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ABSTRACT

For women, the most dominant type of cancer is breast cancer and perhaps one of the most
recognizedreasons of death. This is a disorder of many distinct traits, many of which are known as
positive hormone receptor, human epidermal receptor-2 (HER2+), and three negative breast
cancers (TNBC). Drugs that directly target and Kkill tumors constitute a rapidly-growing form of
molecular therapy for cancer patients. Analysis reveals that stable breast tissue cells exhibit
receptors which aren't usually present. As a result, it is imperative to cognize the molecular roots of
breast cancer and the myriad compromised pathology-related processes and pathways to ensure
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progresses in early diagnosis and prevention. This study demonstrates essential cellular pathways
relevant for breast cancer including improvements in cell proliferation, apoptosis, and hormone
balances in breast tissues. On the basis of these notions, we consider how breast cancer is
associated to the creation of potentially therapeutic interventions and predictive biomarkers.

Keywords: Breast cancer; tumor; apoptosis; cell proliferation.

1. INTRODUCTION

Cancer of the breast is the most prevalent form
of cancers in females across the world [1], and it
is still the leading cause of death [2]. If we talk
about prevalence of breast cancer then in Britain
1 out of 12 females are diagnosed with breast
cancer [1]. Breast cancer is very common type of
cancer in women and 18% cancers are breast
cancer of all types of cancer diagnosed in
women [1]. In 2021 the incident of breast cancer
is going to increase 85 per 100,000 cases [1].
Breast cancer is considered to be the most
pronounced and heterogeneous  disease
affecting both  chromosomal and non-
chromosomal causes [3]. The genes that target
estrogen receptor (ER) and HER2 crosstalk
between ER and other signaling networks as well
as epigenetic pathways have been proposed to
be implicated in hormone tolerance to endocrine
therapy [4,5]. With the new advances in
molecular biology and immunotherapy, very
precise personalized treatments can be adapted
to different categories of breast cancers [6,7].
Therapies targeted for breast cancer comprises
of substances or drugs which impede with the
biochemistry of cells unsettling the growth of
cancerous cells [8]. Women's breast cells might
overexpress receptors that triggers them to
proliferate, metastasize, etc. [9]. It's a
heterogeneous disorder, having multiple risk
factors such as diet, size, and family background
[10]. Breast cancer is categorized according to a
specific place of tumor development and gene
expression profiling [11]. While alterations in a
few primary genes such as BRCA1 and BRCA2
are related with high cancer risk, majority of
cancer cases are caused by genetic traits with
low penetrance [12]. To recognize the genetic
origins of breast cancer is important because it
aids in the detection and prevention of malignant
growths [13]. In this study, we outline important
cellular  mechanisms which have been
substantially linked to breast cancer, guiding to
modifications in cell proliferation, apoptosis, and
hormone balances of breast tissues cells [14,15].
We address some possible indications that can
detect breast cancer. There were 13.8 lac new
cancer cases in 2008 (23% of total) and 458,400
(14% of total) cancer deaths that year [1]. Around
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60% of mortalities from breast cancer are
prevalent in technologically advanced nations,
predominantly Western and Northern Europe,
North America, Australia and New Zealand [16].
According to the American Cancer Society, in
2008 out of 182,500 (approx.) American women
who are diagnosed with cancer 40,500 died
[1,17]. This is why there are various kinds of
breast cancer [18]. There are several pre-test
considerations of patients into account [19,20]. It
has been shown that positive prognosis exists if
receptors are high. Centered on the genetic
pattern, breast cancer was classified into three
types [21]. In the first group were ER or PR
positive tumors and in the second group were
positive for HER2 with or without ER and PR
positivity [22-24]. TNBC is diagnosed because
you cannot find an expression of the genes
ER/PR and HER-2 [25,11]. Receptor signaling
pathways play a critical role in the growth and
development of breast cancer, inhibition of these
receptors is main therapeutic strategy of breast
cancer treatment [26].

2. TYPES OF BREAST CANCER

There are mainly 3 subtypes conditional on the
absence or presence of molecular markers for
estrogen or progesterone receptors and human
epidermal growth factor 2 (ERBB2; previously
HER2): hormone receptor positive/ERBB2
negative (70% of patients), ERBB2 positive
(15- 20%), and triple-negative (tumors lacking
all 3 standard molecular markers; 15%) [1,27].
At the time of diagnosis more than 90% of
breast cancer are non-metastatic [28] . For
metastatic individuals, the clinical targets would
be to cure the illness and avoid recurrence
that's why triple- negative breast cancer has
much inferior prognosis in contrast to other two
forms of breast cancer because of its 5-year
survival rate of 55 percent [28] as shown in Fig.
1.

Epidemiology of Molecular Types of Breast
Cancer

HER2-positive

It is known that 20% of the aggressive breast
cancers in the united states are her2 + [29]. Her2



+ cancers have the worst prognosis because
they respond poorly to hormone therapy and
her2 + cancers have greater chance of
recurrence [30]. The breast cancer has so many
copies of her2 gene, gene which activates the
her2 proteins, which can be located on the
cancer cells [31]. While in a normal function her2
receptors controls the growth, division and repair
of healthy breast cell while in proliferated state
the cell division is rapid and uncontrolled due to
the excess absorption of substance known as
‘human epidermal growth factor 2” energizing

ER+ or PR+

Luminal
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cell growth [32]. HER2+ breast cancer has same
symptoms as that of the other kinds of cancer
including protuberance in the breast; breast
shape change, pain, engorgement and unusual
discharge [33]. Treatment options for HER2+
breast cancer may include combination of
surgical procedure, exposure to radiation,
chemotherapy and/or administration of targeted
therapy such as the immune monoclonal
antibody, trastuzumab depending on its stage
[34,35].

All tumors

ER- and PR-

Non-luminal

Basal- Basal+ Basal- Basal+ Basal- Basal+

Luminal 2

Luminal 1

Triple
negative
phenotype

Non-
luminal
HER2+

Fig. 1. Ihc based breast cancer subtype classification. Two major subtypes are the luminal (er+
or pr+) and non-luminal tumors (er- and pr-). These are further sub-classified into luminal 1
(her2-), luminal 2 (her2+), non-luminal her2+ and triple-negative phenotype (tnp) [1]

Table 1. Types of Breast cancer [1-4]

Type of breast ER PR HER2 Target therapy Occurrence

cancer status status status (%)

Luminal A + + - e Hormone therapy 68%
e Chemotherapy

Luminal b + - + e Chemotherapy 10%
e Hormone therapy
e Her2 inhibitors

HER2 positive - + + e Chemotherapy 4%
¢ Her2 inhibitors

Triple negative or - - - e Chemotherapy 10%

basal like

Others unknown unknown unknown multiple 8%




Luminal A

Luminal A is the predominant subtype for each
race and era. These tumors are normally +ive
and slow-growing estrogen receptor (ER) and
progesterone receptor (PR). Treatment normally
requires hormonal therapy [36-38].

Luminal B

Luminal B comprises of the tumors that are
estrogen receptor +ive, progesterone and HER2
+. The growth of these tumors is rapid in
comparison with Luminal A type. This type of
tumor may benefits from chemotherapy and
hormonal therapy and treatment targeting the
HER2 receptor [39].

Triple —Negative

Cells of this form of cancer have no estrogen,
progesterone or HER2 receptors, this form is
commonly aggressive and normally starts in the
lymph nodes of breast [40]. Strong breast cells
include estrogen and progesterone hormone
receptors. They also contain HER2 receptors
that promote normal cell development. ER-,
HERZ2- breast cancer cannot be controlled with
hormone treatment or HER2 blocking drugs [41].
Fortunately, other medicines, such as
chemotherapy, radiation therapy and non-HERZ2,
can be used to combat triple negative breast
cancer [42] as shown in Table 1.

Therapeutic targets

Systemic treatment for no metastatic breast
cancer is focused on subtype: hormone-positive
tumor patients undergo endocrine therapy, and a
few receive even chemotherapy; ERBB2-positive
tumor patients receive ERBB2-oriented antibody
therapy paired with chemotherapy, and
chemotherapy is provided to patients with triple-
negative tumors [28] as shown in Table 2.

Signaling Pathways (Molecular/ Intrinsic)
involved in breast cancer development

Important  similarities exist between natural
growth and molecular cancer progression [43].
Human normal development is closely regulated
by complex signal pathway allowing cells to
interact with one another and the factors around
them [44]. Various of these similar signaling
channels are not surprisingly deregulated or
discovered by cancer cells and CSCS [45].
Essentially, cancer is triggered by genetic and
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epigenetic modifications, which enable cells to
escape the pathways that govern the
proliferation, survival and migration of cells [45].
All of these shifts map signals regulating cell
proliferation and division, cell mortality, cell
differentiation and destiny and cell motility
[45]. Initiating proto-oncogenic mutations can
cause these pathways to be hyperactivated,
whereas inactivating tumor suppressors gene
destroys essential negative signal regulators [45]
the emphasis is on the prevalent signaling
mechanisms controlling the natural growth of
mammary glands and stem cell functions of
breast cancer, namely the signals from the
oestrogen receptor (er), her2 and canonical wnt.
[46].

Cyclin dependent kinases (CDKs)

Classical division of mammalian cell
characterized them into 4 different phases
namely G1, S, G2 and M [47,48]. The ordered
progression of these phases are strictly
regulated at ‘checkpoints’ by the interaction of
several cyclins and CDKs. [49,50] (Fig. 1).
Belonging to a well preserved family of
serine/threonine protein kinases approximately
12 distinct genetic loci are identified to code for
the CDKs [51,52]. The family comprises of
three cyclins CDKs (CDK2, CDK4, CDK®6), a
single mitotic CDK (CDK1, known as CDC2
formerly), and several regulatory CDKs such as
CDK?7, a part of CDK activating complex, and
transcriptional CDKs (CDK8, CDK9) [53,54].
Unlike CDKs acting as regulatory subunits of
the CDK-cyclin holoenzyme, cyclins are
extremely assorted family of protein further
divided into four classes (A-, B-, D-, E-type
cyclins) [55]. Regardless of the large number of
CKDs and cyclins only few have been intensely
involved in pathogenesis of breast cancer
[56,57]. There are numerous evidence proving
that dysregulated cyclins D1:CDK4/6 complex
have pivotal role in both initiation and
progression of several cancers including breast
cancer [58]. Dysregulation of the cyclin
D1:CDK4/6 axis is regarded as an early step in
breast cancer pathogenesis [59,60] as shown
in Fig. 2.

Her2 signaling

Human epidermal growth factor receptors
(EGFRs or HERS) 1 to 4 are a class of tyrosine
kinase receptors that are found in normal tissue
also in wide variety of cancer types [61,62]. The
receptor-2 human epidermal growth factor (or



her2/neu, c-erbb?2) is an egfr collaborator [63,64].
Like other receptors, her 2 is a tyrosine kinase
receptor consisting of a ligand-binding
extracellular domain, a transmembrane domain,
an intracellular domain [65,66]. The active
ingredient makes her2 a mainconstituent for
constructing dimers with other molecules and
provides her2 with an ability to influence several
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cellular functions through different Pathways
[67,68]. The phosphorylation of tyrosine residues
within the her2 intracellular domain is induced by
the binding ligand and subsequent dimerization,
which leads to the activation of a number of
downstream signaling pathways, including mapk
and pi3k. [69,70]. These signals are heavily
related to breast tumorigenesis [69,71] (Fig. 3).

Table 2. Therapeutic targets of breast cancer [5]

Target gene Mutation Drug type Example
HER2/ERBB2 Amplification/Mutation  HER 2 inhibitor Hyaluronidase, Trastuzumab,
Lapatinib,
Neratinib,
fam-trastuzumab deruxtecan
ER Amplification ER inhibitor Tamoxifen
Clomifene
Raloxifene
Fulvestrant
Anastrozole
EGFR Amplification/mutation  ER downregulator Faslodex
PI3K-K Amplification/Mutation ~ mTOR inhibitor Sirolimus,
AKT1/2/3 Amplification Everolimus,
PTEN Mutation/deletion Temsirolimus
Mtor Amplification
KRAS Amplification/Mutation = BRAF, MEK inhibitor  Dabrafenib and Trametinib,
BRAF Amplification/Mutation Vemurafenib and Cobimetinib,
NF1 Mutation Encorafenib and Binimetinib
CDKNIB Alteration CDK4 inhibitor Abemaciclib
CCCND1 Amplification Palbociclib,
Ribociclib
BRCA1/2 Mutation/deletion PARP inhibitor Olaparib,
Rucaparib,
Niraparib,
Talazoparib

Table 3. Organization of MAPK pathways. The MAPK core consists of three kinases (MAPKKK,
MAPKK, and MAPK), which form a signal transduction cascade that receives input from G-
proteins and produces different biological outputs [6,7]

ERK JNK P38
G protein RAS RAC/RHO/RAP
MAPKKK BRAF MEKK1/2 MEKK3/4
MLK1/2 ASK1
Tpl-2, TAO1/2 MCK3
DLK
TAK
TAO1/2
MAPKK MEK1/2 MKK4/7 MKK3/6
MAPK ER1/2 JNK1,2,2 P38alpha/beta/gamma
OUTPUT Proliferation, differentiation and Proliferation, cell death, differentiation,
survival inflammation
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Fig. 2. The cyclin D/cyclin-dependent kinase (CDK)4/6/retinoblastoma (Rb) Pathway. In the
context of breast cancer, both steroid and peptide growth factors drive proliferation through
cyclin D/CDK4/6 activation. This results in the hyper-phosporylation of pRb as G1 progresses.
When retinoblastoma protein (pRb) is hyper-phosphorylated, the transcription factor E2F is
released and the cell cycle progresses through S phase. Small molecule kinase inhibitors of
CDK4/6 aim to block the hyper-phosphorylation of pRb inducing a G1 arrest and preventing
proliferation. ER estrogen receptor [2]
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Fig. 3. The HER2 Signaling pathway. HER2 as well as the other members of the EGFR family
are receptor tyrosine kinases which are located on the cell membrane and responds to a wide
variety of ligands. Phosphorylation of the tyrosine kinase domain in the cytoplasm initiates
downstream oncogenic signaling pathways such as PI3K/AKT pathway and Ras/MAPK
pathway [2]

Activation of
oncogens

MAPK pathway

Three kinases are considered as important
regulators in MAPK signaling cascade, with the
strongest upstream (MAPKKK) which is reactive
to different extra- and intracellular signals, and
with simple phosphorylation activation of the
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middle kinase (MAPKK) [72,73]. MAPKKs are
exclusively phosphorylated and activate MAPK,
normally using several substrates that execute
cell fate decisions that are adequate for the input
signal, including development, proliferation,
differentiation, motility, stress response, survival
and apoptosis [74,75]. Today, 4 distinct MAPK



mammalian cascades were defined according to
the components of their MAPK: extracellular
signal-regulated kinase 1 and 2 (ERK1/2), c-Jun
N-terminal kinase (JNK), p38 and ERKS5 [76,77]
(Table 3).

There are three main pathways to MAP kinase in
human tissues, but the ERK-1 and -2 pathways
are the most significant in termsof metastatic
breast cancer progression and pathogenesis
[78,79]. The main regulators for ERK-1 and -2
are peptide growth factors that function via
tyrosine kinase containing receptors [80,81].
Estradiol, progesterone and testosterone can be
non- canonicalto activate MAP kinase via
membrane- associated receptors and to various
other ligands working through heterotrimeric G
protein receptors [82,83]. Latest findings indicate
that breast cancers also involve an increased
proportion of cells when MAP kinase is activated.
MAP kinase pathways will execute cross-talk
results on the basis of ER and cell cycle
mediated transcription in estrogen receptors
positive for the breast tumor [84]. Estradiol
promotes cell proliferation by different signaling
pathways involving the signal transduction
activation of MAP kinase through activation of
non-transcriptional factor which are important in
pathogenesis of cancer cell along with elevation
of growth factor, this leads to MAPK signaling
cascade activation. Progesterone and androgen
are main growth hormones which are responsible
for stimulation of MAP kinase which in turn cause
cancer progression and pathogenesis [73] Fig. 4.

RAS signaling

The RAS proteins belong to superfamily of low-
sub-atomic weight GTP restricting proteins [85].
Cell development is controlled by RAS family &
actin cytoskeleton is controlled by RHO family
[86]. Transmembrane receptors play and
important role in signal transduction of cancer
cell progression, for this purpose RAS G-
proteins are important mediators [87]. There are
4 highly homologous isoforms of RAS-G
proteins; NRAS, HRAS and two alternative
variants of KRAS termed as KRAS4A and
KRAS4B. NRAS encodes for neuroblastoma
RAS viral oncogene homolog, HRAS encodes for
Harvey rat sarcoma viral oncogene homolog
while KRAS encodes for kristen rat sarcoma viral
oncogene [87]. On the basis of upstream
receptors RAS proteins play and important role
as binary switches which causes activation of
GTP through binding of GDP on it [85,86,87].

Following the activation of receptor tyrosine
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kinases, for example, the epidermal growth
factor receptor (EGFR), the auto
phosphorylated receptor is bounded to the SH2
DOMAIN of growth factor-receptor-bound
protein 2 (GRB2) [88]. Modulation between ON
and OFF state of coupled proteins conversion
of GDP to GTP or GTP to GDP takes place
through enzymes. Various extracellular and
intracellular signals are responsible for proper
functioning of RAS proteins, in which
multiplicity of GTPase and GAPs are of great
importance [89,90]. EGFR & ERBB2 are
stimulated by their overexpression in various
kinds of cancers; including breast, ovarian &
stomach carcinomas. Extracellular space is
required for truncated receptors in EGFR & this
transformed receptor is detected to be
overexpressed in glioblastomas & in many
other tumors [85]. Among all receptors, G-
protein coupled receptors are main for
activation of RAS protein [91]. By the autocrine
creation of EGF- like factors EGFR-family
tyrosine kinases are activated, for example,
changing development factor-a (TGF-an) in
tumors [92]. Numerous other receptors are
responsible for improper functioning of RAS
protein, they inactivate RAS through various
signal transductions signaling pathway which
leads to progression and pathogenesis of
metastatic breast cancer [91]. (Fig. 5).

Whnt signaling

Whnt family plays an important role in apoptosis,
cell death, signal transduction and cellular
pathways, they can decide the fate of a cell by
affecting its morphology [93]. 19 wnt genes which
are available in spliced isoforms are termed as
main encoding genes for biological cellular
functions [94,95]. Studies have shown that stem
cells can be auto-renewed by Wnt signaling in
specific tissues [96]. The genes of Wnt were
recognized as cancer genes that depicts pivotal
role in mouse model in tumorigenesis of
mammary glands, so they cause breast cancer in
a broad range of different tissues of human [97].
This shows mutation or dysregulation in Wnt
signaling leads to breast cancer [98]. In
mammals 19 Wnt genes are present, they
encode for cysteine-rich secretory glycoproteins,
mammary gland of human & mice also
expresses a maximum of seven types of Wnt
gene mutation is breast cancer [99,100]. 7
transmembrane domains are present on frizzled
receptors, on this receptor wnt proteins bind
which leads to initiation of signaling pathway
[94,95,101].
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Fig. 4. The MAPK cascades. MAPKs are present in the cytoplasm which can be translocated
into the nucleus, where they catalyse the phosphorylation of lots of cytosolic proteins
along witj numerous nuclear transcription factors [3]
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Fig. 5. The Ras/MAPK signaling pathway. External stimuli including ligand-activation of
receptor tyrosine kinases, among others, initiate the activation of Ras, a small GTPase,
through membrane-associated signaling complexes. Ras facilitates the heterodimerization and
activation of Raf intracellular kinases, which starts a kinase cascade through MEK and ERK,
resulting in the activation of transcription factors that drive genomic signature programs of
dysregulated cell cycle progression, proliferation, invasion, and survival. Negative regulation
of the pathway is accomplished through the action of DUSP family phosphatases on ERK, the
hydrolysis of Ras-associated GTP by NF1, and the negative feedback actions of ERK on both
MEK and Raf signaling complexes, among others [4]
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Fig. 6. The Wnt signaling pathway. canonical Wnt signaling is activated as secreted Wnt
ligands bind to the seven-pass transmembrane receptor Frizzled (Fzd) and the single-pass
low-density lipoprotein receptor-related protein (LRP) (light blue). LRP is then
phosphorylated, which leads to the recruitment and polymerization of Dishevelled (Dvl)
proteins (red) at the plasma membrane. The Dvl polymer (active) is now able to inactivate the
destruction complex; that consists of AXIN, adenomatous polyposis coli (APC), and GSK3p,
which leads to the stabilization and cytoplasmic accumulation of B-catenin (orange) which
then translocates to the nucleus. Once it reaches the nucleus it is imported, once inside -
catenin forms acomplex with T-cell factor (TCF) and lymphoid enhancer factor (LEF) (purple),
acting as a transcriptional switch, that changes multiple cellular processes [5]

Breast cancer proliferation

Fig. 7. The JAK/STAT pathway. After the cytokine binds to the receptor, JAK adds a phosphate
to (phosphorylates) the receptor. This attracts the STAT proteins, which are also
phosphorylated and bind to each other, forming a pair (dimer). The dimer moves into the
nucleus, binds to the DNA, and causes transcription of genes. Enzymes that add phosphate
groups are called protein kinases [6]
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In human beings approximately 10 frizzled
receptors have been identified to take part in
signaling cascade [102]. Wnt signaling pathways
also present alternative to non-canonical, which
lacks a-catenin. For this pathway cell surface
receptors are consists of two proteins: the
Frizzled family protein that is seven trans-
membrane domain protein & LRP5 or LRP6
those are LDL receptor-related proteins [103].
Due to their structural resemblance, a large
number of Wnt proteins have the same pathway
for signaling & are practically completed in trial
tests [104,105]. This mutual pathway includes a-
catenin a cytoplasmic protein as an intermediate
in important signaling & is called as the a-catenin
process [106]. Homo and hetero-oligomers are
formed by frizzled receptors which are cell
specific and signal specific in their expression.
Other mechanism of action involved association
of frizzled receptors with other co-receptors
[107]. When Wnt protein is absent low level
degradation is responsible for maintenance of
beta-catenin signaling pool. Glycogen synthase
kinase 3 beta (GSK3b) and serine/threonine
kinase 1 (CK1) are responsible for
phosphorylation of beta-catenin [108]. A complex
consists of adenomatous polyposis coli (APC)
protein, diversin and axin is main place for
phosphorylation of beta-catenin [109]. GBP/Frat-
1 is recruited through to dishevelled proteins
(Dsh) because degradation of Beta- catenin is
prevented upon receipt of wnt signal [104,105].
This leads to displacement of GSK3b from
destruction complex [107]. Wnt signaling is
mediated by assistance of low density lipoprotein
receptor related protein family (LRP5/6)
[104,110]. Dsh comes in contact with frodo and
beta- arrestin, while effect of Dsh is effected by
Dapper because it is antagonist of Dsh [111]

(Fig. 6).

A, wntl1/3 binds the g-protein coupled receptor
fzd and the tyrosine kinase receptors Irp5/6 to
start initiation of signaling pathway [112]. The
subsequent signaling complex elevates -
catenin translocation to the core & along these
lines drives development period of melanoma,
whereby cells separate & multiply on the
surface. B, an expansion in wnt5a enacts the
non- canonical wnt signaling pathway through
fzd and the tyrosine kinase ror2 [104,110].
Downstream effectors, for example, arf6, akt,
jnk and pkc drive a change to the vertical
development stage, whereby melanoma attack
through the dermis and metastasize c. In
breast cancer cells, on the other hand, wnt5a
signaling activates camkii to promote -catenin
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corruption, preventing the translation of
qualities that promote metastasis and attack
[111].

Jak STAT pathway

STATSs are proteins in nature that were found in
1988 [113]. IFNs type I's transcription is
initiated by them interferon (IFN)-stimulated
response elements are bound to it that is a
sequence of DNA [114]. In 1992 three labs
separately found JAKs, so that they authored
the JAKs pathway [115]. The JAK is a word
which originates from deceptive god of
Romans that concludes two spaces; it has
kinase like space & a synergist field [113].
Type I-and Il receptors are closely related to
JAKs. The receptor dimerization is caused by a
ligand known as cytokine & JAKs are initiated
[116]. Trans-phosphorylation takes place when
tyrosine residues attaches to JAKs and as a
result activates it, STATs docking sites are
created for recruitment of inactive cytoplasmic
translation factors [117]. In the cell biology
Phosphorylation is the most widely recognized
alteration, they have a significant role in
signaling pathways by its controlling action. In
the cytoplasm unphosphorylated (OFF) STATs
are present. When JAKs are activated they
phosphorylates STATs (ON) and STATs
dimers, by this docking sites are abandon on
receptors. That’s why nucleus is translocated &
they activate or suppress gene transcription by
binding to specific DNA sequence [115]. Serine
phosphorylation is  independent  [118].
Transcriptional potency is enhanced by
phosphorylation of serine of STAT, though
serine phosphorylation of STAT3 has been
accounted in a negative way. P38, Erk and
JNK are involved in serine phosphorylation of
STATs [119]. The JAK-STAT pathway
additionally encourages different cell reactions
to assorted types of cell stretch [120].

JAK1, JAK2, JAK3 and TYK2 are four main
members of JAKs family (Stark et al., 1998).
Every JAK part comprises of a few distinctive
fields which are following: N-terminal FERM
domain which is named after the discovery of a
protein containing this domain (band 4.1, Ezrin,
Radixin and Moesin) [121]. 3 sub-domains F1,
F2 and F3 are present in FERM domain, which
are basically like CoA binding, pleckstrin
homology-phosphotyrosine restricting spaces
and Ubiquitin [122]. Protein-protein
communications are its responsibility, like on its
membrane scaffold &adoptor interaction [123].



The SH2 (Src homology 2) contain around 100
residues in its domain for binding of tyrosine.

Dimerization and activation of STATs is done by
SH2 domain [124]. On account of homology to
Protein Central pseudo kinase domain is named;
catalytic function is absent in them, but they
perform regulatory function [125]. On C-terminus
PTK domain is located. It comprises roughly
250- 300 residues and an ATP-restricting site
comparing a synergist domain. On special
downstream substrates it is responsible for
phosphorylation of tyrosine residues [126].
Seven STATs members are included in humans*
STAT family: STAT1, STAT2, STAT3, STAT4,
STAT5A, STAT5B and STAT6 [127]. They have
exciting homology in these regions: Unique N-
terminus region is involved in STAT activation
e.g. dephosphorylation of the STAT interactions
or STAT, like formation of tetramer [128]. In
protein-protein interactions and nuclear export
coiled-coiled domain plays an important role. AS-
type immunoglobulin fold is present on DNA
binding domain and is also found in p53.
Sequence-specific binding is assisted by this
[129]. TTCN3-4GAAA sequence is recognized in
target genes on the promoter region [130].Trans-
Activation Domain is abbreviation of C-terminus
and very conserved residues of tyrosine are
present here [131]. In recruitment of special
proteins many discovered varieties are included,
like histone deacetylases, DNA polymerase I,
etc. [129]. JAKs are activated in response to
cytokine binding, and the intracellular region of
the receptor is phosphorylated to serve as a
docking site for STATs to be recruited &
phosphorylated [132]. Through SH2 domain
homo and hetero dimerization starts to takes
place. StIP protein (STAT Interacting Protein) is
related to JAK- STAT pathway. It assists
phosphorylation of unphosphorylated STATSs. In
the nucleus in impor tin a-5 dependent manner
phosphorylated STATs are translocated through
Ran nuclear import pathway. Dimerized STATs
bind to complex DNA sequences at the end of
their transition to control transcription of their own
target genes. [133]. Anyhow great knowledge is
provided about the process of STAT
phosphorylation, dephosphorylation of STAT in
the nucleus is not completely defined [134-138]

(Fig. 7).
3. CONCLUSION

Not only are these pathways involved in
hormone signaling to cancer cells, but these
pathways also control cellular roles that
impacts the onset and progression of cancer of
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breast. Signaling pathways are critical for
mammary growth, and variations within pi3k
pathway are more prevalent in many diseases,
such as parkinson's, diabetes type ii, and
various forms of cancer. As the multiple
dysregulations in key nodes of the multiple
pathway are identified as having links with
different  diseases, identifying particular
alterations and knowing their functional
significance will permit for more precise
selection of medication, having least side
effects. It is seen that the MAPK pathway have
pivotal part in progression of breast cancer
through inducing cell propagation or leading to
further pathways.The movement of cell for the
interaction within the extracellular world is
carried out by JAK-STAT  signalling
mechanism/pathway. Dysregulation of Wnt
signalling can contribute to development of
cancer as it governs cellular differentiation and
proliferation. Several facets of regulation of
these pathways are still under study,
particularly regarding the cross talking of these
pathways, their effect on former pathways,
feedback, tumor microenvironment interactions,
cellular metabolism, risk factors, and reaction
to drug therapy. Conversely, both of these
mechanisms are seen to be in a coordination
acting as a network, and a number of potential
interventions need to be considered. In this
sense, an increasingly thorough analysis of
these pathways facilitates the generation of
important and transformative knowledge on the
molecular basis for gene expression regulation
in normal as well as cancerous cells, as well as
the nature of cellular contact. Understanding
breast cancer progression and incorporating
molecular-based methods for quality
improvement in diagnostics, prognostics, and
care of breast cancer patients necessitates
identifying the spectrum of mutations that exist
throughout the major signaling pathways, as
well as how they interact throughout pathways.
In this era of pandemic it has become
mandatory to understand all factors which take
parts in pathogenesis of breast cancer because
cancer patients are more vulnerable to covid-
19. So in future our strategy will be
simultaneous treatment of breast cancer and
covid-19. For this purpose, we will use two in 1
drugs which will show anti-viral and anti-cancer
drugs so that we can improve mortality rate by
clinical management strategies. This can be
done by better understanding of all signaling

pathways  which are responsible for
progression and pathogenesis of breast
cancer.



CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

11.

Akram M, et al. Awareness and current
knowledge of breast cancer. 2017;50(1):1-
23.

lacoviello L, et al. Epidemiology of breast
cancer, a paradigm of the “common soil”
hypothesis. in Seminars in Cancer Biology;
2020. Elsevier.

Turashvili G, EJ F.im. Brogi, Tumor
heterogeneity in breast cancer. 2017;4:
227.

Cortés J, et al. The next era of treatment
for hormone receptor-positive, HER2-
negative advanced breast cancer: Triplet
combination-based endocrine therapies.
2017;61:53-60.

Araki K, YJ. B.c. Miyoshi, Mechanism of
resistance to endocrine therapy in breast
cancer: the important role of
PIBK/Akt/mTOR in estrogen receptor-
positive. HER2-negative Breast Cancer.
2018;25(4):392-401.

Fang X, et al. Advances in anti-breast
cancer drugs and the application of nano-
drug delivery systems in breast cancer
therapy. 2020;57:101662.

Sher G, et al. Epigenetic and breast cancer
therapy:  promising  diagnostic  and
therapeutic applications. in Seminars in
Cancer Biology; 2020. Elsevier.

Liu R, et al. Macrophage-mimic shape
changeable nanomedicine retained in
tumor for multimodal therapy of breast
cancer. 2020;321:589-601.

Petri BJ, Klinge CMJC, Reviews M.
Regulation of breast cancer metastasis
signaling by miRNAs. 2020;39(3):837-886.
Baset Z, et al. Risk factors of breast cancer
among patients in a tertiary care hospitals
in Afghanistan: a case control study. 2021;
21(1):1-9.

Binder A, et al. Morphological and
molecular breast cancer profiling through

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

93

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

explainable machine learning. 2021;1-12.

Barnes DR, et al. Polygenic risk scores
and breast and epithelial ovarian cancer
risks for carriers of BRCA1 and BRCA2
pathogenic variants. 2020;22(10):1653-1666.

Kumar B, et al. Oncogenic mutations in

tumorigenesis and targeted therapy in

breast cancer. 2020;1-10.

Song X, et al. CircHMCU promotes

proliferation and metastasis of breast

cancer by sponging the let-7 family.

2020; 20:518-533.

Pandya V, et al. BIK drives an

aggressive breast cancer phenotype

through sublethal apoptosis and predicts

poor prognosis of ER-positive breast

cancer. 2020;11(6):1-19.

Medicine BCAC.J.N.E.J.0.. Breast
cancer risk genes—association analysis
in more than 113,000 women.
2021;384(5):428-439.

Markham MJ, et al. Clinical cancer
advances 2020: annual report on
progress against cancer from the

American Society of Clinical Oncology.
2020;38(10):1081.
da Silva JL, et al. Triple negative breast
cancer: A thorough review of biomarkers.
2020;145:102855.

Alabousi M, et al. Digital breast
tomosynthesis  for  breast cancer
detection: a diagnostic test accuracy
systematic review and meta-analysis.
2020;30(4): 2058-2071.

Allison KH, et al. Estrogen and

progesterone receptor testing in breast
cancer. American Society of Clinical
Oncology/College of American
Pathologists guideline update. 2020;
144(5):545-563.

Liu H, et al. Chemokines and chemokine
receptors: A new strategy for breast
cancer therapy. 2020;9(11):3786-3799.
Lorusso V, Latorre A, FJJ.0O. Giotta,
chemotherapy options beyond the first
line in HER-Negative Metastatic Breast
Cancer. 2020;2020.

Boland M, et al. Meta-analysis of the
impact of progesterone receptor status
on oncological outcomes in oestrogen
receptor-positive breast cancer. 2020;
107(1):33-43.

Griffith OL, et al. The prognostic effects
of somatic mutations in ER-positive
breast cancer. 2018;9(1):1-16.

Tokumaru vy, et al. Kras signaling
enriched triple negative breast cancer is



26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

associated with favorable tumor immune
microenvironment and better survival.
2020;10(3):897.

Horwitz KB, CA.J.J.0.M.E. Sartorius, 90
years of progesterone: Progesterone and
progesterone receptors in breast cancer:

past, present, future. 2020;65(1): T49-
T63.
Chervo MF, et al. Canonical ErbB-2

isoform and ErbB-2 variant c located in the
nucleus drive triple negative breast cancer
growth. 2020;39(39):6245-6262.

Waks AG, Winer EP. Breast cancer
treatment: a review. Jama, 2019;321(3):
288-300.

Bras6-Maristany F, et al. Phenotypic
changes of HER2-positive breast cancer
during and after dual HER2 blockade.
Nature Communications. 2020;11(1):1-11.
Goutsouliak K, et al. Towards personalized
treatment for early stage HER2-positive
breast cancer. Nature Reviews Clinical
Oncology. 2020;17(4):233-250.
Derakhshani A, et al. Overcoming
trastuzumab resistance in HERZ2-positive
breast cancer using combination therapy.
Journal of Cellular Physiology. 2020;
235(4):3142-3156.

Arab A, Yazdian-Robati R, Behravan J.
HER2-Positive breast cancer
immunotherapy: A focus on vaccine
development. Archivum immunologiae et
therapiae Experimentalis, 2020;68(1):1-18.
Loibl S, Gianni L. HER2-positive breast
cancer. The Lancet. 2017;389(10087):
2415-2429.

Pernas S, Tolaney SM. HER2-positive
breast cancer: new therapeutic frontiers
and overcoming resistance. Therapeutic
advances in medical oncology. 2019;11:
1758835919833519.

Prat A, et al. HER2-enriched subtype and
ERBB2 expression in HER2-positive
breast cancer treated with dual HERZ2
blockade. JNCI: Journal of the National
Cancer Institute. 2020;112(1):46-54.

Pani T, et al. Alternative splicing of
ceramide synthase 2 alters levels of
specific ceramides and modulates cancer
cell proliferation and migration in Luminal B

breast cancer subtype. Cell Death &
Disease. 2021;12(2):1-22.
Johnson KS, Conant EF, Soo MS.

Molecular subtypes of breast cancer: a
review for breast radiologists. Journal of
Breast Imaging; 2021.
Poudel P, et al.

Heterocellular gene

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

94

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

signatures reveal luminal-A breast cancer
heterogeneity and differential therapeutic
responses. NPJ Breast Cancer. 2019;5(1):
1-10.

Anurag M, et al. Immune checkpoint
profiles in luminal B breast cancer
(Alliance). JNCI: Journal of the National
Cancer Institute. 2020;112(7):737-746.
Denkert C, et al. Molecular alterations in
triple-negative breast cancer—the road
to new treatment strategies. The Lancet.
2017;389(10087):2430-2442.

Bardia A, et al. Sacituzumab govitecan-
hziy in refractory metastatic triple-
negative breast cancer. New England
Journal of Medicine. 2019;380(8):741-
751.

Schmid P, et al. Pembrolizumab for early

triple-negative  breast cancer. New
England Journal of Medicine.
2020;382(9):810-821.

Huebner RJ, Ewald AJ. Cellular

foundations of mammary tubulogenesis.
in Seminars in cell & developmental
biology. Elsevier; 2014.

Hunter T. The age of crosstalk:
phosphorylation,  ubiquitination, and
beyond. Molecular Cell. 2007;28(5):730-
738.

Sever R, Brugge JS. Signal transduction

in cancer. Cold Spring Harbor
Perspectives in Medicine.
2015;5(4):a006098.

Feng Y, et al. Breast cancer
development and progression: Risk
factors, cancer stem cells, signaling
pathways, genomics, and molecular

pathogenesis. Genes & Diseases.
2018;5(2):77-106.

Abbosh C, Swanton C, Birkbak N.
Circulating tumour DNA analyses reveal
novel resistance mechanisms to CDK
inhibition in metastatic breast cancer.
Annals of Oncology. 2018;29(3):535-537.
Piezzo M, et al. Progression-free survival
and overall survival of CDK 4/6 inhibitors
plus endocrine therapy in metastatic
breast cancer: a systematic review and
meta- analysis. International Journal of
Molecular Sciences. 2020;21(17): 6400.
Basudan A, et al. Frequent ESR1 and
CDK pathway copy-number alterations in
metastatic breast cancer. Molecular
Cancer Research. 2019;17(2):457-468.
Rao SS, et al. Synergistic effect of
eribulin and CDK inhibition for the
treatment of triple negative breast



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

cancer. Oncotarget. 2017;8(48):83925.
Choi HJ, et al. CDK 12 drives breast

tumor initiation and  trastuzumab
resistance via WNT and IRS 1-ErbB-PI
3K signaling. EMBO Reports.

2019;20(10):e48058.

Sharma P, et al. Keratin 19 regulates cell
cycle pathway and sensitivity of breast
cancer cells to CDK inhibitors. Scientific
Reports. 2019;9(1):1-12.

Condorelli R, et al. Polyclonal RB1
mutations and acquired resistance to CDK
4/6 inhibitors in patients with metastatic
breast cancer. Annals of Oncology. 2018;
29(3):640-645.

Spring LM, et al. CDK 4/6 inhibitors in
breast cancer: current controversies and
future  directions. Current  Oncology
Reports. 2019;21(3):1-9.

Ding L, et al. The roles of cyclin-dependent
kinases in cell-cycle progression and
therapeutic strategies in human breast
cancer. International Journal of Molecular
Sciences. 2020;21(6):1960.

Franzoi MA, et al. Computed tomography-
based analyses of baseline body
composition parameters and changes in
breast cancer patients under treatment
with  CDK 4/6 inhibitors. Breast cancer
Research and Treatment. 2020;
181(1):199-209.

West MT, et al. CDK 4/6 inhibitors are
associated with a high incidence of
thrombotic events in women with breast
cancer in real-world practice. European
Journal of Haematology; 2021.

Izadi S, et al. CDK1 in breast cancer:
implications for theranostic potential. Anti-
Cancer Agents in Medicinal Chemistry
(Formerly Current Medicinal Chemistry-
Anti-Cancer Agents). 2020;20(7):758-767.
Long F, et al. Preclinical characterization of
SHR6390, a novel CDK 4/6 inhibitor, in

vitro and in human tumor xenograft
models. Cancer Science. 2019;110(4):
1420-1430.

Yap YS, et al. Ribociclib, a CDK 4/6
inhibitor, plus endocrine therapy in Asian
women with advanced breast cancer.
Cancer science; 2020.

Molaei F, et al. Molecular signaling in
tumorigenesis of gastric cancer. Iranian
Biomedical Journal. 2018;22(4):217.

Sun B, et al. Inhibition of the transcriptional
kinase CDK7 overcomes therapeutic
resistance in HER2-positive  breast
cancers. Oncogene. 2020;39(1):50-63.

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

95

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Huang F, et al. HER2/EGFR-AKT
signaling switches TGF[B from inhibiting
cell proliferation to promoting cell
migration in breast cancer. Cancer
Research. 2018; 78(21):6073-6085.

Dong Y, et al. Inhibition of HER2-positive
breast cancer growth by blocking the
HER2 signaling pathway with
HER2-Glycan-Imprinted Nanoparticles.
Angewandte Chemie International
Edition, 2019;58(31):10621-10625.
Hanker AB, et al. Correction: HER2-
overexpressing breast cancers amplify
FGFR signaling upon acquisition of
resistance to dual therapeutic blockade
of HER2 (Clin Cancer Res. 2017;23:15
(4323-4334. Clinical Cancer Research,
2019;25(4).

Veeraraghavan J, et al. De-escalation of
treatment in HER2-positive breast
cancer: Determinants of response and
mechanisms of resistance. The Breast.
2017;34:S19-S26.

Nami B, Maadi H, Wang Z. Mechanisms
underlying the action and synergism of
trastuzumab and pertuzumab in targeting
HER2-positive breast cancer. Cancers.
2018;10(10):342.

Fukui F, Si. Hayashi, Yamaguchi Y.
Heregulin controls ERa and HER2
signaling in mammospheres of ERa-
positive breast cancer cells and
interferes with the efficacy of molecular
targeted therapy. The Journal of Steroid
Biochemistry and Molecular Biology.
2020; 201:105698.

Hattab D, Bakhtiar A. Bioengineered
siRNA-Based nanoplatforms targeting
molecular signaling pathways for the

treatment of triple negative breast
cancer: Preclinical and clinical
advancements. Pharmaceutics.

2020;12(10):929.

Miricescu D, et al. PI3K/AKT/mTOR
signaling pathway in breast cancer: from
molecular landscape to clinical aspects.
International  Journal of  Molecular
Sciences. 2021;22(1):173.

Zhou Q, et al. Arsenic-induced HER2
promotes proliferation, migration and
angiogenesis of bladder epithelial cells
via activation of multiple signaling
pathways in vitro and in vivo. Science of
The Total Environment.
2021;753:141962.

Cao Y, et al. RNA-binding protein QKI
suppresses breast cancer via



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

RASA1/MAPK signaling pathway. Annals
of Translational Medicine. 2021;9(2).
Guerefio M, et al. Glypican-3 (GPC3)
inhibits metastasis development
promoting dormancy in breast cancer
cells by p38 MAPK pathway activation.
European Journal of Cell Biology. 2020;
99(6):151096.

Jiang L, et al. C-Phycocyanin exerts anti-
cancer effects via the MAPK signaling
pathway in MDA-MB-231 cells. Cancer
Cell International. 2018;18(1):1-14.

Kruger DT, et al. Hierarchical clustering of
activated proteins in the PI3K and MAPK
pathways in ER-positive, HER2-negative
breast cancer with potential therapeutic
consequences. British Journal of Cancer.
2018;119(7):832-839.

Perez Kerkvliet C, et al. Glucocorticoid
receptors are required effectors of TGFp1-
induced p38 MAPK signaling to advanced
cancer phenotypes in triple-negative breast
cancer. Breast Cancer Research. 2020;
22:1-23.

Turturro SB, et al. Somatic loss of PIK3R1
may sensitize breast cancer to inhibitors of
the MAPK pathway. Breast Cancer
Research and Treatment. 2019;177(2):
325-333.

Wang Y, et al. TRPC3 regulates the
proliferation and apoptosis resistance of
triple negative breast cancer cells through
the TRPC3/RASA4/MAPK pathway.
Cancers. 2019;11(4):558.

Wen S, et al. Cancer-associated fibroblast
(CAF)-derived IL32 promotes breast
cancer cell invasion and metastasis via
integrin B3—p38 MAPK signalling. Cancer
Letters. 2019;442:320-332.

Wu X, Chen S, Lu C. Amyloid precursor
protein promotes the migration and
invasion of breast cancer cells by
regulating the MAPK signaling pathway.

International ~ Journal of  Molecular
Medicine. 2020;45(1):162-174.

Xu J, et al. ROR2 promotes the
epithelial-mesenchymal  transition by

regulating MAPK/p38 signaling pathway in
breast cancer. Journal of Cellular
Biochemistry. 2020;121(10):4142-4153.

Zhou X, et al. Anti-breast cancer effect of
2-dodecyl-6-methoxycyclohexa-2, 5-diene-
1, 4-dione in vivo and in vitro through
MAPK signaling pathway. Drug Design,
Development and Therapy. 2020;14:2667.
Hanyu X, et al. Effect of Ganoderma
applanatum polysaccharides on

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

96

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

MAPK/ERK pathway affecting autophagy
in breast cancer MCF-7 cells. International
journal of biological macromolecules,
2020;146:353-362.

Vila E, et al. The E3 ligase UBR2
regulates cell death under caspase
deficiency via Erk/MAPK pathway. Cell
Death & Disease. 2020;11(12):1-14.

Dong Q, et al. A novel hydrogen sulfide-
releasing donor, HA-ADT, suppresses
the growth of human breast cancer cells
through inhibiting the PI3K/AKT/mMTOR
and Ras/Raf/MEK/ERK signaling
pathways. Cancer Letters. 2019;455:60-
72.

Huang J, et al. The implication from
RAS/RAF/ERK signaling pathway
increased activation in epirubicin treated
triple negative breast cancer. Oncotarget.
2017;8(64):108249.

Hasegawa T, et al. ErbB2 signaling

epigenetically suppresses micro
RNA-205 transcription via
Ras/Raf/MEK/ERK pathway in breast

cancer. FEBS Open Bio, 2017;7(8):1154-
1165.

Wu XX, et al. Actein inhibits tumor
growth and metastasis in HER2-positive

breast tumor bearing mice Vvia
suppressing AKT/mTOR and
Ras/Raf/MAPK  signaling  pathways.

Frontiers in Oncology. 2020;10.

Kohler, M., et al., B-Raf deficiency
impairs tumor initiation and progression
in a murine breast cancer model.
Oncogene, 2019. 38(8):1324-1339.
Samadi P, et al. Emerging ways to treat
breast cancer: will promises be met?
Cellular Oncology. 2018;41(6):605-621.
Wu Z, et al. Naturally occurring
sesquiterpene lactone-santonin, exerts
anticancer effects in multi-drug resistant
breast cancer cells by inducing
mitochondrial mediated apoptosis,
caspase activation, cell cycle arrest, and
by targeting Ras/Raf/MEK/ERK signaling

pathway. Medical science monitor:
International  Medical  Journal  of
Experimental and Clinical Research.

2019. 25:3676.

Huang Y, et al. Melatonin inhibiting the
survival of human gastric cancer cells
under ER stress involving autophagy and
Ras-Raf-MAPK signalling. Journal of
Cellular and Molecular Medicine. 2021,
25(3):1480-1492.

Wellenstein MD, et al. Loss of p53



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

triggers ~ WNT-dependent  systemic
inflammation to drive breast cancer
metastasis. Nature. 2019;572(7770):538-
542.

Liu G, et al. A novel mechanism for Wnt
activation of canonical signaling through
the LRP6 receptor. Molecular and
Cellular Biology. 2003;23(16):5825-5835.
Zheng A, et al. Long non-coding RNA
LUCAT1/miR-5582-3p/TCF7L2 axis
regulates breast cancer stemness via
Wnt/B-catenin  pathway. Journal of
Experimental &  Clinical  Cancer
Research. 2019;38(1):1-14.

Castagnoli L, et al. WNT signaling
modulates PD-L1 expression in the stem
cell compartment of triple-negative breast

cancer. Oncogene. 2019;38(21):4047-
4060.

Tang T, et al. LncCCAT1 promotes breast
cancer stem cell function through
activating WNT/B-catenin signaling.
Theranostics. 2019;9(24):7384.

Koval A, Katanaev VL. Dramatic

dysbalancing of the Wnt pathway in breast
cancers. Scientific Reports. 2018;8(1):1-
10.

Yan Y, et al. HIF-2a promotes conversion
to a stem cell phenotype and induces
chemoresistance in breast cancer cells by
activating Wnt and Notch pathways.
Journal of Experimental & Clinical Cancer
Research. 2018;37(1):1-14.

Zhang LN, Huang YH, Zhao L. Fusion of
macrophages promotes breast cancer cell
proliferation, migration and invasion
through activating epithelial-mesenchymal
transition and Wnt/B-catenin signaling
pathway. Archives of Biochemistry and
Biophysics. 2019;676:108137.

Braune EB, Seshire A, Lendahl U. Notch
and Wnt dysregulation and its relevance
for breast cancer and tumor initiation.
Biomedicines. 2018;6(4):101.

Shetti D, et al. Low dose of paclitaxel
combined with XAV939 attenuates
metastasis, angiogenesis and growth in

breast cancer by suppressing Wnt
signaling. Cells. 2019;8(8):892.

Bejsovec A. Wnt  signaling: an
embarrassment of receptors. Current

Biology. 2000;10(24):R919-R922.

Tang C, et al. Echinacoside inhibits breast
cancer cells by suppressing the Wnt/-
catenin signaling pathway. Biochemical
and Biophysical Research
Communications. 2020;526(1):170-175.

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

97

105.

106.

107.

108.

109.

110.

111.

112,

113.

114,

115.

116.

van Schie EH, van Amerongen R. Aberrant
WNT/CTNNB1 signaling as a therapeutic
target in human breast Cancer: weighing
the evidence. Frontiers in cell and
Developmental Biology. 2020;8:25.

Giles RH, van Es JH, Clevers H. Caught
up in a Wnt storm: Wnt signaling in
cancer. Biochimica et Biophysica Acta
(BBA)- Reviews on Cancer.
2003;1653(1):1-24.

Ma J, et al. Role of Wnt co-receptor
LRP6 in triple negative breast cancer cell
migration and invasion. Journal of
Cellular Biochemistry. 2017;118(9):2968-
2976.

Ahmed K, et al. Towards the first
targeted therapy for triple-negative breast
cancer: Repositioning of clofazimine as a
chemotherapy-compatible selective Wnt
pathway inhibitor. Cancer Letters. 2019;
449:45-55.

Li X, et al. Sonic hedgehog and Wnt/B-
catenin pathways mediate curcumin
inhibition of breast cancer stem cells.
Anti- Cancer Drugs. 2018;29(3):208-215.
Wang Z, et al. DNER promotes
epithelial- mesenchymal transition and
prevents chemosensitivity through the
Wnt/B-catenin pathway in breast cancer.
Cell Death & Disease. 2020;11(8):1-16.

Chen Y, et al. microRNA-128-3p
overexpression inhibits breast cancer
stem cell characteristics  through

suppression of Wnt signalling pathway by
down-regulating NEK2. Journal of
Cellular and Molecular Medicine.
2020;24(13):7353-7369.

Rahmani F, et al. Role of regulatory
miRNAs of the Wnt/B-catenin signaling
pathway in tumorigenesis of breast
cancer. Gene. 2020;144892.

Khanna P, et al. GRAMD1B regulates
cell migration in breast cancer cells
through JAK/STAT and Akt signaling.
Scientific Reports. 2018;8(1):1-10.

Shao F, Pang X, Baeg GH.Targeting the
JAK/STAT signaling pathway for breast
cancer. Current Medicinal Chemistry;
2020.

Song X, Liu Z, Yu Z. EGFR promotes the
development of triple negative breast
cancer through JAK/STAT3 signaling.
Cancer Management and Research.
2020; 12:703.

Gago-Dominguez M, et al.
Polymorphisms in JAK/STAT signaling
pathway genes and risk of breast cancer.



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

AACR; 2020.

Zhang L, et al. Breviscapine induces
breast cancer cell cycle arrest and
apoptosis by modulating the jak-stat
pathway. Current Topics in Nutraceutical
Research. 2020;18(1).

Groner B, von Manstein V. Jak Stat
signaling and cancer: Opportunities,
benefits and side effects of targeted
inhibition.  Molecular and  Cellular
Endocrinology. 2017;451:1-14.

Wang F, et al. CircNOL10 suppresses
breast cancer progression by sponging
miR-767-5p to regulate
SOCS2/JAK/STAT signaling. Journal of
Biomedical Science. 2021;28(1):1-16.
Mumin NH, et al. Overcoming acquired
resistance to HSP90 inhibition by
targeting JAK-STAT signalling in triple-
negative breast cancer. BMC Cancer.
2019;19(1):1-14.

Knutti N, Huber O, Friedrich K. CD147
(EMMPRIN) controls malignant
properties of breast cancer cells by
interdependent signaling of Wnt and
JAK/STAT pathways. Molecular and
Cellular Biochemistry. 2019; 451(1):197-
209.

Haque 1, et al. Leptin-induced ER-a-
positive breast cancer cell viability and
migration is mediated by suppressing
CCNb5-signaling via activating
JAK/AKT/STAT-pathway. BMC Cancer.
2018;18(1):1-14.

Christy J, Priyadharshini L. Differential
expression analysis of JAK/STAT
pathway related genes in breast cancer.
Meta Gene. 2018;16:122-129.

Song H, et al. VGLL4 interacts with
STAT3 to function as a tumor suppressor
in  triple-negative breast  cancer.
Experimental & Molecular Medicine.
2019;51(11):1-13.

Stover DG, et al. Phase Il study of
ruxolitinib, a selective JAK1/2 inhibitor, in
patients with metastatic triple-negative
breast cancer. NPJ Breast Cancer. 2018;

4(1):1-9.

Lim WA, Pawson T. Phosphotyrosine
signaling: evolving a new cellular
communication system. Cell. 2010;

142(5):661-667.

Mao D, Feng L, Gong H. The antitumor
and immunomodulatory effect of Yanghe
decoction in breast cancer is related to
the modulation of the JAK/STAT
signaling  pathway. Evidence-Based

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

98

128.

129.

130.

131.

132.

133.

134,

135.

136.

137.

Complementary and Alternative
Medicine. 2018;2018.

Jacobsson H, et al. Hypoxia-induced
secretion stimulates breast cancer stem
cell regulatory signalling pathways.
Molecular Oncology. 2019;13(8):1693-
1705.

Horvath CM. STAT proteins and
transcriptional responses to extracellular
signals. Trends in Biochemical Sciences.
2000;25(10):496-502.

Ghafouri-Fard S, et al. Suppressor of
cytokine signaling (SOCS) genes are
downregulated in breast cancer. World
Journal of Surgical Oncology. 2018;
16(1):1-9.

Nascimento AS, et al. Phosphoproteome
profiling reveals critical role of JAK-STAT
signaling in maintaining chemoresistance

in breast cancer. Oncotarget. 2017
8(70):114756.
Fu Z, et al. Angelica sinensis

polysaccharide promotes apoptosis by
inhibiting JAK/STAT pathway in breast
cancer cells. Tropical Journal of
Pharmaceutical Research. 2019;18(11):
2247-2253.

Irey EA, et al. JAK/STAT inhibition in
macrophages promotes therapeutic
resistance by inducing expression of
protumorigenic factors. Proceedings of
the National Academy of Sciences. 2019;
116(25):12442-12451.

Lui AJ, et al. IFITM1 suppression blocks
proliferation and invasion of aromatase
inhibitor-resistant breast cancer in vivo
by JAK/STAT-mediated induction of p21.
Cancer Letters. 2017;399:29-43.

Babar Q, Obeagu EIl, Udenze CL, Ifionu
Bl, Vincent CCN, Okafor CJ, Nwobodo
El, Ibe COC. Metastasis Relapse in
Synovial Sarcoma of Parotid Gland
Followed by Neuropathies and Tissue
Damage: A Case Report. Journal of
Pharmaceutical Research International,
33(54A), pp. 125-131. doi:
10.9734/jpri/2021/v33i54A33726.
Nnatuanya IN, Obeagu EIl, Obeagu GU,
Nnatuanya CIC, Idem EE. Evaluation of
Serum Haptoglobin in Fibroid Patients at
Elele, Rivers State, Nigeria. J Gynecol
Women'’s Health
2018;8(4):555742.D0I:10.19080/JGWH.
2018.08.555742

Nnatuanya IN, Obeagu El, Obeagu GU,
Nnatuanya CIC, Chukwudi EO (2017)
Evaluation of serum cystatin C levels in



138.

fibroid patients in Elele. International
Journal of Advanced Research in
Biological Sciences 4(9): 101-103.

Ozims S, Agu G, Amah H et al
Prevalence of Prostate Enlargement
among Males> 50 Years of Age

Obeagu et al.; JPRI, 33(56A): 82-99, 2021; Article no.JPRI.76975

Who were Treated at Abia
State University Teaching Hospital,
Aba from 2010- 2014. International
Journal of Research Studies in
Medical and Health Sciences. 2018;
3(1):1-7.

© 2021 Obeagu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/76975

99


http://creativecommons.org/licenses/by/2.0

