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Breast cancer (BC) is the second most common cause of cancer deaths. Triple-negative breast cancer (TNBC) does not show
immunohistochemical expression of oestrogen receptors, progesterone receptors or HER2. At present, no suitable treatment
option is available for patients with TNBC. This dearth of effective conventional therapies for the treatment of advanced stage
breast cancer has provoked the development of novel strategies for the management of patients with TNBC. This review
presents recent information associated with different therapeutic options for the treatment of TNBC focusing on promising
targets such as the Notch signalling, Wnt/β-catenin and Hedgehog pathways, in addition to EGFR, PARP1, mTOR, TGF-β and
angiogenesis inhibitors.

Abbreviations
CSL, CBF1[C-promoter binding factor 1], suppressor of hairless and Lag-1; CSPG4, chondroitin sulfate proteoglycan 4;
Dll, Delta-like; FZD7, Frizzled-7; Hh, Hedgehog; JAG, jagged; LRP6, low-density lipoprotein receptor-related protein-6;
mTOR, mammalian target of rapamycin; NEXT, Notch extracellular truncation; Notch ICD, Notch intracellular domain;
Shh, Sonic Hh; SMO, Smoothened
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Introduction

Triple-negative breast cancer (TNBC) is a discrete subset of
breast cancer (BC) characterized by a lack of immunohisto-
chemical expression of oestrogen receptors (ER), progesterone
receptors (PR) and HER2 and accounts for approximately
15–20% of BC patients (Curigliano and Goldhirsch, 2011;
Penault-Llorca and Viale, 2012). TNBC has been shown to be
more prevalent in African, American and Hispanic women,
and it is mostly younger women that are susceptible to it
(Ismail-Khan and Bui, 2008; Chacon and Costanzo, 2010; de
Ruijter et al., 2011). Undoubtedly, scientific advancements
made in the field of breast cancer research have resulted in a
tremendous increase in survival rate of BC patients. However,
this is applicable only if it is diagnosed at an early stage and
without metastasis. TNBC remains the hardest breast cancer
subtype to treat because the disease is an assemblage of dif-
ferent breast cancer subtypes. Researchers are keenly attempt-
ing to classify these subtypes and identify new treatments
(Kumar et al., 2013).Therapeutic treatment options for
patients with stage IV TNBC are very limited and often unsuc-
cessful. TNBC is commonly an aggressive tumour and when
compared with other breast cancers, it grows faster and is less
likely to be seen on an annual mammogram and it is more
likely to spread to other sites in the body at an early stage.

Metastatic TNBC is a destructive condition that is associ-
ated with a high proliferation index, ensuing visceral and
CNS metastases (Otvos and Surmacz, 2011) and poor
outcome in spite of treatment. Average survival of advanced
TNBC is 12 months, much shorter than the duration of sur-
vival observed in other subtypes of advanced BC. Therefore,
the identification of specific targets and more effective,
dynamic and promising therapies for TNBC patients remains
an important clinical challenge. In this review, we have
focused on recently discovered therapeutic targets for TNBC,
such as the Notch signalling pathway, Wnt/β-catenin

pathway, Hedgehog (Hh) pathway, EGFR inhibitors, PARP1
inhibitors, mammalian target of rapamycin (mTOR) inhibi-
tors, chondroitin sulfate proteoglycan 4 (CSPG4) protein tar-
geted monoclonal antibody, angiogenesis inhibitors and
TGF-β inhibitors, as well as a few therapeutic options that
have recently been developed for the treatment of TNBC
based on these targets along with their progress in clinical
trials (Table 1).

Notch signalling pathway

The Notch signalling pathway is a highly conserved signal-
ling pathway for cell-to-cell communication, regulating key
cellular processes (Al-Hussaini et al., 2011). This pathway is
involved in the development as well as progression of breast
cancer. Speiser and his co-workers found that TNBC has
shown overexpression of Notch 1 and Notch 4 receptors in
vascular endothelial cells and tumours with a subcellular
location different from that of hormone-positive breast
cancer (Reedijk et al., 2005; Speiser et al., 2012).

Activation of the Notch signalling pathway requires the
binding of a Notch ligand to a Notch receptor on an adjacent
cell. So far, five Notch ligands [Delta-like (Dll) 1, 3, 4, and
Jagged (JAG)1, 2] and four Notch receptors have been iden-
tified. Notch ligands are single transmembrane proteins
occurring naturally, and have a typical extracellular DSL
domain that mediates receptor binding and multiple EGF-like
repeats. JAG ligands possess an extra cysteine-rich domain,
which is not present in the Dll ligands. This binding of a
Notch ligand to a Notch receptor results in the formation of
a Notch ligand-receptor complex, which undergoes several
key cellular processes including cleavage by proteolytic
enzymes, initiated by ADAM/TACE proteases at an extracel-
lular site and results in the formation of Notch extracellular
truncation (NEXT). Finally, the Notch intracellular domain

Tables of Links

TARGETS

GPCRsa Enzymesc

FZD7 receptor ADAM

SMO receptor ADAM17

Catalytic receptorsb Akt (PKB)

EGFR Aspartyl protease

Fas GSK3β

HER2 mTOR

TGFBR1 PARP1

VEGFR2 p70S6kinase

PKCα

SGK1

ULK1

LIGANDS

β-catenin Lapatinib

Angiopoietin-1 LY2157299

Angiopoietin-2 Neratinib

Cisplatin Olaparib

Erlotinib Rapamycin

Everolimus Rucaparib

Gefitinib Temsirolimus

IFN-γ TGFβ

IGF-1 TNF-α

IL-1α Veliparib

IL-1β Wnt

IL-2

These Tables list key protein targets and ligands in this article which are hyperlinked to corresponding entries in http://
www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY (Pawson et al., 2014) and are
permanently archived in the Concise Guide to PHARMACOLOGY 2013/14 (a,b,cAlexander et al., 2013a,b,c).
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(ICD) is formed by a very specific enzyme called γ-secretase,
which helps to get the Notch ICD translocated from the
cytoplasm into the nucleus where it binds to the DNA-
binding protein ubiquitous transcription factor CSL [CBF1
(C-promoter binding factor 1), suppressor of hairless and
Lag-1] and this orchestrates the activation of a CSL complex,
which eventually remodels it from a transcriptional repressor
into an activator, which initiates the activation of several
downstream effectors (Shih and Wang, 2007).

Recently, one of the new approaches for curbing the
Notch signalling pathway is to stop the entry of Notch ICD
into the nucleus, which can be achieved by using aspartyl
protease inhibitors or γ-secretase inhibitors like RO-4929097,
which is in a phase II clinical trial for recurrent TNBC. Fur-
thermore, the trio combination of RO-4929097, paclitaxel
and carboplatin is in a phase I clinical trial for stage I and II
TNBC (Olsauskas-Kuprys et al., 2013). Activation of the
Notch signalling pathway necessitates the binding of a Notch
ligand with a Notch receptor, which generates a Notch
ligand-receptor complex and gets converted into NEXT and
then into Notch ICD (intracellular domain) by γ-secretase.
This enzyme cleaves Notch ICD into two proteins presenilin
and nicastrin. Presenilin is catalytic in nature whereas nicas-
trin stimulates the maturation of genes. Finally, the Notch
ICD gets translocated into the nucleus and binds with tran-
scriptional activator CSL and induces the transcription of
downstream targets including several genes such as VEGFR3,
ER, Hes and Hey. These transcriptional targets include tran-
scription factors (NF-κB2 and c-Myc), cell-cycle regulators

(cyclin D1 and p21), and growth factor receptors (HER2) and
regulators of angiogenesis and apoptosis. So the interruption
of the Notch pathway can thus have noteworthy downstream
effects on differentiation, angiogenesis and apoptosis, cell
growth (Figure 1). Hence, targeting the Notch signalling
pathway with γ-secretase inhibitors should be meticulously
studied for further improving the treatment options for
patients with TNBC.

Hh signalling pathway

This is a highly conserved developmental pathway and serves
as a key signalling cascade involved in the correct develop-
ment of an embryo. This signalling pathway has been impli-
cated in tumour initiation, progression, angiogenesis and
metastasis across different malignancies. Hh signalling is
known to regulate the self-renewal of stem cells in the
nervous system and human embryonic skin (Palma and Ruiz
i Altaba, 2004).This pathway has three different gene homo-
logues like Sonic Hh (Shh), Desert Hh and Indian Hh but the
most targeted gene homologue is the Shh pathway (Wismar
et al., 2000).

The Hh pathway is an extremely organized and orches-
trated cascade involving the inhibition of the twelve trans-
membrane protein called Pathed1 by binding a Hh ligand,
subsequently it activates the seven transmembrane protein
known as Smoothened (SMO; Taipale et al., 2002; Kasper
et al., 2009). The activated protein SMO releases a five-zinc

Table 1
Different pathways and how they can be used as targets, with some examples

Pathways Mechanism of action Examples Trial phase References

Notch signalling pathway γ-secretase inhibitors or
aspartyl protease
inhibitors

RO-4929097 Phase I/II Shih and Wang, 2007;
Olsauskas-Kuprys et al.
2013

Hedgehog signalling
pathway

SMO antagonist and
Pathed1 antagonists

Cyclopamine Phase II Merchant et al. 2010

Wnt/b-catenin pathway FZD7 receptor and Wnt
co-receptor the
low-density lipoprotein
receptor-related
protein-6 inhibitors

Salinomycin Phase I/II King et al. 2012

PARP inhibitors Inhibits repair of single
stranded DNA breaks

Iniparib Phase II/III Tutt et al. 2010, Lancet
2010; 376:235–244Olaparib Phase II

Rucaparib Phase II

Veliparib Phase I

EGFR inhibitors Inhibits overexpressed
epidermal growth factor

GefItinib Phase II Ueno et al. 2011

mTOR inhibitors Inhibits FK506 binding
protein 12-rapamycin
associated protein 1

Everolumus Phase II http://clinicaltrials.gov/ct2/
show/NCT00998036Temsirolimus Phase II

TGF-β signalling pathway TGFBR1 inhibitor LY2157299 Phase I Bhola et al. 2013

CSPG4 proteins Chondroitin sulfate
proteoglycan 4 targeted
monoclonal antibody

CSPG4-specific
monoclonal
antibody

Tested in a few patients
with breast cancer

Wang et al. 2010a
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finger transcription factor Gli from a large protein complex
and also actively participates in the nuclear translocation of
Gli as well as in the transcription of target genes (Jiang and
Hui, 2008). From the results of various researchers, it is con-
cluded that Glia is one of the hallmarks in the activation of
the Hh pathway (Cayuso et al., 2006). The activation of Glia
is a crucial step in the Hh pathway (Figure 2), which is medi-
ated by the zinc finger transcription factors like Gli1, Gli2 and
Gli3, where Gli1 and Gli2 represent pathway activator genes
and Gli3 acts as an inhibitor of this cascade (Kogerman et al.,
1999; Bai et al., 2004; Kasper et al., 2006) but the precise
mechanism of signal transduction of this cascade from SMO
to the Gli proteins is not yet clear. However, data are rapidly
accumulating suggesting that the primary cilium provides a
good platform for dispatching the signals from the cell mem-
brane to the nucleus (Oro, 2007). The primary cilia have been
considered to serve as the processing sites for Gli transcrip-
tion factors. The activated Glia targeted genes get trans-
formed in the nucleus and participate in transcription that
follows metastasis, apoptosis and angiogenesis by shifting the
balance between transcriptional factors and proteins, which
result in the development of TNBC. Likewise, this transcrip-
tion elevates SNAIL protein and angiopoietin-1, 2, which are
responsible for metastasis and angiogenesis respectively
(Katoh and Katoh, 2008; Merchant and Matsui, 2010).

However, SMO directly takes part in the activation of MYCN,
which leads to proliferation by elevating the expressions of
cyclin D and FOXM 1 that is itself a transcription factor
associated with the development and progression of TNBC
(Polkinghorn and Tarbell, 2007). Also, FOXM1 regulates the
expression of cell cycle-related genes essential for coordinated
DNA synthesis and mitosis (Teh et al., 2002; Schuller et al.,
2007).

The possibility that the Hh signalling pathway could be
pharmacologically inhibited was suggested from the identifi-
cation of cyclopamine, a steroidal alkyloid isolated from Ver-
atrum californicum and an SMO antagonist, with oral
bioavailability of 33% and t1/2 of 4 h found in rodents, dogs
and cynomolgus. Cyclopamine formulations and its deriva-
tives with improved specificity, bioavailability and pharma-
cokinetics are in phase II trials for TNBC (Merchant and
Matsui, 2010). Hence, SMO protein and Pathed1 protein can
be used as further targets for effective treatment of TNBC.

Wnt/β-catenin pathway

The Wnt/β-catenin signalling pathway plays a major role in
embryonic growth and can lead to tumour formation when
aberrantly activated. There is much evidence indicating that

Figure 1
Activation of Notch signalling pathway: γ-secretase and aspartyl protease serve as primary targets for Notch-specific investigational drug design.
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this pathway is abnormally up-regulated in tumourigenesis
of different types of cancers including TNBC (Barker and
Clevers, 2006; Bayet-Robert et al., 2010). Recently, the Wnt
receptor frizzled-7 (FZD7) and the Wnt co-receptor the low-
density lipoprotein receptor-related protein-6 (LRP6) were
found to be up-regulated in TNBC. Moreover, it has been
established that transcriptional knockdown of FZD7 or LRP6
in TNBC cells restrains tumour growth in vivo (King et al.,
2012). The characteristic of Wnt/b-catenin signalling
(Figure 3) activation is the stabilization of cytosolic β-catenin,
which goes into the nucleus to activate Wnt-targeted genes
by binding transcription factors of the T cell factor/lymphoid
enhancing factor (TCF/LEF) family (Lu et al., 2011b; King
et al., 2012).

In the absence of Wnt ligands, β-catenin levels are effec-
tively synchronized by a supramolecular complex containing
adenomatous polyposis coli (APC), axin and glycogen
synthase kinase 3β (GSK3β). CK1 and GSK3β sequentially
phosphorylate the amino terminal region of β-catenin. Phos-
phorylated β-catenin turns into multi-ubiquitinated (Ub) and
broken by the 26S proteasome. Furthermore, the binding of
Wnt to its receptors on the cell surface leads to inhibition of
the action of this complex (Lu et al., 2011b; King et al., 2012).
Several Wnt/β-catenin target genes have been identified,
including those that control cell proliferation and apoptosis,
thus mediating cancer initiation and progression (Barker and
Clevers, 2006; Bayet-Robert et al., 2010). In addition to this,
salinomycin and nigericin, act as inhibitors of the Wnt/β-
catenin signalling pathway by inducing degradation of LRP6,
and are selective breast cancer stem cell killers (Lu et al.,

2011a). Silinomycin, is a well-known anti-coccidial drug
whose pharmacokinetic properties as an anticancer agent are
under investigation in a phase I/II trial for TNBC (Naujokat
and Steinhart, 2012). Therefore, the Wnt/β-catenin signalling
pathway especially the Wnt receptors, which are present on
the cell surface, is a promising therapeutic target for the
treatment of TNBC.

PARP inhibitors

PARP1, a poly ADP-ribose polymerase, is a member of a family
of enzymes that remove damaged and (or) incorrect DNA
sequences by different excision repair pathways, involving
base excision repair, nucleotide excision repair and mismatch
repair by filling the ensuing gap using the complementary
DNS strand as a template (Veuger et al., 2004). This repair of
single stranded DNA breaks is achieved by synthesizing poly
ADP-ribose (Figure 3). However, if DNA breaks occur in the
absence of PARP1, during DNA replication, the replication
fork stalls resulting in the accumulation of double-stranded
DNA (dsDNA) breaks that are repaired (Figure 3) via homolo-
gous recombination (HR), which is considered to be an error-
free repair mechanism that involves BRAC1 and BRAC2
proteins (Waldman and Waldman, 1991; Schultz et al., 2003;
Godon et al., 2008). Therefore, a cancer that involves a muta-
tion in these BRAC1 and BRAC2 genes (BRCAness) can be
effectively treated with PARP1 inhibitors, which may repre-
sent very efficient therapies for TNBC because of the high
sensitivity of these tumours to the inhibitor and more

Figure 2
Hedgehog signalling pathway showing development of TNBC.
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importantly, it is devoid of harmful effects on the remaining
healthy cells. This contrasts with conventional chemothera-
pies, which are highly toxic to all cells and can provoke DNA
damage in healthy cells that may further lead to secondary
cancer generation (Bryant et al., 2005; Farmer et al., 2005). At
present various PARP1 inhibitors are under development in
different phases of clinical trial but, as yet, no major break-
through has been achieved.

EGFR-targeted therapies

EGFR is a cell surface transmembrane tyrosine kinase receptor,
encoded by the cell erythroblastosis virus oncogene B1(C-
erbB1) and is a member of the HER/erythroblastosis virus
oncogene B (ErbB) family (Herbst, 2004; Zhang et al., 2007). It
was discovered by Stanley Cohen of Vanderbilt University who
won the Nobel Prize for medicine with Rita Levi-Montalcini
for discovering these growth factors in 1986. The EGFR
pathway generates Akt (PKB) and MAPK causing drug resist-
ance. In addition, it regulates cell proliferation, differentia-
tion, invasion, angiogenesis and apoptosis through various
signalling pathways (Figure 3) and serves as a poor prognostic
factor in cancer (Gauthier et al., 2003; Tabach et al., 2005).

EGFRs are overexpressed in various types of malignancy
including TNBC (Sarrio et al., 2008; Gluz et al., 2009). Gene
expression profiling and immunohistochemical studies have
demonstrated that 40 to 60% of TNBCs are associated with an
increased expression of EGFRs and the EGFR gene was
up-regulated in 18% of this subgroup. However, EGFR muta-
tion was infrequent in TNBC. In October 2010, for the first
time, researchers revealed that the EGFR could be a therapeutic
target for women with TNBC (Ueno and Zhang, 2011).
Gefitinib, an approved EGFR inhibitor with oral bioavailabil-
ity of 59% and a half-life of 6–49 h, is currently under-
going a phase II clinical trial for TNBC and EGFR-positive
metastatic breast cancer (http://clinicaltrials.gov/ct2/show/
NCT01732276). Many combinations, such as lapatinib
with everolimus (mTOR inhibitor: agent that targets a protein
in the cancerours cells), are in phase II clinical trial for
advanced TNBC patients (http://clinicaltrials.gov/show/
NCT01272141). Furthermore, cetuxumab in combination
with ixabepilone (http://clinicaltrials.gov/ct2/show/
NCT01097642), temsirolimus plus neratinib (http://
clinicaltrials.gov/ct2/show/NCT01111825) and a trio
combination of panitumumab, gemcitabine and carboplatin
are undergoing phase II clinical trials for TNBC (http://
clinicaltrials.gov/ct2/show/NCT00894504) and stage 4 breast
cancers (Ferraro et al., 2013).

Figure 3
Delineation of different pathways leading to the development of TNBC, which can be addressed as targets of TNBC.
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mTOR inhibitors

The mTOR, also known as FK506 binding protein
12-rapamycin associated protein 1 (FRAP1) is a serine/
threonine protein kinase type of protein encoded by FRAP1
gene in humans (Moore et al., 1996). mTOR belongs to the
PI3K-related protein family, which controls cell proliferation,
cell growth, cell motility, cell survival, protein synthesis and
transcription (Hay and Sonenberg, 2004; Beevers et al., 2006).
mTOR combines the input from upstream pathways, involv-
ing insulin growth factors (IGF-1 and IGF-2) and amino acids
(Hay and Sonenberg, 2004). The mTOR pathway is deregu-
lated in various human diseases including breast cancer.

mTOR is a catalytic subunit consisting of two distinct
complexes – mTORC1 and mTORC2 (Wullschleger et al.,
2006) that induce S-phase kinase association protein causing
protein synthesis, proliferation, growth, metastasis and
angiogenesis (Figure 3). mTOR complex 1 (mTORC1) is made
up of mTOR, Raptor, GβL (mLST8), and Deptor and is to some
extent inhibited by rapamycin whereas, mTOR complex 2
(mTORC2) is composed of mTOR, Rictor, GβL, Sin1, PRR5/
Protor-1 and Deptor (Figure 4) and supports cellular survival
by activating Akt. mTORC1 integrates several signals indicat-
ing the presence of growth factors, nutrients or energy to
uphold either cellular growth when conditions are favourable
or catabolic processes in stress or when conditions are unfa-
vourable. The signal from growth factors and hormones (e.g.
insulin) is transferred to mTORC1 via Akt, which causes the
inactivation of TSC2 and prevents the inhibition of mTORC1.
In contrast, low ATP levels cause AMPK-dependent activation
of TSC2 and phosphorylation of raptor to reduce mTORC1
signalling. Amino acid availability is signalled to mTORC1
via a pathway that includes the Rag and Ragulator
(LAMTOR1-3) proteins. In its active state, mTORC1 has

numerous downstream biological effects involving the trans-
lation of mRNA through the phosphorylation of downstream
targets (p70 S6 kinase and 4E-BP1), ribosome biogenesis, sup-
pression of autophagy (Atg13, ULK1) and activation of tran-
scription causing mitochondrial metabolism or adipogenesis.
mTORC2 also controls cytoskeletal dynamics by activating
PKCα and maintains ion transport and growth via SGK1.

mTOR inhibitors are being tried in combinations for
effective treatment of TNBC. As mentioned earlier, everolu-
mus with lapatinib is in phase II of a clinical trial. Also, the
triple combination of temsirolimus, cisplatin, erlotinib is
undergoing clinical trials (http://clinicaltrials.gov/ct2/show/
NCT00998036).

TGF-β signalling pathway inhibitors

The TGF-β signalling pathway is involved in various cellular
processes in embryonic cell growth, cell differentiation, cel-
lular homeostasis, apoptosis and also some cellular functions
in adult organs. TGF-β1 is member of the TGF-β superfamily
of cytokines, which is encoded by the TGF-β1 gene (Ghadami
et al., 2000; Vaughn et al., 2000) and it was first discovered in
human platelets as a protein having a 25 KDa molecular
weight with a key role in wound healing (Assoian et al.,
1983). TGF-β1 is also involved in regulating the immune
system (Letterio and Roberts, 1998). TGF-β1 has been shown
to inhibit the secretion as well as activities of various
cytokines like IFN-γ, TNF-α and IL-2 (Wahl et al., 1988;
Tiemessen et al., 2003). However, TGF-β1 has exactly opposite
actions on cells of myeloid origin where it increases secretion
and the expression of monocytic cytokines such as IL-1α,
IL-1β and TNF-α (Wahl et al., 2006). Recent research has pro-
posed that TGF-β1 plays a vital role in breast cancer stem cells

Figure 4
Components of mTOR complex, which can be targeted for treatment of TNBC.
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as these cells have been shown to overexpress TGF-β1 and the
TGF-β receptor 1 (TGFBR1; Bhola et al., 2013).

Very recently, Bhola and his co-worker for the first time
found TGF-β inhibitors have an ability to block the expan-
sion of chemotherapy-resistant tumour initiating cells (TIC)
in vivo (Bhola et al., 2013). This may be the basis for upcom-
ing clinical studies and their function in combinational
chemotherapy for patients suffering from TNBC should
be evaluated. Furthermore, an epithelial-to-mesenchymal
transition (EMT) is potentially induced by TGF-β within
mammary cells and this transformation results in the acqui-
sition of tumour-like properties (Mani et al., 2008). In fact,
EMT can be reversed by using TGFBR1/2 inhibitors and
inducing a mesenchymal-to-epithelial differentiation inside
mammary epithelial cells (Shipitsin et al., 2007; Bhola et al.,
2013). TGF-β ligands are frequently augmented in the TNBC
tumour microenvironment, which may be formed by tumour
cells or by tumour-associated immune and stromal cells
(Gilbert et al., 1997; Wahl et al., 2006). Also the TGF-β
pathway generates SMAD2/3 and SMAD4 and finally Inh
causing similar effects, such as protein synthesis, prolifera-
tion, growth, metastasis and angiogenesis, as that of earlier
pathways (Figure 3). Thus it is possible that the TGF-β
pathway is involved in the development of breast carcino-
mas. TGF-β inhibitors are now been developed as anti-
metastatic therapies in patients with cancer.

CSPG4 protein

The CSPG4, also known as non-glial antigen or high molecu-
lar weight melanoma-associated antigen or melanoma chon-
droitin sulfate proteoglycan, is a cell surface proteoglycan,
which has been recently found to be expressed not only by
melanoma cells, but also by different types of human carci-
noma and sarcoma including basal breast carcinoma (Wang
et al., 2010b). This is a major breakthrough, as inhibiting it
has been found to be therapeutically effective for immuno-
therapy of breast cancer (Campoli et al., 2010). CSPG4 causes
the spreading of protein on the endothelial basement mem-
brane and stabilizes the cell substratum interaction causing
similar effects, such as protein synthesis, proliferation,
growth, metastasis and angiogenesis, as those that occur in
TNBC (Figure 3). The anti-tumour effects of a CSPG4-specific
mAb probably reflect the blocking of essential migratory,
mitogenic and survival signalling pathways in tumour cells
(Wang et al., 2011). Recently, Ferrone et al. discovered CSPG4
as new target for the antibody-based immunotherapy of
TNBC (Wang et al., 2010a). In this study, they found, for the
first time, that the expression of membrane-bound CSPG4
varies considerably in BC subtypes, being significantly higher
in TNBC and basal-like breast cancer than in other luminal
subtypes. Moreover, they observed inhibition of tumour
growth with no migration when TNBC cells were targeted
with a CSPG4-specific monoclonal antibody. Furthermore,
the findings confirmed the potential use of a pleiotropic
CSPG4-specific monoclonal antibody as not only a diagnostic
biomarker but also as a promising therapeutic target, which
has resulted in inhibition of the activation of numerous sig-
nalling pathways crucial for the malignant development of
TNBC (Wang et al., 2010a; Cattaruzza et al., 2013).

Conclusion

TNBC is growing rapidly in countries such as America and
Africa, so to avert this condition, the availability of a proper
treatment option is needed. Before accessing proper treat-
ment, we must have proper targets that may be any receptor,
protein or an enzyme. The deregulation of various signalling
pathways (Notch, Hh, Wnt/β-catenin and TGF-β), EGFR,
CSPG4 protein have been confirmed in patients suffering
from TNBC, and have recently come under development as
new treatment options. The use of conventional therapeutics
in order to maximize the therapeutic effects and simultane-
ously to minimize the adverse effects in subjects suffering
from TNBC is essential in order to show the tumour growth
inhibition induced by curbing these signalling pathways. In
spite of the increasing challenges, it is conjectured that in the
near future, the enormous efforts to identify new precise
inhibitors of these pathways will be rewarded and new clini-
cal trials instigated for testing these novel, potential anti-
cancer drugs.

A lot of research to discover new targets that are expressed
in TNBC patients and can be restricted or minimized to
reduce the risk of further developments is ongoing. We have
attempted to assemble the current targets of TNBC that have
been proved to be promising foci for the treatment of TNBC.
This review will definitely aid further research in identifying
a suitable treatment for TNBC.
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