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Abstract
Breast cancer is the most common cancer in women all over the world. Though various treatment regimens are available for breast cancer,
treatment of breast tumor s still a challenge. Breast cancer can be of different types and like many other cancers, itis a stem cell disease.

Presence of stem cell might be the cause of therapy failure due to their characteristic feature of drug resistance. So researchers now focus in
regulating breast Cancer Stem Cells (brCSCs). Wnt signalling is a major signalling pathway involved in regulating tumour morphogenesis. \Wnt
signalling pathways have been categorized into: canonical Wnt pathway and non-canonical \Wnt pathway.

Both canonical and non-canonical pathways play major role in maintenance of stemness in brCSCs. Since canonical pathway of Wnt signalling
has been studied in great detail, studying non-canonical pathway and its signalling mechanisms will provide interesting insights to control
breast cancer and its stemness properties. This review will focus on the recent and the various research aspects on the non-canonical pathway

inregulating brCSCs.
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Introduction

Breast cancer is the most common type of cancer in women,
representing more than 5,22,000 deaths along with 1.7 million new
cases annually throughout the world [1-2]. Researches elucidate that
tumours are comprised of heterogeneous cellular populations bearing
differentiated and undifferentiated masses of cell. Herein it was
observed that undifferentiated tumour cells owing to its drug
resistance and tumour relapse, being considered to be the most
effective target to get rid of cancer and its relapse [3-4].

The stem cell concept in cancer is obtained from embryonic stem cell
(ESCs) and adult stem cell. Researchers have successfully modified
somatic cells into cells that bears epithelial stem cell like
characteristics known as induced Pluripotent Stem Cells (iPSCs) [5].
Alteration in gene expression and by symmetry of their cell division
cancer stem cells (CSC) can be differentiated from other cells [6]. In
contrast to normal cancer cell as few as 100 CSC can form tumour in
non-obese diabetic/severe combined immune-deficient (NOD/SCID)
mice [7]. To synchronize cell fate determination and survival, these
cells inhabit specialized niches where they merge various
environmental and intrinsic signalling inputs from hedgehog, notch and
Wht pathways [8]. The ability to self-renew themselves makes them
susceptible for accumulating mutations that may cause initiation of
tumour. Heterogeneous entities of cell type are found in several type of
cancer and tumour initiation capacity seems to be conferred by a sub-
population of tumour cells that triggers tumour growth. As these cells
possess self-renewal capacity and also exhibit multi-differentiation
potential, they are often mentioned as cancer stem cells (CSCs). Re-
activation of embryonic developmental pathway is one of the basic
features of cancer cells [9] [Figure 1].
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Figure 1: Cellular signalling pathways regulating breast cancer cells
and breast cancer stem cells
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Wnt signalling modulates developmental phenomenon in cells and
promotes symmetric cell division in stem cells [10]. Altered Wnt
signalling maintains stem cell characteristics of brCSCs [11].
Evidences suggest that inhibition of Wnt1 in CD44"CD24 ALDH1~
cells alter their phenotype by reducing their metastatic potential and
ability to form tumour in-vitro as well as in-vivo conditions [12]. An
autocrine mechanism kept Wnt signalling remains active in breast
cancer [13]. During ex-vivo assays, mammosphere formation in
suspension culture gives opportunity to study stem cells and to
analyze their signalling pathways [14-15]. It was found that a non-
canonical Wnt ligand Wntba can induce formation of mammosphere
with the help of ror2 and activation of JNK pathway [16].

Breast cancer and breast cancer stem cell

Conversion of normal somatic epithelial cells into immortalized
metastatic cells requires deregulation of multiple cellular processes
including aberration in expression of many oncogenes and tumour
suppressor genes. Deregulation of more than thousands of genes has
beenreported in breast cancer alone [17-18]. Western blot analysis of
protein associated with various signal transduction pathways
allowed detection of aberrant pathways with aspects of breast
cancer. Based on gene expression studies and immuno-
histochemistry breast cancer cell lines are classified into estrogen
receptor/ progesterone receptor (ER/PR) positive, human epidermal
growth factor receptor2 (HER2) amplified, triple negative and basal
like and luminal subtypes. The basal like cellular subtype are further
categorize into basal A and basal B types. These basal B sub-type of
cells show high invasiveness and retain CD44*/CD24 /" markers on
their cell surface that resemble with certain population of tumorigenic
stemcell [19-20].

In1994, a study of human acute myeloid leukaemia first suggested
the role of stem cells in cancer [21]. According to some researchers,
about 25% of cancer cells have properties of CSC [22]. brCSCs were
first isolated from solid tumours in 2003 [7]. This small subset of cells
has the capacity of self-renewal, high proliferation rate, ability to
generate heterogenic lineages of cancer cells and might be the reason
for therapy failure due to over expression of ABC drug transporters,
increase DNA damage response and moderation of reactive oxygen
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species [23-26]. The ability of resistance to DNA damage has been
obtained from their liability to mitochondrial respiration, sustained by
higher mitochondrial reactive oxygen species and enhanced oxygen
consumption [27]. This self-renewal and proliferating ability make
these stem cells susceptible to accumulate mutation thereafter leads
to tumour initiation [28].This small subset of cells might be the cause
for relapse in many cancers, such as in triple negative breast cancer
[29].

By using cytokeratin staining we can differentiate mammary gland in
two distinct layers the luminal and basal compartments. Cytokeratin 8
and 18 displays positive staining in luminal cells whereas cytokeratin 5
and 6 stained basal cells [30]. In basal compartment the mammary
stem cells (MaSCs) remain [31]. These MaSCs can give rise to both
basal and luminal cell in development [32]. Allogeneic transplantation
of MaSCs into mammary fat pads can give rise to de novo mammary
glands [33].

CSC may originate by mutation of normal stem cell [34]. According to
the “misplacement somatic cell theory” CSCs may originate from
misplacement of somatic cells de novo [35]. An alternative theory
states that acquisition of mesenchymal traits and stem cell markers by
cancer cells through a process of epithelial mesenchymal transition
also considered significantly vital in CSC origin [36]. Indulgent
expression mesenchymal transcriptional factors like zinc finger protein
SNAI1, zinc finger E-box binding homeobox 1/ 2 and Twist-related
protein 1/ 2 (SNAIL1/2, ZEB1/2, and TWIST1/2) lead to therapy
resistance in brCSC form conventional drug used in treatment of breast
cancer such as paclitaxel, adriamycin, and doxorubicin etc [37-38].

Various cell surface markers have been used to identify and to isolate
CSC from different tumors. Cell surface markers of CSC are highly
tissue specific and even differentially expressed in different tumour
sub-types. Breast cancer stem cells are characterized by expression of
CD44'CD24 /*"*"**and ALDH [7,39].

Breast cancer, breast cancer stem cell and wnt signalling pathway

Development of mouse mammary tumor through insertional activation
of int1 by MMTV demonstrates the role of Whnt in breast cancer
progression [40]. However, Wnt1 implication not has been done in
case of human breast neoplasm, it has been reported that altered Wnt
gene expression which subsequently leads to deregulation of
downstream protein component of this pathway seems to be
prominent in respect to almost all breast cancer subtypes [41].
Mediators of this pathway such as [-catenin, Wntba, tumour
suppressor protein APC etc. are act as proto-oncogene and their
functional redundancy leads to tumor development and progression
[42-43].

A single founding cell can develop cancer and due to the self-renewal
capability of CSC these cells are the superior target for cellular
transformation. These CSC populations reside in specified niches
where they determine cell fate and maintain tissue homeostasis
through various signalling pathways [44]. WNT pathway plays a key
role in stem cell self-renewal and preservation of an undifferentiated
state [45]. Altered Wnt signalling in brCSC derives breast
tumorigenesis [11]. Both types of Wnt signalling canonical and non-
canonical can induce stem cell growth in mammosphere culture [46].
WNT activity and CSC phenotypes are linked through a WNT reporter in
various human tumour types such as lung, gastric and breast cancer
[47]. Stemness of cellis chiefly depending on TERT gene that maintains
long telomerase region. Binding of 3-catenin to the promoter region of
TERT gene is responsible for complementing its transcription. Hence
this links Whnt signalling pathway with stem cell alimentation [48].

Consequently, Increase WNT ligand production in breast cancer cell
line stabilizes Bcatenin [49]. In contrast to canonical Wnt ligand that is
upregulated in cancer cell non-canonical Wnt ligands become down
regulated [50]. Herein a frizzled related protein encoding factor sFRP1
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expression is lost in 46%-80% of breast cancers and is syndicated
with poor prognosis [51] [Figure 2].

Non canonical Wnt ligand
Production

Upregulated

Downregulated

Canonical wnt ligand
Production

Figure 2: Wnt ligand production in breast tumour

Role of non-cononical pathway in regulating breast cancer and
breast cancer stem cells

However, in recent past it was observed that a few [-catenin and
GSK3 independent pathway play some crucial role in tumour biology.
Abnormality in non-canonical Wnt pathway has seen in many types
of tumour.

Researchers have found that in a highly invasive breast cancer
phenotype triple negative breast cancer and in CSC unusual
activation of c-Jun N-terminal kinase in non-canonical pathway lead
to anincrease in the metastatic behaviour [52].

These pathways function through activating various downstream
mediators such as calcium/calmodulin dependent kinase Il (CamKII)
and protein kinase C (PKC), phospholipase C (PLC), phospho-
diesterase (PDE), lastly Jun-N-terminal kinase (JNK) and small GTP-
binding proteins. Calcium has been acting as a second messenger,
perhaps in all these pathways. These cellular cascades regulate gene
expression through transcription factors activating protein 1 (AP1)
and nuclear factor of activated T cells (NFAT).

Both canonical and non-canonical pathway possesses some
common component at beginning but differ in their downstream
mechanism. This sharing of components allows crosstalk between
two pathways [53-54].

Different non-canonical wnt pathways in breast cancer

Non canonical Wnt pathway basically divided into two major
categories - The planar cell polarity (PCP) pathway and Wnt/Ca™"
pathway. Both of which function through interaction of non-canonical
Whnt ligand with frizzled receptor (Fzs) but neither Lrp5 nor Lrp6 is
required as co-receptor [55-56].

Planar cell polarity pathway

Planer Cell polarity Pathway regulates cell polarity by regulating actin
polymerization. First of all a Wnt ligand binds with frizzled
heterodimeric receptor. Thereafter Wnt-FZD complex activate
Dishevelled (Dsh) to trigger downstream signalling cascade.
Dishevelled then binds with Dishevelled-associated activator of
morphogenesis 1 (DAMM1). Activated DAMM1 then stimulate small
GTP binding Protein Rho which further recruits Rho-associated kinase
(ROCK). Thereby regulating actin and profilin cytoskeleton. Activated
disheveled by formation of DSH-RAC1 complex also helps in
expression of many genes (AP1,c-jun) associated with cell polarity,
adhesion, shape through activation of JNK pathway [57-58] [Figure
3].
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Figure 3: Planer cell polarity pathway of non-canonical Whnt signalling

WhntCa'* pathway

WhntCa' ‘regulates gene expression through intracellular Ca™"
signalling pathway. WNT 5a and WNT5b mostly act as major ligand in
this pathway. Here dishevelled along with trimeric G protein cleaved
PIP, into IP, and DAG. IP3 regulates release of Ca"" from ER whereas
DAG activates cell division control protein homolog 42 (cdc42). Cellular
calcium transcribe target genes through activation of calcineurin and
CalMKII. Calcineurin mediate transcription of nuclear factor of activated
T cells (NFAT). CaMKIl stimulate mitogen-activated protein kinase
(MAPK) which leads to activation of TGFf-activated kinase (TAK1) and
finally NLK that suppress Wnt/ (3-catenin signalling pathway [59]
[Figure 4]
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Figure 4: Ca’"dependent Whnt signalling pathway

Non-canonical Wnt receptors and proteins

Frizzled-3 (FZD3) and Frizzled-6 (FZD6) act as receptors,whereas RORT,
ROR2 and PTK7 are functioning as co-receptors [60-63]. VANG-
likel/Strabismus2 (VANGL1/STB2) and VANG-like2/Strabismusl
(VANGL2/STB1) are the transmembrane proteins [64-65].
Dishevelled-1(DVL1), Dishevelled-2 (DVL2) and Dishevelled-3 (DVL3)
are human homologs of dishevelled protein [66-67].

Non-canonical Wnt ligands and breast cancer

Among several Wnt ligands Wnt4, Wntba, Wnt11 are important non-
canonical Wnt proteins [68-70]. Till date not much researches have
been done to understand the roles of Wnt4 in breast cancer. Mutation
of Wnt5 and Wnt11 genes in the zebrafish manifest convergence
extension phenotypes, suggesting Wnt do act as non-canonical Wnt
ligands in this system.
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Role of Wnt5a, Wnt5h and Wnt7a

A non-canonical Whnt ligand Wntba is evolutionary conserved and
uses a calcium dependent pathway to direct cell motility and
invasiveness [71]. Wnt 5a and Wnt5b act as proto-oncogene in
various cancers including breast cancer(72). Furthermore Whnt 5a
play crucial role in maintaining function of stem cell, alienate
canonical Wnt proteins and macrophage driven malignant invasion
[72-74]. It was found that \Wntba can be used as a tumor suppressor
in C57MG mammary epithelial cell through anti-sense Wntba
reproduced Wnt1-mediated epithelial cell transformation [75]. Loss
of Wnt5a confers more aggressive tumour phenotype which leads to
poor prognosis in human breast cancer patient [76]. Wnt5a can
trigger mammaosphere formation in-vitro with the help of ror2 and jun-
N-terminal kinase (JNK) [47]. Moreover, Wntba can antagonize
canonical signalling pathway through some definite mechanism.
Presence of SMAD binding sites in \WWnt5a promoter and regulation of
Whtba by TGF-B should be play crucial role in further research [77].
TGF-B signalling pathway function through SMAD4 mediator that
comprises over 40 growth and differentiation factors such as activin,
inhibin which play diverse function in regulating proliferation,
differentiation and apoptosis. Generating SMAD4 mutant mice
through Cre-loxP approach, help to figure out TGF-B/SMAD4
signalling pathway during mammary tumorigenesis [78] .Cre
recombinase can bind with ligand binding domain of estrogen
receptor and form CreER recombinase. Inactivated CreER
recombinase can be activated by using a synthetic estrogen receptor
ligand i.e, tamoxifen or 4-hydroxy tamoxifen. Combination of both
CreER and tamoxifen can regualate tissue specific gene expression
and also help in drug designing and development [79]. MMP3
secreted by mammary epithelial cell annihilate the inhibitory role of
non-canonical Wnt pathway through WNT5b and induce canonical
signalling pathway [80]. WNT5a participate in non-canonical
pathway through binding with Receptor Tyrosine Kinase-Like Orphan
Receptor (ROR) afamily of trans-membrane proteins [61].

Though Whntba is primarily a non-canonical Wnt ligand it can also
influence canonical pathway by stabilizing B-catenin [81]. Itis also
evident that Wntba is upregulated and stimulate multidrug resistance
ability through stabilizing B-catenin by activation of PKA pathway in
many cancer cell lines, suchas MES-SA/Dx5 and MCF7/ADR2 cells.
In context of clinical breast cancer tissue Wntba is positively
correlates with ABCB1 and VEGF expression [82].

It was observed that Wnt 5a compete with Wnt3a to bind with
frizzeld2 receptor thereby reduces Wnt3a dependent accumulation of
B catenin in cytosol which confirms its role in inhibiting 8 catenin
dependent Wnt pathway [83]. In this context planer cell polarity
pathway leads to Wnt7a stimulated symmetric expansion of satellite
stem cells through planer polarization [10].

Role of “"ROR” receptor in breast cancer

ROR was first discovered in neuroblastoma cell line is a 130 Kda
protein has 58% amino acid similarity with MUSK and Trk family
receptors. ROR family receptor has two subtypes ROR1 and ROR2.
Human ROR1/2 bears an extracellular immunoglobulin-like (IG)
domain at the amino terminus end. A cysteine-rich Frizzled domain
(FZD), and a Kringle trans-membrane domain (KRD).

DNA microarray analysis of triple negative breast cancer cell has
shown that ROR1 which is associated with poor prognosis are
present only in breast cancer cell but not in normal breast cell [84].
ROR2 is present in both TNBC and in non TNBC. Patients with breast
cancer detecting with ROR2 expression have low survivor capacity
than patients who are lacking of it. Suppression of ROR2 inhibits Wnt
signalling by blocking TCF/LEF transcription [85].Through trans-
membrane frizzled domain Both Wnt5a and Wnt5b binds at the
carboxy terminus end of human ROR1/2 receptors [53,61]. ROR1
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seems to be highly important in regulating EMT genes, SNAI1, SNAI2,
ZEB1, TWIST1/2 and vimentin in triple negative cell line [86]. Ability of
cellular migration can be suppressed in MDA-MB-231 by Silencing of
ROR1 by shRNA.It also reduced bone and lung size in xenografts [87].

Role of VANGL1 and VANGL2 in breast cancer

Two major Scaffolding protein components of PCP cycle VANGL1 and
VANGL2 are differentially expressed in different cancer cell.
Researchers found that VANGL and non-canonical Wnt ligand Wnt11
which signal through PCP is transcriptional target of oestrogen
receptor [88-89]. This interference between ER and PCP signalling
should provide valuable insight for future research on breast cancer
prognosis. Cancer Genome Atlas Project (TCGA) analyse that VANGL1
is up-regulated in 5% of invasive breast carcinoma, whereas VANGL2 is
over expressed in 24% of invasive breast carcinoma [90-91].

Migration of aggressive human breast cancer cell line MDA-MB-231
was inhibited through knock down of VANGL1, suggests the role of
VANGL signalling in motility of breast cancer cell [92]. It was also found
that VANGL1 increase risk of tumour recurrence in certain breast
cancer patients, notably in oestrogen receptor positive patients [93].
Microarray analysis suggests oestrogen down regulate VANGL1 in
pituitary, whereas it up-regulates VANGL2 in breast cancer cell line
MCF7[94].

VANGL2 is associated with apical basal polarity in several
developmental processes and maintain satellite stem cell regeneration
inmuscle cell. VANGL2 can act as a tumour suppressor in many tumour
types by inhibiting canonical Wnt signalling pathway by displacing
dishevelled from cytosol to plasma-membrane [10,95-96].
Deregulation of VANGL1 and VANGAL2 in various breast cancer
subtypes shows involvement of PCP component in these subtypes of
breast cancer and effect of oestrogen in their regulation in-context to
the microenvironment of definite tissue type.

Now-a-days researchers now also investigate various downstream
effector proteins of VANGL, Such as expression pattern of PRICKLE1
and SCRIBBLE proteins in breast cancer cell line. Knockdown of
PRICKLE1 by L-conditioned media reduces metastasis in breast cancer
tissue sample [97], whereas SCRIBBLE which is a known tumour
suppressor in humans is found to be decreased in breast tumours [98]
[Figure 5].

BREAST CANCER METASTASIS

PRICKLET

SCRIBBLE

REDUCED TUMOR FORMATION

Figure 5: VANGL in Breast Cancer

Role of Phsphodiesterase (PDE) in breast cancer

In an alternative non-canonical Wnt pathway if 3',5'-cyclic nucleotide
phosphodiesterases (PDEs) activate it hydrolyse 3'-phosphodiester
bond of cyclic guanylate monophosphate (cGMP) converting it into
biological inert GMP derivative. This reduction of cellular cGMP
concentration in turn inhibits activation of PKG which ultimately blocks
release of ca+ + from endoplasmic reticulum (ER).
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It has been found that well characterize cGMP specific PDE isoform
phsphodiesterase type 5(PDE5), phosphodiesterase type 6(PDE6)
and PDE9 concentration level become elevated in association with
tumour grade and their invasive potential in several breast cancer cell
lines and tissue [99]. So, suppression of PDE activity by medically
approved PDE inhibitors is now a prime emphasis of oncologist.

Evidences of Non-Canonical pathwayin BCSC

Stem like cell in cancer have ability to sphere formation in suspension
culture. Thus researchers has been suggested mammosphere
formation as an indicator of obtaining cells that bear stem like
properties in mouse and human mammary cell lines as well as in
primary tissue culture. Mammosphere provides valuable insight to
encompass various signalling pathways regulating their behaviour.
Investigation revealed Wnt ligand Wnt5a along with ROR2 activate
JNK pathway which leads to formation of mammosphere. So Wntba
which is primarily a known non-canonical ligand can form
mammosphere and provide confirmatory evidence to the role of non-
canonical Wnt pathway in stem like cell in breast cancer.

Conclusion

Though the molecules were discovered in the recent past 20, Wnts
are popular molecules in research and are studied in great detail. The
reason behind this interest is due to importance of Wnt signalling in
maintaining the genetic, biochemical and developmental processes
at a large scale. But the most important reason behind this is the fact
that mutations in Wnts or Wnt signalling components have been
associated with diseases that cover a wide spectrum of afflictions,
from arthritis to schizophrenia. Lastly, Wnts appear able to expand, or
perhaps maintain, certain undifferentiated stem cell populations as
well is known to be one of the probable targets to track and study
cancer stem cell population. Wnt proteins hold potential as agents to
manipulate multipotent cells in vitro and could provide a key element
in developing stem cell-derived tissue replacement therapies. Though
a lot has been studied about the canonical Wnt signalling pathway in
association to its role in tumor formation, scanty information are
available in the context of non-canonical Wnt signalling and its role in
tumor progression.

The purpose of the study is to characterize breast cancer in respect to
breast cancer cell and cancer initiating cell which can also be termed
as cancer stem cells and to focus on signalling pathways with
specific insight on [B-catenin-independent Wnt signalling.
Mechanism and component of the pathway, their cellular function
and status in context to normal and altered tumor cell are also
elucidated. Through this review it is found that non-canonical Wnt
components become deregulated or shows altered expression in
respect to cancer initiation and progression. Herein different aspects
of possible target can be identified with respect to grow novel
strategies and to develop therapeutics which can resolve prevailing
complication associated with treatment of breast cancer. The
association of the [3-catenin-independent Whnt signalling in
maintaining the stemness of the brCSCs have not been fully
elucidated and in depth understanding of the same may provide hints
to develop possible therapeutic targets associated with the stoppage
of the tumor regrowth and relapse.
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