 
contrary maspin expression is largely downregulated in 
tumour cells highlighting the strong tumour suppression 
function produced by the maspin [59]. Indeed, the MDA-
MB-453 breast cancer cell line that showed overexpres-
sion of maspin displayed a less aggressive phenotype 
featured by the low growth rate, reduced angiogenic, and 
invasion capacities [44]. In addition to maspin, several 
tumour suppressor proteins were found to be expressed 
by specifically MECs including 14–3-3 sigma, p63, p73, 
and Wilms Tumor [60–62].

The lessening of cell growth and proliferation and 
reduction of the metastatic capacity in the MCF-7 
breast cancer cell line were observed in response 
to nitric oxide (NO) production. Relaxin, a peptide 
expressed by the MECs, was found to enhance NO pro-
duction in many cell types including breast cancer cells 
hence another evidence of the endogenous tumour 
beating power exhibited by MECs [63]. MECs were 
previously reported to produce several proteins that 
are involved in the synthesis and maintenance of ECM 
and BM including collagens, laminin, fibronectin, oste-
onectin, and Thrombospondin-1 [6, 54–56]. One of the 
major components of the ECM is Thrombospondin-1 
(TSP-1) a 340-kD glycoprotein that is secreted by MECs 
and found to weaken angiogenesis both in  vitro and 
in vivo studies [2]. Breast cancer progression and spread 
were also found to be overcome by myoepithelium-
derived serine proteinase inhibitor (MEPI), a protein 
that is exclusively expressed in normal and non-invasive 
MECs. In  vivo model showed that expression of MEPI 
was associated with a reduction in tumour proliferative 
profile and blocking of invasion capacity and metasta-
sis [64]. Another specialized structure expressed by cells 
located in the terminal end buds (TEBs) of the mam-
mary gland is the neogenic receptor. Indeed, the cap 
cells of the TEB differentiate eventually into myoepi-
thelial cells thus implying the expression of neogenin 
by MECs [3]. Neogenin identified as a member of the 
NCAM family plays a role in maintaining cellular adhe-
sion and neuronal guidance. Expression of neogenin was 
reported by Lee et  al. to be negatively correlated with 
breast cancer progression and evolution [65].

The ability of MECs to inhibit the tumour cells invasion 
was also attained by attenuating the expression of MMPs 
produced by tumour cells and fibroblasts [22]. TIMP-1 
belongs to a family of tissue inhibitors of metallopro-
teinases (TIMPs) that consists of four members: TIMP1, 
TIMP2, TIMP3, and TIMP4. TIMP1 is constructively 
and specifically secreted by MECs and found to contrib-
ute to the inhibition of the MMPs expression and neo-
vascularization [33, 66]. Moreover, the contribution of 
intact MECs layer in limiting the migration and invasion 
capacities of the luminal cancer cells was investigated in 
a 3D organoid culture assay using cell linage with Twist1 
overexpression, the prometastatic transcription factor. 
In this model, MECs formed a barrier that confines the 
Twist1 overexpression luminal cells and detains their 
local invasion and spread to ECM [67]. The author attrib-
uted the MECs’ anti-invasive effect to their contractility 
and adhesive features manifested by the expression of 
SMA and P-cadherin that promote luminal-myoepithe-
lial cells’ effective interaction. Loss of myoepithelial SMA 
or P-cadherins compromised the ability of the MECs bar-
rier to restrain the escaping invasive cancer cells in the 
3D culture [67–69]. Another 3D culture model has scru-
tinized and emphasized the anti-invasive property of the 
intact MECs mediated by CPEB1 expression. CPEB1 is a 
sequence-specific RNA-binding protein that is predomi-
nantly produced by MECs during cellular differentiation. 
Loss of CPEB1 expression increases the mRNA levels of 
ZEB1, N-cadherin, vimentin, and Twist1 while downreg-
ulating the E-cadherin expression, facilitates epithelial-
to-mesenchymal transition (EMT), and suppresses the 
p63 expression in MECs. Furthermore, CPEB1-silenced 
cells exhibited unorganized non-polarized proliferating 
colonies with invasive margins expanding through the 
ECM in the 3D culture system [70].

In comparison to non-myoepithelial cell lines, the 
myoepithelial cell lines HMS-1–6 (originated from 
benign myoepithelial tumours), demonstrated a higher 
expression level of proteinase inhibitors [5]. Also, HMS-
1–6 cells are highly enriched in diverse angiogenic inhibi-
tors including TIMP-1, maspin, thrombospondin-1, and 
bFGF receptors while they displayed low expression 
levels of angiogenic factors such as bFGF, VEGF, TFGα, 
TGFβ, HB-EGF, and PD-ECGF [5]. Indeed, exposing both 
cell lines to a hypoxic environment resulted in upregula-
tion of HIF-1α yet the low expression of VEGF or iNOS 
was only observed in myoepithelial cells (HMS-1–6) in 
contrast to non-myoepithelial cells line. This suggests the 
MECs try to maintain a lower level of angiogenic stimu-
lants as compared to carcinoma cells in response to low 
O2 tension. Furthermore, the xenograft model of the 
myoepithelial cell line (HMS-X-6X) revealed low pro-
liferative capacity and is devoid of angiogenic factors as 
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compared to the non-myoepithelial carcinoma counter-
part. This model (HMS-X-6X) also showed an abundant 
ECM that enriches angiogenic inhibitors and exhibits 
a metastatic suppression effect [33]. Accordingly, the 
highly metastatic neoC8161 cells were injected in both 
xenografts models resulting in diffuse metastatic niches 
in the non-myoepithelial model associated with pulmo-
nary infiltration. On the hand, the myoepithelial xeno-
graft presented only a locally restricted area of invasion 
around the injection site with a complete absence of 
pulmonary metastasis. These results further authenti-
cated the anti-invasion/anti-metastatic power delivered 
by MECs. These potent tumour suppressor effects can 
be ascribed to the presence of an abundance of anti-
angiogenic factors (maspin, thrombospondin-1, TIMP-1, 
soluble bFGF receptors, and prolactin and plasminogen 
fragments) that are found in the myoepithelial xenograft 
extracts which play an essential role in shielding against 
cancer dissemination [33].

To frame the picture, a global gene expression com-
parative analysis of 22,000 genes using microarray Gene 
Chips was conducted to compare the genetic profile of 
the myoepithelial cell lines (HMS-1–6) and its xenograft 
model with the non-myoepithelial breast cancer cells 
including MDA-MB-231, MDA-MB-468, inflammatory 
breast carcinoma samples, normal mammary epithelial 
cell line (HMEC), and normal breast tissues. The out-
come of this study characterized the myoepithelial cells 
line and its xenograft with a distinguished profile mani-
fested by increased expression of diverse genes related 
to anti-angiogenic factors (thrombospondin-1 and plas-
minogen) and proteinase inhibitors (maspin and PAI-1) 
and ECM proteins (collagens, laminin, fibronectin, and 
osteonectin) as compared to the other examined clusters 
[33].

Besides the role of MECs in protecting against neo-
vascularization, invasion and metastasis, their contribu-
tion to cellular growth suppression was also reported. 
Many reports have shown the effect of myoepithelial-
conditioned media on inhibiting breast cancer cell pro-
liferation and provoking cell cycle arrest at the G2/M 
phase [64, 71, 72]. Collectively, these findings identified 
the MECs as multi-potent fighters by possessing various 
defending molecular strategies in fighting neoplasms. 
Likewise, these data established and validated the solid 
and officious involvement of the MECs in combating 
breast cancer tumorigenesis and growth, invasion and 
spread, and angiogenic capacities.

D. Myoepithelial cells’ cancer‑promoting effects
Nevertheless, in some breast cancer cases, MECs were 
reported to encourage tumour development rather than 
beating against cancer advancement via the expression 

of different chemokines. Chemokines and their associ-
ated receptors were reported to have a distinctive impact 
on tumour development and progression [73]. Cancer 
myoepithelial cells and myofibroblasts that surrounded 
DCIS exhibited an altered genetic profile character-
ized by high expression levels of CXCL14 and CXCL12 
chemokines respectively as compared to normal intact 
MECs [74]. These chemokines interact with the epithe-
lial receptors promoting tumour growth and inducing an 
aggressive phenotype following both paracrine and auto-
crine pattern [75]. Moreover, treating the breast cancer 
cells line MDA-MB-231 with conditioned media con-
taining AP-CXCL14 enhanced cellular proliferation and 
invasion capacity. Additionally, the proliferative marker 
Ki67 expression was elevated in the epithelial cells close 
to the cancer MECs that expressed high CXCL14 in 
comparison to non-adjacent cells suggesting paracrine 
effects [75]. It was also reported that elevated expres-
sion levels of CXCL12/SDF-1 chemokine and its receptor 
CXCR4 were associated with increased tumour growth 
and spread [76, 77]. Consequently, blocking the interac-
tion of CXCL12/CXCR4 using neutralizing antibodies 
[76] or targeting the expression of CXCR4 via RNAi/
CXCR4 [77] suppressed both regional and distant metas-
tasis and prevented tumours growth in vivo [76, 77]. In 
such a scenario, cancer MECs could contribute to facili-
tating tumour aggressiveness and metastasis and further 
destroying the integrity of BM [77].

Molecular signalling pathways involved 
in the determination of myoepithelial cells’ fate
A. Bone morphogenetic protein (BMP) signalling
Luminal and myoepithelial cells are interactively 
branched during pregnancy yet the precise mechanism 
that governed the expansion of the MECs components 
is not fully illustrated. Shao et  al., demonstrated the 
engagement of the bone morphogenetic protein (BMP) 
signalling pathway in the mammary gland development 
and morphogenesis and in stabilizing the identity of the 
MECs during pregnancy [78]. It has been implicated that 
the BMP pathway involves in controlling the develop-
ment of different organs including the mammary gland 
through the regulation of canonical-Smad (a member of 
the TGF-b superfamily) or non-canonical pathways [79]. 
The transduction of the BMP signalling cascade is medi-
ated by its receptors BMPR1a, BMPR1b, and BMPR2 
[80]. In the mammary gland, BMPR1b was found to 
facilitate the transition of the mammary stem progeni-
tors into differentiated luminal epithelial cells and hence 
this could potentially be contributed to tumour forma-
tion. On the other hand, interference with BMPR2 recep-
tor expression was associated with tumour advancement 
and provoked pulmonary metastases in the mice model. 
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BMPR1a receptor is the crucial component in this path-
way as in vivo global deletion of Bmpr1a is incompatible 
with life. During embryonic life, the development and 
proliferation of the mammary buds are conducted by the 
effect of the activated BMPR1a in response to PTHrP 
stimulation [81]. Furthermore, stimulation of BMPR1a 
delivers numerous biological functions such as growth 
and proliferation, differentiation and migration, cellular 
communication, and neural stem cell development [82].

The activation of the BMP pathway is mediated by 
BMP2/4, the central BMPs pathway components, that 
binds to BMP receptors (specifically BMPR1a) and trans-
duces the signalling via downstream phosphorylation 
of Smad-dependant pathway [83]. Activation of Smad 
signalling includes phosphorylation of Smad 1/5/8 and 
subsequent interaction with Smad4 that translocate into 
the nucleus and induces the transcription of different 
target genes [84, 85]. Under the effect of pregnancy hor-
mones, a significant upregulation of BMPR1a receptors 
was observed. Activation of BMPR1a downstream BMP 
signalling by hormone-induced Sp1 resulted in the acti-
vation of pSmad1/5-Smad4 complexes and consequently 
increased the expression of p63 and Slug, the two funda-
mental regulators of myoepithelial functions and integ-
rity. Furthermore, the conditional knockout (cKO) model 
of BMPR1a resulted in defective myoepithelial-luminal 
balanced, loss of myoepithelial integrity, and compro-
mised mammary stem cell population. Interestingly, the 
BMPR1a cKO mice displayed premature alveolar matu-
rity and differentiation during pregnancy shown by the 
expansion of lobuloalveolar structures and decrease in 
the Lin− CD24+ CD29high myoepithelial cells and an 
upsurge in the Lin− CD24+ CD29low luminal cells [78]. 
Consistently, protein analysis studies revealed reduced 
levels of the myoepithelial marker CK14 signifying the 
importance of the activation of the BMPR1a receptors 
in maintaining MECs differentiation fate [78]. To fur-
ther validate the critical role provided by BMP signalling 
in mediating functional differentiated MECs, compara-
tive genes analysis profile via RNA-seq was conducted. 
BMPR1a cKO model demonstrated a significant reduc-
tion in many MECs genes such as Itgb3, Adamts18, Cdh2, 
Tspan8, p63, and Slug compared to the control group 
[78].

On the other side of the spectrum, treatment of HC11 
mammary epithelial cells with BMP4 followed by activa-
tion of BMP signalling and the downstream pSmad1/5-
Smad4 complex ensued upregulation in p63 and Slug 
expression [78]. Previous reports have identified the role 
of p63 and Slug in regulating the differentiation of mam-
mary stem cells into myoepithelial cells. P63, through 
interacting with WNT signalling, was found to deter-
mine the fate of the mammary stem cell progenitors in 

the differentiated MECs [86]. Furthermore, p63 was 
involved in the induction of unipotent mammary basal 
progeny derived from the embryonic multipotent precur-
sors and promoting the transition of luminal cells into 
basal epithelial cells [87]. Another key regulator of mam-
mary stem cell differentiation into myoepithelial cells is 
Slug [88]. Expression of Slug is necessary for sustaining 
the mesenchymal state of the MECs through interaction 
with LCD1 and impeding the luminal phenotype differ-
entiation [89]. Additionally, in the population of MECs, 
a lack of Slug expression was linked to a dysfunctional 
DNA repair pathway [88]. As a result, p63 and Slug are 
both essential in ensuring the MEC’s integrity and good 
operation. Of note, the formation of precocious alveo-
lar differentiation, which has a phenotype similar to the 
BMPR1a receptor cKO model, was caused by targeted 
P-cadherin expression, as previously demonstrated (in 
the section Anatomical and histogenesis portrayal of the 
myoepithelial cells) [90, 91]. P-cadherin mRNA expres-
sion and protein levels increased in response to BMP4 
stimulation of the HC11 mammary epithelium via acti-
vation of the BMP cascade. These results confirmed the 
crucial function of the BMP pathway in maintaining 
the health and integrity of MECs and preventing early 
alveolar branching via the BMPR1a/p63/P-cadherin and 
BMPR1a/Slug/P-cadherin pathways [78]. Moreover, the 
contribution of the BMP signalling cascade in promoting 
mammary acini organization was further authenticated 
in the ex-vivo mammary epithelium model. Using 3D 
culture analysis, induction of cellular differentiation and 
encouraging the acinar formation in normal mammary 
epithelial cells were obtained in response to the adminis-
tration of BMP4 protein [92].

The participation of the BMP signalling pathway in 
maintaining adult muscle homeostasis has been evi-
denced by several other reports [93, 94]. BMP cascade 
was recently reported to derive muscular hypertrophy 
in the adult muscle which is speculated to be induced 
by suppressing the myostatin signalling [93]. Sustained 
stimulation of type I BMP receptors leads to releasing of 
Smad4 with its nuclear translocation and consequently 
induction of muscle hypertrophy [94]. Thus targeting 
the expression of Smad4 in the mice muscles results in 
muscle atrophy and wasting [93]. On the other hand, a 
negative regulator of muscle growth and proliferation in 
adults is myostatin. Myostatin is one of the TGF-b super-
family members that interact with activin receptors type1 
and II causing phosphorylation of Smad2/3 with the sub-
sequent complex formation with Smad4 and induction of 
gene expression promoting muscle wasting [93].

Metastasis is considered a clinical challenge and has 
been claimed as a major reason for mortality in breast 
cancer patients. Therefore, efforts to overcome/limit the 
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metastatic potency of breast cancers have been dedi-
cated. Basal-like triple-negative breast cancers (TNBCs) 
represent an aggressive subtype with high metastatic 
capacity harnessed to the enrichment of the cancer stem 
cell population CD44high/CD24low. In transcriptome anal-
ysis, BMP4 expression was reported to be remarkably 
suppressed in TNBCs upon TGFβ stimulation [92]. Low 
Bmp4 gene expression was also found in highly aggres-
sive metastatic murine mammary tumours [95]. Like-
wise, an IHC study of a tissue microarray from 535 breast 
cancer patients’ samples displayed low BMP4 protein lev-
els in DCIS and IBC as compared to benign breast tis-
sues thus suggesting a metastasis inhibitor role mediated 
by BMP4 [96]. Accordingly, in vitro treatment of TNBCs 
with BMP4 protein, resulted in a significant reduction in 
cancer stem cell populations [92]. Similarly, a preclinical 
in vivo animal study showed the ability of BMP4 in pre-
venting breast cancer spontaneous metastases. BMP4, 
through activation of the BMP-SMAD pathway, modu-
lated the expression of several metastases-associated 
genes, such as Smad7. Indeed, therapeutic supplemen-
tation of recombinant BMP4 protein or restoring the 
expression of BMP4 sensitized the breast cancer cells to 
anoikis and significantly decreased the volume of circu-
lating cancer cells with subsequent inhibition of meta-
static niches to the bones and lungs [96]. Clinically, in 
silico data analysis revealed a favourable correlation 
between BMP4 high expression level and prolong over-
all survival (OS) and relapse-free survival (RFS) in breast 
cancer patients. Conversely, poor breast cancer patients’ 
outcomes in the context of short distant-metastasis–free 
survival (DMFS), OS, and RFS were associated with low 
BMP4 expression levels using a multivariate analysis [96].

B. Myocardin‑related transcription factor A (MRTF‑A)
It was mentioned earlier that MECs demonstrated phe-
notypic features of both epithelial cells and smooth 
muscle cells by expressing different molecular markers 
related to each group of cells. Myocardin is a protein 
that is known to be expressed specifically in cardiac and 
smooth muscle cells. Myocardin has several transcrip-
tion factors that are widely distributed among different 
cell types such as MRTF-A/MAL/MKL1 and MRTF-B/
MKL-2 [17]. In  vivo investigation, targeting the expres-
sion of the Myocardin gene or MRTF-B gene causes early 
embryonic lethality at E10.5 due to precluding of smooth 
muscle cell differentiation and abnormality in cardiac 
arteries formation. On the other hand, the MRTF-A gene 
KO mice model is compatible with life, yet the MRTF-A 
mutant female mice failed to lactate and nurse their lit-
ters, otherwise, no abnormal maternal behaviours were 
observed.

Compared to the control group, MRTF-A KO mice 
offspring exhibited retardation in growth rate and early 
death at 20  days. From the histological analysis of the 
mammary gland in both groups, overall, no abnormal 
morphology in the ductal tree branching was detected 
and the fatty tissues were normally distributed during 
pregnancy, resting phase, and postpartum periods. Nev-
ertheless, on day 12 of lactation, as compared to the wild 
type, the mammary gland of the MRTF-A mutant female 
revealed scarce fully differentiated MECs that were asso-
ciated with apoptosis of these populations. These findings 
are translated by the inability of MECs to contract and 
the failure of milk ejection in the postpartum lactation 
period. Furthermore, the mammary ductal tree of the 
KO mice is characterized by disturbed, thinner, pale, and 
dilated alveolar walls showing trapping of accumulated 
milk as compared to the wild-type group. These results 
were further corroborated by protein analysis extracted 
from the mutant mice during lactation and displaying 
the absence of smooth muscle proteins responsible for 
contractile effects including SMA, SM MHC and SM 
caldesmon. Furthermore, other MECs genes also showed 
reduced expression levels such as CK14 and CALLA 
genes and thus explain the failure of milk propelling out 
of the ductal tree during lactation in the KO mice group 
[17]. No other morphological abnormalities in the mam-
mary gland in both groups were observed during involu-
tion and after weaning of the pups yet a large portion of 
the dead cells in the mutant female mice group was made 
of the MECs population. This study concluded the crucial 
contribution of MRFT-A in ensuring proper maturation 
and differentiation of MECs and in maintaining their via-
bility and proper contractile functions [17].

C. Integrin receptors signalling
a3b1 integrin, a laminin receptor, is one of the main 
mediators of MECs contractility in the mammary gland. 
Integrins receptors are heterodimeric adhesion mole-
cules that constitute the major components of the mam-
mary epithelium ECM [97]. They that act as a platform 
for signalling communications by connecting the ECM to 
the actin filaments of the cytoskeleton within focal adhe-
sion structures attesting to cytoskeleton stabilization. 
Integrins delivered this stabilization effect via regulating 
molecules involved in cell–cell and cell-ECM communi-
cations such as Rho-GTPases [98]. Integrins can regulate 
the transduction of different biological signals harnessed 
to growth, proliferation, survival, differentiation, motility, 
and cytokeratin’s integrity as well as rheostats the intra-
cellular chemical signals [99, 100].

Regulation of the contraction/relaxation cycle in 
MECs is attained by myosin light chain phosphorylation 
(P-MLC) and this is conducted by two main signalling 
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cascades: Oxytocin and a3b1 integrin receptors pathway. 
The contraction phase is mediated by the binding of oxy-
tocin to its receptors (OT-R) on the MECs yielding acti-
vation of two compartments: the RhoA/ROCK cascade 
with MLCP suppression and the activation of phospho-
lipase/calcium/MLCK signalling with the net outcome of 
MLC phosphorylation (P-MLC) and subsequent myoepi-
thelial contraction. The contraction cycle of MECs is bal-
anced by stimulation of a3b1 integrin receptors in MECs 
resulting in activation of FAK/Rac/PAK pathway and 
MLCK inhibition followed by MLC de-phosphorylation 
(P-MLC > MLC) and subsequent MECs relaxation [101].

Germline deletion of a3b1 integrin receptors is asso-
ciated with infant death as a consequence of organ mal-
formations mainly in the lungs and the kidneys [102]. 
In vivo investigations showed that conditional ablation of 
a3b1 integrin receptor expression in the MECs using the 
Cre-Lox strategy resulted in a diminishing in their con-
tractility power with subsequent failure of milk secretion 
during lactation. Interestingly, the structural differen-
tiation of the mammary gland and alveologenesis was left 
unchanged. Moreover, immunoblots for milk proteins 
and contraction-related proteins were the same in both 
groups. Molecularly, mutant female mice demonstrated 
an impairment of FAC activation, the imbalance between 
Rho/Rac pathways, and sustained phosphorylation of 
MLC associated with the hypercontractile phenotype of 
MECs. Furthermore, in vitro studies confirmed that the 
lack of a3b1 integrin receptors in mammary MECs weak-
ens the relaxation cycle yet the cells-maintained contrac-
tion upon oxytocin treatment. Additionally, treatment of 
the mutant cells with MLCK inhibitors or overexpression 
with activated PAK or Rac rescued the relaxation cycle of 
the mutant phenotype and prevent additional contrac-
tions. Thus substantiating the strong engagement of a3b1 
integrin receptors in mediating the proper and complete 
contraction/relaxation cycle of the MECs and conse-
quently effective lactation [101].

D. Numb/Numb1 signalling
During mammary gland development, a balance between 
myoepithelial-epithelial plasticity-promoting and 
restricting mechanisms should be maintained to ensure 
precise ductal elongations and alveologenesis [103]. Two 
key proteins that were found to contribute significantly 
to shaping the pattern of the MECs and LECs’ growth 
and morphogenesis during pregnancy and lactation, are 
Numb and Numb1proteins. These homologous play sev-
eral prominent roles in defining the cells’ destiny, cellular 
differentiation, and characterization during the maturity 
of hematopoietic stem cells, neural stem cells, muscle 
cells, and cancer stem cells [104]. Numb and Numb1 act 

by inhibiting the Notch signalling pathway, which deter-
mines the mammary stem cell self-renewal capacity and 
LECs fate during the mammary gland development [105, 
106]. Also, the natural withholding of the Notch signal-
ling cascade is required for the establishment of normal 
breast architecture and a lactogenic background that is 
conducted by activation of the PRL/PRLR/STAT5 signal-
ling [103].

The MECs revealed high expressed levels of Numb and 
Numb1proteins and their expression are further upregu-
lated during pregnancy. As compared to the wild type, 
the conditional KO (cKO) model of Numb and Numb1 
showed dilated lumen with a momentous defect in MECs 
propagation and a significant reduction in SMA + cells, 
the main marker for effective contractile competency 
[103]. Additionally, the cKO mice unveiled outgrowth 
and infiltrating patterns of the LECs associated with pre-
cluding the rightful alveologenesis. Furthermore, loss of 
Numb/Numb1 resulted in the development of mesenchy-
mal phenotype demonstrated by upregulation in EMT 
markers such as Snail, Slug, Twist, Zeb1, and reduction in 
the E-cadherin expression [103]. Consistently, these cKO 
mice were unable to breastfeed their pups due to a lack 
of milk production along with a hindrance in the MECs’ 
contractile activity to release the milk to the exterior.

These observed outcome effects in the cKO mice 
have resulted from the activation of the Notch signal-
ling cascade. Sustained stimulation of Notch signalling 
increased the expansion of the undifferentiated luminal 
progenitors’ cells presented by elevated CK8 + cells and 
decreased CK14 + cell populations. On the other hand, 
in vitro overexpression of Numb1 blocks cellular migra-
tion and inhibits the expression of the EMT invasive 
markers. Altogether, these findings proved the appreci-
ated engagement of MECs, by expressing Numb/Numb1 
proteins, in orchestrating normal mammary gland struc-
ture to meet the delivery of competent functions [103].

E. Inhibitors of differentiation proteins 4 (ID4)
Inhibitors of differentiation proteins 4 (ID4) are tran-
scriptional regulators that have helix-loop-helix struc-
tures and are deficient in DNA- binding motifs. They 
regulate the transcription of different genes by binding 
to the basic HLH (bHLH) transcription factor protein 
HEB. Next, this complex binds to the E-box region on 
the response elements of the regulated genes that con-
tributed to ECM synthesis and cytoskeleton regulatory 
functions, differentiation, and stemness in different cel-
lular lineages [107]. As its name implied, the ID4 full 
repertoire of transcriptional targets is involved in the 
upregulation of the expression of the proliferative genes 
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and downregulation of the expression of the differentia-
tion genes specifically for MECs populations.

The expression of ID4 is restricted to basal cells of the 
mammary epithelium presenting a fundamental role in 
mammary stem cell propagation and ductal tree expan-
sion during puberty [108]. Thus, explaining the highest 
expression level of ID4 in the epithelial cap cells as com-
pared to its lower level in the fully differentiated MECs. 
Furthermore, ID4 was reported to act as a negative 
regulator of both luminal [109] and MECs lineage dif-
ferentiation hierarchy in both in vitro and in vivo inves-
tigations [109–112]. Consequently, low ID4 levels during 
pregnancy and lactation permit the differentiation and 
specialization of the basal cells into mature and function-
ally contractile MECs [110]. Indeed, ID4 expression is 
inversely correlated with the expression of other MECs 
contractile genes including a-SMA, Cnn1, Cav1, Mylk, 
Lmod1, Acta2, and Myh11. These findings indicate the 

involvement of ID4 in inhibiting the expression of the dif-
ferentiation myogenesis genes. This role of ID4 in block-
ing luminal and myoepithelial commitments of basal cells 
would maintain the full identity of the stem cell popula-
tion during the mammary gland evolution [110].

Of note, ID4 was reported to be engaged in the patho-
genesis and progression of breast cancer [113, 114] par-
ticularly basal-like breast cancer that enriches in stem 
cells population providing inferior prognosis [115]. 
Indeed, expression of ID4 was found to be elevated in 
aggressive breast cancer human tissue mainly the TNBC 
and HER2 enriched samples as compared to the normal 
breast epithelium. Moreover, the high ID4 expression 
level was associated with advanced tumour pathological 
staging and grading and correlated with poor patients’ 
clinical outcomes [116]. One report showed that in vitro 
inhibition of ID4 expression in MCF-7 breast cancer 
cells following magnetothermal therapy (MTT) using 

Fig. 3  Schematic demonstration of the tumour suppression roles exhibited by the myoepithelial cells: myoepithelial cells are arranged in an 
integrated ring making a solid fence separating the inner cellular environment away from the surrounding stroma. Myoepithelial cells producing 
proteins contributed to cellular polarity and organization, Laminin-1 and Desmosomes. Many proteinase inhibitors, ant-angiogenic factors, and 
growth suppressors are also produced by myoepithelial cells defining the anti-invasive and anti-proliferative capacities owned by this population. 
TSP-1 Thrombospondin-1, MEPI Myoepithelium-derived serine proteinase inhibitor, and TIMP-1 Tissue inhibitors of metalloproteinases. Created with 
BioRe​nder.​com

https://biorender.com/
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specialized nanoparticles produced a potent reduction 
in cell viability. These findings were further validated 
in an animal model where the introduction of siRNA-
ID4 nanoparticles into breast cancer xenografted nude 
mice suppressed tumour growth and reduced its volume 
by > 98% [117].

Conclusion
It is postulated and generally accepted that loss of nor-
mal cell architecture, organization, and polarity is one of 
the hallmarks of breast cancer advancement [118]. Dur-
ing breast cancer progression, there is an outnumbered 
of MECs with a significant increase in LECs proliferation 
and growth, accordingly, invasive breast carcinomas are 
exemplified by the complete loss of MECs layers [119]. The 
MECs layer has gained importance as a guardian of ‘nor-
malcy,’ by forming a barrier partitioning the precancer-
ous proliferating luminal cells away from the surrounding 
stroma thus deterring the local invasion [35, 67]. Moreo-
ver, MECs delivered a paracrine fashion in suppressing 
cancer progression by leading cellular polarization and 
producing antiangiogenic factors and proteinase inhibi-
tors, (Fig. 3). These biological features provide a plausible 
explanation for a poor prognosis of breast carcinomas that 
exhibited partial or complete defects in the functionally 
differentiated MECs [120]. In this context, the presence of 
functional MECs is inevitable to restrain the progression 
of the malignant cells and limit the conversion of non-
invasive tumours to invasive ones [121, 122].

Outlook
Inducing cancer cell differentiation as a therapeutic 
modality has been known for decades and showed fruit-
ful results in curing hematological malignancies such as 
Leukemias [123–125]. This powerful system provided 
pleasant outcomes with trivial adverse effects in contrast 
to the traditional cancer cytotoxic treatment includ-
ing chemo/radiotherapy and anti-endocrine agents. 
Thereby, stimulating and maintaining of differentiation 
cellular pathways in breast cancer would offer a promis-
ing therapeutic strategy for defeating cancer evolution. 
Consequently, significant efforts are in need to ascertain 
regulators and mechanisms of normal/cancer cell dif-
ferentiation to help in the cessation of advanced disease 
in breast cancer patients. Herein, we sought to eluci-
date that full gaining of MECs differentiation is required 
for their anti-tumorigenic role and the conveyance of 
proper functions and anticancer guarding mediators. 
For better persistence of the tumours’ inhibitory effects 
of the differentiated MECs, we need to unravel which 
components along the myoepithelial pathways are cru-
cial to deciding on the differentiation fate of the breast 
cancer cells to a less devastating cell type. Furthermore, 

an inclusive understanding of the crosstalk between the 
major signalling pathways regulating the MECs’ destiny 
is a prerequisite to facilitating the innovation of effica-
cious therapeutic targets in the field of breast cancer. It 
is evident that the function of the MECs in the mammary 
gland extends beyond contractility and thus dissecting 
the roles of the MECs in both physiological and patho-
logical conditions merits further investigations.

In this study, we depicted many molecular mecha-
nisms, as previously demonstrated, that are involved in 
the determination of myoepithelial cells’ destiny. BMP 
via BMP4/BMPR1a accounts for the most imperative 
signalling cascade in deriving mammary cellular differ-
entiation and shaping the precise identity and integrity 
of MECs within breast tissues. Also, the discussed stud-
ies corroborated the metastatic/invasive suppressor role 
of BMP4 and defined BMP4 as a favourable prognostic 
marker in breast cancer patients. On the other hand, the 
transcriptional factor, ID4, negatively regulates the MECs 
and LECs differentiation and enhances stem cell enrich-
ment. The anti-differentiation role of ID4 allowed its par-
ticipation in the evolution of aggressive basal-like breast 
cancers that are associated with advanced disease and 
unfavourable patients’ prognoses. Therefore, targeting 
ID4 expression would ensure the continuation of both 
MECs and LECs’ differentiated phenotype and the pro-
duction of natural endogenous anti-tumorigenic forces. 
This shed the light on a tempting therapeutic avenue in 
treating breast cancer patients. Both BMP4 and ID4 can 
be proposed as valuable attractive targets in combating 
metastatic breast cancer disease via promoting proper 
cellular differentiation hierarchy and exact physiological 
activities.
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